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Foreword

Since the early part of the 20th century there have been individuals with expertise
and a very strong interest in pediatric otolaryngology, but the field has really emerged
as a comprehensive specialty over the last 20 to 30 years. During this time we have
seen the development of specialties within the general field of pediatric otolaryngol-
ogy such as laryngotracheal reconstruction, hearing disorders, swallowing dysfunc-
tion, and sleep disorders in children.

There have been several pre-eminent textbooks written that address the field of
pediatric otolaryngology; the current book, edited by Ron Mitchell and Kevin Pereira,
brings the field together in a practical and accessible way for the clinician whether
they be a pediatrician or an otolaryngologist. It provides practical clinical approaches
to the treatment of external, middle ear and hearing disorders. Int e section on rhi-
nology, the topics of trauma, epistaxis, nasal obstruction, allergic rhinitis, and acute
and chronic rhinosinusitis are discussed. In a comprehensive section on the head and
neck, a full range of disorders is covered from congenital neck masses, chronic cough,
and adenotonsillar disease to evaluation of stridor. Treatment by tracheotomy and
evaluation of sleep disordered breathing are also discussed in this section. The sec-
tion on emergencies in pediatric otolaryngology includes chapters on foreign bodies,
infections in the neck, acute complications of otitis media and complications of
sinusitis.

We hope that this book will become a well-worn clinical resource for busy clini-
cians who see children with these disorders.

Robert W. Wilmott, MD
IMMUNO Professor and Chair
Saint Louis University

St. Louis, MO



Preface

Pediatric Otolaryngology for the Clinician is a user-friendly book directed at practic-
ing general otolaryngologists, pediatricians, and family practice physicians. It will
also be of interest to otolaryngology and pediatric residents, medical students, nurse
practitioners, and physician assistants. However, all clinicians treating children with
ear, nose, and throat disorders will find it a useful reference. The book is both
comprehensive and easy to follow. It will provide an overview of the main aspects of
pediatric otolaryngology and highlight the important clinical facets of care of a child
with ear, nose, and throat problems.

Over the last 20 years, pediatric otolaryngology has become a recognized subspe-
cialty within otolaryngology-head and neck surgery. The care of children with ear,
nose, and throat problems has become more complex. The book is divided into five
sections: general ENT topics, otology, rhinology, head and neck disorders, and emer-
gencies. The chapters within each section were written by recognized experts in their
respective fields. However, each chapter is short, informative, and self-contained. The
book will act as a quick reference guide on a variety of topics such as antibiotic treat-
ment of ear infections, sleep disorders in children, cochlear implantation, airway
management, and many more topics. It was designed to be a source of succinct infor-
mation for use in a busy pediatric clinic.

We would like to extend our thanks to the many authors who have devoted an
extensive amount of time to the development of this book. Our thanks to Casey
Critchlow of Saint Louis University and Cardinal Glennon Children’s Medical Center
for the endless hours she has spent in making this book a reality. We would also like
to thank Humana Press/Springer for their commitment to publishing this book. This
book would have remained an unfulfilled dream if not for the support of our spouses
Lauren Mitchell and Iona Pereira and our children who allowed us the many nights
and weekends spent writing and editing this book.

Ron B. Mitchell Kevin D. Pereira
St. Louis, MO Baltimore, MD
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Antibiotic Therapy for Acute Otitis, Rhinosinusitis,

and Pharyngotonsillitis

Michael E. Pichichero

Key Points

e C(lassification of otitis media and bacterial rhinosi-
nusitis into acute, recurrent and chronic impacts
treatment decisions. Other variables of importance
include the child’s age, symptom severity, prior
treatment history and daycare attendance.

e The etiology of both acute otitis media (AOM)
and acute bacterial rhinosinusitis (ABRS) are
similar, with the predominant pathogens being
Haemophilus influenzae, Streptococcus pneumo-
niae, and Moraxella catarrhalis.

e Symptomatic and adjunctive therapies other than
pain relievers are of limited value.

e Guidelines have been promulgated for antibiotic
selection for both AOM and ABRS. Amoxicillin is
recommended as first line. Amoxicillin/clavulanate,
cefuroxime, cefpodoxime, and cefdinir are preferred
as oral second-line agents. Duration of antibiotic
therapy may be shortened to 5 days for many cases.

e Group A beta hemolytic streptococci (GABHS) are
the major pathogens of the tonsillopharynx requir-
ing antibiotic treatment.

* GABHS are sensitive in vitro to penicillins, mac-
rolides, and cephalosporins. To eradicate GABHS,
antibiotic concentrations in the throat must exceed
minimum defined concentrations for time spans
that vary with the drug.

e Penicillin is the treatment of choice endorsed by all
guidelines. Cephalosporins produce better bacteri-
ologic and clinical cure rates than penicillin; this

M.E. Pichichero

Rochester General Hospital, Research Institute, 1425 Portland
Avenue, Rochester, NY 14621

e-mail: Michael.pichichero@rochestergeneral.org

superiority in outcomes has been increasing for
over two decades.

Keywords: Otitis media * Sinusitis ® Rhinosinusitis;
Group A streptococci * Tonsillitis ¢ Pharyngitis e
Penicillin « Cephalosporin

Treatment Considerations

A first step in treatment decisions regarding otitis
media must focus on accurate diagnosis to distinguish
the normal examination from that of acute otitis media
(AOM) from otitis media with effusion (OME) or a
retracted tympanic membrane (TM) without middle
ear effusion. Acute bacterial sinusitis is defined by an
inflammation of the mucosa of the paranasal sinuses
caused by bacterial overgrowth in a closed cavity; the
disorder is also called acute bacterial rhinosinusitis
(ABRS). Persistent AOM and ABRS are defined as the
persistence of symptoms and signs during or shortly
(<1 month) following antibiotic therapy. Recurrent
AOM and ABRS are defined as three or more separate
episodes in a 6-month time span or four or more episodes
in a 12-month time span. Chronic OM and sinusitis
occur when there is a persistence of symptoms and
signs for 3 months or longer (1-6).

Antibiotic treatment of AOM and ABRS hastens
recovery and reduces complications, but uncompli-
cated AOM and ABRS usually have a favorable natural
history regardless of antibiotic therapy. Patients with
persistent or recurrent AOM or ABRS more frequently
have infections caused by antibiotic-resistant bacterial
pathogens; a combination of host, pathogen, and envi-
ronmental factors results in a markedly reduced sponta-
neous cure rate (approximately 50% in most studies).

R.B. Mitchell and K.D. Pereira (eds.), Pediatric Otolaryngology for the Clinician, 3
DOLI: 10.1007/978-1-60327-127-1_1, © Humana Press, a part of Springer Science + Business Media, LLC 2009
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In the absence of appropriate treatment, chronic otitis
media and chronic ABRS infrequently resolve without
significant sequelae.

GABHS (Group A beta-hemolytic streptococci)
infection produces a self-limited, localized inflamma-
tion of the tonsillopharynx generally lasting 3-6 days.
Antibiotic treatment, if prompt and appropriate, reduces
the duration of symptoms, shortens the period of conta-
gion, and reduces the occurrence of localized spread and
suppurative complications. A major objective of admin-
istering antibiotics is to prevent theumatic fever (7).

Additional Considerations
in Antibiotic Selection

A number of factors can be implicated when initial
empiric antibiotic treatment fails: (1) inadequate dosing,
(2) poor absorption of orally administered antibiotics,
(3) poor patient compliance, (4) poor tissue penetra-
tion, or (5) the presence of copathogens. Before prescrib-
ing an antibiotic, the clinician must consider several
factors: (1) bacterial resistance patterns within the
patient’s community, (2) the severity and duration of
the infection, (3) any recent antibiotic therapies, (4)
patient age, (5) past drug response, (6) any risk factors
that may preclude an agent from the decision-making
process, (7) product cost, and (8) availability. Before
prescribing an antibiotic, the clinician should also
consider the likely susceptibility of the suspected
pathogen, as well as the patient’s allergy history.

Analgesics, decongestants, antihistamines, nasal
sprays, and anti-inflammatory agents have been used
to relieve symptoms, to treat, and to attempt to prevent
the development of infections. None is particularly
helpful. Systemic or local treatments (for example,
topical analgesic ear drops for AOM) may reduce the
pain associated with the infection, but this is perhaps
only at the early stages of pathogenesis.

As noted in the guidelines, consideration should be
given to comparative compliance features and duration
of therapy in antibiotic selection in children. The main
determinants of compliance are frequency of dosing,
palatability of the agent, and duration of therapy. Less
frequent doses (once or twice a day) are preferable to
more frequent doses that interfere with daily routines.
In many instances, palatability of the drug ultimately
determines compliance in children.

Patients (and parents) prefer a shorter course of
antibiotic therapy (5 days or less) rather than the tradi-
tional 10-day courses often used in the United States.
Many patients and parents continue antibiotic therapy
only while symptoms are present, perhaps followed by
an additional 1 or 2 days; the remainder of the pre-
scription may be saved for future use when similar
symptoms arise. A 10-day treatment course with anti-
biotic has been standard in the United States although
3-, 5-, 7-, and 8-day regimens are frequently used in
other countries. There is microbiologic and clinical
evidence that shorter treatment regimens are effective
in the majority of AOM and ABRS episodes.

Antibiotic cost is an interesting component of the
treatment paradigm. Drug costs alone rarely reflect
the total cost of treating an illness. For example, three
office visits and three injections of intramuscular
ceftriaxone would greatly escalate the cost of treat-
ment. However, the cost of loss of work or school
attendance as a result of treatment failure and repeat
office visits for additional evaluation are also impor-
tant yet often overlooked factors.

Antibiotic Treatment for AOM and ABRS

Factors favoring development of persistent and recurrent
AOM and probably ABRS include: (1) an episode of
infection in the first six months of life, (2) patient age
less than 3 years, (3) parental smoking, and (4) day care
attendance (1-6). Treatment of AOM and ABRS should
target the common pathogens. Various studies from the
United States, Europe, and elsewhere over the past 40
years have been consistent in underscoring the impor-
tance of Streptococcus pneumoniae and nontypeable
Haemophilus influenzae as the most important patho-
gens. Moraxella catarrhalis, Group A Streptococcus and
Staphylococcus aureus are less common causes (1-6).
Today, antibiotic choices should reflect pharma-
cokinetic/pharmacodynamic data and clinical trial
results demonstrating effectiveness in eradication of
the most likely pathogens based on tympanocentesis
(and sinus) sampling and antibiotic-sensitivity testing.
Thereafter, compliance factors (e.g., formulation, dosing
schedule) and accessibility factors (e.g., availability,
cost) should be taken into account. Studies from the
early 1990s have described significant decreases in the
susceptibility of upper respiratory bacteria to various



Antibiotic Therapy for Acute Otitis, Rhinosinusitis, and Pharyngotonsillitis 5

antibiotics. After the introduction of a 7-valent pneu-
mococcal conjugate vaccine in 2001 in the US, the
prevalence in middle ear aspirates of H. influenzae
increased and S. pneumoniae decreased.

The increasing prevalence of antibiotic resistance
among upper respiratory bacterial pathogens and the
changing susceptibility profiles of these bacteria should
be considered in antibiotic selection. The prevalence of
penicillin-resistant S. pneumoniae isolates causing AOM
and ABRS has been increasing worldwide. At the same
time, the increasing occurrence of beta-lactamase-
producing H. influenzae and M. catarrhalis strains
(from 8 to 65% and up to 98%, respectively) raises con-
cerns about the choice of antibiotics for treatment of
AOM. Some classes of antibiotics provide higher levels
of antimicrobial activity against penicillin-resistant
S. pneumoniae (e.g., second- and third-generation
cephalosporins, clindamycin, macrolides, ketolides)
and against beta-lactamase-producing H. influenzae
and M. catarrhalis strains (e.g., amoxicillin/clavulanate,
second- and third-generation cephalosporins). The find-
ing of antibiotic-resistant strains is complicated by fre-
quent concomitant multidrug resistance and by wide
geographic variation in the prevalence of antibiotic
resistance for the various bacterial species. More infor-
mation is needed to understand the relationships between
in vitro antibiotic susceptibility determinations and
the factors affecting the rise in antibiotic-resistant
pathogens (1-6).

Aminopenicillins

Amoxicillin has good activity against S. pneumoniae
and nonbeta-lactamase-producing strains of H. influenzae
and M. catarrhalis. It is recommended as first-line ther-
apy for AOM and ABRS in every current guideline
mainly due to low cost, minimal side effects, and reli-
ance on frequent spontaneous resolution of infection.

Sulfonamides

Sulfonamide antibiotics have been used in the past
in penicillin-allergic individuals. However, because
of increasing resistance among S. pneumoniae and
H. influenzae, trimethoprim/sulfamethoxazole is no
longer guideline recommended.

Tetracyclines

Efficacy of tetracyclines is marginal in AOM and ABRS
and these agents are not guideline-recommended.

Amoxicillin/Clavulanate (Augmentin)

The spectrum of activity of amoxicillin/clavulanate
includes Gram-positive and Gram-negative bacteria
that cause AOM and ABRS. This agent is usually effi-
cacious and is recommended in every current guideline
as a second-line agent but generally at an increased
dose of 80-100 mg/kg/day of amoxicillin component.

Cephalosporins

Cephalexin and Cefadroxil are not recommended for
the treatment of AOM or ABRS unless a specific
bacterium has been isolated and shown to be susceptible.
These cephalosporins come in good-tasting suspension
formulations for children.

Cefaclor (Ceclor) has a spectrum of activity that is
better than first-generation cephalosporins against Gram-
positive organisms (but marginal against penicillin-inter-
mediate and -resistant pneumococci), and with enhanced
Gram-negative activity. However, the in vitro activity of
Cefaclor against contemporary beta-lactamase-produc-
ing strains of H. influenzae and M. catarrhalis has been
inconsistent, so it is not guideline-recommended.

Cefuroxime axetil (Ceftin) is a second-generation
cephalosporin; it has broad-spectrum activity against
both Gram-positive and Gram-negative organisms. Its
in vitro activity suggests it would be effective in eradi-
cation of intermediate penicillin-resistant pneumo-
cocci. This is a particularly beta-lactamase stable drug
and perhaps the most beta-lactamase stable among the
second-generation cephalosporins. It is recommended
in every current guideline as second-line therapy.

Cefprozil (Cefzil) has a spectrum of activity similar
to that of cefuroxime axetil. In vitro susceptibility test-
ing suggests this antimicrobial may not be as stable
against some beta-lactamase-producing H. influenzae
and M. catarrhalis as cefuroxime axetil or amoxicillin/
clavulanate. Cefprozil is recommended in some guide-
lines as a second-line therapy.
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Loracarbef (Lorabid) actually falls in a unique antimi-
crobial class called carbacephems; however, its antimi-
crobial activity is virtually identical to that of Cefaclor.

Cefixime (Suprax) has enhanced activity against
Gram-negative organisms (H. influenzae and M. catarrh-
alis). Efficacy of cefixime against penicillin-resistant
S. pneumoniae is not comparable to that achieved
with amoxicillin, or second-generation cephalosporins.
Therefore, it is not a guideline-recommended antimicro-
bial when pneumococci are suspected as probable
pathogens but has been endorsed as an agent that could
be used in combination with high-dose amoxicillin.

Cefpodoxime proxetil (Vantin) has broad-spectrum
activity against Gram-negative bacteria and improved
activity against Gram-positive organisms in comparison
to cefixime. Cefpodoxime proxetil is an adequate therapy
in the management of intermediate and some penicillin-
resistant pneumococci. It is recommended in every
guideline as second-line therapy.

Ceftibuten (Cedax) has an antimicrobial spectrum
similar to that of cefixime. Clinical studies suggest that
this agent could be substituted for cefixime and offer
a lower likelihood of diarrhea as a combination agent
with amoxicillin.

Cefdinir (Omnicef) has a spectrum of activity most
similar to cefuroxime axetil and cefpodoxime proxetil.
Cefdinir is recommended in all guidelines published
since its licensure.

Macrolides/Azalides

Erythromycin is bacteriostatic and has moderate Gram-
positive and poor Gram-negative activity. It is not
guideline-recommended even in combination with a
sulfonamide.

Clarithromycin (Biaxin) has a broad spectrum of
activity that includes Gram-positive and Gram-negative
organisms. It has additive/synergistic activity with its
primary metabolite 14-hydroxy clarithromycin against
H. influenzae. Clarithromycin is guideline-recommended
in beta-lactam-allergic patients.

Azithromycin (Zithromax) has a spectrum of activity
similar to clarithromycin. Recent trials suggest azithro-
mycin probably is ineffective against H. influenzae in
AOM and ABRS and is slower to eradicate S. pneumo-
niae than amoxicillin/clavulanate. Slower eradication
may impact clinical outcome. Therefore, azithromycin

is not recommended in any guideline except in beta-
lactam-allergic patients.

Fluoroquinolones

Levofoxacin (Levaquin) has been studied to treat per-
sistent and recurrent AOM. Its spectrum includes
nearly all intermediate and fully penicillin-resistant
S. pneumoniae, H. influenzae, and M. catarrhalis.
Levofloxacin use in children, like all fluroquinolones,
is restricted to very selective cases where the benefits
outweigh theoretical risks of arthropathy and facilita-
tion of antibiotic resistance in children.

Ciprofloxacin, ofloxacin, enoxacin, norfloxacin,
and lomafloxacin have inconsistent activity against
pneumococci and therefore will not be evaluated for
AOM or ABRS in children.

Current Best Practice/Guidelines

Important elements in all current treatment guidelines
include the recommendation to (1) start with amoxicillin
for uncomplicated disease, (2) continue or switch to an
alternative antibiotic based on clinical response after 48
h of therapy (on the third day) thereby giving the first-
selected antibiotic enough time to work or fail, and (3)
select second-line antibiotics as first-line choices when
the patient has already been on an antibiotic within the
previous month or is disease prone (Fig. 1). Table 1(4)
shows recommendations from the American Academy
of Pediatrics (AAP) for AOM treatment.

Antibiotic selection for persistent and recurrent AOM
and ABRS for children under 2 years of age must be
more precise because resistant organisms are more often
involved and host defense has failed, clinically. Current
best practice and guidelines for treatment of persistent
and recurrent AOM give considerable weight to data on
antibiotic concentrations achievable in middle ear fluid
relative to the concentration necessary to kill the relevant
pathogens, i.e., pharmacokinetics and pharmacodynam-
ics. Two selection criteria have been universally recom-
mended: (1) the antibiotic should be effective against
most drug-resistant S. pneumoniae and (2) the antibiotic
should be effective against beta-lactamase-producing
H. influenzae and M. catarrhalis (8).
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Antibiotic Treatment with Amoxicillin or Macrolides Within Prior Month

NO

NOT RECOMMENDED
Amoxicillin
Azirothromycin
Clarithromycin

YES

Risk Factor Analysis

v v

v vy

High Risk for
No Risk Factors Penicillin-resistant

S pneumoniae

High Risk for

High Risk for
B-lactimase-positive
H influenzae or
M catarrhalis

Penicillin-resistant

S pnumoniae and

B-lactimase-positive
H influenzae or

M catarrhalis

Amoxicillin-clav
90 mg/kg or
Cefprozil or

Cefuroxime or

Cefpodoxime or

Amoxicillin 90 mg/kg/d
(maximum 3 g/d)

If Penicillin-allergic:
Azithromycin or

Amoxicillin-clav
90 mg/kg or
Cefprozil or

Cefuroxime or
Ceftibuten or

Amoxicillin-clav
90 mg/kg or
Cefrprozil or

Cefuromime or

Cefpodoxime or

Clarithromycin Cefdinir Ceflxmlwe. or Cefdinir
Cefdinir
Failure
Ceftriaxone or Alternative Oral Agent . .
With Similar Activity 9 > Failure —> Tympanocentesis

Fig. 1 Author’s algorithm for treatment of persistent or recurrent acute otitis media (1)

Tympanocentesis

Tympanocentesis with a culture of middle ear fluid may
be useful for patients in pain, those who appear toxic,
or those with high fever. Diagnostic tympanocentesis is
very helpful to guide the choice of therapy in persistent
or recurrent AOM but not recommended in uncompli-
cated AOM. The Centers for Disease Control (CDC)

and AAP have recommended that physicians learn the
skills required to perform tympanocentesis or have a
ready-referral source for patients who would benefit
from the procedure. Evacuation (drainage) of the middle
ear effusion may be beneficial in breaking the cycle
of persistent and recurrent AOM. The information
provided by the culture and susceptibility report may
be valuable for treatment. If a bacterial pathogen is
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reported, selecting an appropriate antibiotic will reduce
the likelihood of further treatment failure; if no bacterial
pathogen is isolated, the patient will not require further
antibiotic treatment.

Antibiotic Treatment for Group A Beta-
Hemolytic Streptococci (GABHS)
Pharyngotonsillitis

Group A beta-hemolytic streptococci (GABHS) are
the major treatable pathogens of the tonsillopharynx.
Prompt eradication shortens illness, eliminates conta-
gion, and prevents complications (9). GABHS are
highly susceptible to penicillins and cephalosporins
and are usually susceptible to erythromycin, clarithro-
mycin, azithromycin, lincomycin, and clindamycin.
However, GABHS resistance to the macrolides occurs
and may develop in a community or country as a con-
sequence of antibiotic pressure from their extensive
use. Cross-resistance among macrolides is observed.
Concurrent resistance to penicillin and cephalosporins
does not occur. The minimal inhibitory concentration
(MIC) of the aminoglycosides, sulfonamides, chloram-
phenicol, and tetracycline against most GABHS strains
is consistent with the clinical observation that these
agents are of limited value in the treatment of GABHS.
Sulfadiazine is acceptable for secondary prophylaxis
in rheumatic fever. This is reflective of the difference
between antibiotic efficacy when bacterial coloniza-
tion first begins (where prophylactic drugs might be
effective) versus when active infection is established
(when agents effective in treatment are required).

Tissue and Blood Levels

For penicillin and the cephalosporins, the duration of
effective drug level is much more important than the
height of the peak serum concentration. Once a con-
centration of penicillin is reached, that insures activity
at the bacterial cell wall. Increased concentrations of
the drug do not eradicate GABHS more effectively.
Beta-lactam antibiotics work against actively growing
bacteria. After initial bactericidal activity, there is a
time span of treatment before active bacterial growth
resumes in which the antibiotic is not essential. This

makes intermittent oral therapy feasible as an alternative
to the continuous levels of antibiotics achieved with
injectable benzathine penicillin G.

Antibiotic Choices

Benzathine Penicillin G

To reduce the discomfort from injection, a preparation
of injectable penicillin (CR Bicillin) combines the
long-acting effect of benzathine with procaine penicillin.
Procaine penicillin provides diminished injection-site
pain and a rapid high level of penicillin in the blood-
stream and tonsillopharynx. A combination of 900,000
units of benzathine penicillin G plus 300,000 units of
procaine penicillin is superior to a variety of other
regimens.

Oral Penicillin G and Penicillin V

Comparison of benzathine penicillin G and oral peni-
cillin G were undertaken between 1953 and 1960 when
oral therapy became available. Eradication rates were
demonstrated to be similar with 10 days of oral peni-
cillin G as with intramuscular penicillin.

Oral penicillin V was introduced in the early 1960s
as an improvement over penicillin G; it is better
absorbed and therefore produces higher blood and ton-
sillar tissue levels. Various dosing regimens with oral
penicillin V have been assessed. A daily dose of 500—
1,000 mg of penicillin V is preferable. Lower doses
have lower eradication rates and higher doses are not
beneficial. Twice-daily dosing with oral penicillin V may
be adequate therapy for GABHS tonsillopharyngitis,
whereas once-daily treatment is not.

Nafcillin, Cloxacillin, and Dicloxacillin

The efficacy of oral penicillin G has been compared
with oral nafcillin and the latter is less effective.
Cloxacillin and dicloxacillin are adequate therapy for
GABHS eradication.
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Ampicillin and Amoxicillin

Orally administered amoxicillin is equivalent and in
some studies superior to penicillin in bacteriologic
eradication of GABHS from the tonsillopharynx.
Amoxicillin is more effective than penicillin against
the common pathogens that cause otitis media and
middle ear infections. These organisms are seen con-
currently with GABHS tonsillopharyngitis in up to
15% of pediatric patients. In patients under 4 years of
age, the incidence of concurrent GABHS tonsillophar-
yngitis and otitis media may reach 40%. There is a second
issue with regard to oral amoxicillin; it tastes better
than oral penicillin in suspension formulation, which
is compliance-enhancing for children.

Erythromycin

For penicillin-allergic patients, erythromycin emerged
in the 1960s as the suggested agent for GABHS tonsil-
lopharyngitis. Erythromycin estolate and ethylsucci-
nate have been shown as more favorable with oral
penicillin in bacteriologic eradication than erythromy-
cin base or stearate. Dosing-frequency studies with
various erythromycin preparations have shown two-,
three-, or four-times-daily administration to produce
equivalent bacteriologic eradication rates.

Amoxicillin/Clavulanate

Amoxicillin/clavulanate has been shown to improve
outcomes compared to penicillin in several, but not
all, comparative studies in the treatment of GABHS
tonsillopharyngitis. Amoxicillin is bactericidal against
GABHS and clavulanate is a potent inhibitor of beta-
lactamase. Thus, amoxicillin/clavulanate would be
effective if copathogens were co-colonizing the tonsil-
lopharynx in a GABHS-infected patient.

Azithromycin and Clarithromycin

Azithromycin and clarithromycin have been assessed
for treatment of GABHS tonsillopharyngitis and

bacteriologic eradiation rates have been similar or
superior to penicillin. The efficacy of roxithromycin is
uncertain. A 5-day regimen of azithromycin treatment
is necessary to produce an adequate antibiotic level
for an adequate duration; shorter regimens are less
effective in children (10).

Cephalosporins

Oral cephalosporins have been studied as alternative
antibiotics for the treatment of GABHS tonsillopharyn-
gitis since 1969. A consistent superior bacteriologic
eradication rate, and in many cases clinical cure, has
been observed with the cephalosporins compared to
penicillins. In 2004, a meta-analysis was published
comparing the bacteriologic and clinical cure rates
achieved with various cephalosporins compared with
oral penicillin (11). The meta-analysis included approx-
imately 3,969 children prospectively and randomly
assigned to receive one of several cephalosporin antibi-
otics in comparison with 3,156 children treated with
oral penicillin. The mean bacteriologic failure rate was
threefold higher in those treated with penicillin com-
pared to those treated with cephalosporins (p < 0.001).

Duration of Therapy

Injections of benzathine penicillin provide bactericidal
levels against GABHS for 21-28 days. The addition of
procaine alleviates some of the discomfort associated
with benzathine injections and may favorably influence
the initial clinical response. The necessity for 10 days
of oral penicillin and erythromycin therapy in order to
achieve a maximum bacteriologic cure rate has been
documented. Five to seven days of therapy with inject-
able penicillin or oral penicillin does not produce ade-
quate GABHS eradication. Since compliance with 10
days of therapy is often problematic, a shorter course
of therapy is an attractive option. A shortened course
of 4-5 days of therapy with several cephalosporins,
cefadroxil, cefuroxime axetil, cefpodoxime proxetil,
and cefdinir has been shown to produce a similar or
superior bacteriologic eradication rate and clinical
cure compared to that achievable with 10 days admin-
istration of oral penicillin V (12). Azithromycin may
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be administered for 5 days because this antibiotic
persists in tonsillopharyngeal tissues for approximately
10 days after discontinuation of the drug (total of 15
days therapy). If bacteriologic eradication is the primary
measure of effective GABHS treatment, as it is the
only corollary for the prevention of acute rheumatic
fever, then superior bacteriologic eradication with a
compliance-enhancing short course of cephalosporin
or azithromycin may prove a significant advance.

Explanations for Antibiotic Failure

Compliance

For optimal absorption, oral penicillin V should be
administered one hour before or two hours after meals.
A reduction in the number of times a day a patient
must take any medication and the ability to take doses
at meal time will improve patient compliance. Three-
times-daily dosing typically is associated with 30-50%
compliance whereas 1-2-times-daily dosing produces
70-90% compliance. Intramuscular benzathine peni-
cillin injections obviates compliance issues.

A good taste of suspension formulation for oral anti-
biotics can be compliance-enhancing for children. On
the contrary, a marginal or poor taste may lead to the
child refusing, spitting, or vomiting the drug. Penicillin
V suspension does not have a good taste whereas most
children find the taste of amoxicillin quite pleasant.

Patients who have recurrent bouts of GABHS ton-
sillopharyngitis and/or in whom penicillin does not
eradicate GABHS might be colonized with copatho-
gens. Selecting an alternative antibiotic which is beta-
lactamase stable and can be bactericidal to GABHS is
advisable.

GAHBS Carriage

High rates of GABHS carriage may account for appa-
rent penicillin failures. The presence of GABHS on
throat culture or as detected through rapid diagnostic
testing does not distinguish between children with an
acute viral sore throat who happen to be a GABHS
carrier from a bona fide infection. Asymptomatic
GABHS carriage may persist despite intensive penicillin
treatment. Eradication of the GABHS carrier state is

achievable with clindamycin, rifampin plus penicillin,
and cefprozil (13, 14).

Duration of lliness

The number of days the child is ill prior to treatment
may also be an important factor in determining treat-
ment success rate with penicillin. If the patient has been
ill for 2 days or more, the likelihood of a treatment
success exceeds 80%, but if the patient has been ill for
less than 2 days before penicillin is started, the success
rate approaches 60%. With longer illness there may be
a greater inflammation of the tonsillopharynx and the
higher penicillin levels in this inflamed tonsillopharyn-
geal tissue might explain the lower failure rate.

Age may influence penicillin treatment outcome.
Treatment of children in the age group 2-5 years may be
successful in only 60% of cases. Many of these young
patients may have had previous courses of amoxicillin,
so there may be copathogen co-colonization. In 6-12-year
olds about 75% are cured and in teenagers and young
adults about 85% are cured (15,16).

Guidelines

Recommendations for GABHS tonsillopharyngitis from
the American Academy of Pediatrics, the Infectious
Disease Society of America, and the American Heart
Association are summarized in Table 2 (7,9). Antibiotics
are only advised for patients with symptomatic pharyn-
gitis and laboratory-proven GABHS (rapid antigen
detection test or culture). Although penicillin is advo-
cated as the treatment of choice, amoxicillin is acknowl-
edged for children as a suitable alternative due to a better,
compliance-enhancing taste in suspension formulation
for younger children.

Conclusions

Optimal management of AOM, ABRS, and GAHBS
tonsillopharyngitis is a clinical challenge. Accurate
diagnosis is a critical first step. Once the diagnosis is
accurately made, the clinician must consider the
patient’s prior history and predisposing factors in order
to develop an appropriate treatment plan. Clinicians
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Table 2 Recommendations for antimicrobial therapy for Group A streptococci pharyngitis

Route of administration, antimicrobial agent Dosage Duration®*  Rating

Oral

Penicillin V® Children: 250 mg b.i.d or t.i.d 10 days A-II
Adolescents and adults: 250 mg t.i.d or q.i.d 10 days A-TI

Intramuscular

Benzathine penicillin G 1.2x10°U 1 dose A-II°
6.0x10°U 1 dose! A-TI

Mixtures of benzathine and procaine penicillin G~ Varies with formulation® 1 dose B-1I

Oral, for patients allergic to penicillin

Erythromycin Varies with formulation’ 10 days A-II

First-generation cephalosporins® Varies with agent 10 days A-II

* Although shorter courses of azithromycin and some cephalosporins have been reported to be effective for treating Group A streptococ-
cal upper respiratory tract infections, evidence is not sufficient to recommend these shorter courses for routine therapy at this time

® Amoxicillin is often used in place of oral penicillin V for young children; efficacy appears to be equal. The choice is primarily
related to acceptance of the taste of the suspension

¢See the discussion of benzathine penicillin G therapy in Management of Group A Streptococcal Pharyngitis

4For patients who weigh <27 kg

°Dose should be determined on the basis of the benzathine component. For example, mixtures of 9 x 10° U of benzathine penicillin G
and 3 x 10° U of procaine penicillin G contain less benzathine penicillin G than is recommended for treatment of adolescents or adults
f Available as stearate, ethyl succinate, estolate, or base. Cholestatic hepatitis may rarely occur in patients, primarily adults, receiving

erythromycin estolate; the incidence is greater among pregnant women, who should not receive this formulation
¢These agents should not be used to treat patients with immediate-type hypersensitivity to 3-lactam antibiotics

selecting an antibiotic should consider compliance-
influencing factors such as side effect profile, dosing
frequency, duration of therapy, and taste/aftertaste. No
single agent is ideal for all patients. The treatment
strategy should be tailored to the patient’s needs while
appropriate attention to microbial resistance patterns is
maintained.

With AOM and ABRS, the option of symptomatic
treatment and watchful waiting might be considered in
the child more than 3 years old, although careful fol-
low-up must be available in the event of clinical dete-
rioration or development of a complication (e.g.,
mastoiditis). If an antibiotic is used, then selection of
appropriate therapy should take into account the major
pathogens (S. pneumoniae, H. influenzae, and M.
catarrhalis) and the occurrence of antibiotic
resistance.

With GAHBS tonsillopharyngitis, the clinician
must consider the patient’s prior history and predis-
posing factors to penicillin treatment failure. Selection
of appropriate therapy should take into account the
changes in penicillin treatment success observed over
time and the explanation for antibiotic failure - com-
pliance, copathogens, alteration of microbial ecology,
and carriage.
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Pediatric Hearing Assessment

Stanton Jones

Key Points

e This chapter outlines the methods of hearing assess-
ment that are appropriate for children from birth to
adolescence.

* The importance of timely referral of children with sus-
pected hearing loss for a full hearing assessment can-
not be overemphasized. This can be accomplished in a
screening and/or a diagnostic hearing assessment.

e The audiogram is the true measure of threshold
sensitivity and is considered the “gold standard”
for hearing assessment.

¢ Hearingin children can be assessed from an extremely
young age. A reasonable assessment of hearing is
now possible in children using physiologic assess-
ment tools including otoacoustic emissions (OAEs),
evoked potentials, and tympanometry.

e Behavioral audiologic assessment can include
visual response audiometry, conditioned play audi-
ometry, conventional audiometry, speech audiome-
try, speech reception thresholds, or speech
discrimination testing.

» Test batteries consisting of a number of assessment
tools are used to make a diagnosis of hearing loss
and identify a probable site of lesion. No single tool
can provide all of that information.

e Hearing thresholds can range from normal (air con-
duction better than 15 dB at all frequencies) to a pro-
found loss (one or more thresholds at 80 dB or more)
and can be conductive, sensorineural, or mixed.

S. Jones

Cochlear Implant Program, Department of Otolaryngology —
Head and Neck Surgery, Saint Louis University School of
Medicine, St. Louis, MO, USA

e-mail: sjones50@slu.edu

Keywords: Newborn hearing screening ® Otoacoustic
emissions ¢ Auditory evoked potentials * Play audiometry
¢ Visual response audiometry

Introduction

Hearing assessment is an integral part of evaluating a
child with a speech or hearing problem. Hearing loss
has the highest incidence rate for any pediatric dis-
ability and should be detected as early as possible.
Parents may report signs and symptoms of reduced
hearing, or the practitioner may identify the symp-
toms during a routine evaluation of the child. The
importance of timely referral of children with sus-
pected hearing loss for a full hearing assessment can-
not be overemphasized. The use of informal methods
of hearing assessment, such as the whisper test, can
lead to late diagnosis of hearing loss and should be
discouraged. With modern screening and diagnostic
equipment, hearing can and should be quantified.
This can be accomplished in a screening and/or a
diagnostic hearing assessment.

Hearing thresholds and speech discrimination
measurements as well as site-of-lesion detection, are
routine practice in the field of audiology. The audi-
ologist can assist in the diagnosis and the determina-
tion of the type and degree of hearing loss. With this
information, the physician can assess the likely
impact of hearing loss on the development of speech
and language skills and whether reduced hearing is
part of a syndrome. Rehabilitation and intervention
measures can then be planned, including medical and
surgical therapy, dispensing hearing aids, or evaluat-
ing the child for cochlear implants.

R.B. Mitchell and K.D. Pereira (eds.), Pediatric Otolaryngology for the Clinician, 15
DOI: 10.1007/978-1-60327-127-1_2, © Humana Press, a part of Springer Science + Business Media, LLC 2009
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Symptoms of Hearing Loss

The symptoms of hearing loss depend on the degree
and nature of the disability. If a child presents with
one or more of the following symptoms, a hearing
assessment should be considered:

e Delayed language development (1)

e Delayed speech development (1)

* Asking for repetition (1)

* Not waking up to loud sounds

* Not responding when called (1)

¢ Unable to locate a sound source (1)

* Places ear close to television or speaker or wants
television or radio louder

* Speech and language development has slowed down
or ceased (1)

e Speech production has become less clear (1)

e Not noticing loud sounds in the environment such
as an airplane or dog barking

Risk Factors for Hearing Loss

The incidence of sensorineural hearing loss is 1-3 per
1,000 healthy births and 2—4 per 100 in high-risk chil-
dren (2). The following is a list of factors that may
place children at risk of hearing loss, either congenital
or acquired:

e Family history of hearing loss

e Genetic disorders or syndromes

e Problematic pregnancy

e Drugs or alcohol use during pregnancy

e Maternal infections during pregnancy such as
rubella, sexually transmitted diseases, cytomegalo-
virus, and numerous others

e Trauma during pregnancy

e Trauma during birth

* Anoxia at birth

e Apgar scores below 5 at 1 min or less than 6 at 5 min

* Postnatal infections

e Hyperbilirubenemia

e Ototoxic medications including aminoglycosides
alone or in combination with loop diuretics

e Patients undergoing chemotherapy or radiation for
cancer treatment

* Craniofacial anomalies

» Recurrent otitis media with or without ventilation tubes

e Mumps, measles

* Noise exposure, particularly excessive use of personal
listening devices

Methods of Hearing Assessment
in Pediatrics

The audiogram is the true measure of threshold sensi-
tivity and is considered the “gold standard” for hearing
assessment (3). Obtaining an audiogram is not always
practical due to the age of the child, level of cognitive
functioning, or other confounding factors. Nonetheless,
every effort should be made to obtain an audiogram in
a child with possible hearing loss.

Hearing in children can be assessed from an
extremely young age. A reasonable assessment of hear-
ing is now possible in newborns using otoacoustic
emissions (OAEs), evoked potentials, and tympanom-
etry. Testing leads to early intervention measures which
ultimately aim to minimize developmental delays.
Newborn hearing screening programs are currently
mandated by the federal government. All children born
in the United States have to undergo a hearing screen
soon after birth. Children with congenital hearing loss
are therefore identified and diagnosed very early and
can be fitted with hearing aids as early as 2 months of
age. Below is an outline of the tools and general hearing
assessment methods used in different age groups.

Physiologic Assessment Tools

Otoacoustic emissions (OAE) are tests that determine
cochlear status, specifically hair cell function. They are
mostly used to screen hearing in neonates, infants, or
individuals with developmental disabilities. OAEs were
first described by Kemp in 1978 (4), when he measured
spontaneous and evoked emissions in the human ear.
Spontaneous emissions are sounds emitted from the
cochlea without an acoustic stimulus and have little or
no clinical application. Evoked emissions are sounds
emitted from the cochlea in response to acoustic stimuli
and play an important role in screening or diagnosing
hearing loss in neonates. A probe is placed in the ear
canal of the child. The probe houses two receivers
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(speakers) and a microphone. The resulting sound from
the cochlea that is picked up by the microphone is digi-
tized and processed using signal averaging methodol-
ogy. The type of stimulus presented into the ear
determines the type of evoked emission. The following
two Otoacoustic Emissions are the most common types
utilized: (a) Distortion product otoacoustic emissions
(DPOAES) (4) are sounds emitted from the cochlea in
response to two simultaneous tones of different frequen-
cies. The response occurs only if there is a sufficient
number of outer hair cells in the area of stimulation. (b)
The second type, transient evoked otoacoustic emis-
sions (TEOAEs) (4), are sounds emitted from the
cochlea in response to acoustic stimuli of very short
duration, usually in the form of clicks, but can also be
tone bursts. The stimulus is comprised of numerous fre-
quencies and evokes responses from a large portion of
the cochlea. OAEs measure only the peripheral auditory
system, which includes the outer ear, middle ear, and
cochlea. To obtain an OAE, one needs an unobstructed
outer ear canal, absence of significant middle ear pathol-
ogy, and functioning cochlear outer hair cells. Common
reasons for not obtaining OAEs in a normal hearing ear
include a lack of an optimal probe fit, cerumen impac-
tion, or a middle ear effusion.

Auditory evoked potentials (AEP) (3), also referred
to as auditory brainstem responses (ABRs), may be
used to screen the hearing of newborns or as a diagnostic
tool in a full hearing assessment. The auditory brain-
stem response is an early audiologic, electrophysiolog-
ical response originating from the cochlea nerve and
lower brainstem. Responses are elicited by a click
stimulus presented at 25-30 dB in a screening or varied
intensities in a diagnostic assessment. Click stimuli are
used in screenings, and tone bursts stimuli are used in
diagnostic assessments. Responses are recorded by
placing electrodes at the vertex of the scalp and ear
lobes. Earphones are placed in the ears to deliver the
click stimulus into each ear. Several hundred responses
are collected and averaged to reduce background
recording noise and increase signal-to-noise ratio.

Tympanometry and acoustic reflexes (5). Tympano-
metry is used to assess numerous middle ear functions
including: the ear canal volume (large canal volumes
may indicate a perforation of the tympanic membrane)
(Fig. 1, amount of sound admittance and sound imped-
ance at varying pressure levels, ear drum movement,
eustachian tube function, and acoustic reflex thresholds
(ARTS) (5). Reduced movement of the eardrum may

be indicative of fluid in the middle ear or of ossicular
dysfunction as seen in children with craniofacial abnor-
malities. Acoustic reflexes are involuntary contractions
of the stapedius and tensor tympani muscles in response
to loud noise (6). Conductive or sensorineural hearing
loss will cause elevation of these thresholds. These

a
Type A
Tympanogram
1 1 1
-200 0 200
Pressure daPa
b
Type B
Tympanogram
1 1 1
-200 0 200
Pressure daPa

Fig. 1 Type A tympanograms indicate normal ear pressures.
Type B tympanograms are seen with a tympanic membrane
perforation, a patent tube (large ear canal volume), or with fluid
in the middle ear cleft (small ear canal volume). Type C tym-
panograms are seen with eustachian tube dysfunction and a
negative middle ear pressure
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Type C
Tympanogram

1 1
-200 0

I
200

Pressure daPa

Fig. 1 (continued)

reflexes are usually absent if there is a moderate, severe,
or profound hearing loss.

Air conduction and bone conduction testing. Stimuli
may be presented to the test subject via circum-aural
earphones, insert phones, or speakers. This method of
stimulus delivery is known as air-conduction testing.
The same stimuli may be presented through a bone
vibrator usually placed on the mastoid of the test ear.
This essentially directs the sound to the cochlea and
bypasses the outer and middle ear systems by setting
up vibrations in the skull, which are then transmitted
into the fluids of the cochlea. Air and bone conduction
testing establishes the presence of a conductive or
sensorineural hearing loss.

Behavioral Audiologic Assessment

Visual response audiometry (VRA) (6) relies on the
child’s ability to localize to the side of the sound
source. The child is placed in a sound booth, often
seated on the caregiver’s lap, with earphones placed in
the ear canals. Speakers may be used in a sound field
if the child would not tolerate earphones. The use of
earphones provides ear-specific information. A stimulus,
usually a pure tone, narrow band noise, or warble tone

(at 500, 1,000, 2,000, 4,000, and 8,000 Hz), is presented
to each ear individually at decreasing intensities, until
a threshold is obtained. If the child localizes toward
the sound, a visual reinforcer is given to maintain the
child’s responses. The reinforcement is given only if
the child responds to the sound immediately following
the sound stimulus (6).

Conditioned play audiometry (CPA) (6) requires the
child to be conditioned to the stimulus and to provide a
motor response. The response is a play task such as plac-
ing a block in a box or a peg in a board, once the stimulus
has been heard. Verbal praise is provided as reinforce-
ment to encourage the child to continue the responses.
The play activity should be age-appropriate so as to
maintain the child’s interest but not be too demanding so
as to detract from the response. Frequencies that are
measured range from 250 to 8,000 Hz at decreasing
intensities until a threshold is established.

Conventional audiometry (7) measures require the
child to raise a hand or press a button when the stimulus
is heard. Frequencies between 250 Hz and 8,000 Hz
are assessed at decreasing intensities until a threshold
is established at each frequency.

Speech audiometry is used to assess the child’s ability
to hear speech accurately. Speech stimuli may be used
in any of the above behavioral measures rather than
tones to obtain a speech awareness threshold (SAT).

Speech reception thresholds (SRT) are established
using phonetically balanced words at decreasing inten-
sities. This test requires the child to be able to repeat
the words or identify them in pictures.

Speech discrimination testing (SD) assesses the
child’s ability to comprehend words at suprathreshold
levels. This test may require the child to repeat the
words. Pointing to pictures may be used if the child has
impaired speech production.

Test Batteries

Test batteries consisting of a number of assessment
tools are used to make a diagnosis of a hearing loss and
identify a probable site of lesion. No single tool can
provide all of that information. Table 1 serves as a
guide to determine which assessment tools are used at
different ages.

It is not unusual to adapt a test battery to the needs
and capabilities of the child (Table 1). AEPs and OAEs
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Table 1 Age-appropriate assessment tools

Age Assessment tool

Table key

Birth (screening) Neonatal screening

DPOAE: distortion

using AEP or product otoacoustic
OAE or both emissions
TEOAE: transient
evoked otoacoustic
emissions
Birth to 4 months DPOAE/TEOAE  AEP: auditory evoked
(diagnostic) potential
AEP VRA: visual response
audiometry
Tympanometry SAT: speech awareness
threshold
CPA: conditioned play
audiometry
4 to 18 months ~ VRA (air and bone SD: speech
conduction) discrimination
SAT
Tympanometry
Acoustic reflexes
18 monthsto 5 CPA (air and bone
years conduction)
SAT/SD
Tympanometry
Acoustic reflexes
5 years and over Conventional
audiometry
(air and bone
conduction)
Tympanometry
SRT/SD

Acoustic reflexes

are often carried out in children at any age if accurate
and reliable information cannot be obtained from
behavioral tests. AEPs may require sedating the child
in the clinic or operating room in order to obtain the
information quickly and accurately. Hearing can then
be classified into one of the following categories (8):

1.

Normal hearing. Air conduction thresholds are better
than 15 dB at all frequencies.

. Slight hearing loss. Any one or more thresholds are

between 15 and 25 dB at any frequency.

. Mild hearing loss. Any one or more thresholds are

between 25 and 40 dB at any frequency.

. Moderate hearing loss. Any one or more thresholds

are between 40 and 60 dB at any frequency.

. Severe hearing loss. Any one or more thresholds

are between 60 and 80 dB at any frequency.

. Profound hearing loss. Any one or more thresholds

are 80 dB or more.

Information from these tests can also help identify the

possible cause of hearing loss. A conductive hearing loss

-10

10
20
30
40
50
60
70
80
90
100
110
120

Hearing Level (dB) ANSI

Hearing Level (dB) ANSI

100
110
120

Frequency (Hz)

250 500 1000 2000 4000 8000

O air conduction, right

X air conduction, left

> bone conduction

Frequency (Hz)

250 500 1000 2000 4000 8000

O air conduction, right

X air conduction, left

] masked bone conduction, left

[ masked bone conduction, right

Fig.2 (a) Conductive hearing loss; (b) sensorineural hearing loss
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originates from the outer or middle ear. Atresia, cerumen
impaction, otitis media, or ossicular discontinuity will
result in a conductive hearing loss (Fig. 2). A sensorineu-
ral hearing loss originates from the cochlea or higher
auditory pathways. Ototoxic medication or genetic-based
hearing loss can give rise to a sensorineural hearing loss.
A mixed hearing loss originates from the outer or middle
ear and cochlea and may be seen in children with cranio-
facial anomalies that affect the embryologic development
of the inner, middle, and outer ear.
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Speech, Voice, and Swallowing Assessment

Jean E. Ashland

Key Points

e The speech language pathologist (SLP) and otolar-
yngologist may collaborate effectively in the assess-
ment and treatment of children with speech,
resonance, and feeding/swallowing disorders.

e Assessment protocols may involve multidisci-
plinary efforts, such as a feeding or airway team.

e Knowledge of speech and feeding developmental
milestones can help guide the practitioner in identifi-
cation of problems and the referral process to a SLP.

* SLPs with specialty training in pediatric dysphagia
and/or resonance disorders are optimal referral
sources for children with issues in these areas. For
school age children, the SLP specialist may collab-
orate with the school speech language pathologist
to guide the treatment process or act as a resource
when needed.

e The use of FEES to assess swallowing continues to
increase in the pediatric population, but there are
limits secondary to age and cooperation.

e Children with gagging problems and food refusal
behaviors related to food textures likely have sen-
sory-based feeding issues and not a swallowing
problem. These children do not require instrumen-
tal assessment such as videoflouroscopic exam, but
are better served with a feeding evaluation by a
feeding specialist.

Abstract This chapter provides a summary of pedi-
atric speech, resonance, and feeding/swallowing
disorders. Information regarding normal development,

J.E. Ashland

Department of Speech Language and Swallowing Disorders,
Massachusetts General Hospital, Boston, MA, USA

e-mail: jashland @partners.org

assessment procedures, and referral guidelines are
outlined in each of these topic areas. There is discussion
of how the speech language pathologist and otolar-
yngologist may collaborate in such clinical cases.
Differential diagnosis of speech disorders includes
developmental, structural, and neurological causes.
Both instrumental and noninstrumental assessment
of resonance issues involving velopharyngeal dysfunc-
tion is discussed including nasopharyngoscopy,
multiview videofluoroscopy, and nasometry. Feeding
and swallowing disorders are differentiated to assist
with the diagnosis and referral process. Sample par-
ent interview questions are provided to assist the
practitioner in discerning underlying problems in
these three areas of speech, voice, and swallowing.

Keywords: Speech e« Articulation e Resonancee
Velopharyngeal dysfunction e Hypernasality e
Dysphagia « Aspiration « Modified barium swallow
o FEES « Feeding team

Speech, Voice, and Swallowing
Assessment

Altered function of the upper aerodigestive tract can
impact not only biological functions such as respira-
tion and digestion, but also nonbiological functions
such as speech and voice. The otolaryngologist and
speech language pathologist (SLP) often collaborate
with particular diagnoses such as speech, voice and
resonance disorders, and dysphagia (I-4). This chap-
ter will summarize normal and disordered pediatric
speech, voice, and swallowing function as well as
describe approaches to assessment and intervention.

R.B. Mitchell and K.D. Pereira (eds.), Pediatric Otolaryngology for the Clinician, 21
DOI: 10.1007/978-1-60327-127-1_3, © Humana Press, a part of Springer Science + Business Media, LLC 2009
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Speech/Articulation

Normal Speech Development

Speech develops in relation to muscle maturation, from
simple to complex muscle motions. From an anatomi-
cal point of view, the general order of sound develop-
ment occurs from the front of the mouth and progresses
posteriorly. For example, labial or lip sounds generally
emerge first with /m, p, b/, such as “mama, papa, baby.”
Then tongue tip elevation (lingual alveolar) sounds
emerge: /t, d, n/. For example: “no, hot, dada.” Posterior
tongue sounds follow: /k, g/, such as “car, go.” Early
emerging sounds tend to be plosive or stop sounds that
require stopping and releasing the air. Sounds that
require more control of the air stream, such as fricatives
or sibilants: /s, z, sh, ch, f/ are generally acquired later
and/or are produced with greater errors. Figure 1
provides a summary of sound development milestones
and how sounds are classified by articulator placement.

Speech Disorders

Pediatric speech and/or articulation problems involve
compromised speech intelligibility related to imprecise
or inaccurate speech sound productions. In addition,
rate of speech and degree of mouth opening can also
impact intelligibility. Speech production problems may
include sound substitution errors (e.g., tat/cat), omis-
sions (e.g., _at/cat), or distortions, such as a frontal
distortion (e.g., thuzy/Suzy). Less common speech dis-
orders may be due to motor planning problems for
placement of the articulators resulting in inconsistent

Milestones for speech development

m p,m,b, h n, w,b(90% by age 3)

m kg d, t,ng, f,y (90% by age 4)

m 1,1, s;sh, ch, z; j,v; th; dj, zh (6-8 yrs)

m Speech intelligibility: 70% age 2; 80% age 3; 90% age 4
Speech production classification by placement
m Labials (p, b, m)

Labial and lingual-dental (f, v, th)

Lingual Alveolars (t, d, n, 1)

Palatal (sh, zh, ch, dj)

Velar (k, g, ng)

Continuants (h)

Fig. 1 Speech milestones and sound classification

speech errors and difficulty with oral and speech imita-
tion acts. This problem may be referred to as develop-
mental apraxia (5,6). Finally, stuttering or dysfluent
speech can present as sound or word repetitions with
more serious symptoms including speech prolongations,
blocking, or secondary motor responses (e.g., eye blink-
ing, facial grimacing). Young children can experience
normal periods of nonfluency between 2 and 4 years of
age when vocabulary is quickly expanding and they are
“thinking faster than they can speak.” Children’s speech
intelligibility progresses with age, so it is important to
know what speech errors are expected based on age.
Toddlers between 18 months and 2 years generally
exhibit ~50% intelligible speech to a familiar listener.
This increases to ~70% between 2 and 3 years of age
and up to 80% by age 4. Parents can be excellent sources
regarding their child’s speech development (see Fig. 2).

Differential Diagnoses of Speech
Disorders

Developmental delay is the most common etiology for
speech difficulties in children. In addition, structural
issues, neurological compromise, and acquired deficits
are other differential diagnoses to consider.
Developmental problems generally present as typical
speech errors that might be seen in a younger child
who has normal developing speech for his or her age.
Structural issues that impact speech production
may include dental occlusion, restricted tongue mobil-
ity related to ankyloglossia, congenital anomaly of the
jaw, or cleft palate (including submucous cleft). When
forward tongue carriage is present during speech acts,
it can also be helpful to rule out a tongue thrust pattern,
or myofunctional disorder (7-9). Other structural com-
plications, such as ankyloglossia or a short lingual

What to ask parents or caregivers at an office visit?
o Do you understand your child’s speech half the time; most of the time?
o Does your child avoid talking with others or “give up” when others do
not understand them?
o Does your child have temper tantrums in relation to their speech not
being understood by others?
o Are you concerned with your child’s speech?
o What words can your child say? (this can provide to clues in sound
development).
= expected sounds by age 2-3 years includes: /p, b, m, h, t, d/
= Sounds at 4 years: /k, g, s, sh, ch, f/
= Sounds at 5-7 years: /r, I/

Fig.2 Parent questions about speech development and concerns



Speech, Voice, and Swallowing Assessment

23

frenulum can restrict adequate tongue mobility for
accurate articulation (10-12), especially for tongue tip
sounds (e.g., /t, d, 1, n, s/).

Neurological or motor speech disorders present as
abnormal muscle tone or uncoordinated muscle func-
tion including stroke, cerebral palsy, progressive neu-
rological disorder, seizures, or brain tumor. These
children often present with feeding and/or swallowing
difficulties as well.

Assessment approach: The SLP approaches speech
assessment with formal and informal measures. Speech
intelligibility is rated in single word productions, the
sentence level, and during spontaneous conversation.
The child may be asked to label pictures or objects as
part of a formal testing tool. In addition, queries are
made to the caregiver as to the degree that the speech
patterns of the child are disrupting or affecting the
child’s ability to communicate with others. For example,
is there frustration behavior or acts of avoiding talking
with others because of speech not being understood?
An inventory of speech errors is assembled and the errors
are categorized as age appropriate (i.e., not yet acquired
based on age) or disordered. An exam of the oral mech-
anism is also completed to determine if any structural
or neuromuscular issues are contributing to the speech
errors, such as dental occlusion, shape and movement
of the articulators (tongue, palate, lips, jaw), or enlarged
tonsils. Stimulability testing is also part of the assessment
to determine if the child is able to achieve accurate
production of the speech errors during sound and word
imitation tasks. Children under 2 years of age generally
do no warrant an evaluation of speech sound development
as the focus at this age is typically language development.
The exception would be extremely poor intelligibility,
such as speech primarily characterized by use of vowels.
Figure 3 summarizes general guidelines for when to
refer children for a speech evaluation.

/

When to refer for evaluation of speech
Age 2-3
= Speech intelligibility less than 50%
Omission of initial sounds in words
Multiple sound errors for early developing sounds: /p, b, m, t, d, h, n, w/
= Frustrated behavior because speech is not understood
Age 4-5
= Speech intelligibility less than 70%
= Multiple sound errors for age appropriate sounds: /k, g, sh, f, ch, dj, y/
= Frustrated behavior because speech is not understood
Age 6-9
= Speech intelligibility is less than 90%
=  Multiple sound errors for age appropriate sounds: /1, r, th/

Fig. 3 Speech referral guidelines by age

Voice and Resonance

Disordered Voice and Resonance

Etiologies may vary from hyperfunctional use of voice,
a physical pathology, to a structural issue impacting
production of voice. For example, etiologies may include
deviant vocal cord movement, vocal nodules, or narrow-
ing of the supra- or subglottic airway regions. The pedi-
atric otolaryngologist may use the Pediatric Voice-Related
Quality-of-Life Survey (13), a validated instrument to
obtain the required information. Figure 4 outlines addi-
tional questions for families about their child’s resonance.

Resonance disorders include deviant nasal balance
characterized as excessive nasality or lack of nasality
related nasal air leakage for non-nasal speech sounds or
nasal air blockage for nasal speech sounds. These deviant
nasal airflow patterns may present as hypernasality and
hyponasality. Hypernasality related to soft palate dys-
function is referred to as velopharyngeal insufficiency
(VPI) or velopharyngeal dysfunction (VPD) and is most
often associated with the presence of a cleft palate or sub-
mucous cleft palate (14). Other etiologies for disrupting
soft palate closure during speech may include low muscle
tone, a congenitally short palate, or a motor planning dif-
ficulty that may be affiliated with apraxic speech.
Sometimes enlarged tonsils can project into the velopha-
ryngeal space and disrupt lateral pharyngeal wall closure.
When children present with velopharyngeal dysfunction
risk factors, the otolaryngologist may consider a speech
and resonance evaluation prior to surgery and possibly a
modified adenoidectomy, such as a superior-based ade-
noidectomy to preserve part of the adenoid pad for main-
taining soft palate closure during speech.

Assessment of Resonance

Noninstrumental assessment: The SLP can conduct
various objective measures of resonance including
instrumental and noninstrumental assessment (15).

What to ask parents or caregivers at an office visit?
o Do you have concerns about your child’s pronunciation?
Do other people have difficulty understanding your child?
Is your child receiving speech therapy services?
Does your child speak with a nasal voice quality?
Do you hear air coming from your child’s nose or nasal snorting noises
while your child is talking?
o Does your child have a history of a cleft palate?

[e]
[e]
o
o

Fig. 4 Parent questions about resonance
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Noninstrumental or perceptual assessment may include
intake of developmental articulation abilities for accu-
racy of articulator placement, nonspeech contributors
to speech intelligibility (e.g., rate and loudness of
speech, dental occlusion, degree of jaw opening, or
intonation patterns), and rating scales of velopharyn-
geal (VP) function (16,17). These rating scales can
provide guidance for those children that may achieve
improvement with speech treatment alone (scores
between 1 and 6) versus surgical intervention, such as
a pharyngeal flap or oral prosthesis. If the etiology for
nasal air leakage is structural, then a surgical option
for correction can be explored. If the issue is functional
or a learned speaking pattern, then speech intervention
can be explored. There are continued efforts to estab-
lish a standardized assessment of nasality on a national
and international basis to allow a more consistent
objective description of resonance disorders, such as
the nasality severity index (18) and cleft audit protocol
for speech (19).

Instrumental assessment: Instrumental assessment
may include nasometry or nasal aerodynamic instru-
mentation, multiview videofluoroscopy or nasophar-
yngoscopy (20,21). Typically, children are 4 years of
age or older to participate in these exams. Nasometry
measures nasal air flow during speech acts. For exam-
ple, expected nasal air flow for target phrases: “pick up
the puppy,” or “take a tire” is ~10—12%. Other types of
instrumental assessment to achieve a direct view of the
VP mechanism during speech tasks include multiview
videofluorscopy, lateral radiographs/cephalometrics
and nasopharyngoscopy (22-25). Other innovative
approaches for assessment of VP function include
advanced technology, such as functional MRI (26).
This is primarily in the clinical research field and has
not yet translated to clinical use. Current findings
reported include close correlation of functional MRI
and videofluoroscopy outcomes with some additional
information such as dynamics of levator palatine func-
tion, muscle alignment in occult submucous cleft
palate, and pharyngeal wall movement (27-29).

Treatment Approaches for VPI

Nonsurgical: Speech intervention for mild to moderate
VPI cases can be beneficial (15,22,23,30). It’s optimal
to have a SLP who has experience with resonance-based

Considerations for referral to a speech language pathologist
o Hypernasal voice quality with evidence of nasal air escape
o Cul de sac speech quality with observed bifid uvula
o Repaired cleft palate and residual speech errors and/or deviant
nasal resonance

Fig.5 Referral considerations to a speech language pathologist
for resonance problems

speech disorders. Sometimes, the school SLP will be
providing the treatment with consultation from an
SLP experienced with resonance disorders. Treatment
approaches for resonance disorders focus on improving
oral airflow for non-nasal sounds to achieve maximal
resonance balance. Techniques such as slowed rate of
speech, exaggerated mouth opening or lowered tongue
positioning in the floor of the mouth, vowel prolonga-
tion, or a plosive sound leading into a sibilant sound
(ttt-ssss oap: soap) can be helpful therapy techniques.
Palatal obturator use can provide feedback for the child
and some children have shown sustained improvement in
VP closure after removal of a palatal obturator (31,32).

Surgical: Surgical approaches for moderate to severe
VPI may include a palatal pharyngoplasty (pharyngeal
flap) or sphincter pharyngoplasty or palate lengthening
(33). Alternative approaches for minor midline gaps
between the velum and pharynx include posterior pha-
ryngeal wall enhancements (22,30,34-38). Pharyngeal
flaps or sphincter palatoplasty approaches are typically
used for moderate to severe central gaps between the
soft palate and posterior pharyngeal wall. The airway
status of the child is an important consideration and a
pharyngeal flap is generally contra-indicated when it is
compromised in conditions like sleep apnea or in laryn-
geal anomalies. Indications for referral to a speech
pathologist for children with resonance disorders are
summarized in Fig. 5.

Feeding and Swallowing

Developmental Nature of Feeding
and Swallowing in Children

Children develop feeding abilities and swallowing
coordination, much like they acquire other develop-
mental milestones. Feeding milestones start with sucking
and progress to cup drinking, spoon feeding, and
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chewable table foods over the first year of life. Feeding
is differentiated from swallowing primarily by volun-
tary versus involuntary motor control. Feeding involves
the process of taking food into the mouth and prepar-
ing the food to be swallowed in a coordinated fashion.
This is also considered the oral preparatory stage of the
swallow. Once food reaches the base of the tongue and
begins to propel into the hypopharynx, the reflexive
nature of swallowing comes into play. The swallow
transports the food or liquid bolus through the pharynx,
into the esophagus, and is completed when the bolus
moves into the stomach. Coordinated swallowing
requires sequencing breathing with swallowing in con-
junction with controlled movement of the liquid or food
from the mouth to the pharynx (39). In addition, there
must be adequate sensation to detect the bolus as it
moves through the mouth and pharynx to assist with
triggering the swallowing and maintaining airway
protection. A weak or uncoordinated tongue can result
in early entry of a liquid or food bolus into the pharynx
and an open airway. There must be a coordinated
sequence of events to maintain airway protection and
have sufficient pressure to drive the bolus through the
pharynx into the esophagus. Also, when the sensory
system is muted, such as when GERD is present, there
can be a compromise of swallow coordination and an
aspiration risk.

Disordered Feeding and Swallowing

Typical concerns with feeding and swallowing involve
efficiency, coordination, and safety. Symptoms that
generate concern may vary from prolonged meals,
food refusal, poor weight gain or failure to thrive, weak
or immature sucking for infants, weak or immature
chewing for older infants and toddlers, gagging/cough-

ing/choking behaviors, and aspiration. A feeding
problem can be assessed through a multidisciplinary
clinical evaluation (40,41) whereas a swallowing
problem often requires instrumental assessment such as
videofluoroscopy or nasoendoscopy (42,43).

Table 1 summarizes some key differences between
feeding and swallowing problems.

Feeding Problems

Feeding problems are often categorized as develop-
mental, motor-based, sensory-based, or behavioral.
Because feeding is a complex process, it is not uncom-
mon for multiple issues to be present, such as both
motor and sensory-based feeding difficulties (44,45).
Developmental feeding problems: These may
present as immature feeding behaviors expected of a
younger child, such as slow acquisition of chewing
skills in a child with general slow onset of motor
milestones (sitting, crawling, walking). Parents may
advance a child’s diet based on chronological age and
not consider the stage of actual development and
readiness. This may result in gagging/choking behav-
iors with chewable solids if skills are too immature.
Sensory-based feeding issues: Sensory-based feed-
ing issues may occur due to general heightened sensitiv-
ity to the environment (light, sound, touch), or with
GERD from irritation of the upper airway. Typically,
these children will gag on chewable foods, or sticky/
mushy foods. The child may retain food in the mouth
for long periods of time, spit food out after chewing, or
swallow the smooth portion of the food and expel any
“pieces” in the food. Reflux and food allergies often
accompany sensory-based feeding difficulties as there
may be irritation of the upper airway lining or increased
mucous presence. Sometimes structural issues such as

Table 1 Symptoms and etiologies of feeding and swallowing problems

Feeding problem

Swallowing problem

Sensitive to textures

Occurs prior to swallow

Reduced oral control

Immature chewing skills

Response to taste or smell

Gagging and enlarged tonsils

Occurs more with solid food than liquids

Frequent history of reflux, constipation, delayed gastric
emptying, food allergies

Uncoordinated swallow

Reduced airway protection

Delayed laryngeal elevation/closure

Occurs during the swallow

Generally with liquids and not food

More common with neurological, cardiorespiratory, or upper airway

structural anomalies
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enlarged tonsils can result in gagging behavior with
chewable foods secondary to food pooling or being
impeded by the tonsils. Parents have reported resolution
of gagging issues after tonsillectomy in some cases.

Motor-based feeding issues: In comparison, motor-
based feeding problems may present as prolonged
chewing because of immature or weak motor function,
loss of food from the mouth, or a weak or inefficient suck.
As children experience gastrointestinal discomfort with
feeding (e.g., reflux), unpleasant sensory responses to
taste/texture, or sense parental stress with prolonged
meals or insufficient calorie intake, behavioral issues can
develop around the feeding process. Inevitably, forceful
feeding by the parents is not successful to achieve more
food intake as the child will generate greater resis-
tance, with a snowball effect. In addition, children with
delayed gastric emptying or constipation may show
low hunger behavior and limited drive for eating.

Swallowing Problems

Swallowing disorders or dysphagia involve the pha-
ryngeal stage and sometimes esophageal portion of the
swallow. Children with neurological, respiratory, or
structural airway anomalies are at a greatest risk for

dysphagia (46,47). Common neurological diagnoses
associated with swallowing safety risks include: uncon-
trolled seizures, moderate to severe cerebral palsy,
mitochondrial disease, progressive neurological
diseases, and brain tumors impacting the cranial nerves
or motor cortex. These children can present with
multifaceted feeding and swallowing problems,
compromised chewing, choking on liquids, difficulty
clearing solid foods from the pharynx, and esophageal
dysmotility in some cases. Respiratory risk factors for
dysphagia may include history of prematurity and
chronic lung disease, as well as laryngo or tracheomal-
acia. Coordinating breathing and swallowing can be
disrupted causing risk for aspiration, especially with
thin liquids. Structural complications can impact
swallowing and can sometimes require tracheostomy.
They include vocal cord paralysis, choanal atresia,
laryngeal cleft, tracheoesophageal fistula, esophageal
atresia, or subglottic or supraglottic stenosis.

Assessment of Feeding and Swallowing

Feeding: A feeding assessment is most commonly
done by a “feeding specialist,” typically a speech
language pathologist or occupational therapist. There

Referral Considerations For Feeding and Swallow Problems.

Feeding Team:

o Gagging or vomiting with chewable solid foods but tolerates liquids and smooth

solids
History of reflux

Multiple Medical Issues

O 0O 0 O 0 O

Mo

o

ified Barium Swallow

History of URI, pneumonias

Pooling pharyngeal secretions

s
les]
OOOO%OOOOO

Airway or Aerodigestive Team

Poor texture progression with foods

Poor weight gain, FTT, and/or Food Refusal

Progression from tube feeding to oral feeding
Guidelines for feeding or swallow therapy

Evaluation of swallow safety, rule out aspiration
Coughing and choking DURING or immediately following drinking
Wet, congested breath sounds immediately following drinking

Neurological or developmental impairments

Evaluation of swallow safety, rule out aspiration
Concerns with upper airway physiology or anatomy contributing to dysphagia

Risk of non-compliance with toddler and preschool age children

o Cardiopulmonary, neurological, and/or gastrointestinal disorders contributing to

feeding or swallowing problems

o Multidisciplinary assessment and management of dysphagia in the presence

upper airway complications
o Chronic cough

Fig. 6 Referral considerations for feeding and swallowing problems
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may be a multidisciplinary team evaluation in complex
cases that will include a feeding specialist, a dietitian,
a physician or nurse, and sometimes a behavioral spe-
cialist ~ or  psychologist/psychiatrist  (40,48).
Recommendations are provided regarding diet,
mealtime approaches, feeding therapy, or need to
pursue other specialists such as a gastroenterologist or
a behavioral specialist (48).

Swallowing: The gold standard of swallowing
assessment is typically a videofluoroscopic swallow
study (VFSS) or modified barium swallow (MBS).
Fiberoptic endoscopic examination of swallowing
(FEES) has been gaining popularity as an alternative
procedure in older children and adults (49,50). Both
exams offer dynamic assessment of swallow function.
During the MBS or VESS, the child or older infant is
seated in a chair and presented with barium contrast in
liquid, paste, and solid food with paste consistencies to
assimilate typical meal consistencies, depending on
their developmental level of function and current diet.
The FEES offers the opportunity to examine the swal-
low, management or aspiration of secretions, upper
airway anatomy, and vocal cord function (5,51,52).
This can be helpful to identify any edema from GERD
or anatomical issues impacting swallowing. In addi-
tion, a FEES exam may be more sensitive in displaying
episodes of microaspiration when compared to MBS
in milder cases like a subtle laryngeal cleft (53,54).
However, young children in the toddler and preschool
age group may not be compliant with FEES exams
resulting in false positive dysphagia findings especially
if they are distressed during the exam. Figure 6 pro-
vides summary of referral guidelines for feeding and
swallowing problems, including instrumental and non-
instrumental assessment.
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Methicillin-Resistant Staphylococcus aureus (MRSA) Infections
of the Head and Neck in Children

Tulio A. Valdez and Alexander J. Osborn

Key Points

* MRSA infections have been on the rise over the last
5 years in the United States.

* The USA300 clone is responsible for most cases of
community-acquired MRSA.

e Suppurative lymphadenitis is a common manifesta-
tion of MRSA infections.

e Lateral neck infections are more common than deep
neck infections and are commonly seen in children
less than 1 year.

e Clindamycin, Trimethoprim, and Sulfamethoxazole
provide excellent coverage against MRSA.

 Incision and drainage is the treatment of choice for
suppurative lymphadenitis.

Keywords: Methicillin-resistant Staphylococcus aureus
(MRSA) * Neck infections ® Head and neck ¢ Children

Clinical Presentation

The last decade has seen a dramatic increase in the
prevalence of community-acquired methicillin-resistant
Staphylococcus aureus (CA-MRSA) infections in chil-
dren. Multiple studies have shown that the proportion
of head and neck abscesses caused by CA-MRSA have
increased from 0-9% at the start of the millennium to
33-64% in its latter half (I-3). A recent study has even
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shown the proportion of CA-MRSA to be as high as
76% (4). The rate of nasal carriage of MRSA among
healthy children appears to have increased from 1% to
nearly 10% in just 3 years (5). Specific risk factors for
the acquisition of CA-MRSA in children include under-
lying chronic illness, previous MRSA infection, contact
with family members with MRSA infection, and situa-
tions that place the child in close contact with others
who might be infected. Outbreaks have been associ-
ated with daycare attendance and participation in contact
sports (6). Interestingly, health-related, demographic,
and contact-associated risks do not appear to be different
for MRSA and methicillin-sensitive Staphylococcus
aureus (MSSA) infections (7).

The most common manifestation of CA-MRSA is
skin and soft tissue infections such as cellulitis, furuncle,
carbuncle, or abscess (6). In the head and neck, children
can present with superficial facial or neck abscesses of
the skin, lymphadenitis, or deep lymph node abscesses
of the jugular chain, posterior triangle nodes, or sub-
mandibular region. Also possible are medial abscesses
of the retropharyngeal, parapharyngeal, and peritonsillar
regions (2,3). Presenting signs and symptoms include
amass or swelling, fever, pain, decreased neck mobility,
sore throat, decreased oral intake, irritability, leukocy-
tosis, and a preceding upper respiratory tract infection.
There do not appear to be differences between MSSA
and MRSA with respect to age, location, and presenting
symptoms (3). Compared with nonstaphylococcal infec-
tions, however, MRSA and MSSA tend to affect
younger individuals in general and have a much higher
propensity to afflict specifically those less than 1 year
of age (7). S. aureus is much more likely to cause lateral
(anterior and posterior triangle nodes) as well as sub-
mandibular or submental abscesses, whereas the medial
abscesses mentioned above are much more commonly
caused by nonstaphylococcal organisms. The most

R.B. Mitchell and K.D. Pereira (eds.), Pediatric Otolaryngology for the Clinician, 29
DOI: 10.1007/978-1-60327-127-1_4, © Humana Press, a part of Springer Science + Business Media, LLC 2009



30

T.A. Valdez and A.J. Osborn

common non-S. aureus organisms to cause abscesses
of the head and neck are Group A Streptococcus, namely,
Streptococcus milleri and Streptococcus epidermidis.
Up to 10% of neck infections will grow mixed flora
and approximately 25% may yield no growth when
cultured (7). These factors should be taken into consid-
eration when treatment options are considered.
Although most CA-MRSA infections are of the skin
and soft tissue, this organism can cause severe, life-
threatening sepsis and necrotizing pneumonia. In two small
series focusing specifically on children, presenting signs
and symptoms of systemic CA-MRSA infection included
fever, localized joint pain, myalgia, diffuse rash, and
leukocytosis or leucopenia (8,9). Pulmonary involve-
ment included complicated parapneumonic effusions,
scattered septic emboli, and necrotizing pneumonia with
resultant bronchopleural fistula. Clearly, CA-MRSA can
potentially lead to much more serious and dangerous
infections of which the practitioner must be aware.

Staphylococcus aureus: Mechanisms of
Resistance, Evolution and Epidemiology,
and Virulence

Penicillin, the original B-lactam antibiotic, was fortu-
itously discovered as a fungally produced inhibitor of
S. aureus growth. These antibiotics inhibit enzymes
that are essential for cell wall synthesis. Continued cell
division in the absence of cell wall synthesis leads to
cell death, and thus the 3-lactam antibiotics are consid-
ered bacteriocidal, not bacteriostatic.

Two fundamental means of B-lactam resistance
exist. The first means is the production of B-lactamase,
an extracellular enzyme that binds to and enzymati-
cally cleaves the B-lactam ring, rendering the antibi-
otic inactive. The semisynthetic 3-lactamase-resistant
penicillins, such as methicillin, were developed in
response to the discovery of B-lactamase-conferred
penicillin resistance. The second means of B-lactam
resistance is the alteration of the peptidoglycan cross-
linking enzymes (10). This type of B-lactam resistance
is effective against methicillin and other B-lactamase-
resistant penicillins because it alters the final target of
the antibiotic. In S. aureus, the emergence of the gene
mec resulted in the alteration of the peptidoglycan
crosslinking enzymes and was responsible for the

appearance of MRSA within just a couple of years of
the introduction of methicillin into clinical practice in
the early 1960s.

The mecA gene appears to have originated from
Staphylococcus sciuri a widespread relative of S. aureus.
All strains of this near ubiquitous colonizer of humans
and livestock possess a mecA homologue, which when
upregulated confers methicillin resistance to otherwise
susceptible strains of S. sciuri and S. aureus. The parallel
evolution of mecA and its subsequent horizontal transfer
to S. aureus would explain the emergence of MRSA so
rapidly after the introduction of methicillin (11).

These initial MRSA strains became prominent in the
healthcare setting and gradually acquired, under the
selective pressure of the environment, genetic determi-
nants of resistance to a broader variety of antibiotics.
Risk factors for contracting these hospital-acquired
MRSA (HA-MRSA) infections include hospital and
ICU admission, central venous catheter placement,
endotracheal intubation, dialysis, and long-term care
residency. Recently, however, CA-MRSA has emerged
in individuals that do not possess these traditional
healthcare-associated risk factors. CA-MRSA tends to
be susceptible to more antibiotics than traditional
HA-MRSA strains. The current evidence suggests that
CA-MRSA arose as a separate evolutionary event within
the community, rather than being seeded into the com-
munity from the healthcare setting.

A recent multicenter study of adult ER visits for skin
and soft tissue infections demonstrated the presence of
CA-MRSA in 59% of patients, whereas MSSA was
present in 17% of patients and other bacteria or no
organisms were isolated in 24% of patients (12). The
vast majority (97%) of these CA-MRSA isolates
belonged to a single strain called USA300. Although
the frequency of CA-MRSA varied among centers from
15 to 74%, in all but one center this pathogen was the
most common cause of skin and soft tissue infections.

The USA300 strain of S. aureus is the most common
CA-MRSA strain in the USA (12). USA300 grows
more rapidly, causes more severe infections, and
spreads more widely geographically than other MRSA
and MSSA strains (13). Indeed the USA300 strain may
even be outcompeting traditional hospital-acquired
MRSA (HA-MRSA) strains in the healthcare setting
(14,15). Future research about the virulence mecha-
nisms of MRSA might provide us with insights into
novel adjunct therapies for MRSA infection.
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Treatment

Prevention

The United States Centers for Disease Control and
Prevention has published excellent evidence-based
guidelines for the treatment and prevention of
CA-MRSA infections. Prevention measures are listed
below and are in addition to guidelines established for
the healthcare setting to prevent the spread of
HA-MRSA (16,17). Practitioners should be familiar
with these guidelines so that they may properly coun-
sel patients and attempt to minimize or prevent the
spread of the pathogen:

1. Keep wounds that are draining covered with clean,
dry, bandages.

2. Clean hands regularly with soap and water or alco-
hol-based hand gel (if hands are not visibly soiled).
Always clean hands immediately after touching
infected skin or any item that has come in direct
contact with a draining wound.

3. Maintain good general hygiene with regular
bathing.

4. Do not share items that may become contaminated
with wound drainage, such as towels, clothing, bed-
ding, bar soap, razors, and athletic equipment that
touches the skin.

5. Launder clothing that has come in contact with
wound drainage after each use and dry thoroughly.

6. If you are not able to keep your wound covered with
a clean, dry bandage at all times, do not partici-
pate in activities where you have skin to skin con-
tact with other persons (such as athletic activities)
until your wound is healed.

7. Clean equipment and other environmental surfaces
with which multiple individuals have bare skin con-
tact with an over-the-counter detergent/disinfectant
that specifies S. aureus on the product label and is
suitable for the type of surface being cleaned.

Antibiotic Choice

Treatment of CA-MRSA cellulitis and superficially
purulent skin infections is primarily by antibiotic
therapy. CA-MRSA tends to be, but is not uniformly

sensitive to clindamycin, rifampin, trimethoprim-sul-
famethoxazole, and sometimes the tetracyclines. Rates
of resistance to these agents tend to be less than 10%
but this does vary by geographic area (18,19).
CA-MRSA is by definition resistant to the penicillins,
is clinically resistant to cephalosporins, and tends to
have high rates of resistance to quinolones and mac-
rolides. Typically, fewer than 10% of CA-MRSA iso-
lates demonstrate erythromycin-induced clindamycin
resistance, or so-called type B macrolide-lincosamide-
streptogramin (MLS ) resistance, but again variability
depending on geographic region exists (20,21). It has
been suggested that empiric therapy with clindamycin
in areas with high rates of MLS, resistance should be
avoided. Of course it may be used for definitive ther-
apy should the individual culture results indicate full
susceptibility to the drug. Choices for intravenous
antibiotics include vancomycin and gentamicin, both
of which have excellent efficacy against CA-MRSA.
Antibiograms are typically available from area hospi-
tals or academic centers and can be valuable guides in
determining the community physician’s choice in
empiric antibiotic therapy.

One pressing question concerning antibiotic ther-
apy is whether or not consistent empiric use of an
agent to which CA-MRSA is susceptible will lead to
the development of resistance to that agent. This does
not appear to be the case. In at least one academic
center, the consistent empiric use of clindamycin as a
first line therapy for CA-MRSA did not alter the pro-
portion of clindamycin resistance over 2 years (98%
vs. 97%) (22).

Surgical Management

Abscesses are traditionally treated with incision and
drainage (I&D), with or without the concomitant use
of antibiotics. Studies that included patients who were
given placebo or ineffective antibiotics after incision
and drainage demonstrate that high rates of cure are
achieved regardless of effective antibiotic treatment
(23,24). The only factor that seems to predict failure of
I&D alone is abscess size greater than 5 cm.
Demographic, comorbidities, and other abscess param-
eters are poor predictors of failure (23). The average
hospital stay after I&D is 2-3 days (23).
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Treatment Algorithm

With the above caveats in mind, the following treatment
algorithm for CA-MRSA infections of the head and
neck is proposed. Given the significant symptomatic
overlap between staphylococcal and nonstaphylococcal
infection lymphadenitis, initial empiric therapy should
be directed at both types of infection. Clindamycin
is an appropriate choice of therapy for this purpose.
In addition, trimethoprim-sulfamethoxazole provides
excellent coverage and may be useful in areas where
clindamycin-resistant MRSA is prevalent. Children
with neck lymphadenopathy and high fever with evi-
dence of a phlegmon on imaging should be admitted
for intravenous therapy. A failure to improve within 48 h
warrants surgical treatment. Otolaryngologic consulta-
tion for airway evaluation and surgical intervention
can be made earlier at the discretion of the admitting
team. Contrast-enhanced CT may help differentiate
abscess from lymphadenitis or phlegmon and is impor-
tant for surgical planning in order to ensure that multiple
loculations or occult abscesses are surgically drained
(See Figs. 1 and 2). However, given the small but
apparently real risk of malignancy associated with
high-resolution CT of the head and neck (25), the deci-
sion for CT may be reserved for those patients who
may present with a possible deep space abscess and
when the physical findings of erythema, pain, and fluc-
tuance are not obvious. Ultrasound is a good alternative
for patients that present with superficial or lateral neck
lymphadenitis. Abscesses larger than 5 cm are likely to
require both 1&D and a longer course of antibiotic
therapy. The treatment of systemic MRSA illness,
pneumonia, or sepsis requires intravenous antibiotic
therapy and intensive care unit support, a full discussion
of which is beyond the scope of this chapter.

Future Directions

Currently vancomycin is effective against virtually all
MRSA strains. Thankfully reports of vancomycin-
resistant Staphylococcus aureus (VRSA) are rare with
only seven cases reported in the United States between
2002 and 2006 (26). Nonetheless, the emergence of
complete penicillin resistance, within a decade of its
introduction into clinical practice, is a testament to the

Fig. 1 Axial CT scan with contrast with posterior neck ring
enhancing fluid collection secondary to MRSA infection

Fig.2 Axial CT scan with contrast with showing a retropha-
ryngeal abscess in a 10 month old that grew MRSA in cultures
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adaptive power of S. aureus. Consequently the threat
of widespread vancomycin-resistant S. aureus is one
that looms ever present in the collective conscious
of the medical community. Accordingly, a number of
new antibiotics have been developed and are in limited
use against MRSA (27). These antibiotics include
quinopristin-dalfopristin (Synercid®), linezolid (Zyvox®),
daptomycin (Cubicin®), and tigecycline (Tygacil®).
With the exception of tigecycline, an advanced member
of the tetracycline family, all these antibiotics possess
unique mechanisms of action, which bodes well for
their combined effectiveness over time as well as for the
possibility of improvements with subsequent genera-
tions. Even more antibiotics effective against MRSA
are in early clinical trials and new fascinating methods
of drug discovery, including the mining of ancient
medicinal texts (28,29), are being employed in the
discovery of new agents.

In addition to the development of new antimicrobial
drugs, efforts have also been directed toward the devel-
opment of antistaphylococcal vaccines. Two phase II1
trials, one of a staphylococcal capsular vaccine in
hemodialysis patients (30) and one of antistaphylococcal
immunoglobulin infusion in neonates (31), have, how-
ever, failed to demonstrate a meaningful reduction in
the rates of S. aureus infection. Further work including
multiple doses and additional antigen combinations
may yet yield more effective and substantial gains in
the arena of vaccine development.
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Polysomnography in Children

Cindy Jon

Key Points

e Polysomnography is the gold standard test for the
diagnosis of sleep-disordered breathing (SDB) in
children.

» Pediatric polysomnography should be performed in
a sleep laboratory equipped for children and staffed
by qualified personnel following the American
Thoracic Society (ATS) standards for testing.

e In 2007, the American Academy of Sleep Medicine
(AASM) standardized scoring of sleep stages and
definitions for sleep-disordered breathing events in
children.

e Controversy remains regarding preoperative screen-
ing for SDB in normal children undergoing ade-
notonsillectomy (T&A).

e All children with risk factors for respiratory com-
plications postoperatively should have a baseline
polysomnogram before T&A.

e Children requiring positive airway pressure therapy
must have a baseline and a titration polysomnogram
to evaluate therapeutic effect.

e Alternative types of sleep studies with variable
channels have not been fully validated in children.

Keywords: Polysomnography ¢ Children * Sleep stage
scoring ¢ Sleep-disordered breathing ¢ Adenoton-
sillectomy ¢ Continuous positive airway pressure ®
Portable monitoring ® Decannulation
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Introduction to Polysomnography

Sleep-disordered breathing (SDB) has been associated
with significant cardiovascular, neurologic, and meta-
bolic abnormalities in adults. The impact of recurrent
sleep fragmentation and hypoxemia from SDB may be
more deleterious in a developing child. In children,
obstructive sleep apnea (OSA) has been associated
with pulmonary hypertension, failure to thrive, and
possibly systemic hypertension. Recent literature has
linked OSA with decreased intellectual function and
worsening behavioral problems, such as hyperactivity
and aggressive behaviors (1,2).

Polysomnography identifies and quantifies the type
and severity of SDB. Various physiologic measurements
are obtained during polysomnography that provide an
objective measure of sleep disturbance. Polysomno-
graphy is the “gold standard” for the diagnosis of a
sleep disturbance due to respiratory abnormalities and
sleep-related movement disorders.

Indications for Polysomnography
in Children

SDB usually manifests as restless sleep, snoring,
mouth breathing, gasping during sleep, and frequent
awakenings. Clinical history may not be able to dif-
ferentiate between primary benign snoring and OSA.
The American Academy of Pediatrics (AAP) published
a clinical practice guideline which recommended
screening all children for snoring (3,4). Snoring alone
is not associated with hypoxemia, hypercapnia, sleep
disruption, or daytime symptoms. However, OSA may
lead to significant, nocturnal hemodynamic changes

R.B. Mitchell and K.D. Pereira (eds.), Pediatric Otolaryngology for the Clinician, 35
DOI: 10.1007/978-1-60327-127-1_5, © Humana Press, a part of Springer Science + Business Media, LLC 2009
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and potentially harmful neurocognitive outcomes.
Polysomnography can differentiate between benign
and pathologic SDB (5).

Indications to perform a polysomnogram on children
are listed below (1):

e To differentiate primary snoring from other SDB
that may require intervention

* To ascertain if SDB is contributing to a disturbed
sleep pattern, excessive hypersomnia, pulmonary
hypertension, failure to thrive, or polycythemia

e To determine if surgical intervention is warranted
(i.e., T&A) and to determine the required intensity
of postoperative monitoring

e To determine the etiology of persistent snoring or
symptoms of SDB after T&A

e To recognize SDB in children who have laryn-
gomalacia, pulmonary hypertension, failure to
thrive, or worse symptoms at night

e To titrate positive airway pressure therapy to alleviate
SDB

* To evaluate children with sickle cell disease who have
SDB symptoms or frequent veno-occlusive crises

* To determine the effectiveness of weight loss on the
severity of SDB

In addition, polysomnography identifies non-SDB-
related sources of restless sleep or excessive daytime
somnolence. Children who are considered high risk for
SDB include patients with adenotonsillar hypertrophy,
neuromuscular disease, obesity, genetic syndromes,
and craniofacial abnormalities. Other children may
require prolonged cardiopulmonary monitoring, such
as patients with bronchopulmonary dysplasia with
recent adjustment in oxygen therapy or progressive
daytime hypoxemiaincystic fibrosis. Polysomnography
may be deferred in children with obvious airway
obstruction during sleep that is witnessed by the medical
staff or evident on audiovisual recording to allow for
immediate intervention (1).

Polysomnography

During overnight polysomnography, every effort should
be made to approximate the child’s usual sleep pattern.
The testing facility should be child friendly and provide
appropriate accommodations for the accompanying
parent. The medical staff should be skilled in working
with children and certified in Basic Life Support and

Pediatric Advanced Life Support. The use of sedatives
or sleep deprivation prior to testing is discouraged since
it may artificially worsen SDB (1).

The American Thoracic Society (ATS) published
standards for cardiopulmonary sleep studies in children
in 1996 (1). The consensus statement recommends
simultaneous measurement of various physiologic
Parameters in a sleep laboratory to include (Fig. 1):

* respiratory movement and effort by plethysmography
(RIP), piezo crystal belts, or esophageal manometry

 airflow by nasal pressure, oral and nasal thermistor,
or less commonly pneumotachograph

e ventilation by end tidal or transcutaneous CO,
monitoring

e oxygenation by pulse oximetry

 cardiac thythm by EKG

 sleep staging by EEG monitoring

* motor activity of the limbs, eyes, and jaw by nonin-
vasive EMG monitoring

e audiovisual recording by video and microphone

Fig. 1 A child undergoing a polysomnogram with multiple
channels, including electroencephalogram, electro-oculogram,
nasal and oral airflow detectors, respiratory effort belts, pulse
oximetry probe, chin and anterior tibialis electromyograms, and
snoring microphone
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Respiratory movements are detected by sensor belts
which are wrapped around the chest and abdomen. The
most common types of belts are the respiratory induc-
tive plethysmography (RIP) or piezo crystal belts (6).
RIP belts may detect paradoxical chest and abdomen
movements which are suggestive of upper airway
obstruction. The most sensitive method to detect respi-
ratory effort is by esophageal manometry, which mea-
sures increasing negative esophageal and thus
intrathoracic pressures with increasing airway obstruc-
tion. Most sleep laboratories do not offer esophageal
manometry (7).

Airflow may be measured by nasal pressure trans-
duction and/or oral and nasal thermistor temperature
probes. Although the reference standard for measuring
airflow is pneumotachograph, the tight-fitting face-
mask may be too uncomfortable for the patient and it
may disrupt sleep. Instead, nasal pressure prongs are
well tolerated and have been validated in providing
semiquantitative data regarding the degree of airflow
limitation (8,9). Oral and nasal thermistor provides a
qualitative detection of both nose and mouth air move-
ment based on temperature changes.

Ventilation assessment is especially important in
children. Most children with SDB do not have discrete
episodic cessation in breathing. Instead, they typically
have prolonged partial upper airway obstruction result-
ing in hypercapnia. Marcus et al. measured the critical
closing pressure in the upper airway of normal children
and adults. The adult pharyngeal airway closed at a
discrete subatmospheric pressure resulting in cessation
of airflow. However, children were able to maintain
upper airway patency despite increasing negative pres-
sures, which suggests age-dependent differences in
neuromotor upper airway tone (10).

Most sleep laboratories detect hypoventilation with
end tidal CO, (ETCO,) monitoring which may be com-
bined with the nasal pressure detectors. Although
ETCO, detection is convenient and well tolerated, it
may not be reliable if the signal does not display an
adequate plateau to establish a true end exhalation CO,
sample. In addition, concomitant use of oxygen by
nasal cannula or positive airway pressure may interfere
with adequate ETCO, detection (7). The recorded
ETCO, may underestimate arterial CO, (PaCO,) by as
much as 10-15 mmHg when a patient is asleep and
breathing room air.

Trancutaneous CO, (TcCO,) monitors detect CO,
on the skin surface. The heating unit of the TcCO,

probe increases the local skin temperature to enhance
CO, diffusion from vasculature in the upper dermis.
The probe should be placed over an area where there is
high capillary density and decreased skin thickness,
such as the forearm or chest. Thermal injury may occur
if the TcCO,-heated probe is used for a prolonged
period of time. Conventionally, TcCO, monitoring
should be transitioned between different sites every
2—4 h. In general, TcCO, overestimates PaCO, which
may be partly due to the increased local skin metabolism
from the heating unit. Although TcCO, measurements
are simultaneously obtained with other physiologic
readings, there is a 1-2-min delay in recording hemo-
dynamic changes from onset of the event. This may be
due to the delay in blood flow to the skin from the time
of the event and specific type of probe used (11,12).

Oxygenation saturation (Sa0,) is measured by pulse
oximetry. Optimal placement of the SaO, probe is
necessary to obtain an adequate signal and waveform
and to decrease artifact, such as motion and low perfu-
sion (12). The recommended signal averaging time is
3 s or less (9). Electrocardiogram (EKG) measures
heart rate and rhythm. In children dysrhythmias are
less prevalent than in adults. Bradycardia, usually due
to hypoxemia, may be seen (12-14).

Electroencephalogram (EEG) is included to deter-
mine sleep stages. The recommended recording montage
is C3 and C4 referenced to an auricular lead. Occipital
leads may be added. This configuration optimizes
detection of sleep stage-specific EEG changes. This
derivation does not replace conventional EEG for diag-
nosis of neurologic diseases (1,12).

Electromyogram (EMG) detects motor activity.
Noninvasive EMG leads are placed on the chin to assist
in sleep stage identification and over the anterior tibi-
alis to detect leg movement. Sleep-related movement
disorders, such as periodic limb movement disorder,
bruxism, and rhythmic movement disorder, may be
identified during polysomnography (13).

Electro-oculogram (EOG) measures eye movement
necessary to determine rapid eye movement (REM)
sleep. One lead is placed lateral to the outer canthus of
each eye to detect movement (1).

Audiovisual recording during polysomnography
allows the medical staff to correlate recorded data with
visual or auditory events. It is particularly helpful in
distinguishing wakefulness from sleep and sleep-
related movement disorders. Home audiovisual record-
ings for screening SDB may be helpful if obvious
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Fig.2 Wakefulness with eyes closed. Dominant posterior or alpha rhythm (oval) is predominantly seen on the occipital EEG

leads (O1-A2 and O2-Al)

events occur, especially apneas or periods when the
child is struggling to breathe. However, it has poor
predictive value, if it is negative (4).

Scoring a Polysomnogram

All polysomnograms performed on children should be
scored using pediatric scoring criteria. Applying adult
parameters may underestimate the presence and severity
of SDB. Depending on independent sleep laboratory
standards, polysomnogram performed in children
between 13 and 18 years of age may be scored using
adult criteria (9).

In 2007, the American Academy of Sleep Medicine
(AASM) published a new manual to score sleep stages
and events for patients who are 2 months postterm or
older. This revised the previous parameters set by
Rechtschaffen and Kales and standardized the scoring
for respiratory events that were previously poorly defined

in children (15). This section summarizes the general
features of each sleep stage and respiratory events. The
specific details may be found in The AASM Manual for
the Scoring of Sleep and Associated Events (9).

Polysomnograms are scored by epochs which are
usually 30 s in length. Sleep stage is identified when
greater than 50% of the epoch has the characteristic
EEG changes.

Sleep Stage Scoring (9)

e W = Wakefulness is characterized by increased chin
EMG tone, fast moving and blinking eyes, and alpha
or dominant posterior thythm EEG activity (Fig. 2).

* NI =The first stage of sleep represents the transition
of wakefulness to sleep. Low-amplitude and mixed-
frequency EEG activity is noted. Slow rolling eye
movements may be seen (Fig. 3).
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Fig.3 Sleep stage N1. Mixed-frequency low-amplitude EEG. Slow rolling eye (oval) movements may be seen on LOC-A2 and
ROC-AT1 channels

N2 = The second stage of sleep is characterized by
K complexes and sleep spindles. K complexes are
bipolar sharp waves that last for at least 0.5 s. Sleep
spindles are distinct episodic high-frequency (11—
16 Hz) waveforms. Most patients spend approxi-
mately half the total sleep time in this stage,
especially older children and adults (Fig. 4).

N3 = The third sleep stage represents slow wave
sleep. It is identified when there are low-frequency
(0.5-2 Hz) and high-amplitude (>75 mV) wave-
forms for greater than 20% of the epoch. This stage
combines sleep stages 3 and 4 previously described
by Rechtschaffen and Kales (Fig. 5).

N = This stage represents non-REM sleep in infants
who do not have identifiable EEG characteristics to
distinguish between N1, N2, or N3.

R = REM sleep is characterized by low voltage
and mixed-frequency EEG pattern with rapid eye

movements on EOG leads and low chin EMG
tone. In general, the percent of stage R sleep
decreases with advancing age in children without
SDB (Fig. 6).

Respiratory Events (9)

Obstructive apnea (OA) = An OA is scored if its
duration is at least two respiratory cycles, the
airflow signal is decreased by greater than 90%
from baseline, and there is persistent or increased
respiratory effort. The apnea event is measured
from the end of the last normal breath to the start of
first breath that is comparable to baseline. In children,
oxygen desaturation is not required to score this
event (Fig. 7).
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Fig. 4 Sleep stage N2. Low-amplitude high-frequency EEG with sleep spindles (oval) and intermittent K complexes (box) are

characteristic of N2 sleep stage

e Mixed apnea (MA) = Scoring an MA has similar
criteria to OA, except that there is absent respira-
tory effort at the beginning of the event followed by
increasing respiratory movements by the end of the
event.

e Hypopnea (H) = A hypopnea occurs when there is
decreased but not absent airflow with persistent
respiratory effort. A hypopnea event occurs when
there is at least 50% decrease in nasal pressure
amplitude which lasts at least 90% of the designated
event. Hypopneas last for two respiratory cycles or
longer and are associated with an arousal, awaken-
ing, or a desaturation of 3% or greater. All of the
criteria must be met for scoring a hypopnea in chil-
dren. Hypopnea may be diagnosed as obstructive,
central, or mixed only if there is accompanying
esophageal manometry or calibrated RIP (Fig. 8).

Central apnea (CA) = A CA is scored if there is
absent airflow and respiratory effort for at least 20 s
or at least two respiratory cycles associated with an
arousal, awakening, or desaturation of 3% or greater.
If a CA event occurs after a snore, arousal, sigh, or
respiratory event, it is not scored unless the CA leads
to an arousal, awakening, or desaturation (Fig. 9).

Respiratory effort-related arousal (RERA) = RERA
was first described using esophageal manometry
(16). However, due to the invasiveness of the esoph-
ageal manometer, its use has not been universally
adopted by majority of the sleep laboratories. Nasal
pressure probes may be used as an alternative for
detecting RERA events since it provides semiquan-
titative measurement. When using esophageal
manometry, a RERA event may be scored if there is
progressively increased respiratory effort. When
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Fig.5 Sleep stage N3. High-amplitude low-frequency EEG waveforms for at least 20% of the epoch

nasal pressure monitoring is used, a RERA event
may be scored if there is a 50% or greater fall in
amplitude of a flattened nasal pressure waveform
when compared to baseline. In both cases, the respi- The culmination of the events results in designation of
ratory event must last for at least two respiratory certain respiratory indices. The apnea index (AI)
cycles and be associated with snoring, noisy breathing, —describes the number of apneas per hour of sleep. The
increased ETCO,, or visual evidence of increased apnea hypopnea index (AHI) indicates the number of
respiratory effort. apneas and hypopneas per hour of sleep. Respiratory

e Periodic breathing (PB) = PB is primarily seen in disturbance index (RDI) describes all respiratory
premature infants. It is scored if there are more than events per hour of sleep.

Sleep-Disordered Breathing

three central apnea episodes separated by 20 s or Based on normative data regarding respiratory
less of normal breathing. Each central apnea event events, healthy children do not have significant
lasts more than 3 s in duration. respiratory events during sleep. Based on a study of

* Arousal (A) = An arousal is a distinct EEG change 50 normal children, the obstructive apnea index was
from baseline for at least 3 s which is preceded by 0.1 obstructive apnea per hour of sleep (17). Due to
at least 10 s of sleep at any stage. During REM the low incidence of obstructive sleep apnea, an
sleep, these EEG changes must be accompanied by  obstructive apnea index of 1 or greater has been cho-
increased chin EMG tone for at least 1 s. sen to designate abnormality. However, the clinical
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Fig. 6 Sleep stage R. High-frequency low-amplitude EEG waveform with occasional sawtooth configuration. Rapid eye
movements (oval)

significance of this parameter has not been deter- (4) Polysomnogram reveals one of the following:
mined (18,19).

The following definitions for SDB disorders are
based on current literature (Fig. 10).

Obstructive sleep apnea in children is diagnosed
when all criteria from the International Classification
of Sleep Disorders’ definition are met (20).

(a) Frequent arousals associated with increased
respiratory effort, oxygen desaturation asso-
ciated with apnea events, hypercapnia during
sleep, or markedly negative esophageal pres-
sure changes

(b) Periods of hypercapnia and/or desaturation

(1) Snoring, labored breathing, and/or obstructed during sleep associated with snoring,
breathing is reported by the caregiver Paradoxical inward chest movement during

(2) The caregiver reports one of the following: para- inspiration, and frequent arousal or markedly
doxical inward chest movement upon inspiration, negative esophageal pressure swings

movement arousals, diaphoresis, neck hyperex-
tension during sleep, behavioral changes (exces-
sive daytime somnolence, hyperactivity, or Obstructive hypoventilation in children is diagnosed
aggressive behavior), slow growth rate, morning when ETCO, or TcCO, is elevated above 50 mmHg
headaches, or secondary enuresis for greater than 25% of total sleep time (9).

(3) Polysomnogram records at least one respiratory Upper airway resistance syndrome (UARS) was
event per hour of apneas and hypopneas initially identified in patients who had episodic

(5) No other disorder can explain these findings
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Fig. 7 Obstructive apnea resulting in no airflow in PFLOW and FLOW 5 channels with persistence of respiratory effort noted in
CHEST6 and ABDM7 leads. Oxygen desaturation is noted but is not required for scoring an OA in children

increased negative esophageal pressures triggering an
arousal from sleep. The hypersomnia due to sleep
fragmentation from increased number of arousals
resolved with positive airway pressure therapy. UARS
in children is not clearly delineated (16,21).

Primary snoring is defined as snoring that is not
associated with oxygen desaturation, arousal, cardiac
disturbance, insomnia, or hypersomnia (5).

Central sleep apnea in children is defined as three or
more events per hour of sleep (1).

Positive Airway Pressure Therapy

Continuous positive airway pressure (CPAP) therapy is
an option for children who are not surgical candidates or
who have persistent symptoms despite T&A. If CPAP
therapy is anticipated, a polysomnogram must be per-

formed to ascertain the presence and degree of SDB.
Unlike adults who have set parameters to determine the
initiation of CPAP, there are no such standards in chil-
dren. CPAP initiation is based on clinical judgment.

When the decision for CPAP therapy has been
made, the patient should have a repeat polysomnogram
for positive airway pressure titration. The goal of the
titration study is to eliminate all or most SDB and
restore adequate oxygenation and ventilation. The
baseline study may be used to gauge the effectiveness
the CPAP therapy. Transition to bilevel positive airway
pressure (BiPAP) therapy may be done to improve
patient comfort or hypoventilation disorders (22).

The effectiveness of CPAP therapy in children has
been established. Once CPAP has been initiated, close
clinical monitoring is recommended to improve com-
pliance and evaluate for persistent symptoms. A CPAP
re-titration should be considered if there is significant
weight change, worsening or development of new
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Fig.8 Hyopnea is characterized by decreased airflow in channels PELOW and FLOWS from baseline with persistence of respiratory
effort in the CHEST6 and ABDM?7 leads that is associated with an arousal, awakening, and/or oxygen desaturation

symptoms, or significant growth. The periodicity of
re-titration studies is individualized (4).

As with any intervention, adverse effects may occur
with prolonged CPAP use. Some of the potential compli-
cations include nasal dryness, epistaxis, skin ulceration,
conjunctivitis, ear pain, sleep disruption, and midface
hypoplasia. Careful fitting and addition of heated
humidification may decrease the development of these
effects and improve compliance with therapy (23).

Until recently, positive airway pressure (PAP) therapy
was not FDA approved to be used in children. Since
there has been no equipment indicated for pediatric
use, clinicians have fitted children with available small
adult masks. In 2006, a specially designed mask and
PAP machine system was FDA approved for children
who are older than 7 years of age or more than 40
pounds with a diagnosis of OSA (24).

Other Types of Sleep Studies

Abbreviated daytime polysomnography (ADP) or nap
studies have been proposed as an alternative method of
detecting SDB. A positive ADP study for SDB corre-
lated well with overnight polysomnogram. However, if
ADP did not identify SDB, the negative predictive
value was as low at 17%. Therefore, ADP may be a
useful screening tool if SDB is detected, but overnight
polysomnography is required to confirm a negative
ADP result. In addition, studies evaluating nap studies
used chloral hydrate to induce naps during the daytime
which may also affect upper airway tone. Circadian
rhythm variations and possible lack of REM sleep
detection during ADP may lead to poor correlation of
results to overnight polysomnography and its tendency
to underestimate SDB severity (4,25,26).
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Fig.9 Central apnea with absent airflow by PFELOW, FLOWS5, and ETCO2 detection and absent effort by CHEST6, and ABDM?7 belts

Practice parameters were published to standardize
the types of portable sleep studies available. Four types
of sleep studies have been distinguished. Type 1 poly-
somnography is an in-laboratory comprehensive study
requiring at least seven channels and attendance of a
qualified personnel. Type 2 studies are unattended poly-
somnograms that monitor at least seven channels. Type
3 portable monitoring usually requires four to seven
channels. Type 4 analysis only has one to two channels
which usually includes pulse oximetry (27,28).

In children, few studies have compared the efficacy
and accuracy of portable monitoring with in-laboratory
polysomnography. Home studies had similar AHI,
RDI, and desaturation indices, and equal or improved
sleep efficiency and total sleep time when compared to
polysomnography. None of the portable monitoring
studies evaluated CO, monitoring which is important
in identifying obstructive hypoventilation (29-31).

Although portable monitoring may be a potential
alternative method of evaluating SDB, the AAP
recommends further testing to confirm the accuracy
of portable monitoring with overnight polysomno-
gram (32).

Limited data exist to compare overnight pulse
oximetry with in-laboratory polysomnography in
children. The positive predictive value can be as high
as 97% for detection of OSA by pulse oximetry.
However, a recent study revealed poor correlation
between AHI by polysomnography and desaturation
index by pulse oximetry. The disparity may be due in
part to movement and poor detection of pulse waveform
which resulted in data that were difficult to distinguish
from true events. In addition, not all children have
significant oxygen desaturation with SDB, such as
UARS, obstructive hypoventilation, and less severe
OSA (32-34).
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Fig. 10 Continuum of airway obstruction in sleep-disordered
breathing

Role of Polysomnography in
Tracheostomy Tube Decannulation

The decision for tracheostomy tube decannulation is
primarily based on the clinical judgment of the
child’s general health, resolution of initial indication
for tube placement, and endoscopic findings.
Recently, tracheostomy tubes have been placed more
for dynamic airway abnormalities, such as OSA and
significant ventilatory control disorders. Conventional
assessment of upper airway patency and tolerance of
decannulation may not take into account the neuro-
motor changes that occur during sleep. Two studies
evaluated the effectiveness of polysomnography in
assessing readiness for decannulation and both con-
firmed that polysomnography provided additional
data to facilitate the decision-making process (35,36).
Pre-decannulation polysomnography has therefore
been increasingly used in the management of children
with a tracheostomy.
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External Otitis

Marc C. Thorne and Ralph F. Wetmore

Key Points

e A careful history and physical examination are typi-
cally sufficient to accurately diagnose the cause of
external otitis.

» Topical therapy is the first line for uncomplicated
acute otitis externa.

* Topical agents with a potential for ototoxicity
should be avoided in the setting of a known or sus-
pected nonintact tympanic membrane.

» Fungal otitis externa presents with pruritis as the pre-
dominant complaint, and is more common in tropical
climates and after topical antibiotic therapy.

e Malignant otitis externa should be suspected in
children with diabetes or other immune dysfunction.

e Aggressive antimicrobial therapy aimed at
Pseudomonas is necessary to prevent morbidity and
mortality in malignant otitis externa.

Keywords: Ear ¢ External « Otitis externa ®* Furunculosis
* Atopic dermatiti ® Contact dermatitis ® Child

External otitis represents a group of disorders that
share the condition of inflammation of the external ear
canal. Acute external otitis is one of the most common
infectious conditions for which patients seek medical
care. Other diagnostic considerations include furuncu-
losis (localized external otitis), fungal external otitis
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(otomycosis), chronic dermatitis, and malignant external
otitis. Accurate diagnosis can typically be achieved
through a careful history and physical examination.
Treatment is tailored to the underlying cause, with
topical therapy generally preferred over systemic therapy
for uncomplicated cases.

Acute Otitis Externa

Acute otitis externa (AOE) is characterized by diffuse
inflammation of the external ear canal, with symptoms
typically appearing within 1-2 days of onset of inflam-
mation. With an annual period prevalence of 1.2% (1),
AOE is one of the more common infectious conditions
for which patients seek medical care.

The lining of the external ear canal is composed
of keratinizing stratified squamous epithelium. The
squamous epithelium of the lateral cartilaginous
external ear canal also contains sebaceous and ceru-
minous glands. Cerumen (wax) is a mixture of
secretions from the sebaceous and ceruminous
glands along with desquamated keratin debris.
Cerumen serves to protect the ear canal from mois-
ture and maceration due to its high lipid content. In
addition, the acidic pH of cerumen helps to inhibit
microbial growth. Water contamination and local-
ized trauma may allow pathogenic bacteria to bypass
these natural host defenses. Trauma to the external
ear canal may be affected by means of instrumenta-
tion (such as with cotton-tipped applicators) or digi-
tal manipulation. The most common pathogenic
organisms are Pseudomonas aeruginosa (60-70%)
and Staphylococcus aureus (20-30%), with other
Gram-negative organisms isolated much less fre-
quently (2,3).
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Diagnosis

Diagnosis of AOE can typically be achieved through a
careful history and physical examination. Predisposing
factors, such as water contamination and instrumenta-
tion or manipulation of the ear canal should be sought.
Patients with AOE will typically complain of acute
onset (<48 h) of unilateral ear pain, itching, and a sense
of aural fullness. The pain of AOE is exacerbated
by manipulation of the tragus, pinna, or ear canal, and
by opening and closing of the jaw, findings that help to
differentiate AOE from acute otitis media, in which case
there is no change in the level of discomfort. A history
of diabetes or other immunocompromised states should
be sought, as children with these conditions are predis-
posed to malignant external otitis (discussed in more
detail later). A history of tympanic membrane perfo-
ration or tympanostomy tube placement should also be
sought, as this will impact the choice of therapy.
Physical examination will reveal erythema and edema
of the canal, which may progress to complete occlusion
of the canal and a resulting conductive hearing loss. In
more severe cases, the infection may spread to the sur-
rounding skin and regional lymphatics and present with
cellulitis and regional lymphadenitis. Otoscopic evalua-
tion will reveal moist ceruminous and exudative debris in
the canal. Frequently, the discharge is associated with a
pungent odor characteristic of Pseudomonas infection.
Purulent discharge may be seen with acute otitis media
with perforation or chronic otitis media. Therefore,
inspection of the tympanic membrane is desirable, but
may be precluded by patient discomfort or the degree of
canal edema. Routine culture of the discharge from the
ear is typically unnecessary and is not recommended.

Treatment

Strategies to prevent AOE are directed toward preventing
excess water contamination and avoiding trauma to the
external canal. The use of alcohol drops or a hair dryer
on a cool setting after water exposure are advocated by
some experts as a means of drying the external ear
canal. Otic drops containing acetic acid may be used
either before or after water exposure to maintain the
acidic pH of the ear canal. Direct comparisons of the
efficacy of different preventative measures have not
been performed.

Recent clinical practice guidelines for the treatment
of AOE emphasize the need for adequate assessment
of pain and appropriate analgesic therapy (4). It is not
uncommon for the pain of AOE to be so severe as to
require narcotic analgesic therapy. In uncomplicated
cases of AOE, treatment with ototopical drops for a
7-10-day course should be administered. Systemic
therapy should be reserved for patients with diabetes,
other immunosuppression, or extension of infection
beyond the external ear canal (4).

In order for ototopical therapy to be effective, aural
toilet may be required to remove obstructing debris and
allow access of the drops to the infected tissue. Wick
placement should be performed if the canal edema is
severe enough to prevent entry of the drops. Adequate
delivery is enhanced by having someone other than the
patient apply the drops (5). Specific instructions should
be provided to caregivers regarding application of
drops, including having the patient lie with the affected
ear up during and for a period of 3 min following appli-
cation, and for manipulation of the tragus to “pump”
the drops into the more medial ear canal.

Available ototopical medications for treatment of
AOE share similar efficacy; therefore, choice of agent
may be determined by clinician experience and patient
preference. Table 1 provides a list of commonly used
topical antimicrobial preparations in the treatment of
otitis externa. Topical therapy in the setting of known
or suspected tympanic membrane perforation or tym-
panostomy tube presence warrants additional consid-
eration. Due to concerns over potential ototoxicity,
topical therapy in this setting should be limited to

Table 1 Common topical antimicrobial preparations

Active medication Trade name

Acidifying agents

Acetic acid, Aluminum acetate

Acetic acid, Hydrocortisone

Antibiotics

Ciprofloxacin

Ciprofloxacin, Hydrocortisone
Ciprofloxacin, Dexamethasone
Neomycin, Polymyxin B, Hydrocortisone

Domeboro otic
VoSol HC

Ciloxan ophthalmic
Cipro HC
Ciprodex
Cortisporin otic

Ofloxacin Floxin otic
Tobramycin Tobrex ophthalmic
Tobramycin, Dexamethasone Tobradex
Antifungals

Clotrimazole Lotrimin
Ketoconazole Generic ointment

General antiseptics
Gentian violet 2%
m-Cresyl acetate 25%

Generic
Cresylate
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drops without ototoxic potential. Currently, this limits
therapy in the setting of a nonintact tympanic membrane
to a topical fluoroquinolone.

Clinical response to therapy is expected within 2-3
days. Failure of improvement over this time course
should prompt medical reevaluation. Attention should
be paid to factors which may be preventing adequate
delivery of the medication, and to confirm the initial
diagnostic impression. Contact sensitivity of the exter-
nal ear canal should also be considered, a problem
most commonly seen in ototopical preparations con-
taining neomycin. During therapy, care should be taken
to avoid water exposure, manipulation of the ear canal,
or its occlusion (e.g., with headphones or hearing
aids).

Furunculosis (Localized Otitis Externa)

A furuncle is a localized abscess that results from
infection of an obstructed apocrine or sebaceous
gland. These lesions are commonly seen in the lateral
external ear canal, where these glands are numerous.
The offending organism in furunculosis is typically
Staphylococcus aureus. The clinical presentation may
mimic acute external otitis, especially if the furuncle
is large. However, careful history will typically reveal
localized otalgia, in contrast to the more diffuse otal-
gia experienced with AOE. A history of drainage from
the ear is uncommon with furunculosis. On examina-
tion, erythema and edema of the canal is found local-
ized to the site of the abscess. Treatment with an oral
antistaphylococcal antibiotic is typically effective.
Lesions that fail to respond to antibiotic therapy may
require incision and drainage.

Fungal Otitis Externa (Otomycosis)

Fungal otitis externa represents an infection of the
external ear canal with a yeast or fungal organism.
This condition is observed more frequently in tropical
climates and following long-term topical antimicrobial
therapy of the ear canal. Aspergillus species and
Candida species are the most commonly identified
causative organisms.

Fungal otitis externa presents with complaints of
pruritis with or without associated otorrhea and aural
fullness. Symptoms are typically more chronic than

the presenting symptoms of AOE, and pain is not a
prominent feature. On examination, Aspergillus typi-
cally appears as a white base spotted with gray-black
debris. Candidal infections appear as white debris, with
sprouting hyphae often visible under microscopic
examination.

Treatment of fungal otitis externa requires thorough
cleaning of the ear canal to remove the fungal debris.
Mechanical debridement is followed by topical therapy.
Several options for topical therapy are effective,
including acidification of the canal with acetic acid
or other solutions, topical antifungals (clotrimazole,
nystatin, others), and general antiseptics (Gentian violet,
m-Cresyl acetate).

Chronic Dermatitis

The squamous epithelium lining the external auditory
canal is susceptible to a similar variety of dermatologic
conditions that affect the skin throughout the rest of
the body. Atopic dermatitis and contact dermatitis are
two of the more commonly seen chronic dermatitis
which may result in chronic otitis externa, both of
which present with a chief complaint of pruritis.
Patients with atopic dermatitis affecting the external
ear will often report a history of asthma and hay fever,
as well as atopic dermatitis affecting other skin sites.
Examination reveals thickened, scaly skin with areas
of weeping and crusting. The itching associated with
atopic dermatitis will frequently result in local trauma
and a predisposition to episodes of AOE. Management
consists of topical antibacterial therapy for episodes of
AOQE with application of topical steroids to control the
underlying dermatologic condition.

Contact dermatitis is a local inflammatory response
triggered by exposure to a specific offending agent.
Metal sensitivity is the most common form of chronic
dermatitis involving the external ear, with nickel being
the most common causative metal. Nickel may be
released from stainless steel and other alloys in ear-
rings, even after gold or silver plating. As previously
noted, contact dermatitis resulting from exposure to
antibiotic drops containing neomycin is especially
problematic, with a hypersensitivity reaction occurring
in up to 30% of patients treated for chronic otitis
externa (6). Treatment involves removal of the offending
agent and topical steroid therapy to decrease the
inflammation.
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Malignant Otitis Externa

Malignant otitis externa (MOE), also termed skull base
osteomyelitis, is a serious progressive infection most
commonly seen in older diabetic patients and others
with immune dysfunction. However, MOE has been
described in children with immune dysfunction from a
variety of causes, including primary immunodefi-
ciency, malnutrition, malignancy, and new-onset Type 1
diabetes mellitus. Pseudomonas aeruginosa is the
predominant pathogen identified in MOE.

Diagnosis of MOE requires the clinician to maintain a
high index of suspicion when evaluating complaints of
otalgia. Predisposing factors, other than immune dysfunc-
tion, are similar to those for AOE. The onset of otalgia is
typically acute, and the pain may be characterized as severe
and unrelenting. On examination, granulation tissue at the
bone-cartilage junction of the ear canal is a frequent find-
ing. Necrosis of the tympanic membrane and involvement
of the facial nerve are seen more frequently and earlier in
the disease course than in adults. Laboratory evaluation
will typically reveal elevation of the erythrocyte sedimen-
tation rate (7). Several imaging modalities offer comple-
mentary information in the evaluation of MOE. Computed
tomography provides information regarding bony break-
down, while magnetic resonance imaging provides supe-
rior definition of soft-tissue involvement. Radionuclide
imaging, such as single-photon emission computed tomog-
raphy (SPECT), may also be helpful in establishing the
diagnosis and following response to therapy (§).

Treatment begins with biopsy of the granulation tis-
sue in order to rule out the possibility of neoplastic
disease and to provide tissue for culture. Surgical ther-
apy plays a limited role, consisting mainly of cleaning
the ear of debris and necrotic tissue. Medical therapy
includes supportive care as well as antibiotic therapy
directed against Pseudomonas. Recurrence of disease
is typically less common in children than in adults,
therefore a 2-3-week course of therapy may be suffi-
cient if an appropriate clinical response is seen (7).
The mortality rate for children with MOE appears to
be lower than their adult counterparts.

Conclusions

External otitis represents a group of disorders that share
the condition of inflammation of the ear canal. Accurate

diagnosis can typically be achieved through a careful
history and physical examination. Acute otitis externa
(AOE) is one of the most common infectious conditions
for which patients seek medical care. First-line treatment
for uncomplicated AOE consists of topical therapy.
Potentially ototoxic medications should be avoided in
the setting of a known or suspected nonintact tympanic
membrane. Furunculosis is a condition of localized
abscess formation caused by obstruction of sebaceous
and ceruminous glands, and may be seen in the lateral
ear canal. Treatment with oral antibiotics directed against
the most commonly identified organism, Staphylococcus
aureus, is typically effective. Fungal otitis externa is
more common in tropical climates and following topical
antimicrobial therapy with pruritis as the predominant
complaint. Dermatologic conditions such as atopic and
contact dermatitis may affect the skin of the ear canal.
Malignant otitis externa is a severe infection seen most
commonly in adults, but may present in children with
Type 1 diabetes or other immune dysfunction. Aggressive
antibiotic therapy directed against Pseudomonas aerugi-
nosa is necessary to prevent morbidity and mortality.
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Key Points

e The presence or absence of signs and symptoms is
the basis for proper diagnosis of the different types
of otitis media.

* The pneumatic otoscope is the most important tool
for assessment of middle ear status.

e The highest incidence of otitis media occurs
between 6 and 11 months of age and decreases with
age. Risk factors include both host and environ-
mental factors.

* Prevention of disease through reducing risk factors
and use of vaccines is desirable.

e Antihistamines and steroids are ineffective for the
treatment of otitis media.

e For children 2 years or older with nonsevere acute
otitis media, published guidelines have given the
option of observing rather than treating with antibi-
otics immediately.

* Tympanostomy tube insertion is effective in reduc-
ing recurrent episodes of otitis media and persistent
middle ear effusion.

* Adenoidectomy is recommended for children in
whom a repeat surgical procedure is needed.

Keywords: Otitis media  Acute otitis media ¢ Otitis
media with effusion ¢ Middle ear effusion
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Abstract

Otitis media is, next to the common cold, the most
commonly diagnosed disorder in children. Although
considered to be a continuum, otitis media can be sub-
classified into acute otitis media (AOM) and otitis
media with effusion (OME) based on signs and symp-
toms. AOM is usually treated with antibiotics but,
because of the high spontaneous resolution rate,
selected children may be observed rather than treated
immediately. Presently, antibiotic treatment is not
routinely recommended for OME. Surgical treatment
consisting of tympanostomy tube insertion as a primary
procedure, followed by adenoidectomy if further sur-
gical treatment is needed, is reserved for those children
with recurrent AOM or persistent effusion. The pre-
ferred management is prevention, through modifying
risk factors and use of vaccines.

Definitions

Otitis media (OM) is thought of as a continuum of
middle ear disease. However, disease types are defined
by the presence or absence of specific symptoms and
signs, and treatment varies with disease type.

Acute otitis media (AOM): Rapid onset of signs
(bulging or fullness, erythema or perforation of the
tympanic membrane with otorrhea) and symptoms
(otalgia, irritability, or fever) accompanied by middle
ear effusion.

Otitis media with effusion (OME): Middle ear effu-
sion without symptoms of inflammation.

Middle ear effusion (MEE): Episodes of AOM,
OME, or both.

R.B. Mitchell and K.D. Pereira (eds.), Pediatric Otolaryngology for the Clinician, 55
DOI: 10.1007/978-1-60327-127-1_7, © Humana Press, a part of Springer Science + Business Media, LLC 2009



56

M.L. Casselbrant and E.M. Mandel

Diagnosis

Pneumatic otoscopy is the primary diagnostic tool
used to assess the status in an intact middle ear as it
allows for evaluation of tympanic membrane mobility.
Reduced or no mobility in an intact tympanic mem-
brane indicates fluid in the middle ear or increased
stiffness due to scarring or thickness of the tympanic
membrane. The position of the tympanic membrane
can also be assessed (retracted or bulging). Other fea-
tures, such as fluid levels or bubbles, may be more eas-
ily discerned with movement of the tympanic
membrane. Use of an operating microscope enhances
the assessment of middle ear status as well as detection
of scarring and atrophy of the tympanic membrane.

Immittence testing (tympanometry) is an excellent
adjunct to the assessment of middle ear status, espe-
cially when the otoscopic evaluation is uncertain or
difficult to perform. This test can also be used to docu-
ment changes in middle ear status over time. A flat
pattern with a small ear canal volume indicates MEE,
while a large ear canal volume suggests a perforation
or a patent tympanostomy tube.

Spectral gradient acoustic reflectometry has also
been used to measure middle ear effusion probability
but has been found to have limitations, although it may
be useful for screening.

Audiometry

The assessment of hearing is essential to management,
as hearing impairment can predispose to delay in
speech and language development, and may eventually
affect school performance. Audiometry should be used
to determine management of the child, with more
aggressive management considered if there is signifi-
cant hearing impairment.

Behavioral audiometry requires cooperation of the
child with the examination. The test is adapted to the
age of the child. Hearing thresholds in the sound field
or ear-specific are determined from 0.25, 0.5, 1, 2, 4,
and up to 8 kHz depending on the age of the child.

Auditory brainstem audiometry (ABR)/Transitory
otoacoustic emission (TOAE) are excellent methods
for testing children who do not cooperate with a hearing
evaluation because of very young age or developmental
delay. In an infant an ABR can be performed without
sedation or general anesthesia. The TOAE is usually

very quick at any age, but testing is limited by MEE or
if the child is noisy or crying.

Epidemiology
Prevalence

Otitis media is, next to the common cold, the most
diagnosed disorder in infants and children. In the Third
National Health and Nutrition Examination Survey
(NHANES III), which conducted household interviews
from 1988 to 1994, 68.2% of parents with children less
than 6 years of age reported their child had one or more
episodes of OM (I). A recent report from a nationally
representative longitudinal study of U.S. births in 2001
showed that the prevalence of medically diagnosed ear
infections was 39.1% at age 9 months and 62.3% at
age 2 years (2).

Risk Factors

Risk factors can be host related or environmental (3).

Host Related

Age — The highest incidence of AOM occurs between
6 and 11 months of age; the risk of persistent MEE
after an episode of AOM is inversely correlated
with age.

Gender — Some studies have found a higher incidence
of AOM and persistent MEE in males; most studies
find no difference between the sexes in the inci-
dence of OME or time with MEE.

Race — Recent studies have shown no difference
between Caucasian and African-American children.
The incidence is higher in Hispanic children but the
highest incidence is found in American Indians,
Eskimos, and Aborigine children.

Allergy/immunodeficiency — Atopic disease and allergic
rhinitis may increase the risk of persistent MEE but
the role of allergy in OM is uncertain. Defective or
immature immunologic responses in children may
contribute to the development of OM.

Cleft palate/craniofacial malformation — OM is uni-
versal in nearly all children less than 2 years of age
with unrepaired palate. Repair of the palate reduces
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the incidence of OM, but many children require
multiple tube insertions.

Genetics — Twin studies have demonstrated a strong
genetic susceptibility to OM. Genome-wide linkage
analysis has suggested that regions on chromosome
19q and 10q contain genes contributing to the sus-
ceptibility to chronic OME/recurrent AOM (4).

Environmental

Upper respiratory infection/season — The incidence of
OM parallels that of URI and is highest in the fall
and winter and lowest in spring and summer.

Siblings — First-born children have less AOM/OME in
the first 2 years of life compared to children with
older siblings.

Daycare/homecare — Children in daycare have an
increased incidence of AOM and tympanostomy tube
insertion compared to children cared for at home.

Passive smoking — Many studies have reported an asso-
ciation between passive smoking and risk of recur-
rent OM, but a conclusive relationship has not yet
been determined.

Breast/bottle feeding — Breastfeeding for at least 6
months is considered to have a protective effect
against middle ear disease.

Socioeconomic status — It has generally been thought that
OM is more common in lower socioeconomic strata
due to poorer sanitary conditions and crowding.

Pacifier — Pacifier use has been associated with an
increased risk of OM.

Treatment

Prevention of disease through vaccines and elimina-
tion of risk factors is thought to be key to management.
The treatment of otitis media is focused on medical
and surgical therapies.

Prevention of Disease

Prevention of disease is desirable, as the three
most common bacteria isolated from middle ear effu-
sion (Streptococcus pneumoniae 25-50% [15-50%
nonsusceptible to penicillin: 50% highly resistant and

50% intermediate], Haemophilus influenzae 20-30%
[50% beta-lactamase producing], and Moraxella
catarrhalis 3-20% [100% beta-lactamase producing])
have developed increased resistance to the commonly
used antibiotics, which has raised serious concerns
about overuse of antibiotics. Prevention/modification
of risk factors and vaccine development are two rec-
ommended strategies.

Management of Environmental
Risk Factors

Promotion of breast feeding in the first 6 months of
life, avoidance of supine bottle feeding and pacifier
use, and elimination of passive tobacco smoke may be
helpful in reducing the risk of development of OM.
Alteration of child care arrangements where the child
is exposed to fewer children may also be beneficial.

Vaccines

Bacterial vaccines — The S. pneumoniae vaccines
(Pneumovax, Prevnar) are presently the only bacterial
vaccines available for otitis media. Pneumovax is a
23-valent polysaccharide vaccine, which is not effica-
cious in children 2 years or younger. On the other hand,
Prevnar, a 7-valent (serotypes 4, 6B, 9V, 14, 18C, 19F,
23F) conjugate vaccine is recommended for universal
use in children 23 months or younger in the US. It has
been proven effective in reducing the number of
episodes of AOM and tube insertion in children with
recurrent AOM (5). Infants immunized with pneumo-
coccal vaccine are unlikely to elicit protective serum
antibody concentration during the first 4—6 months of
life when recurrent AOM begins. Maternal immuniza-
tion with pneumococcal vaccine is another approach
currently being studied. The development of nontypable
H. influenzae and M. catarrhalis vaccines is in progress.

Viral vaccines — Respiratory viruses, such as respi-
ratory syncytial (RSV), influenza, adenovirus, parain-
fluenza, and rhinoviruses, have been isolated in MEE
using polymerase chain reaction (PCR) tests (6).
Presently, influenza vaccine is the only available viral
vaccine and it is recommended by the American
Academy of Pediatrics for all healthy children 6
months to 18 years of age (7). There is strong evidence
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that viruses have an important role in the development
of AOM (8). Bacterial vaccines only prevent the bacte-
rial complication of a viral infection, while viral vac-
cines act at an earlier stage in the pathogenesis of
AOM. Thus viral vaccines have the potential to pre-
vent viral upper respiratory infections, thereby prevent-
ing the development of AOM as a complication of
bacteria in the nasopharynx.

Treatment of Disease

Guidelines

Guidelines for management of AOM (9) and OME
(10) have been published. Both guidelines were evi-
dence-based and the quality of the evidence was
assessed. The AOM guidelines were aimed at other-
wise healthy children aged 2 months to 12 years “with-
out signs and symptoms of systemic illness unrelated
to the middle ear.” The guidelines for management of
OME were aimed at children aged 2 months to 12
years with and without developmental disabilities or
underlying conditions that predispose to OM. The rec-
ommendations reflected the quality of the evidence
and the balance between benefit and harm that is antic-
ipated when the recommendations are followed.

Acute Otitis Media

Medical Treatment

Observation — In an effort to reduce antibiotic use and
stem the increasing resistance of microbes, observa-
tion without use of antibiotics is an option for selected
children with AOM, based on diagnostic certainty, age
of the child, illness severity, and access to medical care
(9). Severe disease is defined as moderate to severe
otalgia, fever > 39°C (102°F) orally or 39.5°C rectally,
or a toxic-appearing child. Children less than 6 months
of age should be treated with antibiotics regardless;
children 6-23 months, if nonsevere, could be observed
if the diagnosis was uncertain, but if AOM is certain or
severe, the child should be treated with antibiotics;
children 24 months or older could be watched if the
diagnosis is uncertain or disease is nonsevere but
treated if AOM is severe.

Antibiotics — Many antibiotics are available, but
amoxicillin (now recommended at 90 mg/kg/day in two
divided doses) is still the first line antibiotic for nonse-
vere episodes of AOM. For severe episodes of AOM
amoxicillin/clavulanic acid (amoxicillin 90 mg/kg/day
and clavulanic acid 6.4 mg/kg/day in two divided doses)
is recommended. Cephalosporins should only be con-
sidered as accepted first-line treatment for patients with
penicillin allergy. Macrolides should be prescribed for
patients with penicillin and cephalosporin allergies.
The child is considered a treatment failure if symptoms
and signs persist/recur 48—72 h after initial treatment
assignment. The diagnosis should then be reassessed,
antibiotics started if not given previously, or changed to
a more broad spectrum agent if antibiotics were previ-
ously prescribed (amoxicillin/clavulanic acid if amoxi-
cillin failed and ceftriaxone (3 days) if amoxicillin/
clavulanic acid failed). Tympanocentesis (insertion of a
needle through the tympanic membrane and aspiration
of fluid from the middle ear space) should always be
considered if the child does not respond to antibiotic
treatment in order to identify the bacteria in the middle
ear effusion and select an appropriate antibiotic.

Decongestants/Antihistamines — In a recent trial for
AOM, antihistamine administered with an antibiotic
did not result in improved clinical outcome and pro-
longed the duration of effusion (11).

Steroids — In the same trial as above, corticosteroid
(2 mg/kg given for 5 days) administered with an
antibiotic did not provide any improvement in clinical
outcome (11).

Surgical Treatment

Myringotomy — Myringotomy is helpful for acute pain
relief and obtaining MEE samples for targeted antibi-
otic selection but provides no advantage in duration of
effusion or recurrence of AOM (12).

Tympanostomy tubes — For children with recurrent
episodes of AOM (three or more episodes AOM in 6
months or four or more episodes in 12 months with
one episode of AOM in the past 6 months) tympanos-
tomy tube insertion is an option. It prevents the recur-
rent episodes of systemic illness but episodes of
otorrhea, usually without fever or otalgia, occur (13).

Adenoidectomy with and without tonsillectomy —
Adenoidectomy may provide modest improvement in
children with recurrent AOM but is not recommended
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as a first procedure unless it is being done for airway
obstruction. Tonsillectomy, in conjunction with ade-
noidectomy, provides no significant advantage com-
pared to adenoidectomy alone (14).

Otitis Media with Effusion

Medical

Observation — For children at no risk for speech, lan-
guage, or learning disabilities “watchful waiting” should
be considered. Hearing tests should be done if MEE per-
sists for 3 months or longer or at any time that lan-
guage delay, learning difficulties, or significant hearing
loss is suspected. If hearing is <20 dB watchful waiting
is suggested, but if it is >40 dB in the better ear surgery
is recommended. For children with hearing levels 21-39
dB in the better ear, management is based on the dura-
tion of effusion and severity of symptoms. For children
at no risk, examination at 3- to 6-month intervals, until
the fluid has resolved, hearing loss, language or learning
delays are identified, or there are suspected structural
abnormalities of the ear drum, is recommended (10).

Antibiotics — Despite short-term efficacy (15,16), anti-
biotics are not recommended for routine treatment
of OME, due to lack of long-term efficacy, the high
spontaneous cure rate, and concern about overuse of
antibiotics.

Decongestant/antihistamine — These systemic medica-
tions have not been shown to have any efficacy in
resolving OME and are not recommended (17).

Steroids — Steroids have demonstrated a slight advan-
tage in resolving MEE compared to placebo, but
due to the high recurrence rate, are not recom-
mended (18).

Autoinflation — Studies using a number of devices have
failed to show consistent efficacy and so it is not
recommended for routine use at this time.

Surgical

Myringotomy — Myringotomy alone is ineffective for
long-term management and is not recommended for
chronic OME (19,20).

Tympanostomy tubes — Tympanostomy tube inser-
tion is the initial surgical procedure recommended for

children with OME at risk for speech, language, and
learning disabilities and/or hearing loss and in whom a
need for intervention has been identified.

Adenoidectomy with and without tonsillectomy — As
an initial procedure, adenoidectomy should be reserved
for those with signs/symptoms of nasal obstructions,
recurrent rhinorrhea, and/or chronic adenoiditis. For
repeat surgical procedures, tympanostomy tube inser-
tion with adenoidectomy is recommended as there is
some evidence that future need for repeat surgical
treatment may be decreased (21). For children 4 years
and older, adenoidectomy with myringotomy alone
may be effective, but tube insertion is advised for
younger children (19). Tonsillectomy is not recom-
mended as treatment for OM because of lack of demon-
strable efficacy and increased risk.
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Tympanostomy Tubes and Otorrhea
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Key Points

e Otitis media represents failure of eustachian tube
function.

e Patent tubes effectively address eustachian tube
dysfunction.

* Most common indications are recurrent acute otitis
media and chronic otitis media with effusion.

e Common complications are otorrhea, tympanic
membrane perforation, and foreign body reaction.

Keywords: Tympanostomy tubes ® Eustachian tube ©
Acute otitis media ¢ Chronic otitis media with effusion

Introduction

Myringotomy with grommet insertion is the most com-
mon procedure performed in children, with around one
million performed each year. The frequency with which
this surgery is performed underscores the necessity for
the otolaryngologist and pediatrician to be well versed
in the indications and complications of the procedure.

Indications

A thorough discussion of otitis media is found else-
where in this textbook; however, a brief review of the
pathophysiology of this disease is relevant to any dis-
cussion of tympanostomy tubes. The universal theme

T.W. Scoresby and P.S. Roland (D<)

Department of Otolaryngology-Head and Neck Surgery,
University of Texas Southwestern Medical Center at Dallas,
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among the indications for surgical tube placement is
poor performance of one or more of the following
functions of the eustachian tube:

* middle ear protection
* middle ear clearance
* ventilation/pressure regulation

Bacterial entry into the middle ear space from the
nasopharynx through the eustachian tube leads to acute
otitis media, a failure of middle ear protection. Otitis
media with effusion in young children most often
represents a persistent stage of acute otitis media, lasting
greater than 30 days in 40% of children and greater
than 90 days in 10% of children after an episode of
acute otitis media (AOM) (1). The eustachian tube in
these children fails to clear bacteria and inflammatory
mediators from the middle ear. A failure in ventilation
and pressure regulation often results in significant,
negative middle ear pressure, which can itself lead to
middle ear effusion but may also lead to severe retrac-
tion of the tympanic membrane. Chronic retractions
can lead to ossicular erosion or create pockets that may
eventually form cholesteatoma.

Tympanostomy tubes can effectively address the
shortcomings of a poorly functioning eustachian tube.
The indications for tympanostomy tubes are found in
Table 1 and are described in more detail below.

Chronic otitis media with effusion. This is the most
common diagnosis code used for the placement of
tympanostomy tubes. In some studies, children with
longer duration of otitis media with effusion (OME)
have shown lower 1Q scores and significant language
delay when compared with those with shorter duration
of OME (2). However, recently a large prospective
study showed no difference in developmental out-
comes at ages 9 and 11 in children with persistent
OME regardless of whether tubes were inserted (3).
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Table 1 Indications for tympanostomy tubes

Chronic otitis media with effusion

Recurrent acute otitis media

Complications of acute otitis media

Tympanic membrane abnormalities (e.g., atelectasis or retraction)
Medical conditions predisposing to eustachian tube dysfunction
Down syndrome

Cleft palate

Hyperbaric oxygen

Despite this data, most clinicians continue to recom-
mend tube placement if an effusion has been present
for more than 3 months, especially if hearing loss is
greater than 15-20 dB.

Recurrent acute otitis media. The potential compli-
cations of AOM include tympanosclerosis, cholesteatoma,
sensorineural hearing loss, facial nerve paralysis, men-
ingitis, mastoiditis, labrynthitis, and brain abscess.
Tympanostomy tube placement significantly reduces
the frequency of acute otitis media (4) and mitigates its
effect when it does occur. AOM in a ear with a func-
tioning tympanostomy tube is rarely painful. Systemic
symptoms, including fever, are also rarely present.
AOM in a ear with a tube generally presents as painless
otorrhea. Current guidelines from the American
Academy of Otolaryngology-Head and Neck surgery
indicate that tubes should be considered in children
who have four episodes of AOM in a 6-month window
or six episodes within 1 year (5).

Atelectasis and retraction pockets. Placement of
tubes help in replacing the role of a poorly functioning
eustachian tube and equalizing the pressure on either
side of the drum, allowing release of the retraction
pocket and prevention of cholesteatoma.

Surgical Considerations

Except possibly when tubes are placed emergently for
AOM, audiometry should be performed before place-
ment of tubes. Uncomplicated effusions will occasion-
ally have no hearing loss, suggesting a course of
watchful waiting rather than tube placement. A few
children will also have a sensorineural component
which should be assessed prior to any operative
intervention.

Most children will require a general anesthetic for
placement of tubes; however, this is nearly always

attained with oral sedation and mask inhalational
agents. In adults and older children, local anesthesia
using phenol or topical tetracaine may be used.

After adequate anesthesia is obtained, a myringo-
tomy is made under binocular microscopy, usually in a
radial direction and usually in the anterior inferior
quadrant. The posterior inferior quadrant can be used
as well if the ear canal is unfavorable for anterior
placement. The posterior superior quadrant should be
avoided because of the close proximity of the chorda
tympani and the ossicles. The myringotomy should be
large enough to easily place the selected tube but small
enough to hold the tube in place.

The choice of tube is widely variable and no study
has shown a clear winner. There are two basic types of
tubes: grommets and t-tubes. Grommets come in varying
lengths, materials, stiffness, diameter, and flange size.
Most typically remain in the tympanic membrane about
6—12 months before being extruded. The advantage of
t-tubes is that they last much longer and are therefore
frequently placed in children who have required multiple
sets of tubes, or in those with known chronic eustachian
tube dysfunction, such as those who suffer from cleft
palate or Down syndrome. The advantage of increased
dwell time comes at the cost of higher perforation
rates as noted below. T-tubes with shorter flanges are
an option to reduce this risk but it remains higher than
with grommets. Both grommets and t-tubes come in
silver oxide-coated varieties, which have shown signifi-
cantly decreased rates of otorrhea in one study (6).

Postoperative Management

Most clinicians recommend the use of ototopical anti-
biotic drops in the immediate postoperative period
since they have been shown to reduce the incidence of
postoperative otorrhea (7). Given the small but signifi-
cant risk of ototoxicity with aminoglycoside-containing
medications in the middle ear (8), a consensus panel of
the American Academy of Otolaryngology-Head and
Neck Surgery recommends that drops containing amin-
oglycosides be avoided. A steroid-containing drop has
a greater likelihood of eliminating significant granula-
tion tissue if encountered. Many would argue that the
inflammatory nature of chronically infected middle ear
mucosa indicates the use of a steroid-containing drop
for all postoperative tubes.
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A follow-up audiogram is recommended to assess
closure of the air-bone gap. Tympanograms demon-
strating large volumes can assist in confirming the
patency of the tubes. While the tubes are in place, they
should be evaluated by an otolaryngologist every 6
months or more frequently if complications occur.

Consensus does not exist on the question of swim-
ming and bathing with tubes. Most studies have shown
no difference in frequency of otorrhea or otitis media
between children who did or did not swim and those
who used or did not use plugs (9).

Complications

While tympanostomy tubes are extremely common and
safe when compared to most surgical procedures, there
are potential complications and these should be discussed
clearly with parents prior to surgery (see Table 2).

Otorrhea. Drainage from the ear after tympanos-
tomy tubes is very common. At least one episode of
otorrhea can be expected in around half of patients
with tubes (10). When drainage develops in a ear with
a tympanostomy tube, initial treatment is empiric.
Treatment should begin with topical antibiotic drops.
As mentioned above, aminoglycoside drops should be
avoided because of ototoxicity. Quinolone-containing
drops are the treatment of choice. Steroid-containing
quinolone drops have been shown to result in resolu-
tion of otorrhea sooner than drops that do not contain a
steroid (11,12).

Commercial otic drops generally contain 0.3% anti-
biotic, giving a concentration of 3,000 pg/ml. These
concentrations are higher than any recorded MIC for
any relevant organism and usually exceed the MIC by a
factor of 10 or more. Consequently, otic drops will elim-
inate infection if they can reach the middle ear space.
They are fully effective even for organisms labeled

Table 2 Complications of tympanostomy tubes

« Tympanic membrane perforation
« Otorrhea

« Myringosclerosis

« Granulation tissue

« Tube obstruction

« Prolonged retention of tube

« Early extrusion

« Tympanic membrane atrophy

“resistant” to floraquinolones by clinical laboratories.
Clinical laboratories generally consider organisms with
an MIC of 4 ug or higher resistant to fluoroquinolones
since blood and tissue levels can often not exceed these
levels after systemic administration. The high concen-
tration of antibiotic in topical drops (3,000 mg/ml) will
easily eliminate organisms with even relatively high
MICs (i.e., 128-256). Since the concentration of antibi-
otic is so high in topical drops, all failures of therapy are
failures of delivery, i.e., the medicine is simply not
getting to the infected area.

Systemic antibiotics are generally not helpful in the
treatment of otorrhea and probably should not be used as
first-line therapy, especially in children where systemic
fluoroquinolones are not approved for use. Pseudomonas
and Staphylococcus aureus are grown from a very high
percentage of children with posttympanostomy tube otor-
rhea. The microbiology of posttympanostomy tube
otorrhea is therefore quite different from that of acute
otitis media with an intact tympanic membrane. The beta
lactam and macrolide antibiotics generally used for acute
otitis media with an intact drum are therefore frequently
of little or no use in treating posttympanostomy tube
otorrhea.

When topical therapy is being utilized, sensitivity
results from cultures, as noted above, are of little help.
In astudy by Dohar et al., resolution of otorrhea occurred
much more rapidly and cure rates were significantly
higher in children who received ototopic drops compared
with children who received high-dose amoxicillin with
clavulanic acid (13).

If, however, topical therapy fails and a trial of systemic
antibiotics is considered, then systemic therapy should
be culture directed. If antibiotic therapy fails to resolve
the infection, then the child should be carefully evalu-
ated for persistent rhinitis, adenoid disease, an immune
deficiency, and for the presence of a middle ear foreign
body/cholesteatoma. If such a work-up fails to identify
a cause for the persistent otorrhea, the tympanostomy
tube is best removed.

Tympanic membrane perforation. Studies place the
risk of long-term perforation after tube extrusion at
around 1-2% for grommets (14) and around 15-30% for
t-tubes (15). Softer t-tubes with shorter flanges may have
significantly lower perforation rates. Perforations caused
by tubes are usually small and can often be managed
with paper patch or fat graft myringoplasty. However, a
small perforation can perform the function of a tym-
panostomy tube. For this reason, formal tympanoplasty
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should probably not be attempted until the child has
developed more mature eustachian tube function.

Mpyringosclerosis. Scarring of the tympanic mem-
brane is a very common finding after tube extrusion.
This problem is almost entirely cosmetic with no sig-
nificant adverse sequellae (16).

Granulation tissue. Inflammatory tissue can form
around the tympanostomy tube as chronic infection or
a foreign body reaction. It can produce significant
otorrhea and can block the opening, resulting in a non-
functioning tube. Steroid-containing drops can be used
for prolonged periods in an attempt to reduce the
inflammation causing the granulation tissue but fungal
superinfection can become a problem (17). Failing
this, the tube should be removed.

Tube obstruction. Wax, dry mucous, dry blood, or
granulation tissue can block the tube’s opening. In a
tolerant child or adult, wax, mucous, or blood can
sometimes be removed with a pick or Rosen needle in
the clinic. Alternatively, hydrogen peroxide can be
used. Severe pain with hydrogen peroxide indicates the
obstruction has been removed and the solution is irritat-
ing the middle ear mucosa.

Prolonged retention of tube. Occasionally a tube
will last much longer than predicted. If it is not causing
a foreign body reaction or other complication, there is
no clear indication to remove it; however, many clini-
cians would do so after 2-3 years.

Early extrusion. This complication may be caused by
voluminous mucous flow through the tympanostomy
before the tube can become integrated into the drum.

Tympanic membrane atrophy. Repeated sets of
tubes can produce focal areas of atrophy in the ear
drum. These areas are usually not associated with
adverse outcomes but occasionally can form retraction
pockets with their attendant risks of ossicular chain
erosion and cholesteatoma. If significant retractions do
occur, the affected areas of the drum should be excised
and repaired with a graft.

Conclusion

Placement of tympanostomy tubes is an extremely
common procedure. The indications for tubes, typi-
cally for recurrent acute otitis media and persistent otitis
media with effusion, represent failure of effective
eustachian tube function. Tubes effectively address the

shortcomings of a poorly functioning eustachian tube.
Tympanostomy tubes are common and effective for
recurrent acute otitis media and chronic otitis media
with effusion.
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Chronic Disorders of the Middle Ear and Mastoid
(Tympanic Membrane Perforations and Cholesteatoma)

C.Y. Joseph Chang

Key Points

e Chronic disorders of the middle ear and mastoid
include chronic tympanic membrane (TM) perfora-
tions with or without infection, chronic otitis media
(COM) or the synonymous chronic suppurative
otitis media (CSOM), and cholesteatomas.

e These conditions occur infrequently in the devel-
oped world but are more prevalent in areas with
limited medical care.

* The typical symptoms include hearing loss and recur-
rent or persistent otorrhea usually without pain.

* Diagnosis can usually be made based on the history
and examination of the ear.

e Work-up typically includes testing such as audiom-
etry or auditory brainstem response (ABR) and
in some cases computed tomography (CT) of the
temporal bone.

e Medical treatments such as ototopical antibiotics
are used to suppress infection but are typically not
curative.

e Surgery such as tympanoplasty with or without
mastoidectomy is needed for cure.

e Long-term follow-up after treatment is essential
due to a significant rate of disease recurrence.

Keywords: Chronic otitis media ¢ Chronic suppura-
tive otitis media ¢ Cholesteatoma
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Introduction

Chronic disorders that affect the middle ear and mastoid
include a number of conditions that are typically asso-
ciated with a previous history of recurrent acute otitis
media (AOM). It is unclear why some children with
recurrent AOM develop chronic ear disease, but the
prevalence of chronic ear disease is higher in areas that
have fewer resources to provide early medical inter-
vention for AOM. Poor eustachian tube function is also
considered an important factor in pathogenesis. It is
important to diagnose this condition early since recurrent
infections can lead to sequelae such as ossicular chain
destruction that can result in conductive hearing loss or
more serious life-threatening complications.

Definitions

A tympanic membrane (TM) perforation is any defect
in the tympanic membrane resulting in exposure of the
middle ear. TM perforations occur as a result of acute
otitis media with TM rupture, trauma, or surgical inter-
ventions such as placement of a pressure equalization
tube (PET). The large majority of perforations heal
spontaneously but some do not for reasons that are not
known. A TM with a PET that is retained for over 1
year is at a significant risk for developing a chronic
perforation. Most agree that a TM perforation that
shows no sign of healing at 3 months is unlikely to
close spontaneously and can at that point be consid-
ered a chronic perforation, making surgical repair an
appropriate step.

Chronic otitis media (COM) and chronic suppurative
otitis media (CSOM) is the presence of a chronic TM
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perforation with recurrent or persistent purulent otorrhea.
COM and CSOM are synonymous. The degree and
duration of otorrhea necessary to be considered CSOM
rather than a TM perforation with occasional otorrhea
is not strictly defined. Most cases of CSOM are associ-
ated with chronically thickened middle ear mucosa
(Fig. 1).

Cholesteatoma is the presence of keratinizing
squamous epithelium (surface layer of skin) in the
middle ear or mastoid. The usual origin of the skin is
the TM. Interestingly, when skin is present in the mid-
dle ear space, its behavior is altered in such a way that
it can grow without inhibition and cause progressive
bone erosion. If the cholesteatoma is exposed to the
external environment, the bacterial contamination usu-
ally results in chronic infection and otorrhea.
Cholesteatomas are categorized based on etiology into
congenital, primary acquired, and secondary acquired
lesions.

Congenital cholesteatoma is the presence of a
middle ear or mastoid cholesteatoma with no previous
history of TM perforation or ear surgery and intact
TM. These cholesteatomas are typically difficult to
diagnose, especially if the TM is opaque. Congenital
cholesteatomas were thought to arise from failure of
involution of an embryonic rest of epithelial cells near
the eustachian tube. However, a more recent theory
advocates the presence of microretractions of the TM
squamous epithelium that pinch off from the TM and
form cholesteatoma pearls in the middle ear.

Primary acquired cholesteatoma arise as a retraction
of the TM with migration of the skin into the middle

Fig. 1 Chronic otitis media (COM/CSOM) with tympanic
membrane perforation, right ear

ear and are the most common form of cholesteatoma
seen. These retractions can form in the pars tensa,
which is the conical portion of the TM, or the small
area in the superior part of the TM above the malleus
long process, pars flaccida. Since these cholesteatomas
are open to the ear canal and are contaminated by bac-
teria, there is a high incidence of otorrhea. These pri-
mary acquired cholesteatomas can be visualized
directly on examination of the ear (Fig. 2a,b).

Secondary acquired cholesteatoma form as a result
of inadvertent skin implantation during ear surgery such
as TM perforation repair or pressure equalization tube
(PET) placement. They can also form from migration
of skin from the edges of a healing TM perforation.
The TM can be intact at the time of presentation,
with no otorrhea, making the diagnosis difficult by
examination alone.

Fig.2 Cholesteatoma arising from the tympanic membrane:
(a) pars flaccida (arrow), left ear; (b) pars tensa (arrow), right ear
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Prevalence

The prevalence of chronic ear disease in the developed
world is thought to be around 0.3%, whereas in the less
developed world, the figure may be as high as 15%
(1,2). The prevalence of cholesteatoma in the devel-
oped world may be in the order of 0.07%. The relative
rarity of chronic ear disease in the developed world
makes diagnosis and treatment of this condition diffi-
cult. The primary care physician, who sees the bulk of
common acute otitis media, chronic otitis media with
effusion (COME), and otitis externa, needs to have a
high index of suspicion when evaluating patients with
ear disease, especially if there are unusual symptoms
in the presentation such as persistent otorrhea despite
standard medical treatment.

Diagnosis

Clinical evaluation — Diagnosis is based on a history
of recurrent acute otitis media or otorrhea, including
hearing loss that persists even after the infection is
controlled medically. The diagnosis is straightforward
in cases where the TM perforation or cholesteatoma is
readily visible. Occasionally, the otorrhea and debris in
the external auditory canal (EAC) can obscure the view
and make diagnosis difficult. This makes cleaning the
EAC essential. In some children general anesthesia
may be needed for an adequate evaluation. In cases of
secondary acquired and congenital cholesteatoma, the
lesion may be visible through the TM, but the TM may
also appear completely normal. The only indication of
a middle ear problem in these cases is the presence of a
conductive hearing loss that is otherwise unexplained.

Hearing testing — It is important to establish the
hearing level in patients with chronic ear disease.
Bilateral hearing loss can lead to speech delay and
deficits in learning, hence hearing restoration treatment
will need to be considered urgently. Most children
older than 2 years can be evaluated with behavioral
audiometry. Younger or less cooperative patients may
require auditory brainstem response (ABR) to record
hearing thresholds.

Imaging — Computed tomography (CT) is the modality
of choice when imaging of the temporal bone is needed
to diagnose chronic ear disease. CT is vastly superior

Fig.3 CT showing left mastoid opacification without bone ero-
sion. These findings can be consistent with AOM, COME, or
COM/CSOM

to plain films of the temporal bone. The CT scan is
typically obtained in the axial and coronal planes using
slice thicknesses of 0.6—1.5 mm and bone windows. It
provides excellent delineation of the bony structure of
the temporal bone, specifically areas of bone erosion,
as well as any abnormal soft tissue or fluid that may
be present in the middle ear or mastoid. It is important
to note that the presence of soft tissue or fluid in
the mastoid or middle ear does not necessarily indicate
the presence of chronic ear disease, as acute otitis
media can result in similar findings (Fig. 3). The CT
abnormalities that are more specific to chronic ear
disease include erosion of bone and ossicles. Bony
changes are more commonly seen in cases of choleste-
atoma than CSOM (Fig. 4a,b). MRI is not very useful
for the delineation of middle ear and mastoid disease
but can be useful in the evaluation of complications such
as intracranial abscess and sigmoid sinus thrombosis.
Bacteriology — The organisms that are associated
with chronic ear disease are typically very different from
those that are found in acute otitis media. The typical
bacteria found in chronic ear disease are more similar to
those found in acute otitis externa such as Pseudomonas
aeruginosa, Staphylococcus species, Proteus species,
and occasionally anaerobes. Therefore, treatment of
chronic ear disease with agents that are used typically for
AOM is not usually effective. The most effective antibi-
otic classes for chronic ear disease include flouroquino-
lones and aminoglycosides. Fortunately, these antibiotics
can usually be administered topically, avoiding the side
effects and complications associated with systemic use.
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Fig.4 CT showing mastoid opacification with bone erosion of the scutum (arrow) and mass in the middle ear and attic. These
findings can be consistent with cholesteatoma. (a) Axial CT, right ear. (b) Coronal CT, right ear

Flouroquinolones are the drugs of choice as even topical
use of aminoglycosides in chronic ear disease when there
is a TM perforation can result in ototoxicity.

Complications of Chronic Ear Disease

Hearing loss — Conductive hearing loss (CHL) due to
a mass effect of infected tissue and ossicular damage is
common. Sensorineural hearing loss (SNHL) is also
possible but less common. It may occur as a result of
an induced inner ear inflammation from the adjacent
purulent infection in the middle ear space. SNHL has
also been implicated in a few cases of ototoxicity
resulting from prolonged application of topical
aminoglycosides.

Vestibular dysfunction — It is rare to have acute ver-
tigo as a result of chronic ear disease. A labrynthine
fistula with cholesteatoma can lead to vertigo but is not
commonly encountered. Children rarely complain
about disequilibrium unless the condition is severe.
The mechanism may also be an induced inner ear
inflammation from the adjacent purulent infection in
the middle ear space.

Facial nerve injury — Facial nerve dysfunction rarely
occurs in chronic ear disease. In cases of purulent otor-
rhea, there may be direct injury to the nerve by sur-
rounding inflammation, especially in areas of
dehiscence of the fallopian canal. In cases of choleste-
atoma, there is the added possibility of mechanical
compression caused by a growing cholesteatoma. Most

cases of facial nerve dysfunction resolve after adequate
treatment of the underlying chronic ear disease.

Acute mastoiditis — This condition is diagnosed by
the presence of acute bone-erosive disease from puru-
lent infection and extension of the inflammatory pro-
cess to the surrounding tissues such as the postauricular
skin. The presence of pus in the mastoid is technically
considered “mastoiditis” but this condition occurs with
all cases of acute otitis media and is not treated any dif-
ferently. The term “acute mastoiditis™ is reserved for
cases in which the inflammation or infection extends to
the postauricular skin, resulting in erythema, tender-
ness, and anterior displacement of the pinna, or where
there is coalescence or bone erosion of the septae in the
mastoid air cells, typically visible on a CT scan. In
some cases, the purulent infection extends from the
mastoid tip into the neck, forming a neck abscess
(Bezold’s abscess). Acute mastoiditis is typically
treated with intravenous (IV) antibiotics and PET place-
ment, although more aggressive treatments, including
mastoidectomy, may be needed in certain cases such as
coalescent mastoiditis. Any abscess also requires surgi-
cal drainage. Acute mastoiditis is not a common condi-
tion. Other complications of chronic ear disease, such
as sigmoid sinus thrombosis and intracranial infection,
are even less common but can be devastating.

Sigmoid sinus thrombosis — The extension of sup-
puration that results from acute mastoiditis can involve
the sigmoid sinus, which is located posteriorly in the
mastoid.

Inflammation results in thrombus formation in the
sigmoid sinus, which can, in some cases, throw off
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septic emboli into the lungs causing picket-fence
fevers. Otherwise, the symptoms of this condition are
similar to acute mastoiditis. There is a higher incidence
of intracranial complications associated with coalescent
mastoiditis and sigmoid sinus thrombosis (3), so it is
typically treated aggressively, with IV antibiotics and
surgical drainage with mastoidectomy.

Intracranial infections - This group of complications
can be truly life-threatening if diagnosis and treatment
are delayed. Possible problems include bacterial men-
ingitis, epidural or subdural abscess, and intracranial
abscess. Patients who are suspected of having these
conditions require hospital admission for evaluation,
which includes neurosurgery consultation, CT of the
brain, and lumbar puncture for diagnosis and culture
(as long as there is no evidence of significant supraten-
torial pressure).

Treatment

General - Medical treatment is typically administered
in an outpatient setting for both COM/CSOM and cho-
lesteatoma. The goals are to reduce or eliminate infec-
tion if possible. Medical treatment consists of keeping
water out of the ear, reducing the amount of debris in
the ear canal with frequent debridement in the office,
and application of topical antibiotic agents (4).
Systemic antibiotic treatment is usually less helpful
than topical agents since these agents typically provide
a much higher concentration of antibiotic at the site
of infection. Due to the microbiology of chronic ear
disease, which differs significantly from that of acute
otitis media, agents that are effective include amino-
glycosides and quinolones. Aminoglycoside ear drops
such as neomycin/polymyxin B or gentamicin con-
tinue to be used, but due to the concern regarding
ototoxicity and the advent of the non-ototoxic and
effective topical quinolone agents, flouroquinolone
ear drops are being used more frequently (5). In the
United States, the only FDA-approved topical medi-
cation for COM/CSOM is ofloxacin (Floxin Otic™).
There is a combination dexamethasone/ciprofloxacin
agent (CiproDex™) that is FDA-approved for post-
tympanostomy tube otorrhea. There are currently no
FDA-approved topical agents for cholesteatoma, so
most physicians use one of the available topical agents
as an off-label treatment.

Otorrhea can often be eliminated in cases of COM/
CSOM and some cases of cholesteatoma. The infec-
tion may not cease with medical treatment alone, due
to chronically infected squamous debris within the
cholesteatoma where the host’s immune mechanisms
and antibiotics cannot penetrate. There are some cases
of COM/CSOM that never clear up solely with medi-
cal treatment for reasons that are unknown.

Surgical treatment (COM/CSOM) — The decision to
proceed with surgery is based on symptomatology and
the child’s health status. In many cases, surgical treat-
ment is essentially elective and is performed to improve
hearing and decrease or eliminate the recurrent otor-
rhea and other bothersome symptoms. Because of a
concern regarding further ossicular damage and possible
complications in cases of very frequent or persistent
infection and otorrhea, surgical treatment is strongly
recommended in most children. The goal of surgical
treatment is to make the ear free of infection, the
so-called safe ear.

There are two schools of thought regarding the
optimal surgical treatment - tympanoplasty alone or
tympanoplasty with mastoidectomy. Some surgeons
believe that patients with COM/CSOM have infection
most likely due to the presence of the TM perforation,
and tympanoplasty, an outpatient procedure that
involves repairing the TM perforation, is the best
surgical treatment. Other surgeons believe that there is
a nidus of chronic infection within the mastoid that
should be removed with the mastoidectomy procedure
at the same time as the tympanoplasty. There are studies
that indicate that either treatment option is successful,
but there are only a few studies comparing the relative
efficacy of the two procedures (6,7). In cases of
damage to the ossicles, an ossicular chain reconstruc-
tion (repair of the ossicles using the patient’s own
bone or prosthetic implant) is usually performed at the
same time.

Surgical treatment (cholesteatoma) — Due to the
higher risk of destructive processes in the ear and
more serious complications, surgical treatment is more
frequently recommended than in COM/CSOM. The goal
of surgical treatment is to make the ear free of infection
and cholesteatoma, the so-called safe ear. The great
challenge is not only to remove all the cholesteatoma
but to keep it from recurring, since surgery does not
necessarily eliminate the risk factors such as eustachian
tube dysfunction or other unknown factors that caused
the initial cholesteatoma to form in the first place.
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The typical surgical procedure includes a tympano-
plasty with or without mastoidectomy, depending on
the extent of the cholesteatoma. The surgery for cho-
lesteatoma is typically more extensive and complicated
than for COM/CSOM. After complete cholesteatoma
removal, all areas at risk for forming a recurrent cho-
lesteatoma, such as areas of the TM, are typically
strengthened with a stiff material such as cartilage to
prevent skin retractions. In some cases, the ear canal
may need to be removed in order to eliminate all cho-
lesteatoma, resulting in a mastoid cavity. This surgery
is called the canal-wall-down (CWD) or modified
radical mastoidectomy. In this procedure, the middle
ear space and TM are preserved or reconstructed,
allowing for preservation or reconstruction of the
hearing mechanism. In rare cases of very severe dis-
ease, the radical mastoidectomy is performed, in which
case the middle ear is obliterated. A significant advan-
tage of the CWD procedure is that it “exteriorizes” the
areas where cholesteatoma form and grow, such as the
epitympanum and mastoid. These areas now become
accessible during the office examination and any poten-
tial cholesteatoma development can be removed by
simple mastoid cavity debridement in the office.
A disadvantage of the CWD procedure is that these
children can be more susceptible to otorrhea, espe-
cially with water exposure. In many cases, the ossicu-
lar chain is damaged by disease or needs to be disrupted
and/or removed in order to eliminate all of the cho-
lesteatoma. The surgical objectives can in some cases
be achieved with the canal-wall-up (CWU) approach
with opening of the facial recess if the surgical anatomy
is favorable. This surgery does not result in an open mas-
toid cavity, so there is a significant risk of cholesteatoma
recurrence. A planned second surgery is often performed
to check for residual cholesteatoma and/or to perform
the ossicular chain reconstruction after the infectious
disease has been well-controlled. A more detailed dis-
cussion of the surgical treatment is beyond the scope of
this chapter and can be found elsewhere (8).

Outcome

Hearing — The hearing function typically improves as
a result of tympanoplasty, as repair of the TM perfora-
tion restores most or all of its function. If an ossicular
chain reconstruction is performed, the outcomes are,

on average, not as good as having the native ossicles,
but significant improvement is possible. There are
many factors that relate to the overall hearing results,
including the severity of disease, functional status of
the remaining ossicles, and the development of recur-
rent disease. The postoperative hearing results appear
to have a positive correlation to the preoperative
hearing level; that is, the better the hearing level
preoperatively, the better the hearing results tend to be
after surgery.

Recurrence of TM perforation and otorrhea — The
overall success rate of TM perforation closure is very
good, with results ranging from 90 to 100% after 1
year (9—12). The success rate tends to decrease over
longer periods of observation (13).

Recurrence of AOM — 1t is important to realize that
some children with COM/CSOM are still at risk for
developing AOM and COME. Some children with
successful closure of the TM may develop AOM or
COME, requiring further medical treatment or ventila-
tion tube placement.

Recurrence of cholesteatoma — The long-term control
of cholesteatoma continues to be problematic. The
recurrence rate of cholesteatoma, including both recidi-
vistic (disease left behind during surgery) and recurrent
disease (new formation of cholesteatoma) may be as
high as 20-30% over 10 years (14,15). The high recur-
rence rate likely relates to incomplete understanding of
the pathophysiology of the disease etiology and inability
to correct surgically any suspected etiologies such as
eustachian tube dysfunction. The best surgical efforts
to date involve complete removal of the cholesteatoma
and reinforcement or exteriorization of areas susceptible
to forming another cholesteatoma. It is therefore imper-
ative that patients with cholesteatoma be monitored
over many years for recurrent disease with office evalu-
ation and CT scans in selected cases.

Conclusion

Chronic ear disease, which includes COM/CSOM and
cholesteatoma, is a condition that is not common in the
developed world but can cause significant morbidity,
including recurrent or persistent otorrhea, hearing loss,
and other more serious sequelae. The diagnosis can be
made with a good history, physical examination, and in
some cases CT imaging. Medical treatment in the form
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of ototopical antibiotic agents can typically reduce the
level of inflammatory and infectious disease, but sur-
gery in the form of tympanoplasty with or without
mastoidectomy is typically needed for definitive treat-
ment. Even after successful treatment, patients require
long-term follow-up since there is a significant inci-
dence of disease recurrence.
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Congenital Hearing Loss (Sensorineural and Conductive)

Anthony A. Mikulec

Key Points

* Screening is the cornerstone of effective treatment.
¢ Genetic testing is proving increasingly useful in the
evaluation of congenital sensorineural hearing loss.

e Cochlear implantation of children with bilateral pro-
found sensorineural hearing loss between ages 1 and
2 yields the best long-term results, with the majority
of children entering a mainstream grade school.

e Children with atresia can be rehabilitated with bone
conducting hearing aids, a bone conducting
osseointegrated implant (Baha), or with surgical
atresia repair in cases with a favorable temporal
bone CT scan.

Keywords: Congenital hearing loss  Sensorineural
hearing loss ® Cochlear implantation ¢ Aural atresia

Introduction

Congenital hearing loss represents a spectrum of
underlying pathologies including environmental and
genetic causes. Early identification is needed to maxi-
mize rehabilitation and has been facilitated by system-
atic newborn hearing screening programs. Oral deaf
schools, audiologists, and otolaryngologists work
together to intensively rehabilitate a hearing-impaired
child in the early years of life with the goal of entering
the child into the mainstream educational process as
soon as possible.

A.A. Mikulec

Otologic and Neurotologic Surgery, Department of
Otolaryngology — Head and Neck Surgery, Saint Louis
University School of Medicine, St Louis, MO, USA
e-mail: mikuleca@slu.edu

Definitions

Congenital — related to gestation or birth of the child
Sensorineural hearing loss —loss of hearing attributable
to the cochlea, cochlear nerve, or brain

Conductive hearing loss — loss of hearing attributed to
impaired transmission of sound to the cochlea

Atresia — absence of the external auditory canal, often
with associated middle ear abnormalities

Microtia — absence (anotia) or malformation of the
outer ear

Prevalence

Congenital sensorineural hearing loss — occurs in 1:
500 to 1:2,000 births and 90% of deaf children are
born to hearing parents.

Microtia — occurs in 1 to 4:10,000 births and is associ-
ated with atresia about 70% of the time. The more
severe the microtia, the greater the risk of atresia.
Atresia —occurs in 1 to 4:10,000 births. Atresia without
associated microtia is uncommon.

Congenital conductive hearing loss not due to atresia
or otitis media and its sequelae is rare.

Diagnosis

Newborn hearing screening is the key to early identifi-
cation of hearing loss and is now either mandated by
law or commonly practiced in most advanced nations.
Testing algorithms vary but generally include auto-
mated versions of otoacoustic emission testing (OAE),
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Newborn Screen

e ABR or OAE
e Automated (10 minutes)
e Completed before discharge

Pass
e No further
testing

Fail
® Rescreen with
automated ABR
or OAE

Pass
e No further
testing

Fail

Diagnostic ABR/OAE/Tympanometry

e Audiologist
Tone specific ABR/OAE
Air & bone conduction ABR/OAE
DPOAE/TEOAE - diagnostic
High frequency tympanometry

Hearing Loss

e Behavioral audiogram

No hearing loss
® Behavioral audiogram to

confirm (gold standard)

Fig. 1 Sample newborn hearing screening flow diagram. ABR auditory brainstem response; OAE otoacoustic emissions; DPOAE
distortion product otoacoustic emissions; TEOAE transient otoacoustic emissions

automated brainstem response (ABR) testing, or both
(Fig. 1). Once a child with hearing loss is identified
through screening, a referral is made for further audio-
metric analysis and otolaryngology evaluation. The
most common cause of a failed newborn hearing
screening is otitis media with effusion.

Prelingual hearing loss occurs before the onset of
speech while postlingual hearing loss occurs after the
onset of speech. About 50% of congenital bilateral
sensorineural hearing loss is environmental, most
commonly due to primary maternal cytomegalovirus
(CMYV). The other 50% are genetic, of which about
15% are syndromic and 85% are nonsyndromic (Fig. 2).
The pneumonic “TORCH?” is helpful for remembering
environmental causes of congenital hearing loss: tox-
oplasmosis, rubella, cytomegalovirus, and herpes.

Cytomegalovirus is a member of the herpes family of
DNA-enveloped viruses and is transmitted across the
placenta, in breast milk, and within the birth canal and
is present in both semen and cervical secretions. Eighty
percent of adults have antibody to CMV. Damage to the
fetus requires a previously uninfected mother who sus-
tains primary infection during pregnancy. A common
scenario is a mother with one or more previous children
who is CMV antibody negative and who becomes
infected during a subsequent pregnancy, presumably
through the asymptomatic shedding of CMV in saliva
and urine of her own children, who have acquired
CMYV from playmates. Postnatal CMV infection is
generally benign, but 20% of infants infected with
CMYV during gestation will show signs of deafness,
microcephaly, and mental retardation.
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Sensorineural
Hearing Loss

SOV

Genetic

wjo

Environmental
e CMYV and other
“TORCH?” infections|
e Ototoxicity
e Prematurity

e X-linked and
mitochondrial <1%

Nonsyndromic Syndromic
e Recessive 75% e Pendred
e Dominant 25% e Usher

e Waardenburg
e Many others

Fig.2 Causes of congenital sensorineural hearing loss

Sensorineural hearing loss not clearly due to infec-
tion or environmental factors is increasingly referred
for genetic evaluation, replacing a myriad of diagnos-
tic tests. Over a hundred genes resulting in nonsyndro-
mic hearing impairment have been identified, with
DFNA (the acronym DFN comes from DeaFNess)
denoting loci for autosomal dominant deafness genes,
DFNB for autosomal recessive deafness genes, and
DFEN for X-linked deafness genes. The GJB2 gene,
which codes for the gap junction protein Connexin 26,
is the most common abnormality found; identification
of a defect in this gene precludes the need for further
diagnostics and predicts that progression of hearing
loss is unlikely. Genetic screening assists in identifica-
tion of syndromes that are not clinically apparent and
can be useful for family planning if the parents are
considering having more children. Computerized
tomography or MRI of the temporal bone is obtained
to evaluate for inner ear abnormalities such as Mondini
dyslapsia (too few cochlear turns), enlarged vestibular
aqueduct, or in preparation for cochlear implantation.

Careful clinical evaluation allows identification of
associated syndromes, which often have atypical facial
features. For example, Usher syndrome is genetically
heterogeneous and features four subtypes with varying
degrees of the following: sensorineural hearing loss,
vestibular dysfunction, and retinitis pigmentosa leading
to progressive deafness and blindness. Pendred syndrome
constitutes 5—10% of congenital deafness, making it
the most common form of syndromic hearing loss. This
disorder is autosomal recessive with prelingual hearing
loss associated with radiographic abnormalities
(enlarged vestibular aqueduct or Mondini dysplasia)

and failure of iodine organification which results in goiter
at the time of puberty.

Some congenital hearing losses have onset and
progression during the first years of life. Such children
have postlingual hearing loss and will have passed the
newborn hearing screen but the deficit comes to light
through later audiometric evaluation, either on parental
or physician suspicion of reduced hearing or through a
failed school hearing test. These children should be
fitted with amplification and proceed to cochlear implan-
tation if needed. Children with Down’s syndrome are
prone to Eustachian tube dysfunction and recurrent effu-
sions, often necessitating multiple tympanostomy tube
placements. Middle ear abnormalities may be present
and a progressive mixed hearing loss may develop.

Research has shown a genetic predisposition to
hearing loss associated with exposure to noise or
ototoxins such as gentamicin and cisplatin. For the
purposes of classification, such losses are not generally
considered congenital.

Atresia of the outer ear canal results in a 60 dB
conductive hearing loss. For children born with atresia,
clinical evaluation for associated syndromes, such as
Treacher-Collins, is performed and genetic testing
considered. Treacher-Collins syndrome is autosomal
dominant with manifestations including atresia with
resultant conductive hearing loss, microtia, malar hyp-
oplasia, hypoplastic mandible, coloboma, and down-
turned palpebral fissures. Congenital conductive
hearing loss is usually due to atresia or otitis media and
its sequelae. Less common causes of congenital con-
ductive hearing loss include congenital stapes fixation
and other ossicular malformations. Of note, children
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with Turner’s syndrome may have conductive hearing
loss due to ossicular abnormalities which are amenable
to surgical repair.

Treatment

Bilateral Sensorineural Hearing Loss

Initial treatment involves amplification; if hearing loss is
profound, then proceed to cochlear implantation, either
unilateral or bilateral. Even if a child is an implant candi-
date, amplification should be pursued first as this allows
the child to have some neural stimulation allowing for
formation of central connections in the brain and habitu-
ates the child to reliable device use. The duration of
amplification varies among implant surgeons, but a period
of 3—6 months is common. In general, the earlier implan-
tation is performed, the better the hearing and speech out-
come. A CT scanor MRl s performed prior to implantation
to assess for cochlear abnormalities that might necessitate
a modified approach or nonstandard implant. Children
with enlarged vestibular aqueducts are restricted from
contact sports to prevent transmission of concussive
forces from the CSF through the patent vestibular aque-
duct with resultant step-wise hearing decrement. Bilateral
implantation of children has gained increasing favor with
the second implant yielding better functional results if it
is performed before age 6. Simultaneous bilateral implan-
tation has also been performed and may be an option for
some children. Risks of cochlear implantation include
facial palsy, device failure, and device extrusion. All chil-
dren should receive pneumococcal vaccination prior to
implantation and the rate of meningitis in implanted chil-
dren with normal cochlea now approaches that of the
unimplanted population. As over 95% of deaf children
are born to hearing parents, most of these children are
rehabilitated into the mainstream community. Deaf par-
ents of deaf children may desire their child to enter deaf
culture with rehabilitation through the use of signing and
may eschew cochlear implantation.

Unilateral Sensorineural Hearing Loss

Treatment depends on the degree of hearing loss in the
affected ear. For children with mild to severe losses,

amplification is used. Children with a profound unilat-
eral loss (dead ear) and a normal contralateral ear
might be candidates for a Baha implant (see below) at
an age when they can participate in the decision-making
process. Both groups are treated with preferential
classroom seating with the good ear toward the teacher,
with consideration of an FM system (the teacher speaks
into a microphone that transmits wirelessly to the
child’s receiver) and/or a hearing aid.

Bilateral Conductive Hearing
Loss Due To Atresia

Options include bone-conducted hearing aids, the Baha
implant (an osseointegrated transcutaneous implant uti-
lizing bone conduction), or surgical repair of the atresia.
A bone-conducting hearing aid placed on a hard or soft
head band is the first intervention in a child with bilat-
eral atresia and is usually fitted within the first year. A
single bone-conducting aid can stimulate both cochlea
by sound propogation through the skull. Around age 5,
atresia repair or Baha implantation can be considered.
The Baha implant utilizes growth of bone into a small,
specially treated transcutaneous screw placed in the
skull to provide reliable long-term bone conduction.
Placement of the implant is usually performed in two
short outpatient procedures in children, spaced 3-6
months apart, to allow osseointegration of the implant
prior to attachment of the sound processor. In adults or
older children, the procedure may be performed in one
stage. The same osseointegrated implants can also be
used to provide a reliable anchor for a prosthetic ear.
Candidacy for atresia repair is based on careful review
of a temporal bone CT scan for prediction of surgical
outcome; acommonly used criteriabeing the Jahrsdoerfer
scale. Surgical atresia repair, which is technically diffi-
cult and puts the facial nerve at risk, is generally con-
templated if minimal abnormalities are present predicting
a high likelihood of significant improvement in conduc-
tive hearing loss. Due to its simplicity and safety, Baha
implantation is increasingly supplanting surgical atresia
repair. If a microtia is associated with the atresia, the
microtia is repaired first, generally after age 6, to provide
a virgin vascular bed for plastic surgical repair. Fully
implantable hearing aids are being used on an investiga-
tional basis in children with atresias and may provide an
attractive rehabilitative option in the future.
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Unilateral Conductive Hearing
Loss Due To Atresia

Associated microtia repair can begin around age 6, and
is performed before atresia repair. The appropriateness
and timing of unilateral atresia repair remains debated;
waiting until the child can fully participate in the
decision-making process may be worthwhile. In the
interim, a traditional hearing aid, unilateral bone-con-
ducted aid, or Baha implant can be considered. The
goal of interval amplification is to provide auditory
input to the cochlea to allow development of central
connections, increasing the probability of effective
binaural hearing.

Conductive Hearing Loss
Not Due To Atresia or Otitis Media

Options include amplification and consideration of
surgical intervention based on CT scan findings. The
Baha implant can also be an option. The timing of
surgical intervention for children with bilateral oto-
sclerosis or stapes fixation remains controversial;
most authors advocate waiting until the child can par-
ticipate in the decision-making process and fully
understand the attendant risk of a profound sen-
sorineural hearing loss. Children with unilateral sta-
pes fixation are offered surgery once they reach
adulthood. Children with persistent otitis media are
treated with tympanostomy tube placement.

Outcome

Bilateral Sensorineural Hearing Loss

Functional outcomes are dependent on the child’s
comorbidities and the degree of cochlear anomaly.
Children without other significant abnormalities who
are implanted in at least one ear before age 2 can usu-
ally enter mainstream education before age 7. As
cochlear implant technology progresses and the age of
implantation decreases, functional results improve.
Bilateral implantation, either simultaneous or sequential,

provides improvement in discrimination of speech in
noise and can aid in sound localization.

Unilateral Sensorineural
or Conductive Hearing Loss

Educational and functional outcomes approximate that
of the normal population. Patients with unilateral atresia
may be offered surgery later in life but can find adjust-
ment to binaural hearing difficulty if the atretic ear has
not previously been stimulated with a bone-conducted
hearing aid.

Bilateral Conductive Hearing
Loss Due To Atresia

Children without significant comorbidities who receive
appropriate amplification with a bone-conducting
hearing aid or Baha implant should develop normal
hearing and speech. In the absence of significant under-
lying sensorineural hearing loss, the Baha implant can
provide normal hearing. The results of atresia repair
depend largely on the underlying architecture of the
temporal bone. Traditional hearing aids can be utilized
when atresia repair does not provide sufficient hearing
improvement.
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Implantable Hearing Devices

Yisgav Shapira and Thomas J. Balkany

Key Points

e Four types of implantable hearing devices exist,
each with its specific indication.

¢ Cochlear implants (CI) are intended for severe to
profound sensorineural hearing loss. Patients
implanted at a young age may achieve speech and
language skills comparable to normal hearing
children.

* Bone-anchored hearing aids (BAHA) are intended
for conductive hearing loss not amenable to recon-
struction or amplification, and for single-sided
deafness. Children are usually implanted in two
stages.

e Implantable middle ear devices (IMED) are cur-
rently not approved for children. They are intended
for moderate to moderately severe sensorineural
hearing loss.

* Auditory brainstem implants (ABI) are indicated
for profoundly deaf patients with an abnormal
cochleae or cochlear nerves who are not otherwise
candidates for CI. In the USA, only children above
12 years of age with neurofibromatosis type 2 (NF2)
are approved for ABIL
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Introduction

Congenital hearing loss is estimated to occur in 3—5 of
every 1,000 births, many of whom can benefit from
implantable hearing devices. Cochlear implants (CI)
for severe to profound sensorineural hearing loss
(SNHL) and bone-anchored hearing aids (BAHA) for
certain conductive hearing losses or single-sided deaf-
ness are available for children. Implantable middle ear
devices and auditory brainstem implants may become
available for children in the near future. The indica-
tions for each are briefly presented in Table 1.

Cochlear Implants (Cl)

The CI replaces the function of the lost hair cells by con-
verting the mechanical energy of sound into electrical
energy capable of exciting the cochlear nerve (CN) (1,2).

CIs have seen tremendous development over the past
25 years. Microspeech processors, minimally traumatic
multicontact electrode arrays and improved surgical
technique have resulted in improved performance. As a
result, children are routinely being implanted under 1
year of age with consistently better results (3). More
than 100,000 people worldwide have received cochlear
implants; approximately half were children.

Structure and Principle of the Cochlear
Implant

CIs consist of a wearable external speech processor
(SP) and a surgically implanted cochlear stimulator
(ICS) (Fig. 1). The SP transduces incoming sound into
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Table 1 Implantable hearing devices and their indications

Bone-anchored hearing Moderate to severe unilateral or
aid (BAHA) bilateral conductive hearing loss

Single-sided deafness

Bilateral moderate to moderately
severe sensorineural hearing loss

Bilateral severe to profound
sensorineural hearing loss

Bilateral profound sensorineural
hearing loss with lack of a
cochlear nerve

Only in neurofibromatosis type 2 in
the USA

Implantable middle ear
devices (IMED)
Cochlear implants (CI)

Auditory brainstem
implant (ABI)

Nucleus’24
Cochlear Ltd., Lane Cove, NSW, Australia

Fig.1 Cochlear implants

electrical signals and transmits the information to the
ICS via the radio-frequency transmitting coil. The ICS
further processes the signal and distributes it to the
electrode array (2).

The three major devices are depicted in Fig. 1.

Candidacy

Candidacy criteria for cochlear implantation have
evolved dramatically as technological advances and
newer surgical techniques have resulted in improved
outcomes. The Food and Drug Administration (FDA)
now approves cochlear implantation in children older
than 12 months of age but in many centers children as
young as 6 months old are routinely implanted despite
lack of FDA approval. Medical and radiological crite-
ria have been expanded to include children with
cochlear dysplasia, multiple developmental delays,
and certain systemic medical conditions (4,5).
Unchanged, however, are requirements for strong fam-
ily commitment, appropriate expectations, and an
oral educational setting. In older children and teenag-

SONATAT100

MED-EL Medical Electronics, Innsbruck, Austria

Table 2 Current selection criteria for pediatric cochlear
implantation

1. Age > 12 months (unless ossifying)

2. Severe-to-profound bilateral sensorineural hearing loss

3. Benefit from hearing aids less than that expected from Cls

4. No medical contraindications to undergoing general
anesthesia

. Family support, motivation, and appropriate expectations

6. Rehabilitation support for development of oral language,

speech, and hearing

V)]

HiRes 90K®
Advanced Bionics LLC, Valencia,CA,USA

ers, especially those who use sign language, the child’s
motivation in addition to parental desires should be
evaluated (3). Absolute contraindications include
agenesis of the inner ear (Michel deformity), absence
of the cochlear nerve, and systemic illness precluding
anesthesia or surgery. Table 2 summarizes the current
criteria for cochlear implantation in children.

Preoperative Evaluation
Audiology

Audiologic evaluation is the primary means of deter-
mining candidacy for cochlear implantation. Each
ear is evaluated separately in both unaided and aided
conditions. This process may prove to be extremely
difficult in the young prelingual child, and may
require repeated visits to an experienced implant
audiologist (3).

Because performance of an infant in a sound booth
and on auditory brain responses (ABR) are not a reliable
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means of determining the need for CI, a hearing aid trial
and intensive auditory verbal therapy (“diagnostic
therapy”) is mandatory unless ossification is noted. An
essential element of diagnostic therapy is parental
involvement, overseen by the therapist, to ensure con-
tinuous, at-home follow-through of therapy procedures.
Absence of appropriate progress while participating in
such therapy is a strong indication of inadequate audi-
tory input (3). Assessment of parental expectations,
support, and compliance with the therapy process are
important aspects of the evaluation of the young child.

Imaging

For prelingually deaf children MRI is considered the
primary imaging modality, including high resolution
T2 axial and coronal views of the internal auditory
canal (IAC) with sagital reconstructions (i.e., CISS
sequence). The four nerves of the IAC may be visual-
ized and the cochlear nerve followed to the modiolus.
MRI is also useful in identifying early cochlear ossifi-
cation and primary brain abnormalities.

Medical Considerations

Children with CIs do not have a higher prevalence or
increased severity of acute otitis media (3,6,7). However,
CI candidates with recurrent or chronic otitis media
should be treated aggressively prior to implantation.
Once the infection is under control, implantation may
proceed, even with a ventilating tube in place (3). For
meningitis prophylaxis, the Center for Disease Control
and Prevention (2002) recommends that CI recipients
should receive age-appropriate vaccination against
pneumococcal disease. These individuals should receive
the 7-valent pneumococcal conjugate (Prevnar®) if
under the age of 2, the 23-valent pneumococcal polysac-
charide (Pneumovax® and Pnu-Imune®) vaccine if over
the age of 5, or both if between the age of 2 and 5 (8).

Ear Selection

Factors used to determine implantation are shown in
Table 3. It is preferable to implant a ear which has

Table 3 Considerations for selecting the ear for cochlear
implantation

Choose better ear:
— Anacoustic opposite ear
— Disuse > 10 years opposite ear
— Neither ear useful
Choose worse ear:
— Good residual in both ears
Absolute contraindications:
— Aplasia
— Absent auditory nerve
Choose better ear:
— Ossification
— Dysplasia
— Facial or vascular anomaly
— Pneumatization
Choose better ear:
— Recurrent otitis media
— Prior ear surgery
Timin
— Most recently deafened
— Language
— Choose right ear

Hearing

Imaging

Medical

Other

some residual hearing and which has been used with
amplification in the recent past (3). However, ear selec-
tion should be individualized and no simple rule to
always implant the better or worse hearing ear is
valid.

Surgery
Surgical Procedure

CI surgery is performed in the out-patient setting under
general anesthesia with continuous facial nerve moni-
toring. Antibiotics are given intravenously 30 min prior
to incision. A 4-5-cm postauricular cut is made to the
level of the temporalis/subcutaneous fascia. A pocket
is developed postero-superiorly and an anteriorly based
pericranial flap elevated. A bony seat and tie-down holes
may be created or pericranial sutures may be used to
secure the ICS. A complete mastoidectomy and facial
recess approach allow access to the cochlear promon-
tory and a cochleostomy is fashioned anterior-inferior
to the round window membrane. The ICS is placed into
the pocket and the electrode is inserted into the cochleo-
stomy. Device-specific training is necessary for each
type of implant. Surgery usually takes 1.5-2 h, and the
patient is typically discharged on the day of surgery.
Alternative techniques have been described accessing
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the promontory through a combined mastoid-atticotomy
and tympanomeatal approach (9-11).

Complications

Cochlear implantation carries the same risks as any
mastoid surgery plus certain additional possible
complications. Serious complications are rare and a
complete list is shown in Table 4 (7,10,12). The most
common indication for revision surgery is device
malfunction (3,13).

Habilitation

If cochlear implantation is to be maximally successful,
auditory-oral education, with a strong emphasis on oral
communication and auditory development throughout
childhood, is essential (2,3).

Ethical Considerations

The Deaf community has claimed that deaf children are
not disabled, that deaf culture can supply them with all
social needs and education, and that implanting deaf chil-
dren will diminish deaf society (3). However, over 90%
of deaf children are born to hearing parents, and for these

Table 4 Possible complications in cochlear implant surgery

Infection Wound infection

Flap necrosis

Purulent labyrinthitis
Meningitis

Surgical field

Epidural

Loss of residual hearing
Dizziness/vertigo
Perilymphatic fistula

Device malfunction
Malpositioning

Electrode extrusion

Device migration

Facial palsy/paresis

Chorda tympani nerve injury
Cerebrospinal fluid (CSF) leak
Tympanic membrane perforation
Cholesteatoma

Bleeding

Inner ear injury

Device related

Nerve injury

Other

parents there is often a strong desire for their deaf child
to learn to hear and speak. Many in deaf culture oppose
the right of these parents to decide whether or not their
child should receive a CI. Nonetheless, parents have the
responsibility to determine the best interests of their
child, and their right to choose has a sound ethical basis.
In recent years opposition to CI has declined and many
organizations, such as the National Association of the
Deaf and Gallaudet University, are moderating their
opposition to the implantation of children.

Outcomes

With the advancement of CI technology there has been
a progressive improvement in performance achieved
by cochlear implant recipients. For prelingually deaf
children, cochlear implantation by the age of 12 months
is associated with the best results (14-17).

Recent studies have shown that implanted children
acquire language at a rate equal to that of normal hearing
children (12-month growth in 12 months) in contrast to
nonimplanted deaf children who acquire linguistic
skills at half that rate at best. Although language and
speech production skills improve in all implanted
children, those children who are trained to use aural/
oral communication perform at a higher level and achieve
results faster than those children who use total com-
munication (2,3). Prelingually deaf children implanted
at a young age achieve a 74% reading ability compared
to age-matched hearing children, which represents a
significant improvement compared to nonimplanted
deaf children (17).

Bone-Anchored Hearing Aid (BAHA)

The BAHA system (Cochlear Ltd., Lane Cove, NSW,
Australia) combines a sound processor with a small tita-
nium fixture implanted behind the ear that allows sound
conduction through the bone rather than via the middle
ear. The middle ear and external ear are bypassed, and
both cochleae are stimulated (2,18-20). Development of
this device followed advances in titanium osteointegra-
tion technology (20,21). The BAHA has now been in
use for 30 years, and more than 25,000 patients have
been implanted. BAHA is FDA-approved for children
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5 years and older. However, in many centers in the USA
and elsewhere, children as young as 13 months have
been successfully implanted with the device (18).

Structure and Principle of BAHA

The system is composed of a titanium fixture surgi-
cally implanted into the skull, a transcutaneous abut-
ment, and an external sound processor (Fig. 2). The
sound processor is coupled to the abutment via a
plastic snap. Sound is picked up by the microphone
and transformed by the processor into vibration which
is transferred through the skull to both cochleae. Both
ear-level and body-worn processors are available.

Candidacy

Candidacy criteria and considerations are detailed in.
For conductive hearing loss, the size of the air-bone
gap is of no significance.

Fig.2 Bone-anchored hearing aid

Surgery

A postauricular skin flap is elevated and subcutaneous
tissue is removed to the level of pericranium. A small
area of pericranium is removed and a pilot bone hole
is drilled 3—-4-mm deep. The titanium, self-tapping
screw with percutaneous attachment is then inserted
and the flap returned, sutured in position, and covered
with a light pressure dressing. The external processor
is first used within 6-12 weeks for healthy adults.
A two-step procedure, keeping the skin flap intact
over the screw for 3 months or more may be neces-
sary in young children or in cases suspected of poor
healing (22).

Complications

Major complications with BAHA surgery are rare.
However, skin complications such as partial necrosis,
inflammation, or infection around the implant may
occur in over 10% of recipients in spite of proper
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surgical technique. In most cases, conservative local
care, with or without systemic medication, resolves the
problem. In unusual cases, the implant does not inte-
grate, or osteomyelitis occurs requiring the implant to
be removed to allow healing (1).

Follow-up

Routine weekly visits should be performed until proper
healing of the implant site is observed. Patients and/or
care-takers should be instructed on the importance of
daily routine cleaning of the implant site. Certain
sports which may involve direct head contact should
be avoided. Swimming is allowed without the sound
processor attached.

The titanium screw is MRI-compatible but the
sound processor must be removed when performing
an MRL

Outcomes

For pure conductive hearing loss, the BAHA achieves
closure of the air-bone gap to within 10 dB in 80% of
patients (18,22—24). Speech reception thresholds improve
to an average of 30 dB. However, patient satisfaction is
decreased in cases of mixed loss, especially when the
sensorineural component is greater than 20 dB.

For single-sided deafness, results are available for
adults only (25,26). Quality-of-life questionnaires in
several studies have shown a very high overall patient
satisfaction compared to nonaided patients or to the
contralateral routing of signal (CROS) hearing aids
(26,27).

2\ @

Carina

Esteem

Implantable Middle Ear Devices

Implantable middle ear devices (IMED) directly vibrate
the ossicular chain, thereby reducing the occlusion
effect and feedback problems. They are intended for
patients who suffer from moderate to severe sensor-
ineural hearing loss with normal middle ear function.
Early manufacturer-supported studies suggest that
amplification is not greater than conventional hearing
aids but that compliance may be improved (1,28-30).

The Vibrant Soundbridge (MED-EL Corporation,
Innsbruck, Austria) is approved by the FDA for use in
adults. The Esteem (Envoy Medical Corporation, Saint
Paul, MN) and the Carina (Otologics, LLC, Boulder,
CO) devices have approval in Europe and are under
FDA investigational trials. The first is an electromag-
netic, partially implantable device and the latter two
are fully implantable piezoelectric devices (28,29,31)
(Fig. 3). It is likely that these devices will be used in
children after more data are available from trials
involving adults.

Auditory Brainstem Implant (ABI)

Auditory brainstem implants (ABIs) electrically stim-
ulate the cochlear nucleus and are used in profoundly
deaf patients who would be CI candidates, but have
lost the auditory nerve during removal of bilateral
acoustic neuromas. The externally worn speech pro-
cessor and the implanted receiver/stimulator are iden-
tical to those of the CI. However, the electrode array is
implanted on the surface of the cochlear nucleus in the
brainstem through the lateral recess of the fourth ven-
tricle, thus bypassing the inner ear and auditory nerve

VibrantSounbridge

Otologics, LLC, Boulder, CO, USA Envoy Medical Corporation, SaintPaul, MN, USA VibrantMED-EL, Innsbruck, Austrial

Fig. 3 Implantable middle ear devices
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(32). Candidates are NF2 patients 12 years and older,
but in other countries, patients as young as 14 months
have been implanted for a variety of reasons (33). The
risks of surgery involving the brainstem are substantial
and NF2 patients typically do not achieve open-set
speech perception (32,33).
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Pediatric Facial Fractures

T.J. O-Lee and Peter J. Koltai

Key Points

e Falls, motor vehicle accidents, and sports-related
activities are the leading causes of facial trauma in
children.

e Children below 6 years of age suffer more orbital
roof and skull fractures than facial fractures due to
proportionally larger cranial volume.

¢ Nasal and dentoalveolar fractures are the most com-
mon facial fractures in children. Nasal septal hema-
toma need to be detected early and drained promptly
to avoid complications.

* Mandible fractures are the most common facial
fracturestreatedinthehospital setting. Intermaxillary
fixation is limited to 2-3 weeks and is followed by
6—8 weeks of using guiding elastic bands.

e It is often necessary to overcorrect nasoethmoid
fracture-induced telecanthus to obtain long-term
satisfactory results.

e Rib or calvarial bone grafts are preferred over allo-
plastic materials in the reconstruction of pediatric
bony defects.
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Introduction

Trauma is the leading cause of death in children in the
United States. Each year approximately 15,000 children
die and about 100,000 become permanently disabled
due to trauma-related injuries. Medical care for these
injuries is valued at over $15 billion annually (1).
Despite these staggering numbers, pediatric facial
trauma is relatively rare. Pediatric maxillofacial injuries
account for approximately 5% of all fractures, with
reported incidence ranging between 1.5 and 15% (2-6).
Children under 5 years have a significantly lower risk
of facial fractures ranging from 1 to 1.5% (7). With
increasing age, the incidence of facial fracture also
increases, ultimately reaching the pattern and frequency
of adult trauma victims around late adolescence (7).

Great advances have been made in the management
of pediatric facial fractures during recent decades.
The specific techniques used for reconstruction in
children must accommodate their developing anat-
omy, rapid healing, immature psychology, and poten-
tial for deformity as a consequence of altered facial
growth (7). The prevalence of CT scans makes accu-
rate diagnosis of facial fractures possible in most
instances (8,9). Rigid internal fixation has been suc-
cessfully adapted to pediatric cases from our knowl-
edge of managing facial fractures in adults, though
with careful modification. Open reduction and rigid
internal fixation are indicated for severely displaced
fractures. Primary bone grafting is preferred over
secondary reconstruction. Alloplastic materials should
be avoided when possible (10).

Associated injuries are a common feature of child-
hood maxillofacial trauma. Neurologic and orthopedic
injuries were seen in 30% of children with facial
fractures, which reinforce the importance of a complete
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initial assessment of a child with facial trauma and
highlights the dilemma with regard to the timing
of the reconstruction because of the rapid healing of
bony injuries in children (7).

Etiology

To understand the cause of pediatric facial fractures,
two separate issues need to be addressed: (1) the trau-
matic event that results in injury to a child’s face and
(2) the unique anatomic features of the pediatric facial
skeleton that predispose it to a pattern of observed
injuries (7).

Falls, motor vehicle accidents (MVA), and sports-
related injuries are the most common causes of facial
fractures in children (11). Falls are low-velocity inju-
ries that commonly affect young children below the
age of 6 (11). While prevalent, falls rarely produce
serious injuries. On the other extreme, MVAs produce
high-velocity forces that often cause devastating inju-
ries. MVAs are the leading cause of death in children
after the perinatal period and the incidence of MVA-
related maxillofacial injuries increases with age (12).
Improved vehicle safety features (padded dash boards,
collapsible steering columns, air-bags, child safety
seats) and enforcement of safety belt laws have led to
a significant decrease in the incidence and severity of
MVA-related facial fractures (13-15). Most sports-
related facial fractures occur in children 10-14 years
of age. As motor skills improve from childhood to ado-
lescence, an increase in activity level and outdoor
exposure makes older children more susceptible to
sports-related traumatic injuries (16).

A young child’s face has characteristics that make
fractures less likely to happen. Facial soft tissue of
children is relatively thicker, which protects the under-
lying bony framework. The bony structures are soft
and elastic with relative thickness and strength not
weakened by the paranasal sinuses. In addition, imma-
ture bone has greater elasticity caused by thin cortical
plates and a greater proportion of cancellous bone.
This elasticity is also the reason that greenstick frac-
tures occur more frequently in children. The presence
of unerupted teeth in the maxilla and mandible are the
final features that make pediatric faces more resistant
to fracture (17).

Facial Growth

At birth, the ratio between cranial volume and facial
volume is 8:1, where as in adults, this ratio is 2.5:1.
Eighty percent of cranial growth occurs during the first
years of life. Only after the first 2 years of life will the
rate of facial growth begin to exceed that of skull
growth. The orbit and the brain are near growth com-
pletion by age 7; however, lower facial growth continues
into the early 20s. The consequence of the retruded
position of the face relative to the skull is an important
reason for the lower incidence of midface and man-
dibular fractures and higher incidence of orbital roof
and cranial injuries in young children. Fractures below
the orbits generally occur after the age of 7 and are not
associated with cranial injuries, whereas orbital roof
and cranial injuries are most commonly seen in children
less than 5 years old (18).

The possibilities of growth disturbances after facial
fractures need to be considered when planning treat-
ment. Injuries to certain vulnerable sites, such as the
nasal septum, head of the condyle, and the multiple
suture sites of the midface, may adversely affect future
facial growth (7). Growth potential may serve to
improve long-term results with compensatory condy-
lar growth after condylar fractures. Children with
deciduous and mixed dentition also demonstrate some
capacity for spontaneous occlusal readjustment as
deciduous teeth are shed and permanent dentition
erupts (11).

Sites of Injury

Nasal fractures are by far the most common facial bone
injuries in children followed by dentoalveolar injuries.
Theses fractures are usually treated in an out-patient
setting without surgical intervention. Exact statistics
regarding incidence and treatment are difficult to
obtain since records are typically not as well kept as
for hospitalized patients (17).

Fractures of the mandible are the most common
facial fractures requiring hospitalization. They account
for 30-50% of all pediatric facial fractures when nasal
fractures are excluded (17,19,20). Because pediatric
condyles are highly vascularized and the thin necks are
poorly resistant to impact forces, the most vulnerable
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part of the pediatric mandible is the condyle. More
than 50% of pediatric mandibular fractures involve
one of the condyles whereas only 30% of adult cases
show condylar involvement (21). As the patient
matures, the frequency of symphyseal, body, and
ramus fractures increases.

Midfacial fractures are rare in children. They usually
result from high-impact, high-velocity forces such as
MVAs. Orbital fractures are the most common account-
ing for 20-25% of pediatric fractures. Zygomaticomalar
complex (ZMC) fractures are seen in 10-15%, and
LeFort maxillary fractures are seen in 5—10%. Orbital
roof fractures occur in very young children whose
frontal sinuses are still underdeveloped. These are often
associated with skull injuries (2-4,18).

Management

Nasal Fractures

The initial examination of a child with a nasal fracture
may be very limited by midfacial swelling. Several
days are required for the swelling to subside before the
true extent of the deformity can be appreciated.
Conversely, immediate intranasal examination is
important to detect the presence of a septal hematoma.
Unilateral nasal obstruction is the hallmark of septal
hematoma and can be observed on anterior rhinoscopy
as an obvious purple bulge on one side of the nose. The
bulge is compressible with a cotton tip applicator and
does not shrink with topical vasoconstriction. A septal
hematoma requires immediate evacuation upon detec-
tion. An untreated hematoma can become a thick,
scarred, and obstructive septum. And if the hematoma
becomes infected, the resulting loss of cartilage can
cause a saddle nose deformity (10).

In cases of nasal fracture without septal hematoma,
the patient is asked to return 3-4 days after injury,
when a more accurate examination is possible. If a
cosmetic deformity or a fixed nasal obstruction is
detected, then definitive surgical management is under-
taken. Closed reduction of the bony fracture can be
performed with intranasal instrumentation and bimanual
external manipulation. If significant dislocations are
present or if the injury is more than 2 weeks old, then
open reduction may be necessary.

Mandible Fractures

Clinical signs of mandibular fractures may include
displacement of the fragments, mobility, swelling,
mucosal tears, limited mouth opening, malocclusion,
and pain. Clinical suspicion of a fracture is confirmed
by either a panorex X-ray, a complete mandible series,
or by CT scans. CTs are especially helpful in condylar
fractures to help determine three-dimensional dis-
placement of the condyles.

Immobilization is difficult before 2 years of age
because of incomplete eruption of the deciduous teeth;
however, later growth and remodeling frequently
compensate for less-than-ideal postinjury alignment.
The primary teeth, which have firm roots between 2
and 5 years of age, can be used for splints and arch
bars. Deciduous roots are resorbed between 6 and 12
years of age; hence arch bars may need extra support
from circum-mandibular wiring and piriform aperture
suspension. Permanent teeth are safe anchors for
fixation after 13 years of age (10).

The central question in the management of pediatric
condylar fracture is whether the patient needs immobi-
lization. Although minimally invasive endoscopic
open reduction with internal fixation (ORIF) is gaining
popularity in the management of adult condylar frac-
tures, most authors still advocate conservative man-
agement when it comes to pediatric cases (11,22).
If the patient has normal occlusion and normal man-
dibular movement, a soft diet and movement exercises
are sufficient. However, if open-bite deformities with
retrusion of the mandible and movement limitation are
present, then a brief period of immobilization, lasting
2-3 weeks, followed by the use of guiding elastics is
more likely to yield normal function (10).

Displaced symphysis fractures can be treated by
ORIF through an intraoral incision after the permanent
incisors have erupted at age 6 or older (11). ORIF in
parasymphyseal fractures is possible once the buds of
the canines have moved up from the mandibular border
after age 9. In body fractures, the inferior mandibular
border can be plated when the buds of the permanent
premolar and molar have migrated superiorly toward
the alveolus.

Frequent postoperative follow-up is necessary to
detect and treat early complications such as infec-
tion, malocclusion, malunion, or nonunion. Late
complications such as damage to permanent teeth,
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temporomandibular joint (TMJ) dysfunction, or midface
deformity with facial asymmetry also need attention
and possible treatments.

Nasoethmoid Complex Fractures

In nasoethmoid fractures, the integrity of the medial
canthal ligament must be assessed. This is done by
inserting a hemostat into the nose toward the medial
orbital rim under general anesthesia. Mobility of the
underlying fragments suggests that the bone with the
medial canthal ligament has been displaced.
Reconstruction of the nasal maxillary buttress and
possibly transnasal wiring may then be necessary (10).
Measurement of soft-tissue intercanthal distance is
difficult since ethnic, racial, and gender variations can
significantly impact its values. Nevertheless, the average
intercanthal distance at 4 years of age is approximately
25 mm, by age 12 it is 28 mm, and by adulthood
approximately 30 mm. Near-adult intercanthal distance
is achieved at a very early age and an easy mistake is
to set the intercanthal distance too wide. Intercanthal
distances 5 mm more than the average values tend to
be indicative of displaced fractures of the nasoethmoi-
dal complex with a measurement of 10 mm confirming
this diagnosis. Attempts should not be made to narrow
the distance between the eyes or project the nose of a
child excessively.

Zygomaticomalar Complex Fractures

Zygomaticomalar (ZMC) fractures are uncommon
before the age of 5 years and parallel the pneumatization
of the maxillary sinus. Surgical correction of ZMC
fractures is indicated when bony displacement is
present. Adequate exposure is essential as correction is
achieved by a process called triangulation (7). Three key
sites need to be directly visualized: (1) the frontozygo-
matic suture, (2) infraorbital rim, and (3) anterior
zygomaticomaxillary buttress. Access can be achieved
via the lateral upper eyelid incision, the lower eyelid
infraciliary or transconjuctival incision, and the tran-
soral buccal sulcus incision (7). Contrary to adults,
one-point fixation at the frontozygomatic suture may
suffice in children because of shorter lever arm forces
from the frontozygomatic suture to the infraorbital rim.

Orbital Floor Fractures

The treatment of isolated blowout fractures is symptom
dependent. If persistent enophthalmos, extraocular
muscle restriction, or pain on movement of the eye is
present, then surgical exploration is indicated. Large
fractures are also routinely explored as well as fractures
with obvious muscle entrapment as evident on CT.
Absorbable gelatin film is usually sufficient for recon-
structing small defects of the floor; however, large
disruptions are best repaired with calvarial bone grafts.

Orbital Roof Fractures

Pediatric orbital roof fractures are different than those
of adults. They occur more frequently due to the lack of
frontal sinus penumatization. Children have a craniofa-
cial ratio of 8:1 at birth, compared to 2.5:1 in adults,
and thus expose more of their cranium and skull base to
potential injuries. Most orbital roof fractures, particu-
larly those that are nondisplaced or with fragments
displaced superiorly (blowout fractures) can be safely
observed in the acute setting. Treatments should be
directed by the presence of symptoms, such as extraoc-
ular muscle entrapment, enophthalmos, exophthalmos,
diplopia, vision changes, or dystopia. Large blowin
fractures have a higher chance for late onset complica-
tions; therefore surgical thresholds should be lower.
Depending on the extent and location of the orbital roof
fracture, various approaches are available to access the
area of interest. Cooperation between neurosurgery,
ophthalmology, and head and neck surgery are essential
to optimize the care for these children.

Conclusion

Children of all ages can be afflicted by facial trauma,
often resulting in functional and cosmetic deficits. The
factor that differentiates the treatment of pediatric
facial fractures from those of adults is facial growth.
A thorough understanding of pediatric skull and facial
growth enables us to focus our search for subtle frac-
tures in the mostage-appropriate locations. Anticipation
of mandibular growth facilitates repair because most
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injuries can be treated with intermaxillary fixation.
Unerupted dentition requires careful selection of fixation
methods and cautious screw placement if rigid fixation
is ultimately required. The modern rigid plating systems
have greatly enhanced the surgeons’ ability to recon-
struct facial fractures in a three-dimensional fashion.
Depending on the site of injury, a multidisciplinary
team approach can ensure that injuries to organ systems
around the face are cared for in an optimal manner.
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Pediatric Epistaxis

Cherie L. Booth and K. Christopher McMains

Key Points

e The most common cause of epistaxis in the pediatric
population is digital trauma.

e Behavioral, environmental, congenital, hereditary,
systemic, and neoplastic conditions may contribute
to epistaxis in this population.

» History and physical examination is the mainstay of
diagnosis.

* Taking care to allay patient anxiety can improve
yield of the physical examination.

Keywords: Epistaxis ¢ Pediatric ® Nasal ¢ Vascular ©
Surgical » Genetic * Bleeding

Introduction

Epistaxis in children is a very common condition but is
rare before 2 years of age (1). It is usually a minor prob-
lem secondary to mucosal irritation and excoriation in
the anterior septal or Little’s area (Kiesselbach’s plexus)
(2). Thirty percent of all children aged 0-5 years, 56%
of those aged 6-10 years, and 64% of those aged 11-15
years, have had at least one episode of epistaxis in their
lifetime (3). However, the warning signs of a serious
underlying disease must be recognized to ensure appro-
priate management and treatment. This chapter will
review the relevant anatomy, differential diagnosis,
work-up, and treatment of important causes of epistaxis
in the pediatric population.
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Anatomy

It is important to understand the anatomy and blood
supply in the nasal cavity to properly evaluate and
manage a child with epistaxis. From a clinical per-
spective, epistaxis is usually classified as either ante-
rior or posterior, with significant differences in the
clinical presentation and prognosis of each, reflecting
the anatomy of the blood supply of the nose (4).
Anterior bleeds most commonly arise from Little’s
area on the anterior region of the nasal septum at
Kiesselbach’s plexus. Posterior bleeding usually orig-
inates from the sphenopalatine artery distribution,
which supplies the majority of the lateral wall and the
posterior septum (35).

The nasal cavity has an abundant blood supply
from terminal branches of both the internal and
external carotid arteries. In the majority of children,
spontaneous hemorrhage is almost always venous
and originates from the anterior region of the nasal
septum, where a number of arteries anastomose with
each other forming a plexus of vessels (Kiesselbach’s
plexus) under thin mucosa (Fig. 1) (1). Recently, a
detailed study of the vasculature of Little’s area
involving microdissections of the nasal septum in 24
cadaveric specimens found that the arteries of the
anterior septum form a consistent arterial anasto-
motic triangle, consisting of large, thin-walled ves-
sels supplied by the terminal branches of the
sphenopalatine (external carotid distribution) and
anterior ethmoidal (internal carotid distribution) and
the superior labial arteries (external carotid distribu-
tion) (6).

The blood supply to the lateral nasal wall below the
middle turbinate is from the sphenopalatine artery, a
distal branch of the external carotid artery (Fig. 2).

R.B. Mitchell and K.D. Pereira (eds.), Pediatric Otolaryngology for the Clinician, 97
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Fig. 1 Endoscopic view of the left anterior nasal septum. Note
the prominent vessels interdigitating in Little’s area to form

Kiesselbach’s plexus. (Picture courtesy of Dr. William

D. Clark, MD)

Disruption of this artery is responsible for most cases of
posterior epistaxis (7). The sphenopalatine artery enters
the nasal cavity through the sphenopalatine foramen. It
then divides into the nasopalatine artery and the poste-
rior superior branch of the sphenopalatine artery (§).
The nasopalatine courses postero-medially over the
face of the sphenoid to supply the nasal septum. The
posterior superior branch of the sphenopalatine sup-
plies the middle and inferior turbinates (8). The mucosa
of the lateral nasal wall above the middle turbinate is
supplied by the anterior and posterior ethmoidal arter-
ies (Fig. 3) (7).

Pathophysiology

Risk factors and causes of epistaxis can be divided into
local and systemic etiologies (8).

In only a small number of cases can epistaxis in
children be attributed to a well-defined primary cause.
In the majority of cases, bleeding arises from a normal
vessel. The terms ‘“spontaneous” or “idiopathic”
epistaxis have therefore been used to describe this
most common category of epistaxis (1).

Childhood recurrent idiopathic epistaxis is usu-
ally attributed to crusting, nasal vestibulitis, and/or

Fig. 2 Digitally subtracted CT angiogram demonstrating the
vessels supplying the sino-nasal region: (a) external carotid
artery (ECA), (b) internal carotid artery and (c) basilar artery.
(Arrows demonstrate the Internal maxillary arteries). (Image
courtesy of Christian Stallworth, MD)

digital trauma, although in many cases no direct
cause can be established (3,9). The incidence of idio-
pathic epistaxis in all ages is highest during the win-
ter months in northern climates, when upper
respiratory tract infections are more frequent and
when indoor humidity decreases to low levels at both
home and in the work place due to central and radi-
ant heater use (10). Changes from a cold outside
environment to a warm dry one may cause variation
of the normal nasal cycle, sinonasal congestion,
engorgement of the nasal mucosa, and epistaxis.
Epistaxis is also common in hot dry climates with
low humidity (1). Allergic rhinitis can predispose
patients to epistaxis because the nasal mucosa
becomes inflamed and friable (11).

By far, the most common cause of anterior epistaxis
in the pediatric population is digital trauma. Irritation
of the nasal mucosa leading to nose picking may result
from low relative humidity, especially during the win-
ter months. Lack of moisture causes drying, crusting,
and bleeding (5). Bleeding often results from Little’s
area being exposed to dry air or minor trauma. The
subsequent crusts and scabs can then cause itching,
which in turn leads children to traumatize the area
again by picking and rubbing (1).
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Fig. 3 Modified sagittal CT image demonstrating (a) internal carotid artery (ICA), (b) anterior ethmoid artery (a distal branch of
the ICA) and (c) Keisselbach’s Plexus. (Modification courtesy of Christian Stallworth, MD)

Systemic etiologies of epistaxis include coagula-
tion disorders, vascular diseases, congenital disorders,
systemic infections, and neoplasms. Coagulation
deficits or disorders include von Willebrand disease,
idiopathic thrombocytopenic purpura (ITP), thrombo-
cytopenia, hemophilia, factor deficiencies, vitamin
deficiencies (A, D, C, E, or K), leukemia, and other
acquired and congenital coagulopathies. Vascular dis-
eases in children include hereditary hemorrhagic
telangiectasia (HHT), collagen abnormalities, and
other types of vasculitis (5,8). Systemic infections
include typhoid fever, unilateral nasal diphtheria, con-
genital syphilis, pertussis, malaria, rheumatic fever,
influenza, dengue fever, measles, and varicella (5).
Majority of these infections are very rare if not nonex-
istent in the western world.

For recurrent epistaxis that is not amenable to con-
servative treatment and is associated with nasal
obstructionorsignificantlymphadenopathy, neoplasms

must be ruled out. Neoplasms that can cause epistaxis
include rhabdomyosarcoma, lymphoma, juvenile
nasopharyngeal angiofibroma, epidermoid carcino-
mas, nasal papilloma, adenocarcinoma, esthesioneu-
roblastoma, and hemangioma. Vascular malformations
such as aneurysms should also be excluded (8).

Diagnosis

Initial evaluation of a child with epistaxis involves a
“primary survey” with special attention to hemody-
namic stability and potential airway compromise. Vital
signs and laboratory studies should be reviewed (8).
Persistent tachycardia must be recognized as an early
indicator of significant blood loss requiring intrave-
nous fluid and, potentially, transfusion. Altered vital
signs can be a very late and ominous sign in children.
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Once stability is assured, a complete history can be
obtained. Important questions include the frequency of
epistaxis, anterior/posterior predominance, duration,
amount, the proportion of the child’s life that has
included nosebleeds, and whether one side predomi-
nates (12).

A thorough medical and family history is
required to determine if there is a related medical
condition or potential familial bleeding disorder.
A thorough medication history should be obtained
to identify all medicines with effects on vessels or
coagulation.

A thorough head and neck examination should fol-
low. Ideally, this would include anterior rhinoscopy and
fiberoptic examination. The child’s anxiety and poor
cooperation may limit the examination. Some children
may not even tolerate an anterior rhinoscopy with a
nasal speculum and may only allow a nasal exam with
an otoscopic speculum. To maximize the information
gathered through physical examination, any large clots
should be removed carefully by suction.

It is important to examine the remainder of the
head and neck as well as the other areas of the body.
Significant findings include a hemotympanum,
active bleeding in the posterior pharynx, and pete-
chiae. Constant dripping of blood in the posterior
pharynx may signify a posterior rather than an ante-
rior bleed. The oral cavity and the palate should also
be examined to determine if petechiae or ecchymo-
sis is present, suggesting an underlying coagulation
disorder. The skin should also be examined for evi-
dence of bruises or petechiae that may indicate an
underlyinghematologicabnormality ornonaccidental
injury (13).

Differential Diagnosis

As previously stated, the majority of childhood
epistaxis is usually a combination of digital trauma
and decreased humidity usually during the winter
months. However, there are several systemic disorders
seen in patients with recurrent epistaxis. This section
reviews the most common systemic diseases resulting
in pediatric epistaxis. Many other coagulation or hema-
tologic diseases may contribute but are beyond the
scope of this chapter.

Von Willebrand Disease

As many as 5-10% of children with recurrent nose-
bleeds may have mild, previously undiagnosed von
Willebrand’s disease (vWd) (14,15). First described in
1926, vWD has an estimated frequency of 1% and is
believed to be one of the most common inherited disor-
ders of bleeding in humans (16,17). vWD tends to pres-
ent in infancy and childhood. It primarily involves the
mucous membranes, with epistaxis being the most com-
mon symptom (18). Clinically, it is characterized by
spontaneous bleeding from mucous membranes, exces-
sive bleeding from wounds, and menorrhagia. The dis-
easeis usually autosomal dominant but several autosomal
recessive variants have been identified (19). Overall,
more than 20 variants of vWD have been described.

vWD is characterized by a triad of laboratory
abnormalities: a prolonged bleeding time, a deficiency
of factor VIII (von Willebrand factor slows breakdown
of factor VIII), and an impaired platelet adhesiveness
with a normal platelet count (16,17). Laboratory abnor-
malities tend to fluctuate throughout the course of the
disease, at times falling within the normal range.
Therefore, sequential testing is often required in order
to establish the diagnosis.

Hemophilia

Hemophilia A is considered the most common heredi-
tary bleeding disorder. It is caused by a reduction in
the amount or activity of factor VIII. This protein
serves as a cofactor for the activation of factor X in the
coagulation cascade (17). Hemophilia A is inherited as
an X-linked recessive trait, and thus it occurs in males
and in homozygous females (17). Approximately 30%
of patients diagnosed with hemophilia A have no
family history and are presumed to represent new
mutations. Hemophilia A can exhibit a wide range of
clinical severity. In all symptomatic cases, there is a
tendency toward easy bruising and massive hemorrhage
after trauma or operative procedures. On physical
examination, petechiae are not often seen (17).
Laboratory values usually demonstrate a normal
bleeding time and platelet count, with a prolonged PTT
and a normal PT. These tests point to an abnormality of
the intrinsic coagulation pathway. To accurately diagnose
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the disease, factor VIII assays are required. Treatment
includes symptomatic treatment of bleeding and the infu-
sion of factor VIII, currently derived from human plasma,
introducing the risk of bloodborne pathogen infection.

Hemophilia B is also known as Christmas disease
and is a severe factor IX deficiency. Clinically, it is
indistinguishable from hemophilia A. The laboratory
values are identical to hemophilia A except that a fac-
tor IX assay is required. In about 14% of patients with
hemophilia B, factor IX is present but is nonfunctional.
Treatment is similar to hemophilia A, but with factor
IX replacement.

Hereditary Hemorrhagic Telangiectasia
(HHT)

Hereditary hemorrhagic telangiectasia is also known
as Osler-Weber-Rendu syndrome. It is an autosomal
dominant disease with incomplete penetrance charac-
terized by dermal, mucosal, and visceral telangiectasia
as well as pulmonary, hepatic, GI, and cerebral arterio-
venous malformations (20). The incidence is 2—4 per
100,000 (8). Due to lack of smooth muscle and elastic
tissue in the vascular endothelium, dilated capillaries
and veins, present from birth, are distributed widely
over the skin and mucous membranes. The most com-
mon manifestation of HHT is recurrent epistaxis,
occurring in up to 90% of children (21). Although
widely variable, the average onset of epistaxis is about
12 years old and patients average about 18 episodes of
epistaxis per month (18). Because these patients have
recurrent, severe episodes of epistaxis, they can
undergo dozens of blood transfusions over their life-
time. Severe gastrointestinal, hepatic, pulmonary, or
cerebral arteriovenous malformations can be present
and must be investigated at the time of diagnosis and
periodically throughout their lifetime (8).

Juvenile Nasopharyngeal Angiofibroma
(JNA)

Juvenile nasopharyngeal angiofibromas (JNAs) account
for less than 0.5% of all head and neck tumors. JNAs are
extremely vascular, benign neoplasms seen almost

Fig. 4 Axial CT scan of a patient with a juvenile nasopharyn-
geal angiofibroma (JNA). Note expansion of the pterygopalatine
fossa on the left

exclusively in the nasopharynx of adolescent males.
Controversy exists as to the exact cause and site of origin
of JNAs. They are slow-growing lesions that initially
expand intranasally and to the pterygomaxillary space,
and may eventually invade the infratemporal fossa,
orbit, and middle cranial fossa (22). INAs commonly
present with a triad of unilateral nasal obstruction,
epistaxis, and nasopharyngeal mass. Facial swelling,
proptosis, cranial neuropathy, massive hemorrhage, and
headaches can also be seen at presentation (22).

Appropriate imaging studies should be performed
for evaluation. These may include CT (Fig. 4), MRI
(Fig. 5), and/or angiography. The treatment of choice
is surgical excision. Both open and endoscopic tech-
niques have been described. The surgical approach
should be based on several considerations, including
size and extent of the lesion and the surgeon’s experi-
ence. Due to the vascularity of the tumor and the
potential for extensive blood loss during surgical exci-
sion, preoperative angiography with embolization of
the external carotid system should be considered.

Glanzmann’s Thrombasthenia

Glanzmann’s thrombasthenia (GT) is a rare, autosomal
recessive hemorrhagic disorder. It is characterized by
chronic nonthrombocytopenic purpura, a prolonged
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Fig. 5 T-1 weighted, contrast-enhanced MRI scan of a patient
with a JNA. Note the lateral extension into the infratemporal
fossa

bleeding time, and deficient platelet aggregation (23).
GT is caused by deficiencies in two platelet membrane
glycoproteins, Iib and IlIa, that are involved in platelet
aggregation and clot retraction (24). Clinically, pur-
pura usually begins in infancy and bleeding in early
childhood. GT follows a characteristic pattern of recur-
rent, spontaneous mucosal and cutaneous hemorrhage
(25). The natural disease progression results in a
decrease in bleeding episodes as one approaches adult-
hood. Laboratory studies demonstrate a normal plate-
let count, prothrombin time, and partial thromboplastin
time. An increased bleeding time of more than 10 min
and markedly reduced clot retraction is seen. Platelet
aggregation studies in response to collagen, epineph-
rine, thrombin, 5-hydroxytryptamine, and ADP are
abnormal, while normal aggregation in response to
ristocetin is seen.

Work-Up

Epistaxis is the most common bleeding symptom and
may signal the presence of a coagulopathy (26). A full
hematologic evaluation is indicated with severe, recur-
rent epistaxis, family history of bleeding, and/or abnor-
mal screening laboratory evaluations (12). Laboratory
studies are not needed for a single episode of epistaxis

or for infrequent recurrences especially with a history
of nose picking or trauma to the nose. Initial screening
includes a hemoglobin and hematocrit, platelet count,
bleeding time, prothrombin time, partial thromboplastin
time, and ristocetin cofactor activity. If these studies
are abnormal, consultation with a pediatric hematologist
should be considered for further treatment and/or
management.

If the patient has nasal airway obstruction, signifi-
cant lymphadenopathy or other physical exam findings
suggestive of a neoplasm, imaging should be per-
formed. Plain radiographs of the sinuses lack sufficient
diagnostic detail. CT of the sinuses with contrast is
indicated for initial evaluation but additional imaging
including MRI and angiography may be necessary to
guide management decisions.

Treatment

Treatment of epistaxis largely depends on the cause,
severity, and location of the epistaxis. This can range
from conservative medical management to aggressive
surgical treatment. Contributing systemic disorders
should be aggressively managed while procedural
intervention is considered.

Medical management of recurrent, self-limiting
epistaxis usually includes keeping the nasal cavity
moist either with an emollient or an antibiotic oint-
ment. Other conservative measures can include increas-
ing the humidity of the ambient air with the use of a
bedside humidifier and avoiding digital trauma to the
nasal cavity and aggressive treatment of allergic
diseases.

If conservative measures and treatment of sys-
temic disease do not control epistaxis, intervention is
indicated. The surgical procedures are based on the
source of epistaxis. It is important to determine
whether the patient is suffering from anterior or pos-
terior epistaxis as this will guide you as to which ves-
sels may be involved and the appropriate surgical
approach if needed. Nasal cauterization with silver
nitrate is often sufficient for anterior epistaxis if
tolerated by the patient. If chemical cautery fails, or
is poorly tolerated, evaluation under anesthesia
(EUA) of the nasal cavity is recommended. This can
involve electrocautery and/or packing with bioresorb-
able materials. If a posterior source of bleeding is
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suspected, EUA is indicated to identify the specific
location of the bleeding with posterior packing.
Surgical approaches include a septoplasty, internal
maxillary and ethmoid artery ligations, transantral
internal maxillary artery ligation, and transnasal
endoscopic sphenopalatine artery ligation (TESPAL).
The description of the surgical procedures is beyond
the scope of this text. It should be noted that the tran-
santral internal maxillary artery ligation is contrain-
dicated in the pediatric population because of the risk
of injury to the unerupted teeth (8). Arterial embo-
lization of vessels in the external carotid distribution
can be utilized if appropriate facilities and skilled
staff are available. Posterior packing requires admis-
sion and observation in a monitored setting due to the
risk of airway compromise.

Management of HHT requires unique approaches
not normally required for other causes of epistaxis.
Commonly used therapeutic approaches for control-
ling epistaxis in HHT include cauterization, septal der-
moplasty, hormonal therapy with estrogen or
progesterone, and laser ablation (18). Septal dermo-
plasty was originally described by Saunders in 1960.
In the performance of septal dermoplasty, the fragile
mucosa of the anterior nasal chamber is removed and
replaced with a split thickness skin graft. This graft
represents a more resistant lining, and better protection
against trauma and subsequent epistaxis (16). This
procedure has traditionally been performed through a
lateral rhinotomy but recently has been described
through endoscopic techniques. Laser coagulation of
telangiectasias requires laser energy delivered in a
wavelength absorbed by the heme molecule, such as
the pulse dye or KTP laser.

Conclusion

Careful history and physical examination is the
mainstay of diagnosing the causes of epistaxis in
children. The physician must closely attend to behav-
ioral, environmental, congenital, hereditary, sys-
temic, and neoplastic conditions that may contribute
to epistaxis. Additionally, a child’s anxiety may limit
the evaluation in the office, leading to increased reli-
ance on imaging. Vital signs in children remain well
compensated until late in the progression of fluid
abnormalities and may mask pending hematologic

decompensation. Laboratory studies may be helpful
in diagnosing contributing conditions in patients
with severe or recurrent disease. Successful treat-
ment relies on accurate identification of the location
and cofactors exacerbating epistaxis.
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Nasal Obstruction in the Neonate

Stacey Leigh Smith and Kevin D. Pereira

Key Points

* Neonates are obligatory nasal breathers.

e Severe nasal obstruction presents with cyclical
cyanosis relieved by crying.

e Rhinitis is the main cause of neonatal nasal
obstruction.

e Choanal atresia, pyriform aperture stenosis, and
congenital nasal masses must be ruled out when
evaluating neonatal nasal airway obstruction.

e Birth trauma can result in septal deformities or
septal hematoma.

¢ latrogenic nasal scarring can be avoided by careful
instrumentation.

* Conservative treatment such as nasal humidifica-
tion, topical decongestants, and intraoral devices
are used for mild cases of obstruction.

e Surgical intervention is necessary for severe or
bilateral obstruction.
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Neonatal Nasal Development
and Physiology

Nasal airway obstruction is a potentially life-threatening
condition in the newborn. Due to the high position of the
larynx, a relatively large tongue, and the immaturity of
the central nervous system, neonates are obligatory
nasal breathers. Mouth breathing is not learned until at
least 6-8 weeks after birth, although some neonates
require up to 6 months. Because of this, nasal obstruc-
tion in neonates can produce severe respiratory distress
and cyanosis immediately after birth. However, when
the infant cries, the respiratory distress is relieved due to
air passage through the mouth (7). Nasal resistance is
very high in neonates when compared with the remain-
der of the airway. Due to this resistance and the rela-
tively smaller size of the nasal cavity and choanae, even
a small decrease in the dimensions of the nasal cavity
can cause significant symptoms of airway obstruction.
Normal nasal dimensions in the newborn (Table 1)
have been studied using computerized tomographic
(CT) images. Solvis et al. (2) reported the normal
diameter of the nasal air space of a full-term newborn
to be in the range of 3—10 mm. At roughly 40 mm in
depth, the neonatal nasal airway has a volume of
approximately 1.0 cm® and its narrowest portion is
about 8 mm into the nostril. The minimal cross-
sectional area at this location is approximately 0.1
cm?, while the mean posterior cross-sectional area is
0.3 cm?3-5). Using intraoperative measurement of
posterior nasal choanae in children, Sweeney et al. (6)
determined that a linear relationship exists between age
and average choanal size, with choanae enlarging at a
rate of 0.208 mm per year. A study using CT scan mea-
surements indicated that the mean choanal width was
approximately 4.85 mm + (0.04 x age in weeks) (7).
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Table 1 Normal nasal dimensions in newborn

Dimension Mm
Length 30
Anterior bony width 13
Anterior mucosal width 9
Middle mucosal width 8
Posterior bony width 14.5
Each choana 5.7

Signs and Symptoms of Nasal Airway
Obstruction

Neonates with nasal airway obstruction present with
clinical findings that depend on the extent and location
of the obstruction. Mild respiratory distress as evidenced
by noisy breathing and circumoral cyanosis while feed-
ing may represent less severe obstruction or nasal con-
gestion. Complete nasal obstruction results in a critical
respiratory response manifested by episodic apnea,
cyclical respiratory distress, and cyanosis relieved by
crying. These events can be life threatening.

Effects of Nasal Airway Obstruction

Feeding in the neonate depends on a patent airway of
adequate dimensions. If the nasal cavity is obstructed,
a neonate will often aspirate during feeding. This can
lead to both failure to thrive and, rarely, sudden death.
Nasal airway obstruction can also affect craniofa-
cial development. Using plain radiographs with
Caldwell projections, Koga et al. (8) compared the
nasal and facial width and interorbital distance of
patients with congenital bony nasal stenosis versus
normal infants. They determined that the nasal width
and facial width of patients with nasal stenosis was
significantly narrower than those of normal infants, but
the intraorbital distance was not. They also found that
nasal width is equal to or smaller than intraorbital dis-
tance in nasal stenosis patients, but nasal width is
larger than intraorbital distance in normal infants.

Diagnostic Workup

Nasal obstruction should be included in the differential
diagnosis of a child with cyclical cyanosis once cardio-
pulmonary causes have been ruled out. Anterior rhino-
scopic examination should be part of the routine

newborn examination. Historical methods of evalua-
tion for nasal obstruction include observing a cotton
wisp placed below the nostril, listening for nasal breath
sounds using a stethoscope, or looking for misting on
a mirror (9). Traditionally, failure to pass a nasogastric
tube 3—4-mm thick or a 6 French red rubber catheter
through the nose and into the nasopharynx (at least 32
mm) raises the suspicion of nasal obstruction and pos-
sible choanal atresia.

The nasal passages can be divided into three ana-
tomic regions: pyriform aperture, middle nasal cavity,
and posterior choanae. Nasal masses are best studied
using both CT and MRI. CT better delineates the bony
anatomy of the nose and skull base, whereas MRI more
accurately differentiates soft tissue and can demon-
strate intracranial extension. CT scanning can confirm
the diagnosis of nasal obstruction and can assist with
surgical planning. A HRCT scan with thin axial cuts
through the nasal cavity can demonstrate the level and
side of nasal airway obstruction as well as the nature of
the obstruction (bony or membranous). Measurements
should be performed at the level of the maximum
transverse diameter of the pyriform aperture and the
posterior choanae.

Acoustic rhinometry can produce a graphic presenta-
tion of the nasal airway geometry, describing both the
size and location of the obstruction. Acoustic rhinomet-
ric measurements were shown to be a comparable tool
to CT scan measurements in the diagnosis of congenital
choanal malformations (10). Nasal endoscopy can also
assist with establishing the diagnosis. However, it is not
a reliable measure of the degree and location of the
obstruction and can lead to mucosal damage.

Differential Diagnosis

The differential diagnosis of nasal obstruction in the
neonate is limited. The most common cause of nasal
dyspnea in the neonate is rhinitis (Table 2).

Congenital

Choanal atresia is an uncommon but well-recognized
cause of respiratory distress in the neonate, with an
incidence of 1 in 7,000-8,000 births. It is twice as com-
mon in females as in males. It results from a unilateral
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or bilateral atretic plate at the posterior aperture of the
nose. Patients with unilateral atresia may not present
until later in life; those with bilateral atresia present as
newborns with cyclic cyanosis relieved by crying.
Classic theories of the cause of choanal atresia include
persistence of the oro-nasal (nasobuccal) membrane,
failure of the oro-pharyngeal (buccopharyngeal) mem-
brane to recanalize or persistence of epithelial plugs.
The atretic plate is bounded superiorly by the sphenoid,
laterally by the pterygoids, medially by the thickened
vomer, and inferiorly by the horizontal portion of the
palatine bones (Fig. 1a,b). About 70% of choanal mal-
formations can be classified as a mixture of bony and
membranous obstruction, whereas 30% are from purely
bony obstruction. Approximately 30-40% of cases are
bilateral (11). Choanal atresia can be diagnosed if the
posterior choanal orifice measures <0.34 cm unilater-
ally. In roughly 50% of cases, choanal atresia is associ-
ated with other congenital anomalies, which require
full investigation and genetic counseling. Specifically,
choanal atresia is a manifestation of CHARGE syn-
drome (coloboma, congenital heart defects, choanal
atresia, retarded physical and neuromotor development,
genital hypoplasia, and ear anomalies).

Table 2 Differential diagnosis

Congenital Acquired

Choanal atresia

Nasal pyriform aperture stenosis
Craniofacial anomalies

Anterior skull base defects
Developmental nasal anomalies
Nasal lacrimal duct obstruction

Septal deformations
Septal hematoma
Iatrogenic nasal synechiae
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Fig.1 Choanal atresia

Congenital nasal pyriform aperture stenosis
(CNPAS) is a rare form of nasal obstruction. The pyri-
form aperture is the narrowest, most anterior bony por-
tion of the nasal airway and is bounded superiorly by
the nasal bones, laterally by the nasal process of the
maxilla, and inferiorly by the premaxilla and the ante-
rior nasal spine (Fig. 2). A decrease in its cross-sec-
tional area will significantly increase nasal airway
resistance (12). It is caused by excessive growth of the
medial nasal process of the maxilla that leads to the
narrowing of the bony part of the nasal cavity (13).
Association with single central maxillary incisor
(megaincisor) is high. It is thought that CNPAS may be
a microform of holoprosencephaly. Diagnosis can be
made by physical exam, but is confirmed when CT
scan reveals overgrowth and medial displacement of
the nasal process of the maxilla while the posterior
nasal choanae are normal caliber (13). In a term infant,
the pyriform aperture is considered to be stenotic when
either the maximum transverse diameter is less than or
equal to 3 mm or when the pyriform aperture width is
less than 8 mm (12).

Nasal stenosis is often associated with congenital
anomalies or syndromes such as mandibulofacial dys-
ostosis, craniosynostosis, holoprosencephaly, Crouzon’s
syndrome, and Apert syndrome. It is thought that nasal
stenosis might be more prominent in patients with con-
genital anomalies than in isolated cases (8).

Congenital anterior skull base defects causing nasal
obstruction are rare clinical entities, occurring in only
1 in 30,000 live births. The development of these
masses occur during the early stages of gestation if
dural projections fail to involute and begin to herniate
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Fig.2 Congenital pyriform aperture stenosis

through the foramen cecum anteriorly. These midline
defects can be divided into three major groups based
on their tissue of origin (neurogenic, ectoderm, and
endoderm). They are also classified as occipital, fron-
tonasal, or basal depending on their location (14).
Dermoids, encephaloceles, and gliomas are the most
common midline nasal masses in the neonatal popula-
tion (15).

Developmental nasal anomalies occur once in
every 20,000-40,000 births and may be derived from
ectodermal, mesodermal, or neurodermal tissue. In a
review article of a 10-year experience managing
developmental nasal anomalies, Morgan et al. (16)
describe treating nasopharyngeal cysts, hairy polyps,
meningoencephalocoeles, gliomatas, dermoids, capil-
lary hemangiomatas, fibromas, fibromyxomas, muco-
celes, granulomas, lipomas, nasal aplasias, nasal
clefts, and nasal webs. Other rare neonatal nasal
masses include chordomas and hamartomas (17,18).

Nasal lacrimal duct obstruction is an uncommon
cause of neonatal nasal airway obstruction.
Obstruction to the lacrimal system may occur distally
at the valve of Hasner or proximally at the valve of
Rosenmueller. Distal dilation may result in an intra-
nasal mucocele of the lacrimal duct, which presents
as an intranasal cystic mass close to the inferior tur-
binate. Proximal dilation can result in a dacrocysto-
cele, presenting as a cystic mass below the medial
canthal region of the eye (Fig. 3). These patients often
have epiphora, dacryocystitis, or preseptal/orbital
cellulitis (19). Up to 85% of these cases resolve by
the age of 9 months.

Fig. 3 Congenital nasolacrimal duct cysts

Acquired

Nasal septal deformations have been found in up to
18% of newborns. Children born by spontaneous vaginal
delivery have a higher likelihood of septal deviations
than those delivered by Caesarean section. Anterior
dislocation of the septum off the maxillary crest has
been associated with trauma in the birth canal, while
combined anterior and posterior septal deformities
usually occur due to transmitted intrauterine forces
during fetal skull molding. When accompanied by
mucosal edema, a septal deviation can lead to total
nasal obstruction in a neonate. In order to prevent nasal
obstruction and future systemic complications, neo-
nates found to have septal deformity should undergo
surgical repositioning, although deviations of the carti-
laginous septum often undergo spontaneous straight-
ening during the first days of life (20). Nasal septal
abscess can result from an infected hematoma of the
septum. In a short term, it can cause sagging and wid-
ening of the nasal pyramid and impair breathing. If not
treated, it can lead to septal destruction, resulting in
disturbance of the growth, form, and function of the
nose (21).

latrogenic intranasal synechia is a serious com-
plication resulting from neonatal intranasal inter-
ventions (Fig. 4). One case report describes
complete nasal obstruction due to synechia caused
by intranasal catheters used for continuous positive
airway pressure. Nasal dilators used for patients
with narrowed nasal airway can also contribute to
synechiae (22).
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Fig. 4 Tatrogenic nasal obstruction — a complication of CPAP
prongs causing pressure necrosis of the columella

Management

Management of neonatal nasal airway obstruction
should be based on the severity of symptoms (Fig. 5).
Topical treatment and nasal stenting should be per-
formed in patients with mild symptoms. Saline nasal
drops or sprays along with gentle bulb suction can
wash out crusts and mucus and facilitate mucociliary
clearance. Topical steroid drops may be used for more
severe symptoms of rhinitis. In general, ophthalmic
preparations of topical steroids in low strength used for
5-7 days provide significant relief of nasal obstruc-
tion. Antibiotic therapy covering streptococcus and
staphylococcus should be instituted if purulent secre-
tions are seen. Patients with more severe symptoms
may require immediate intubation and ventilation. For
patients with sleep apnea, repeated intubations, failure
of extubation, feeding difficulties with cyanosis, and
unresponsiveness to continuous positive airway pres-
sure, surgery should be considered. Surgical manage-
ment should also be considered when relief of nasal
obstruction could not be reached with medical treat-
ment within 10-15 days. The objectives of surgical
correction include securing a patent nasal airway,
reducing the risk of stenosis, and preventing the need
for revision.

Historically, many approaches have been used to
repair choanal atresia including transnasal, transant-
ral, transpalatal, and transseptal. Unilateral atresia
repair is generally delayed to allow development,
reducing the risk of postoperative stenosis. Bilateral

atresia requires urgent correction, but these patients
can be temporized by training the infant to mouth-
breathe through an oral appliance. Until recently, the
transpalatal technique was the method preferred by
most surgeons, as it provides good visualization and
has high success rates. This approach is associated
with increased morbidity, palatal fistulas, and risks of
cross-bite. Purely transnasal techniques often require
prolonged stenting and have higher rates of restenosis.
However, with the rigid endoscopes and powered
instrumentation, a transnasal endoscopic approach is
now considered the surgical technique of choice to
treat choanal atresia (10,23). The key points to any
surgical approach include removing and shortening
the posterior bony septum and removing both the lat-
eral pterygoid plate and the superior-lateral nasal wall.
During surgery, care must be taken to avoid damage
to the periosteum, nasal mucosa, tooth buds, nasolacri-
mal duct, and normal bony structure. Many surgeons
still use postoperative stents; however, these can create
local infections, pain, formation of granulation tissue,
nasal synechiae, and alar retraction.

Treatment of pyriform aperture stenosis is based on
severity. Mild cases can often be managed conserva-
tively with lavage, home apnea monitoring, and
indwelling oral appliances such as a McGovern nipple.
Surgical treatment of severe cases is done transnasally
or through a sublabial approach. Redundant bone and
soft tissue of the nasal process of the maxilla are
removed with a curette or burr. Nasal stents are used
postoperatively to keep the aperture patent and are
typically removed 7 days after the procedure.

Definitive management of congenital midline nasal
masses is surgical. If intracranial extension exists, neu-
rosurgeons must be involved. These masses which
originate from anterior skull base defects have tradi-
tionally been repaired with bifrontal craniotomy
approaches, but can be successfully repaired with
transnasal endoscopic techniques. Nasal obstruction,
cosmetic deformity, craniofacial development, risk of
meningitis, and intracranial complications are impor-
tant considerations in the management of these lesions
(15,18).

Treatment modalities of nasal lacrimal obstruction
and mucocele include applying a warm cloth over the
nasal vestibule, instillation of topical vasoconstrictor
nose drops, removal of the cyst with a microdebrider,
and endoscopic marsupilization of the larger intranasal
mucoceles.
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Nasal obstruction In

neonate

breathing

Mild obstruction with noisy

Moderate obstruction with
grunting, retractions and
poor feeding

Flex endoscopy, nasal saline,
topical prednisolone drops

for 7 days

Nasal suction, flex
endoscopy both before and
after decongestion

Mucopus, musocal edema,
non-specific inflammation

Severe septal deviation,
pyriform aperture stenosis,
intranasal cysts

Decongestion, cultures and
antibiotics, nasal saline
rinses, topical prednisolone
drops, observation with
cardiopulmonary monitoring

CT scan, Sleep study

McGovern nipple, CP
Monitoring for mild
hypoxemia

Surgery for moderate and
severe hypoxemia

Severe obstruction with
cyanosis

Pass 6 French catheter, Flex
nasal endoscopy, CT scan

choanal atresia, severe
choanal stenosis, intranasal
mass

Surgery

Fig.5 Diagnostic workup and treatment
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Conclusions

Because of obligatory nasal breathing, any type of
nasal obstruction can be life threatening in neonates.
A succinct differential diagnosis should be kept in
mind when evaluating neonates with nasal obstruc-
tion. A variety of medical and surgical treatments
allow for management of this problem.
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The Pediatric Allergic Nose

Thomas Sanford

Key Points

e Allergic rhinitis (AR) is one of the most common
ailments that can involve the pediatric upper airway
with a prevalence of 20-40%.

e ARis closely related to asthma and atopic dermatitis.

e Along with the airway symptoms, AR also has an
effect on the cognitive performance of a child.

* Diagnosis of AR is made by a combination of his-
tory and physical examination in combination with
allergy testing. Allergy testing is done in vivo (skin
testing) or in vitro (Rast testing).

e Treatment of AR can include allergen avoidance,
pharmacotherapy, and immunotherapy. All three of
these therapies are effective and safe.

Keywords: Allergy ¢ Rhinitis ¢ Child

Introduction

Nasal symptoms are one of the most common complaints
in the pediatric population. It is estimated that about 50%
of rhinitis is atopic in nature. AR is the most common
atopic disease and one of the most frequent chronic con-
ditions of children (1). It is interesting that these figures
apply primarily to industrialized nations and are less
prevalent in underdeveloped countries. The factors that
cause these differences are not clear, but likely involve
genetic and environmental mechanisms. One possible
explanation for the differences in these respective popu-
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lations is the “Hygiene” hypothesis. The “Hygiene”
hypothesis stems from the observation that AR and other
atopic diseases are less common in children from large
families, where they are more likely to be exposed to a
greater number of infectious agents from their siblings,
as compared to children from small families. Whether
exposure to antigenic and infectious agents early in life
is protective against AR remains controversial. Recent
studies have reported that other immunologic diseases
such as inflammatory bowel disease, multiple sclerosis,
and type ldiabetes are not less common in children from
large families or children with early antigen exposure
(2). As our understanding of the immunological pro-
cesses of AR and the physiology of the nose and upper
airway increase so will our treatment paradigms.

Pathophysiology

AR in children is inherited through multiple genes from
both parents. The genotype of the AR child leads to
inflammation of the upper airway. The principal cause
of inflammation is the result of IgE-mediated pathways.
However, it is also likely that non-IgE pathways may
play a role (3). Patients with AR are found to have an
increase in TH2 lymphocytes, cells that support and
enhance the production of IgE through release of cytok-
ines (IL-4, IL-5, IL-13) and other mediators. Increased
levels of specific IgE are then produced by repeated
exposure to antigens (dust, pollen, mold, danders, and
others). This process is termed sensitization. After a
child is sensitized, exposure to an antigen will cause
mast cell release of multiple mediators resulting in
inflammation. The allergic response is divided into two
principal time points termed early and late phases. The
early phase is triggered by binding of antigen to
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IgE-coated mast cells causing degranulation of the mast
cells. Degranulation releases preformed compounds
(histamine, tryptase, chymase, heprin, and others).
Prostaglandins and leukotrienes are also released dur-
ing the early-phase reaction. These early-phase com-
pounds can cause vessel swelling and leakage, and
irritation of sensory nerves resulting in symptoms of
AR. The late-phase reaction occurs more than 4 h after
antigen binding. The late phase is composed of cellular
migration into region of inflammation. Eosinophils,
neutrophils, basophils, macrophages, and T cells
migrate to the area and can cause regional changes.
They also produce compounds that result in systemic
symptoms such as fatigue and inability to concentrate.

Diagnosis
Clinical Course of Atopy and Rhinitis

One of the common reasons for a child to visit the phy-
sician is chronic nasal airway symptoms. The chal-
lenge for the physician is to find the underlying cause
and therapy for the child. Infectious causes are the
most common reason for acute rhinitis in children.
Between the ages of 2 and 6, the average child has six
infections per year with each lasting 7-10 days, unless
a secondary infection occurs, extending the duration to
2-3 weeks (4). Recurrent infections can mimic the
chronic process of AR. Immunologic deficiencies can
increase the frequency and length of rhinologic infec-
tions. Structural causes for rhinitis should be evaluated
which include foreign bodies, choanal atresia, nasal
polyps, nasal tumors, and septal deviation. Physiologic
causes for rhinitis in children include ciliary dyskine-
sia, reflux, and cystic fibrosis. Drugs can lead to rhinitis
in children, the most common being topical deconges-
tants. If the above causes of rhinitis are ruled out, then
the physician can consider atopy and AR as the cause
of the child’s chronic nasal symptoms.

It is useful to keep in mind the age-related manifes-
tations of AR and atopy in children. This is often
referred to as the “Allergic March.” It is rare for a child
younger than 2 years to demonstrate AR. Eczema is
usually the first manifestation of atopy beginning at
age 1, peaking by age 5, and then declining during
school age. Asthma also begins early with a peak of
incidence at age 8 years and declining during early

adolescence. AR is less common in early childhood
but increases and peaks by the teenage years (4).

History

A complete history is integral to the diagnosis of aller-
gic rhinitis. To diagnose AR, the physician should
evaluate the symptoms and comorbidities of the child.
Table 1 is a list of the frequent signs, symptoms, and
comorbidities of children with AR. A set of questions
directed at these areas should be used as a screening
device to raise suspicion for a diagnosis of AR.

Children with AR frequently have school absences
and experience disruption of sleep with associated
fatigue and impaired concentration. Their ability to
perform well in school and extracurricular activities is
also affected. These challenges can cause emotional
problems, isolation, and poor self-esteem.

Family history can also support the diagnosis of
AR. If both parents are affected by atopic disease,
there is a 50% chance that the child will have AR. The
percentage risk increases to 70% if the parent’s symp-
toms are of the same type with greater severity.

Physical Exam

The physical examination can vary but the following
symptoms are often identified. Children with AR often

Table 1 Allergic rhinitis: signs, symptoms, and comorbidities
Nasal:

Itching

Congestion
Rhinorhea
Epistaxis
Micronosmia
Itching
Conjunctival edema
Hyperemia
Chronic effusion
Chronic otitis
Cough

Throat clearing
Asthma

Atopic dermatitis
Sleep disorders
Chronic fatigue
Problems at school

Eye:

Ear:

Airway:

Skin:
Behavior:
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clear their throats and develop a habit of rubbing their
nose and eyes. Their voice is often hyponasal and
mildly hoarse. The “allergic salute” is a common find-
ing and is the result of rubbing the nose with the palm
of the hand causing a horizontal crease on the distal
one third of the nasal dorsum (Fig. 1a). AR can often
cause venous congestion of the midface resulting in
periorbital findings: swelling of the lower eyelid will
cause creases in the lid termed “Dennies lines” (Fig. 1b).
The lower eyelid can also become swollen and darkened
giving the appearance of lower lid injury termed “allergic
shiners,” as demonstrated in Fig. 1c. Children with AR
are often mouth breathers and this can lead to facial
deformities with a high arched palate and malocclu-
sion. The nasal examination will reveal large turbinates
blocking the nasal airway trapping nasal secretions.
Ear examination may show evidence of negative pres-
sure and chronic middle ear effusion. The skin should
be evaluated for atopic dermatitis especially in the
malar regions of the face and the flexor regions of the
arms and legs.

Diagnostic Tests

Total serum IgE and eosinophil count are not specific-
enough tests to be used as part of the routine work-
up. If a child with nasal symptoms has a history and
physical examination consistent with an allergic
cause, the physician has two options. Either treat the
process empirically or evaluate the child by testing
with in-vitro or in-vivo methods. Allergy testing can
identify antigens the child is sensitive to and help in
formulating a treatment plan for the child. Table 2
lists and compares the two major testing techniques
for atopy. Each technique has its own advantages and
the respective applications will vary depending on
the needs of the child. For example, a child at risk of
anaphylaxis due to a strong history of allergy would
be most safely tested by serum techniques. However,
skin testing is considered the gold standard. Skin test-
ing is done using prick or intradermal methods.
Intradermal testing is frequently applied with multiple
concentrations of antigens and can be useful when
planning desensitization therapy. Skin and serum
testing is usually done as a screen with one or two
representative antigens from the common groups of
antigens. A larger number of antigens can be tested if

i

Fig. 1 (a) Ten-year-old demonstrating allergic salute, arrow on
dorsal crease. (b) Three-year-old with Dennies lines, arrow on
lines. (¢) Six-year-old with allergic shiners, arrow on shiner

there are clinical indications or injection therapy is
being planned. It is useful to remember that positive
reactions to antigens, either strong or weak, with
either skin or serum testing do not predict how a child
will respond to therapy.
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Table 2 Comparisons of allergy testing

Skin testing Serum testing

Prick/Intradermal IgE (Rast)

Multiple needle sticks Single needle stick

Results immediate Delay

Anaphylaxis possible No anaphylaxis

Works on complex antigens  Less sensitive to complex
antigens

Not affected by skin conditions
Not affected by antihistamines

Affected by skin conditions
Affected by antihistamines

AR Therapy

Environmental Therapy

Avoidance of allergens is the first line of therapy for
children with AR. The common allergens (pollen, mold,
danders, and dust mites) are often ubiquitous and there-
fore hard to avoid. During peak seasons, pollen and
mold counts can be so high that even indoor counts can
be clinically significant. Cat dander is found in many
public places (movie theaters and airports) in concentra-
tions high enough to trigger an allergic response.

The general approach to avoidance is to establish a
safe zone within the child’s home. The safe zone is
typically the child’s bedroom. It should have minimal
cloth and carpeting to decrease antigens and minimize
the habitat for dust mites. The humidity of the room
should be kept below 50% and bed and pillow cover-
ings should be used. Dust mite antigen concentrations
have been shown to decrease with frequent washing of
bedding in water at 130°F and with the use of arachni-
cides. For mold- and pollen-sensitive children, win-
dows should be kept closed and air-conditioning used
in the summer months.

Although there are a large number of studies that show
an association between a reduction in antigen and
improvement in asthma by avoidance techniques, there is
limited data to support avoidance measures for AR. The
physician should keep this in mind when recommending
life style changes for children with AR. The modest gains
of lifestyle change such as limiting outdoor activities may
have greater negative psychosocial effects.

Pharmacotherapy

The pharmacology therapy of AR can be quite effec-
tive. There are five major categories and multiple forms

of medication, including many over-the-counter medi-
cations available. The five categories of medications
are antihistamines, intranasal steroids, leukotriene
inhibitors, decongestants, and mast cell stabilizers.
These medications can be given simultaneously and
are often found in paired mixtures. A child with refrac-
tory symptoms can often benefit from application of
multiple classes of therapy. It is useful to carefully
review with the parents what medicines have been tried
and if they were effective, as this can guide the physi-
cian during treatment modification.

Histamine is the central mediator for the inflamma-
tory pathways of AR. There are many histamine recep-
tors distributed throughout the body including the
respiratory tract, the gastrointestinal tract, and brain.
The binding of histamine to its receptor will cause vas-
cular and nerve ending changes in the lining of the
nose leading to the symptoms of AR. Antihistamines
bind to the histamine receptors and block many of the
physiological responses to histamine. Table 3 lists the
commonly used antihistamines, the FDA-approved
age limits, and doses. Antihistamines can be delivered
orally or topically.

The antihistamines can be categorized into two
forms designated as 1st and 2nd generation drugs. The
major feature distinguishing the two groups is the lipo-
philic nature of the compounds. The 1st generation
drugs are more lipophilic rendering them more likely
to cross the blood-brain barrier and result in CNS
symptoms like sedation. They have a shorter half-life
of 6-12 h and are usually used twice per day. The
selectivity of 1st generation drugs is less stringent
leading to more side effects. For these reasons, Ist
generation drugs are usually used as acute short-term
therapy such as over-the-counter medications.

The 2nd generation antihistamines are considered
first-line therapy for children with AR. Their advan-
tage comes from a longer half-life and decreased side
effects. Because the 2nd generation drugs are more
selective, they are less likely to bind to antiserotiner-
gic, anticholinergic, and alpha-adrenergic receptors.
Five 2nd generation medications are currently avail-
able in the USA. All five medications have been shown
to be effective in children as long-term therapy.
Desloratadine, Loratadine, and Fexofenadine are
nonsedating at the recommended doses. Desloratadine
and Loratadine can be sedating at higher than recom-
mended doses. Azelastine and Cetirizine have mild
risk of sedation at their recommended doses. Azelastine
is available in an intranasal and intraocular form.
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Table 3 Antihistamines

Name/generation Age: Dose Route Sedation

Chlorpheniemine/1st 2-6 years: | mgq6h Oral Yes
6-12 years: 2mgq 6 h
>12 years: adult dose

Diphenhydramine/1st 3-12 years: 5 mg/kg/day divided tid /qid Oral Yes
>12 years: adult dose

Hydroxyzine/1st <6 years: 25 mg divided tid/qid Oral Yes
6-12 years: 50 mg divided tid/qid
>12 years: adult dose

Fexofenadine/2nd 6-12 years: 30 mg bid Oral No
>12 years: adult dose

Loradtadine/2nd 2-5 years: 5 mg q daily Oral No
>5 years: adult dose

Desloratadine/2nd >12 years: adult dose Oral No

Cetirizine/2nd 6-12 months: 2.5 mg q daily Oral Some
12-24 months: 2.5 mg q bid
2-5 years: 2.5-5 mg q bid
>6 years: 5-10 mg q daily

Azelastine/2nd >3 years: 1 drop each eye bid Opthalmic Some
>12 years: adult dose

Azelastine/2nd 5-11 years: 1 puff each nostril daily Nasal Some

>12 years: adult dose

The 2nd generation antihistamines work well for most
of the symptoms of AR except for nasal congestion.
Most of the 2nd generation antihistamines are avail-
able in combination with the decongestant pseu-
doephederine to improve control of nasal congestion.
All antihistamines will work best if taken before anti-
gen exposure; however, they have also been shown to
work in an acute setting (5).

Intranasal corticosteroids are also considered a
first-line therapy for children with AR. Intranasal ste-
roids improve symptoms of AR including sneezing,
rhinorrhea, itching, and congestion. Table 4 lists the
common intranasal steroids currently available in the
USA for AR treatment. Multiple studies have com-
pared the different nasal steroids and have found them
very similar in efficacy for AR symptoms. The onset
of action for intranasal steroids is longer than that for
antihistamines since the primary molecular pathway
for their action is through intranuclear control of gene
expression. The onset of action is 8—12 h depending
on the compound and symptom measured. The opti-
mal response to intranasal steroid is at 4-7 days.
Topical steroids have been shown to be equal or supe-
rior to antihistamines with or without decongestants
for the treatment of AR in multiple studies and for
long-term use (4, 5). The most common side effects
are nasal burning, sneezing, smell and taste distur-
bance, and epistaxsis. These are usually mild and

resolve when treatment is stopped. Nasal perforation
and increase in intraocular pressure are rare.

One concern with pediatric use of intranasal steroid is
the possibility of growth delay. Controlled clinical stud-
ies have shown that use of intranasal steroids (beclom-
ethsone) can affect growth velocity (6). Other studies
with newer intranasal agents have not demonstrated an
effect on growth. Currently, the FDA has labeled intrana-
sal steroids with a warning that they may cause growth
suppression. It is recommended that if long-term intranasal
steroid is to be used one should consider use of a steroid
with lower bioavailability, and the child’s growth should
be monitored at regular intervals.

Leukotrienes are potent inflammatory agents that
when blocked decrease the symptoms of AR.
Leukotrienes are released by inflammatory cells dur-
ing allergic reactions. Increased levels of leukotrienes
have been isolated from nasal secretions in patients
with AR. Antileukotriene agents block enzymatic syn-
thesis or their receptors thereby inhibiting the inflam-
matory response. The leukotriene receptor antagonist
Montelukast has been shown to be effective and safe
for the treatment of AR in children. Like the antihista-
mines, the leukotrienes improve many symptoms
including ocular symptoms and have an additional
positive effect on nasal congestion. The leukotriene
agents have similar effectiveness to antihistamines but
are less effective than intranasal steroids (7).
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Table 4 Intranasal steroids

Steroid name Age: Dose Dose per spray Onset Bioavailability

Beclomethasone/Becanase >6 years: 168-336 ng/day bid 42 ug 3 days 17%

Budesonide/Rhinocort 6-11 years: 64—-128 pg/day 32 ug 24h 11%
>12 years: 64-256 ug/day

Mometasone/Nasonex 3—11 years: 100 pug/day 50 ug 12-24 h <0.1%
>12 years: 200 pg/day

Triamcinolone acetonide/Nasocort 6-11 years: 220 pg/day 55 ug 24 h 22%
>12 years: 220-440/day

Flunisolide/Nasarel 6-14 years: 25-200 pg/day bid 25 ug 4-7 days 20-50%
>14 years: 200-400 pg/day bid

Fluticasone propionate/Flonase >4-11 years: 100-200 pg/day bid 50 ug 12-24 h <2%
>12 years: 200-300 pg/day bid

Fluticasone furoate/Veramyst 2-11 years: 55 pg/day 27.5 ug 24 h <0.5%
12 years: 110 pg/day

Decongestants come in oral and topical forms. They
Immunotherapy

primarily act on the o-adrenergic receptors in the nasal
mucosa and vasculature. Because the decongestants are
not anti-inflammatory, they work best in combination
with other medicines such as antihistamines. The topical
form has a rapid onset of action and can be helpful in the
treatment of acute congestion. However, prolonged use
can lead to rebound nasal congestion. Oral agents can
cause CNS stimulation with resulting insomnia and
hyperactivity in as many as one third of children (8).
Mast cell stabilizers are another drug class that can
be effective in the treatment of AR. These drugs cause a
stabilization of the mast cell membrane thereby block-
ing the degranulation of the cells and the release of
inflammatory mediators. Because these drugs do not
have other anti-inflammatory properties, to be most
effective, they are best given as prophylactics 1-2 weeks
prior to antigen exposure. The topical agent cromolyn
sodium is available in an over-the-counter form and has
a very safe profile for children. Cromolyn sodium pre-
forms at a lower level when compared to antihistamine
or intranasal steroids and has a short duration of action
requiring a dosage of 4-6 times per day (6).
Omalizumab is a recombinant monoclonal anti-IgE
antibody that can be effective for both asthma and AR.
Its mechanism of action is blocking IgE interaction
with mast cells and basophils, as well as lowering of
serum IgE levels. Initial studies have shown an improve-
ment in nasal symptoms and decrease in antihistamine
use with Omalizumab (9). The FDA currently limits the
labeling of this medication for use in children with
moderate to severe asthma. Future studies are needed to
evaluate the safety and cost effectiveness of this drug.

If the child with AR does not respond or tolerate
environmental and pharmacological therapies, then
immunotherapy should be considered. Research in
animals and humans has begun to uncover the mech-
anisms by which immunotherapy (injection therapy)
works. Regular exposure to antigens by injections
causes an antigen-specific selection of T-lymphocytes
which down regulate production of IgE-producing
B-cells. Multiple studies have demonstrated the
improvement of symptoms and quality of life as well
as a decrease in medication reliance in AR patients
treated with immunotherapy (10). In addition, it has
been shown that specific immunotherapy can support
long-term prevention of asthma in children with
AR (11). The potential benefits of immunotherapy
have to be weighed against the risk of anaphylaxis
and the pain and inconvenience of weekly shots.
Immunotherapy, if successful, is usually given for
3-5 years.

There has been a growing interest in sublingual
delivery of antigen as a method for the treatment of AR.
Sublingual therapy has the benefits of being less inva-
sive with decreased risk of anaphylaxis, therefore allow-
ing for self administration. The practice of sublingual
therapy in the USA has been limited. However, a recent
European meta-analysis of 577 patients concluded that
sublingual therapy can be effective in children with AR
(12). Further studies will be required to confirm the role
of sublingual therapy as well as the dosing concentra-
tions and schedules for treatment of AR.
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Acute and Chronic Rhinosinusitis
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Key Points

¢ Rhinosinusitis is a commonly encountered condi-
tion in children. Children average six to eight upper
respiratory infections per year, of which 5-10% are
complicated by acute rhinosinusitis.

e Acute rhinosinusitis (ARS) is a bacterial infection
of the sinonasal mucosa lasting up to 4 weeks (28
days). Chronic rhinosinusitis (CRS) is a larger
spectrum of pathologies, affecting the paranasal
sinuses for more than 12 weeks.

e The most common organisms in rhinosinusitis are
Streptococcus pneumoniae, Haemophilus influenzae,
and Moraxella catarrhalis.

e Rhinosinusitis is a condition that is managed in
most cases by medical treatment. Surgical ther-
apy is required for orbital or intracranial compli-
cations of ARS or for children with CRS who
remain symptomatic despite maximal medical
treatment and optimal control of associated
comorbidities.
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Acute and Chronic Rhinosinusitis

Rhinosinusitis is a commonly encountered condition
in children. Its true incidence is difficult to measure
since upper respiratory infections (URIs) are very
common in children and are frequently misdiagnosed
as rhinosinusitis. Children average six to eight URIs
per year, of which 5-10% are complicated by acute
rhinosinusitis (7).

Additionally, respiratory allergy is very prevalent in
the pediatric population and plays an important role in
the development of rhinosinusitis. The symptoms of
respiratory allergy and rhinosinusitis are similar and at
times difficult to distinguish from each other.

The ability to diagnose rhinosinusitis and identify
and treat associated comorbidities is of great importance
for the clinician. In doing so, unnecessary antibiotics are
avoided, and rhinosinusitis is treated early enough to
prevent potentially life-threatening complications.

Definition and Classification

The most comprehensive review of the definition of
rhinosinusitis was reported by a consensus conference
convened by five national societies (2). The committee
decided to accept the term ‘“rhinosinusitis” because
“sinusitis” is almost always accompanied by concur-
rent nasal airway inflammation, and in many cases,
sinusitis is preceded by rhinitis. The adopted definition
had been previously developed by the Sinus and
Allergy Health Partnership Taskforce and defines rhi-
nosinusitis as a group of disorders characterized by
inflammation of the mucosa of the nose and the paranasal
sinuses (3).
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Rhinosinusitis is typically divided into three types:
acute, subacute, and chronic, based on the duration of
the symptoms. Two other conditions, recurrent acute
rhinosinusitis and acute exacerbations of chronic rhi-
nosinusitis, are important to consider, since their pres-
ence could mean a slightly different treatment.

Acute rhinosinusitis (ARS) is a presumed bacterial
infection of the sinonasal mucosa lasting up to 4 weeks
(28 days). It is typically believed to be induced by
viruses and does not require antibiotics during the first
10-14 days. When infection persists after 14 days,
bacteria are suspected and antibiotics are then admin-
istered (2).

In early childhood, the only significantly pneuma-
tized sinuses are the maxillary and ethmoid sinuses.
Pneumatization of the sphenoid and frontal sinuses
occurs around years 6—7, and is completed in early
adulthood. One form of ARS, acute ethmoiditis, is
much more common in the pediatric population and
has serious potential orbital and intracranial complica-
tions if not recognized at an early stage (4).

Subacute rhinosinusitis is rarely encountered, and
lasts for 4-12 weeks. It is commonly the result of a
long-lasting ARS in a child with untreated respira-
tory allergies or a previously undiagnosed chronic
rhinosinusitis.

Chronic rhinosinusitis (CRS) is a larger spectrum
of pathologies, affecting the paranasal sinuses for more
than 12 weeks. It is further divided into CRS without
polyps and CRS with polyps, depending on the preop-
erative fiberoptic exam or on the intraoperative find-
ings. In these cases, many underlying factors can
contribute to the sinus disease. Identifying and treating
these factors is thus a very important element in the
management of CRS.

Pathophysiology

The most significant factor in the pathophysiology of
rhinosinusitis is impaired drainage of the sinuses
through the ostia. A sinus ostium is a small opening
that allows the sinus cavity to communicate directly or
indirectly with the nasal airway. It allows for a natural
drainage pathway for the secreted mucous provided
the ciliary function of the epithelium and the charac-
teristics of the secretions are within normal limits.
Mucosal swelling blocks the ostium, causing pooling

of secretions in the sinus cavity and creates an optimal
environment for bacterial growth. Subsequently, inflam-
matory mediators as well as anaerobic changes within
the sinus can perpetuate the mucosal disease, leading
to chronic conditions.

URIs are the most common predisposing factor for
ARS in children. Viral-induced inflammation and
edema lead to obstruction of the ostia and stasis of
secretions. Additionally, viral infection can also impair
the ciliary function. Since symptoms of cold overlap
those of rhinosinusitis, the duration of symptoms plays
a very important role in the diagnosis of ARS. It is
agreed that if cold symptoms (secondary to a viral
infection) are not improving by 7—10 days, a sinus bac-
terial infection (ARS) should seriously be considered
(5). The bacteriology of ARS is very similar to that of
otitis media, with the most common organisms being
Streptococcus pneumoniae, Haemophilus influenzae,
and Moraxella catarrhalis.

Rhinosinusitis, like acute otitis media, is more fre-
quently encountered in children who attend day care
when compared to children in home care (6). This dif-
ference seems to be related to the higher number of
URIs per year, and is more significant for children
younger than 3 years of age (7).

The pathophysiology of CRS is more complex and
involves several predisposing factors. One of the most
important factors in the development of CRS is aller-
gic rhinitis (seasonal or perennial). More than 80% of
children with rhinosinusitis have a positive family his-
tory of allergy (8). On the other hand, the association
of asthma and CRS is well documented, and acute
exacerbations of CRS have been linked to asthma
exacerbations. Furthermore, treatment of rhinosinus-
itis significantly improves symptoms and decreases the
need for treatment of asthma attacks (9).

Adenoid hypertrophy can cause nasal obstruction
and can represent a bacterial reservoir for infections of
the sinuses and middle ear. Both factors contribute to
the development of rhinosinusitis, and adenoidectomy
has been shown to have a beneficial impact in the treat-
ment of CRS in the pediatric population.

Gastroesophageal reflux (Gastronasal reflux) has
been shown to play a causative role in rhinosinusitis.
Studies suggest that treatment of reflux improves
symptoms of CRS and reduces the need for surgery in
children (10).

Environmental factors, particularly passive cigarette
smoke exposure, may cause local irritation and
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inflammation, affecting the ciliary function and muco-
ciliary clearance. These become even more important
when other predisposing conditions such as allergic
rhinitis are present (11).

Other less common conditions can also interfere
with the normal physiology of the sinuses. Mechanical
obstruction can be encountered with anatomic abnor-
malities or variants (septal deviation, choanal atresia,
paradoxical middle turbinate) and with nasal foreign
bodies. Impaired mucous clearance is responsible for
CRS in diseases like cystic fibrosis and ciliary dyski-
nesias. Immune deficiencies such as IgA deficiency or
IgG subclass deficiency can predispose children to
more acute exacerbations of CRS and must be consid-
ered when infections recur soon after interruption of
adequate antibiotic treatments (11).

Clinical Presentation and Diagnosis

As previously mentioned, acute and chronic rhinosi-
nusitis may mimic other conditions and can easily be
misdiagnosed in the pediatric population. ARS pres-
ents as a URI lasting for more than 10 days or as wors-
ening symptoms after initial improvement. The most
common symptoms are rhinorrhea and daytime cough.
Occasionally, high-grade fever, purulent nasal dis-
charge, facial pain, or periorbital edema can be encoun-
tered. When compared to adults with ARS, children
are generally less able to communicate the presence
and severity of symptoms. Also, headache is not a
common complaint of ARS in children (12).

CRS presents with symptoms that last more than 12
weeks and include a nasal discharge and cough in
younger children and nasal congestion and headache in
older children (13). These symptoms are very similar to
and overlap with those of adenoid hypertrophy. Thus, it
is often impossible, based solely on clinical symptoms,
to distinguish between these two related conditions.

The physical examination is very important and
adds significantinformation to the history. Rhinoscopy
is the most helpful part, whether performed with an
otoscope or a flexible fiberoptic telescope. It can
visualize purulent secretions emanating from the
middle meatus, which is highly suggestive of an ARS
when symptoms are acute. When a CRS is suspected,
the nasal cavity exam is mandatory to rule out or
confirm the presence of polyps in the middle meatus.

Adenotonsillar hypertrophy should be noted on naso-
pharyngeal and oropharyngeal exams. Inner canthal
areas must be inspected in an effort to rule out an early
periorbital cellulitis that may complicate ARS. Otos-
copy should always be performed since middle ear dis-
ease is frequently encountered in children with acute
or chronic rhinosinusitis.

Microbiological and radiological exams are rarely
needed for the diagnosis of ARS, whereas computed
tomography (CT) scan is essential for the diagnosis of
CRS. Sinus aspiration for culture is not performed
routinely but is reserved for immunocompromised
children with severe presentation, complications, or
after failure of appropriate medical treatment. Plain
radiographs of the sinuses (Waters’ view) may be ade-
quate for confirming the diagnosis of ARS (14). An air
fluid level within the sinus cavity or a unilateral com-
plete opacification in a child with acute symptoms and
signs is highly suggestive of ARS. Lateral neck films
can be useful in assessing adenoid hypertrophy caus-
ing nasal obstruction. A CT scan should be performed
in ARS when orbital or intracranial complications are
suspected. Additionally, a CT scan is essential for the
diagnosis of CRS, showing opacification or mucosal
thickening in the sinuses and/or middle meatus. In the
absence of any sinus mucosal disease on CT scan, CRS
is very unlikely and other etiologies must be consid-
ered. A CT scan (coronal and axial images in bone and
soft tissue windows) is mandatory before sinus sur-
gery, to assess the extent of disease and to show the
anatomical landmarks (12). Magnetic resonance imag-
ing (MR]) is the best indicator when a neoplasm is sus-
pected, as it helps distinguish between tumor and
secretion retention within the sinus cavity. It is also
valuable for the diagnosis of intracranial complica-
tions. In CRS, however, it can over estimate minimal
mucosal disease and thus give false positive results.
Other tests are helpful to look for contributing factors
and include allergy testing, double-probe pH monitor-
ing to look for gastronasal reflux, and immunoglobulin
titers when immune deficiencies are considered.

Management

Rhinosinusitis is a condition that is managed in most
cases by medical treatment. Surgical therapy is required
for orbital or intracranial complications of ARS or for
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children with CRS who remain symptomatic despite
maximal medical treatment and optimal control of
associated comorbidities.

Antimicrobials are the cornerstone of therapy for
ARS. Many cases of acute bacterial rhinosinusitis can,
however, spontaneously resolve. Nonetheless, the evi-
dence supports the use of antibiotics to increase rates
of clinical cure in ARS in children (15). Conversely,
the use of antibiotics in viral infections results in an
increase of resistant strains among causative germs.

Numerous antibiotics are available for the treatment
of ARS (16). The appropriate choice is dictated by the
microbiology as well as the local resistance pattern of
the bacteria to different antibiotics (17). High-dose
amoxicillin (45-80 mg/kg/day) with or without clavu-
lanate and second-generation cephalosporins are usu-
ally a good empirical treatment for ARS. Macrolides
and clindamycin are available alternatives for children
allergic to beta-lactams. In the case of a moderate to
severe ARS, or when a Streptococcus Pneumoniae with
reduced susceptibility to penicillin is considered, high-
dose amoxicillin (80-90 mg/kg/day) should be used.

Other adjunctive therapies, which lack significant
evidence in the treatment of ARS, may be adminis-
tered in association with antibiotics. These include
nasal irrigation, decongestants, antihistamines, and
mucolytics. In recurrent ARS, it is also very important
to look for underlying causes and manage them effec-
tively (daycare, reflux, allergy, secondhand smoking).

Although an infectious etiology may not always be
the causative factor in CRS, the initial treatment of
CRS must also include an antibiotic regimen. The
same pathogens encountered in ARS (Streptococcus
pneumoniae, Haemophilus influenzae, and Moraxella
catarrhalis) are also the most frequent species iso-
lated in CRS. However, with CRS, there is a higher
prevalence of anaerobes and Staphylococcus aureus.
High-dose amoxicillin—clavulanate (80-90 mg/kg/
day) and second-generation cephalosporins are good
regimens to start with. In the adult population, respi-
ratory fluoroquinolones are also considered as first-
choice antibiotics for the treatment of CRS; however,
these molecules are generally not approved for use in
children.

Another important part in the management of CRS
is the long-term treatment of allergy. For this, nasal
steroids have been shown to improve symptoms and
aid in the regression of radiographic abnormalities
when given in association with antibiotics (18). A trial

of topical nasal steroids is usually recommended prior
to surgical intervention. Concerns related to potential
growth suppression in children have been dismissed
with the newer generation steroid sprays (19).

In addition to antibiotics and nasal steroids, man-
agement of risk factors is very important in CRS since
this condition is often multifactorial.

Surgical therapy is reserved for cases where maxi-
mal medical treatment has failed. It is aimed to help
restore the drainage of the sinuses. Functional endo-
scopic sinus surgery is the gold standard surgery for
CRS. However, in children, other factors must be con-
sidered. Of these, the role of the adenoids in the
pathophysiology of CRS, as mentioned earlier, makes
an adenoidectomy an important first step in the surgical
management of CRS. For children younger than 6
years with mild CT scan changes and without asthma,
adenoidectomy is considered the first-line surgical
therapy (12).

Indications for pediatric endoscopic sinus surgery
have been defined by an international consensus meet-
ing (20). The committee decided that only CRS with
frequent exacerbations that are nonresponsive to opti-
mal medical treatment should be considered for sur-
gery. This should be done after the exclusion of a
noninfectious condition or systemic disease.

Conclusion

Pediatric rhinosinusitis, whether acute or chronic, is a
challenging disease, in its diagnosis as well as in its
management. It is closely related to two other common
problems in children: upper respiratory tract infections
and respiratory allergies. Combining information from
the clinical history, nasal endoscopy, and CT scans will
help define and classify the disease. Bacterial patho-
gens encountered are comparable to otitis media, the
most common organisms being Streptococcus pneu-
moniae, Haemophilus influenzae, and Moraxella
catarrhalis. Microbiology and radiology investiga-
tions are rarely needed to diagnose ARS, but are help-
ful when complications are suspected. A CT scan is
very important for the diagnosis of CRS. Multiple risk
factors need to be considered and managed in a child
with recurrent ARS or CRS. The treatment remains
medical in most cases, with antibiotics and nasal ste-
roids being the preferred method of choice. Controlling
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the known risk factors is another very important thera-
peutic goal. Surgery is reserved for carefully selected
cases of recurrent ARS or CRS resistant to optimal
medical treatment.
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Congenital Head and Neck Masses

John P. Maddolozzo, Sandra Koterski, James W. Schroeder, Jr., and Hau Sin Wong

Key Points

A thyroglossal duct cyst is the most common con-
genital neck mass. Its evaluation and diagnosis can
be performed with ultrasonongraphy that is nonin-
vasive and cost-effective. A Sistrunk procedure is
the recommended surgical resection.

Branchial cleft anomalies result from abnormal devel-
opment of the branchial apparatus, forming sinuses,
fistulas, or cysts. Second branchial anomalies are the
most common, occurring along a tract that extends
deep to the second arch structures. The treatment for
all branchial anomalies is surgical excision.
Dermoids and teratomas are composed of one to
three germ layer components. Surgical excision is
the treatment of choice but needs to be tempered by
the relation of the tumor to critical structures.
Lymphatic malformations have varying histologic
and anatomic features that assist in predicting the
likely response of these neck masses to various treat-
ment modalities. Single cysts and macrocystic lymp-
hangiomas are most amenable to sclerotherapy,
but are also easily treated with surgical resection.
Microcystic and cavernous lymphangiomas are less
successfully treated with sclerotherapy and/or surgi-
cal resection and may need multiple resections.
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e Thymic anomalies result from thymic rest cells that
are deposited in the neck during development.
Thymic cysts are the most common thymic anoma-
lies and often mimic second branchial cleft cysts.
Surgical excision is the preferred treatment.

» Fibromatosis coli, which presents in the first few
weeks of life, results from edema and fibrosis of the
sternocleidomastoid muscle. Spontaneous resolu-
tion within the first year of life is the rule, but physi-
cal therapy should be initiated if neck rotation is
limited.

Keywords: Thyroglossal duct cyst ® Branchial anom-
alies * Lymphatic malformation ¢ Teratoma ¢ Dermoid
* Thymic cyst ¢ Fibromatosis coli

Introduction

Head and neck masses are commonly seen in children
and require a thorough evaluation (1, 2). The most
common cause of head and neck masses in children is
lymphadenopathy secondary to infections of the ear,
nose, and throat. The second most common head and
neck masses in children are congenital lesions (3, 4).
Congenital neck masses are more prevalent in children
than malignant lesions, although concern about the lat-
ter may be the main reason for consultation. Congenital
neck masses occur in the following order of frequency:
thyroglossal duct cysts, branchial anomalies, terato-
mas, vascular malformations, and lymphatic malfor-
mations. Each of these congenital anomalies has varying
histories and presentations. The evaluation and man-
agement of these congenital masses will be discussed
in further detail in this chapter. Vascular malforma-
tions will be discussed in a separate chapter.
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Thyroglossal Duct Cyst

Thyroglossal duct cysts (TDCs) are the most common
congenital lesions in the neck and are second to cervi-
cal adenopathy in the prevalence of pediatric neck
masses (3). ATDC results from an aberrant embryology
of the thyroid gland. The thyroid gland begins as an
anlage of tissue located at the foramen cecum near the
base of the tongue. At 3 weeks of gestation, the thyroid
anlage descends antero-inferiorly, or through the hyoid
bone, to eventually lie just at or below the cricoid car-
tilage. By weeks 5-8 of gestation, the thyroglossal
duct obliterates, leaving the foramen cecum at the base
of tongue proximally and the pyramidal lobe of the
thyroid gland distally. If the duct fails to obliterate, a
cysts persists and is at risk of becoming infected.

The majority of TDCs are detected in the first two
decades of life, but they can present at any age. TDCs
appear as a midline cervical mass that either lies directly
above the hyoid bone or just below it. Their location,
however, may vary; approximately one third may pres-
ent as submental or low cervical masses. Less than 1%
of TDCs do not present in the midline of the neck. On
physical examination, TDCs appear as smooth, round,
firm masses that are approximately 2 cm in diameter
(Fig. 1). They may move upward during swallowing or

Fig.1 Typical clinical appearance of a thyroglossal duct cyst

tongue protrusion as a result of their intimate relation-
ship with the hyoid. There is no sex predilection.

The diagnosis is made following a detailed history
and physical examination complimented by radiologic
studies. Ultrasonography can identify the cyst and
confirm the presence of normal thyroid tissue (5, 6). In
rare instances, a TDC can represent the patient’s only
thyroid tissue and thus removal would require the child
to be on a lifetime of hormonal supplements. Additional
evaluation with thyroid function tests and a radionu-
cleotide thyroid scan can assist in determining the
activity of ectopic thyroid tissue.

Knowledge of the thyroid gland’s embryology is
critical to the treatment of a TDC. Due to its intimate
relationship with the hyoid and base of tongue, surgical
resection requires complete excision of the cyst with a
central portion of the hyoid bone and a cuff of glossal
tissue (Fig. 2). This technique was described by Sistrunk
(7) and has resulted in lower recurrence rates as com-
pared to a simple excision of the cyst alone.

Timely surgical excision is the mainstay of treat-
ment for TDCs as they are prone to infection and ulcer-
ation. Once infected, a large incision and drainage is
not recommended due to the increased risk of recur-
rence following a later complete excision of the cyst.
Instead, antibiotic therapy with the needle aspiration to
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Fig. 2 Course of the thyroglossal duct. Thyroglossalduct cysts
can occur anywhere along this pathway
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decompress the cyst is advised. In addition, there exists
a potential for a TDC to undergo malignant degenera-
tion to form a papillary carcinoma.

Branchial Cleft Anomalies

The branchial apparatus consists of four paired arches,
each composed of ectoderm, mesoderm, and endo-
derm, which develop during weeks 3—7 of fetal life
(8, 9). Proper development generates important struc-
tures of the head and neck, further described in Table
1. Abnormal development of the branchial apparatus
results in branchial cysts, sinuses, and fistulas.

During normal development, ectoderm-lined clefts
separate the arches externally. The mesoderm of each
arch contains its own unique artery, vein, and skeletal
structures. Internally, the arch contains a pouch com-
posed of endoderm. Branchial apparatus abnormalities
are thought to arise from the vestiges of branchial clefts,
pouches, or both. Logically then a cleft sinus would
communicate with the skin, while a pouch sinus would
communicate through pharyngeal mucosa. Fistulas,
which connect gut to skin, are thought to result from
remnants of both clefts and pouches with no interposed
mesoderm plate. Cysts are considered to be entrapped
remnants of clefts or pouches and usually present as
soft, fluctuant neck masses. On examination, sinuses
and fistulae are usually evident with associated mucoid
secretions. Frequently these abnormalities present with
a complicating infection and sometimes with associated
abscess formation. It is important to evaluate for possi-
ble communication with the aerodigestive tract in such
cases. Branchial abnormalities usually present in child-
hood, but may be seen at any age. No gender predilec-
tion has been noted.

Branchial abnormalities are classified by their arch
of origin in the branchial apparatus.

First branchial anomalies are duplications of the
external auditory canal (9, 10). Work further classified
these abnormalities into Type I and Type II. Type I
deformities are strictly ectodermal in origin and are
usually postauricular. Type II lesions, which are more
common, contain ectoderm and mesoderm. They may
be located anywhere above the hyoid bone and often
have an intimate association with the facial nerve,
which makes surgical removal challenging (11).

Second branchial anomalies are the most common
and frequently present as a complete fistula. The tract
appears anterior to the sternocleidomastoid, passes
deep to the second arch structures including the exter-
nal carotid artery and posterior belly of the digastric.
It then passes superficial to third arch structures,
including the internal carotid artery and glossopha-
ryngeal nerve, before ending in the tonsillar fossa.
Second branchial sinuses follow the same course, but
usually end blindly, while cysts are isolated entities
that can be found anywhere along the anatomic path
described.

Third branchial abnormalities are rare. The tract
also starts anterior to the sternocleidomastoid, but then
passes posteriorly to the common carotid artery and its
bifurcation, as well as the glossopharyngeal nerve.
However, the tract remains superficial to the hypoglos-
sal nerve and then enters the digestive tract at the level
of the pyriform sinus.

The existence of fourth branchial anomalies has
never been conclusively proven. Only 60 cases of
fourth branchial abnormalities have been reported,
with the first description by Sanborn in 1972 (12).

The treatment for all brachial anomalies is elective
surgical excision. Abscess formation should first be
treated with incision and drainage followed by a com-
plete course of antibiotics before planning for removal.
Excision of the entire tract of the anomaly, using the
anatomy described earlier, is necessary for successful
excision to prevent recurrence.

Table 1 Designates the branchial arch and its corresponding derivative

Arch Nerve Muscle Skeletal structure Artery

1 Trigeminal (V) Muscles of mastication, mylohyoid, anterior Malleus, incus, portion of Maxillary
digastric, tensor tympani, tensor veli palatini mandible

2 Facial (VII) Muscles of facial expression, stapedius, Stapes, styloid, lesser cornu  Stapedial

stylohyoid, posterior digastric

3 Glossopharyngeal  Stylopharyngeus
ax)
4 Superior laryngeal ~ Pharyngeal constrictors, cricothyroid

and upper body of hyoid
Greater cornu and lower

body of hyoid
Laryngeal cartilages

Common/internal
carotid

Right subclavian left
aortic arch
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Teratoma and Dermoid

Teratomas are a group of tumors that contain all three
germ layers. They occur in 1:4000 births, with 1-3.5%
affecting the head and neck. The nasopharynx is the
most common site of presentation followed by the lat-
eral neck. Three theories have been proposed for the
origin of teratomas. The congenital inclusion theory
proposes that incomplete closure of embryogenic
fusion lines results in the capture of germ layers into
ectopic areas. Acquired implantation suggests that
skin or mucous membrane with its associated meso-
dermal components is traumatically implanted into
deeper tissues. The third theory proposes that totipo-
tential rest cells from two or three germ layers become
isolated and begin independent growth in a disorga-
nized manner.

Teratomas have been classified into four groups: (1)
true teratomas, (2) teratoid tumors, (3) epignathi, and
(4) dermoid cysts. True teratomas are composed of all
three germ layers with differentiation to structures
such as teeth and hair within them. Teratoid tumors
also are composed of all three germ layers but are
poorly differentiated. Epignathi are similar to true tera-
tomas but display reduplicated fetal parts such as
limbs. Finally, dermoid cysts, the most common tera-
tomas of the head and neck, are comprised of only one
to two germ cell layers.

Teratomas develop in the midline or lateral neck
during the second trimester and can rapidly expand. If
significant growth occurs before birth, it can cause
esophageal and/or airway obstruction. Commonly,
mothers present with polyhydramnios and further
evaluation is performed with prenatal ultrasonography,
CT, or MRI. If airway obstruction is suspected, a coor-
dinated multispeciality approach for the delivery of the
infant is necessary. An EXIT (ex utero intrapartum
treatment) procedure is arranged to allow for the main-
tenance of uteroplacental circulation while establish-
ing a safe airway (Fig. 3). A timely surgical excision is
then the mainstay of treatment.

A dermoid cyst is the most common teratoma in the
head and neck. Although pathologically related to
teratomas, dermoid cysts do not contain all three germ
cell layers. These cysts occur as a result of entrapment
of epithelial components along embryonic fusion lines.
Because nasal and orbital dermoids may have intracra-
nial extensions, they should routinely be evaluated
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Fig.3 A newborn with a massive teratoma in the cervicofacial
region

with a CT and/or MRI scan prior to excision. Cervical
dermoids, conversely, present as painless superficial
masses that move with the skin. They will gradually
enlargebutrarely willbecomeinfected. Ultrasonography
or CT assists in additional diagnostic evaluation.
A complete surgical excision is necessary because
incomplete resection or intraoperative rupture is asso-
ciated with an increased rate of recurrence.

Lymphatic Malformation

Lymphatic malformations are either congenital mal-
formations of lymphatic tissues that fail to connect to
the normal lymphatic system or growth of primordial
lymph channels. They commonly present in the head
and neck region, but can also occur throughout the
body. Lymphatic malformations have classically
been categorized based on the following histologic
appearance: capillary lymphangiomas, cavernous lym-
phangiomas, and cystic hygromas. These histologic
categories, however, do not correlate with clinical
behavior or therapeutic response. In an attempt to
obtain this correlation, Smith et al. (13) categorized
lymphangiomas based on their response to sclerother-
apy by dividing them into macrocystic, microcystic,
and mixed. Macrocystic lymphangiomas respond well
while microcystic lymphangiomas respond poorly
to sclerotherapy. de Serres et al. (14) categorized
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lymphangiomas based on anatomic location into
suprahyoid and infrahyoid lesions. This assists the cli-
nician in predicting the prognosis and surgical out-
come. Suprahyoid lesions have a poorer prognosis and
require multiple surgical resections while infrahyoid
lesions tend to be more responsive to single therapy.
Most clinicians currently classify lymphangiomas
based on the size of cysts and location of the lesion.

Lymphatic malformations can present at birth with
the majority appearing by age 2. There is no sex, race, or
ethnic predilection. Lymphatic malformations com-
monly present as painless, soft tissue masses that are
slow growing. On physical examination they are fluctu-
ant and can be transilluminated. They may rapidly
enlarge with upper respiratory infections and regress
with the resolution of the infection. Rarely do they spon-
taneously involute, but rather usually recur and enlarge.
Due to the large size and/or infiltrative nature of lymp-
hangiomas, they can cause an anatomic dysfunction
with associated dsyphagia or respiratory compromise as
well as a cosmetic problem. Lymphangiomas are best
evaluated with either a computerized tomography (CT)
or magnetic resonance imaging (MRI) scans that gener-
ally reveal a characteristic multiloculated cyst.

Surgical excision is the mainstay of therapy, but it
needs to be appropriately timed in young children
(15, 16). Aspiration of the malformation can serve as a

temporizing measure while waiting for definitive treat-
ment. Preservation of normal structures is encouraged
during the resection and multiple-staged procedures
may be necessary to remove infiltrative masses while
preserving vital structures (Fig. 4). More expeditious
resection may be necessary when there is recurrent
infection, obstruction of the aerodigestive tract, or sig-
nificant cosmetic deformity.

Although surgical excision is the main treatment
option, additional medical therapy is becoming avail-
able. The use of sclerotherapy to create an inflammatory
response within the lymphangiomatic cyst and cause
and involution of the cyst is currently being investigated
(17-19). The following agents are being researched:
bleomycin, ethanol (17), tetracycline, and OK-432
(18). OK-432 is a biological preparation containing
Streptococcus pyogenes Su strain cells. It is available in
the United States in a research capacity. OK-432 is cho-
sen over the other sclerosing agents because it has the
advantage of not causing perilesional fibrosis and thus
making postsclerosing surgical excision more manage-
able. Okazaki et al. (19) compared the success rate and
complications between other sclerosing agents and
OK-432. Sclerotherapy was not as effective as previous
reports suggested and also not as effective as surgical
excision. However, they were optimistic about the role
of sclerotherapy and OK-432 in treating large single

Fig.4 A child with lymphangioma of the parotid gland (pre-op view)
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cysts and macrocystic lymphagiomas (19). Thus, for
single and macrocystic lymphangiomas, surgical exci-
sion or sclerotherapy are options, while microcystic and
cavernous lymphangiomas may be better treated with
surgical excision.

Thymic Anomalies

Thymic tissue is an uncommon source of pediatric
neck masses, but it should be considered in the differ-
ential diagnosis. Thymic cysts, ectopic cervical thy-
mus, and cervical thymoma have all been described in
the neck, with thymic cysts being most common
(20, 21). During embryological development, the thy-
mus traverses the neck between weeks 6 and 8 prior to
entering the mediastinum. Thymic rests may be depos-
ited along the path from the angle of mandible to the
midline of the neck descending between the common
carotid artery and the vagus nerve.

Thymic cysts often mimic second branchial cleft
cysts or lymphatic malformations. They present as a
painless neck swelling and a male predominance has
been reported. These cysts are found more frequently
in the lower neck and within the carotid sheath. A pre-
operative CT or ultrasound examination may reveal
the cystic nature of the lesion and may alert the sur-
geon to the possibility of a thymic anomaly, but the
definitive diagnostic test is histopathological examina-
tion. Excision is the preferred treatment.

Fewer than 100 cases of ectopic cervical thymus
have been reported (8, 20). They usually present early
in life with hyperplasia of the tissue after infection or
vaccination. Often these neck masses are misdiagnosed
as lymphatic malformations, rhabdomyosarcomas, or
low-flow hemangiomas. It is important to evaluate the
child for mediastinal thymic tissue prior to excision.

Fibromatosis Coli

Fibromatosis coli, also known as pseudotumor of
infancy or sternocleidomastoid tumor of infancy,
results from edema and fibrosis of the sternocleido-
mastoid with torticolis (22). This is important in the
consideration of congenital neck masses because
infants present most commonly between birth and 3

weeks of age with a hard, mobile mass within the ster-
nocleidomastoid. The mass is usually nontender and
ultrasound imaging is diagnostic. Treatment is conser-
vative with 50-70% resolving spontaneously within
the first year of life. If neck rotation is limited, early
physical therapy should be initiated to prevent plagio-
cephaly and craniofacial asymmetry. Surgical length-
ening of the muscle is indicated for resistant cases or
for those diagnosed after the age of one.

Conclusion

Head and neck masses in children are common and can
be congenital or acquired. A thorough evaluation of
the child is essential before formulating a management
plan. Surgical treatment is the rule for congenital
masses and relies on extensive knowledge of head and
neck anatomy.
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Pediatric Stridor

David J. Brown

Key Points

* The first priority in evaluating a child with stridor is
to determine if there is respiratory compromise.

e The history is an important component when evalu-
ating stridor and can direct the clinician to the site
of lesion and help with the differential diagnosis.

e Patients with dysphagia and failure to thrive should
have a swallowing evaluation.

e Laryngomalacia is the most common cause of
stridor.

* The incidence of subglottic stenosis has decreased
over the past four decades.

e Children with airway symptoms out of proportion
to their clinical exam findings and children without
a firm diagnosis after the history, physical examina-
tion, and radiologic evaluation should undergo a
direct laryngoscopy and bronchoscopy.

Keywords: Stridor * Neonate ¢ Infant * Airway ¢ Conge-
nital * Laryngomalacia

Definition

Stridor is the abnormal sound produced by air passing
through an airway lumen of decreased caliber. The
production of stridor is related to the Venturi effect —
as air passes through a constricted lumen, the air speed
increases while the pressure decreases. This results

D.J. Brown
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of Wisconsin, Department of Otolaryngology — Head and Neck
Surgery, Medical College of Wisconsin, Milwaukee, WI, USA
e-mail: djpbrown@mcw.edu

in a vacuum, airway soft tissue fluttering and ulti-
mately, the audible sound termed stridor. Stridor may
be inspiratory, expiratory, or biphasic. Inspiratory
stridor correlates clinically with lesions of the supra-
glottis and glottis. Expiratory stridor is associated with
anomalies of the subglottis, trachea, and bronchi.
Biphasic stridor can be heard from glottic and subglottic
pathologies.

Evaluation

The history is a key component in evaluating the child
with stridor and can often direct the clinician to the
location of the lesion as well as the differential diagno-
sis. The history should begin with the child’s birth. The
clinician should inquire about the child’s birth weight,
mode of delivery (vaginal vs. caesarian section), extrac-
tion difficulties, cyanosis, respiratory distress, and the
need for endotracheal intubation. For those infants
who had endotracheal intubation, the duration of intu-
bation, size of the endotracheal tube, and number of
intubations give the clinician an idea of how much
potential trauma the airway has sustained.

Associated signs and symptoms can localize the
airway lesion. Choking with feeding suggests a supra-
glottic or glottic pathology. A weak cry or hoarseness
can point to glottic etiologies such as vocal fold paral-
ysis or laryngeal webs. Positional changes should be
noted, such as decreased stridor while prone in infants
with laryngomalacia. The clinician should ask about
actions that exacerbate the stridor such as agitation and
crying which amplify stridor in laryngomalacia. Cuta-
neous vascular malformations such as hemangiomas
or lymphatic malformations should alert the examiner
to potential airway vascular lesions.
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The past medical and surgical histories are also
useful in the evaluation. A viral prodrome with fever
suggests an infectious etiology. Neurologic condi-
tions can affect aerodigestive tract tone and coordi-
nation. Syndromic features are sometimes associated
with airway anomalies such as the midline abnor-
malities in Opitz syndrome which include a poste-
rior laryngeal cleft. Complex cardiac anomalies often
present with airway anomalies. Recurrent aspiration
pneumonias suggest an abnormal conduit between
the airway and digestive tracts as seen in vocal fold
paralysis, posterior laryngeal clefts, and tracheo-
esophageal fistulas. A history of cardiopulmonary
or intracranial surgery can result in an injury to the
vagus or recurrent laryngeal nerves. A maternal his-
tory of vaginal condylomata should raise suspicion
of airway papillomas.

Since breathing and swallowing are highly coordi-
nated events of the aerodigestive tract that can be dis-
rupted by airway lesions, a feeding history should be
obtained. Newborns and infants should gain weight
appropriately and the clinician should be concerned if
the child falls off his growth curve. Children with fail-
ure to thrive or respiratory distress with feeding should
have a swallowing evaluation. Some children with stri-
dor may need a feeding tube if their underlying aerodi-
gestive anomaly significantly affects their growth and
development.

Physical Examination

When examining a child with stridor, the first priority
is to determine if the child is in acute distress by assess-
ing for cyanosis, tachypnea, drooling, retractions
(supraclavicular, intercostal, and substernal), and
unusual breathing positions (tripod posture). Patients
in acute distress may require an airway evaluation and
intervention in a controlled setting such as the operat-
ing room. Children who are not in acute distress can be
evaluated in the clinic. The general appearance should
be observed including signs of cyanosis, respiratory
rate, and retractions. The voice quality should be
assessed for hoarseness, weakness, and aphonia.
Stridor should be characterized by its phase (inspira-
tory, expiratory, or biphasic), pitch (high or low), and

intensity level (load or soft). A barking cough should
be noted if present. Auscultation of the neck and chest
with a stethoscope is helpful for localizing the lesion
and hearing subtle airway sounds. The remaining head
and neck examination should be completed with
emphasis on cranial nerve deficits, craniofacial and
syndromic features, tracheal deviation, and neck
masses. The skin should be examined for vascular
malformations such as hemangiomas and lymphatic
malformations.

A flexible fiberoptic laryngopharyngoscopy (FFL)
should be performed if the child is not in acute
distress. FFL is useful for evaluating the upper airway
from the nose to the glottis and sometimes gives a view
of the subglottis. Patency of the choanae should be
noted as well as adenoid hypertrophy, vallecular cysts,
supraglottic collapse, vocal fold mobility, and lesions
of the larynx.

Children with respiratory compromise requiring
airway stabilization, those with symptoms that are out
of proportion to their clinical findings, and those with-
out a diagnosis after the history, physical examination,
and radiologic evaluation should undergo evaluation
by direct laryngoscopy and rigid bronchoscopy under
general anesthesia.

Radiologic Evaluation

The radiologic evaluation can support and supplement
findings found on history and physical examination.
High kilovolt anterior-posterior (AP) and lateral neck
films and chest X-rays (CXRs) can identify subglottic
narrowing, tracheal deviation, and abnormal lung
ventilation. Airway fluoroscopy can demonstrate
collapse of the supraglottis, tracheal narrowing from
tracheomalacia, and airway narrowing from vascular
compression. A barium esophagram can identify com-
pression by vascular anomalies and a tracheoesopha-
geal fistula. Computed tomography (CT) and magnetic
resonance imaging (MRI) of the brain can identify
entities associated with increased intracranial pressure
(Arnold-Chiari malformation, myelomeningocele, and
hydrocephalus) and therefore compression of the vagus
nerve. CT and MRI of the neck and chest can be help-
ful in identifying tumors and vascular anomalies.
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Differential Diagnosis
Laryngeal

Laryngomalacia is the most common cause of infan-
tile stridor and represents over 75% of the cases (1, 2).
The stridor in laryngomalacia is inspiratory and caused
by collapse of the epiglottis and arytenoid mucosa.
The quality of the stridor can be high-pitched and
musical or a low-pitched, coarse, and fluttering sound.
The stridor may be initiated or exacerbated by agita-
tion, feeding, or while lying in the supine position.

The etiology of laryngomalacia has yet to be eluci-
dated, but a common theory is that the larynx is floppy
secondary to neurologic immaturity (3). Gastroeso-
phageal reflux disease (GERD) is highly associated
with laryngomalacia and is also thought to be second-
ary to neurologic immaturity (3,4). Matthews et al.
found that of 24 infants diagnosed with laryngomala-
cia who had 24-h double-probe pH monitoring, 92%
had three episodes of pharyngeal reflux and 100% had
at least one episode (35).

The diagnosis of laryngomalacia is made by FFL. The
infant’s inspiratory stridor should correlate with collapse
of the epiglottis or arytenoid mucosa. In addition to supra-
glottic collapse, signs of GERD (laryngeal edema, ery-
thema, and pooling of gastric refluxate) should be noted.
Although well-controlled data are lacking to support the
treatment of GERD in patients with laryngomalacia, its
empiric treatment has been advocated.

High-kilovolt AP and lateral neck films are usually
obtained to evaluate for secondary airway lesions.
Secondary airway lesions can be found in over 10% of
patients, especially if there is associated cyanosis (6).
Airway fluoroscopy may show supraglottic collapse
and may also be useful in identifying secondary air-
way lesions.

Laryngomalacia is self-limited and resolves within
1-2 years in more than 90% of infants (1). Findings
that warrant further evaluation with direct laryngos-
copy, bronchoscopy, and possibly supraglottoplasty
include: stridor inconsistent with the FFL findings,
abnormal neck films, concern for a secondary lesion,
respiratory distress, cyanosis, and failure to thrive
(7, 8). During the airway endoscopy, secondary lesions
should be sought. For cases of primary laryngomala-
cia with respiratory distress or failure to thrive, a
supraglottoplasty can be performed. This procedure

The left

Fig. 1
aryepiglottic fold is being compressed and incised with a
through-cutting forcep

Supraglottoplasty using sinus instruments.

has many variations and techniques. For supraglottic
collapse, the aryepiglottic folds can be lysed. For stri-
dor secondary to redundant arytenoid mucosa, the lat-
eral arytenoid mucosa can be trimmed while sparing
the medial arytenoid mucosa to decrease the risk of
interarytenoid scarring. The supraglottoplasty can be
performed using a CO, laser, the microdebrider, or
sinus instruments (Fig. 1). In the past, a tracheostomy
was performed for severe cases of laryngomalacia, but
since the development of endoscopic supraglottoplasty
techniques, tracheostomy is rarely needed.

Vocal fold paralysis is the second most common
cause of stridor in neonates and comprises 10% of con-
genital laryngeal anomalies (9). Vocal fold paralysis
may be congenital or acquired. Congenital forms of
vocal fold paralysis can be inherited as an autosomal
dominant, autosomal recessive, or X-link-associated
trait or associated with congenital abnormalities of the
central nervous or cardiovascular systems (10). Central
nervous system anomalies such as Arnold-Chiari mal-
formations, hydrocephalus, and myelomeningocele
put pressure on the vagus nerve from increased intrac-
ranial pressure which can result in bilateral vocal fold
paralysis. Congenital cardiovascular anomalies can
put pressure on the recurrent laryngeal nerve resulting
in a unilateral vocal fold paralysis. Trauma to the
recurrent laryngeal nerve from a traumatic childbirth
delivery or from cardiothoracic surgery leads to vocal
fold paralysis that may be temporary or permanent.
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The remaining etiologies of vocal fold paralysis
include tumors of the neck and mediastinum and idio-
pathic causes.

The most common presentation of infants with
vocal fold paralysis is stridor and a weak cry. Some
children may also present with respiratory distress and
recurrent aspiration.

The diagnosis is made by FFL in an awake infant or
by direct laryngoscopy of the infant with mild sedation
but no topical anesthesia or paralytics.

The radiologic evaluation is determined by the his-
tory and clinical findings. In infants with choking dur-
ing feeding, a modified barium swallow may confirm
aspiration. A CXR can be useful to evaluate for aspira-
tion pneumonia. For infants with bilateral vocal fold
paralysis, MRI can determine if there are central ner-
vous system lesions.

Suspected tumors and cardiovascular anomalies of
the neck and chest can be evaluated by CT or MRI.

The first priority for patients with vocal fold paraly-
sis is to have a stable airway. Some infants with respi-
ratory distress will require a tracheostomy while others
require close monitoring. The second priority is to
ensure adequate nutrition without airway compromise.
Some patients may require thickened feeds, a tempo-
rary nasogastric tube, or a surgical feeding tube.

Congenital laryngeal webs occur secondary to
incomplete resorption of the laryngeal lumen epithelium
during embryologic development. Infants present with
stridor, a weak cry, hoarseness, respiratory distress, or
aphonia. Most congenital laryngeal webs are anterior
because the resorption proceeds in a dorsal to ventral
direction (Fig. 2). Laryngeal webs are associated with
cardiac and 22q11 anomalies (11). Laryngeal webs can
also be acquired secondary to vocal fold trauma from
laryngeal surgery or endotracheal intubation (Fig. 3).
The diagnosis is made by FFL or direct laryngoscopy.
Thin webs can be managed by endoscopic lysis with or
without mitomycin-C (12). Thicker webs and those who
fail endoscopic lysis are managed with open laryng-
ofissure and placement of a laryngeal keel or stent.

Laryngeal cysts are mucous retention cysts that
present with stridor, respiratory distress, cyanosis, dys-
phagia, and failure to thrive. De Santo et al. defined
two types of laryngeal cysts, saccular and ductal (13).
Saccular cysts are submucosal cysts caused by mucous
accumulation within the laryngeal saccule. They are
differentiated from laryngoceles by being fluid-filled
and by not having a communication with the laryngeal

Fig. 2 Near complete anterior glottic web

Fig.3 Posterior glottic web. The probe is retracting the right true
vocal fold laterally to demonstrate the posterior glottic web

lumen. Saccular cysts are further divided into lateral
and anterior subtypes. The lateral saccular cyst pres-
ents as a mass distorting the lateral epiglottis, aryepi-
glottic fold, false vocal fold, and ventricle. Extension
of a large lateral saccular cyst through the thyrohyoid
membrane can present as a lateral neck mass. Anterior
saccular cysts present as protrusions through the ante-
rior ventricle that overlay the true vocal fold. CT and
MRI of the neck can define the extent of the cyst.
Saccular cysts are managed surgically by endoscopic
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techniques or external approaches depending on the
cyst size and location.

Ductal cysts arise from fluid accumulation secondary
to obstructed submucosal glands. The most common type
of the ductal cyst is the vallecular cyst which can cause
significant retroflexion of the epiglottis, supraglottic air-
way obstruction, stridor, and cyanosis (Fig. 4).

Vallecular cysts can be diagnosed by FFL, direct
laryngoscopy, or a modified barium swallow study.
They are difficult to see on plain film radiographs, but
can be identified on CT or MRI. The management of
vallecular cysts is surgical. Marsupialization of the
cyst and removal of the mucosal lining can be per-
formed with a CO2 laser, cold knife, or a microdebri-
der. After removal of the vallecular cyst, most children
have resolution of their symptoms within days.

Posterior laryngeal clefts are uncommon congeni-
tal anomalies caused by incomplete formation of the
septum between the esophagus and the larynx and/or
trachea. They present with stridor, choking, aspiration,
chronic cough, and failure to thrive. The incidence of
posterior laryngeal clefts is less than 0.1% (13). As
many as one in three posterior laryngeal clefts are
associated with tracheoesophageal fistulas (14,15),
Genetics may play a role in the etiology since an auto-
somal dominant inheritance pattern has been observed
in addition to being associated with midline anomaly
syndromes such as Optiz G and Pallister-Hall syn-
dromes (16-19).

Fig.4 Vallecular cyst partially obstructing visualization of the
larynx

The Benjamin-Inglis classification system describes
four types of posterior laryngeal clefts: Type 1 clefts
are interarytenoid and lie above the level of the true
vocal folds, Type 2 clefts extend below the true vocal
folds and partially through the cricoid cartilage, Type 3
clefts extend into the extrathoracic trachea, and Type 4
clefts extend into the intrathoracic trachea (20).

The diagnosis of posterior laryngeal clefts can be
challenging, especially in the less severe, Type 1 clefts.
Chien et al. found Type 1 posterior laryngeal clefts in
1 of 13 patients presenting to their institution with
symptoms of chronic cough or aspiration over a 3-year
period (21). Therefore, a Type 1 cleft should be part of
the differential diagnosis for children with chronic
cough and aspiration. These children should be evalu-
ated for aspiration with a modified barium swallow or
a functional endoscopic evaluation of swallowing
study. Direct laryngoscopy and bronchoscopy should
be performed. Bimanual palpation and probing of
interarytenoid area confirms the diagnosis. For larger
clefts, redundant esophageal mucosa may be seen pro-
lapsing through the posterior cleft and into the laryn-
geal lumen. The bronchoscopy will indentify the distal
extent of the cleft and the presence of other airway
anomalies such as a tracheoesophageal fistula.

The management of posterior laryngeal clefts
depends on the extent of the cleft. The treatment
for Type 1 clefts is evolving. Chien et al. recommend
that Type 1 clefts have a trial of nonsurgical manage-
ment first with a proton pump inhibitor to treat GERD,
upright feedings, and thickened of feedings (21). Those
children who fail conservative treatment should have
surgical repair. Types 1 and 2 posterior laryngeal clefts
can be repaired endoscopically. Open procedures
should be performed on those with Type 3 and 4 clefts
and those who fail endoscopic management. Open sur-
gical techniques include repair through a laryngofis-
sure, a lateral pharyngotomy, and a thoracotomy (for
Type 4 clefts).

Subglottic

Subglottic stenosis (SGS) is defined as subglottic nar-
rowing of less than 4 mm in a term infant and less than
3 mm in the premature infant (Fig. 5) (22). Children
with SGS present with stridor (inspiratory or biphasic)
and may have a barking cough. The stenosis can be
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Fig. 5 Myer-Cotton Type 3 subglottic stenosis

congenital or acquired from endotracheal intubation.
Congenital subglottic stenosis is generally less severe
and easier to manage than acquired subglottic stenosis.
The incidence of SGS has been decreasing because of
improved airway management in the neonatal intensive
care unit and especially the use of appropriately sized
endotracheal tubes made of less traumatic materials. In
the 1970s, the incidence was as high as 8% of intu-
bated infants but a 2001 review by Walner et al. sug-
gests that the incidence is now less than 2% (23).

If the child is not intubated, FFL can be performed.
In isolated SGS there will be a normal supraglottic
examination. Occasionally, subglottic narrowing can
be seen below the true vocal folds. High KV airway
films may show narrowing of the subglottic airway.

The definitive evaluation of SGS is with direct lar-
yngoscopy and bronchoscopy. SGS is confirmed in a
child without a leak <30-cm H,O while using an age-
appropriate endotracheal tube. The Myer-Cotton SGS
grading system is the most common system used and
is as follows: Type 1 — less or equal to 50% stenosis,
Type 2 — 51-70% stenosis, Type 3 — 71-99% stenosis,
and Type 4 — complete stenosis (24).

The surgical management of subglottic stenosis
depends on the extent of stenosis, age of the child, and
comorbid conditions. Neonates who have subglottic
stenosis and multiple failed extubations may require a
tracheostomy. Cotton and Seid described an alternative
to tracheostomy for some neonates, the anterior cri-
coid split (25). The anterior cricoid split is indicated in
the neonate who has failed multiple extubations,
weighs more than 1,500 g, has an oxygen requirement

Fig. 6 Thyroid ala cartilage anterior graft for subglottic stenosis

of less than 35%, no heart failure, and does not require
mechanical ventilation. The procedure consists of a
vertical incision extending from the second tracheal
cartilage, through the anterior cricoid ring, and up to
the lower half of the thyroid cartilage. The airway is
then stented with an ETT for one week. To decrease
the failure rate and complications related to postopera-
tive self extubation, Forte et al. advocated using thy-
roid ala cartilage to augment and support the anterior
cricoid split airway (Fig. 6) (26). Other surgical options
for subglottic stenosis include balloon dilation, laryn-
gotracheal reconstruction, and cricotracheal recon-
struction (27, 28).

Subglottic hemangiomas are vascular tumors sec-
ondary to endothelial proliferation and present clini-
cally with biphasic stridor within the first 3-6 months
of life. One half of infants with subglottic heman-
giomas have cutaneous hemangiomas. Lateral neck
films may show asymmetric subglottic narrowing of
the airway. The diagnosis is confirmed by direct laryn-
goscopy and bronchoscopy. The subglottic heman-
gioma is often located in the posterior lateral quadrant
with the left side being more common than the right.
Circumferential subglottic hemangiomas may also be
seen. The hemangioma may appear blue or red and is
soft to palpation. After confirming the diagnosis, some
recommend MRI of the neck and chest to evaluate the
extent of the disease (29). There are many treatment
options for subglottic hemangiomas. For children with
minimal symptoms and no airway obstruction, watchful
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waiting is an option. Medical management includes
corticosteroids (systemic or intralesional), interferon,
and vincristine. Potential side effects of corticosteroids
include growth abnormalities and cushingoid changes
while interferon and vincristine have potential neuro-
toxic effects. Lasers have been used to remove heman-
giomas but there is a risk of subglottic stenosis. Open
excision with laryngotracheoplasty and cartilage graft
to augment the airway is one of the surgical approaches
used. Another management option is to perform a tra-
cheostomy to secure the airway until the hemangioma
resolves either spontaneously or with the assistance of
medical therapy.

Subglottic cysts are mucous retention cysts that
cause biphasic stridor and respiratory distress (Fig. 7).
The cysts have been characterized as congenital or
acquired. Congenital cysts are thought to cause respi-
ratory distress in the newborn period requiring urgent
ETT intubation. Acquired cysts are found in infants
with a history of ETT intubation. Prematurity increases
the risk for acquired subglottic cysts. Since the cysts
cannot be identified other than by direct laryngoscopy
in a stable infant, there is controversy as to whether the
cysts can be congenital or are always acquired from
ETT trauma. The cysts may be single or multiple and
are thought to occur from ETT mucosal trauma, which
leads to mucosal gland obstruction and mucous reten-
tion. The infant may be symptomatic with stridor
immediately after extubation or not until months later.

Fig. 7 Right subglottic cyst from prior endotracheal intubations

Subglottic cysts can be managed with laser or sharp
dissection removal. They have a high recurrence rate
(>40%) and therefore these patients should be fol-
lowed closely and may require a surveillance direct
laryngoscopy and bronchoscopy 3—-6 months after the
last excision (30).

Tracheal

Tracheomalacia is anterior-posterior collapse of the
trachea that is secondary to weak tracheal cartilage or
from external compression (Fig. 8). Children with tra-
cheomalacia present with expiratory stridor, wheezing,
and coughing. Conditions that affect the structural
integrity of the trachea such as tracheoesophageal fis-
tulae, esophageal anomalies, vascular rings and slings,
and innominate artery anomalies can cause trache-
omalacia. In addition to compressing the trachea, vas-
cular anomalies can impinge on the esophagus and
result in dysphagia. Tracheomalacia can present after
surgery on the trachea as seen after tracheoesophageal
fistulae repair or tracheostomy.

Lateral airway fluoroscopy shows dynamic collapse
of the trachea. Esophagrams will demonstrate vascular
anomalies as well as esophageal anomalies. MRI can
be useful to evaluate the extent of vascular anomalies.

Bronchoscopy under general anesthesia with spon-
taneous breathing can demonstrate the anterior-poste-
rior collapse. Flexible or rigid bronchoscopy can be

Fig. 8 Tracheomalacia with anterior-posterior collapse of the
trachea
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performed to diagnose tracheomalacia. However, the
potential for rigid bronchoscopy to stent the airway
and distort the findings leads some to prefer flexible
bronchoscopy.

Tracheomalacia related to floppy tracheal cartilage
will often resolve spontaneously in 2-3 years as the
child and the tracheal airway grow. Infants who are
symptomatic with respiratory distress may require
continuous positive airway pressure. The treatment of
tracheomalacia secondary to external compression
depends on the offending anomaly. After repairing the
compressing anomaly, treatment options include air-
way stents, cartilage grafting, aortopexy, and trach-
eostomy.

Congenital tracheal stenosis occurs when tracheal
cartilages form a complete ring instead of the usual
inverted U shape (Fig. 9). This rare congenital anomaly
is associated with pulmonary slings and other cardio-
vascular anomalies. These patients present with bipha-
sic stridor, cough, and dyspnea on exertion. High KV
neck and chest films may pick up the abnormally small
tracheal lumen. CT, 3D CT, and MRI are more useful
because they can determine the stenotic length, bron-
chial involvement, and the presence of associated vas-
cular anomalies. Bronchoscopy confirms the presence
of complete tracheal rings and their length. The airway
evaluation should be performed with minimal mucosal
trauma using small (<2 mm) rigid or flexible scopes.
The management depends on the child’s symptoms, the
length of stenosis, and the location of the stenosis.
Some children with complete tracheal rings have mini-
mal symptoms and can be managed conservatively with

A

Fig.9 Complete tracheal rings with a circular appearance

nonoperative observation. Rutter et al. estimate that 1
in 10 children with complete tracheal rings can be man-
aged without surgery (31). For symptomatic children,
tracheal resection with end-to-end anastomosis can be
done for short-segment stenosis. Long-segment steno-
sis is best managed by performing a slide tracheoplasty
(32). This procedure is often performed while the child
is on cardiopulmonary bypass, especially if there is dis-
tal tracheal stenosis or if the infant’s cardiovascular
anomalies are being repaired at the same time.

Infectious

Croup, or viral laryngotracheobronchitis, is a viral
infection which commonly affects children from 6 to
36 months of age. Croup is the most common cause of
acute upper airway obstruction in children under 6
years and has an annual incidence of 3% (33).
Parainfluenza viruses account for up to 75% of croup
cases with respiratory syncytial virus, adenovirus, and
influenza A and B viruses also contributing to the
etiology. These patients often have a viral prodrome that
is followed by a barking cough, with or without bipha-
sic stridor and hoarseness. The diagnosis is made from
the history and physical exam with classical findings
on plain X-ray films of the neck. The classic croup AP
neck film shows a subglottic steeple sign. Mild cases
of croup can be treated with close observation and
humidified air as needed. Moderate to severe cases are
treated with humidified air, corticosteroids, and race-
mic epinephrine. The use of dexamethasone has
decreased the rate of hospitalization for croup but more
severe cases continue to require hospital admission
with close observation (34). Endotracheal intubation
may be required in up to 2% of children but should be
avoided if possible because of the risk of subglottic
stenosis (35). The endotracheal tube should be removed
when the child has defervesced and there is an appro-
priate leak around the endotracheal tube. Rigid airway
endoscopy to evaluate for subglottic stenosis is reserved
for children who do not respond to aggressive medical
therapy and those with multiple episodes of croup.
Acute epiglottitis is a life-threatening upper airway
obstruction historically caused by Haemophilus influ-
enzae type B (HiB) infection of the epiglottis. Since
the widespread use of the Haemophilus influenzae type
B vaccine began in the 1980s, the incidence of this
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severe infection has fortunately decreased dramatically
(36, 37). Acute epiglottitis affects children from 3 to 6
years of age with a rapid onset of fever, stridor, and a
toxic appearance. Additionally, the clinical findings of
tachypnea, respiratory distress, drooling, and a tripod
breathing posture should be considered suspicious for
acute epiglottitis. Children who are in acute distress
should not be agitated by performing procedures such
as fiberoptic laryngoscopy or intravenous line access.
If there is respiratory distress and a high index of sus-
picion, radiologic evaluation is not necessary. If lateral
neck films are obtained, the epiglottis will be enlarged
and have a “thumb” sign. The ideal management of
epiglottitis requires a team effort with experienced
specialists from anesthesiology, otolaryngology, and
nursing in the operating room. Since this is an airway
emergency, the bronchoscopy and tracheostomy equip-
ment should be available. Muscle relaxants should be
avoided because the child’s respiratory effort is crucial
for oxygenation and ventilation through the edematous
larynx. Inhalation anesthesia will allow the child to
spontaneously breathe but may take longer than usual
since the laryngeal lumen is narrowed. Once the child
is anesthetized, direct laryngoscopy and intubation
should be performed. If there is difficulty securing the
airway with the endotracheal tube, the bronchoscope
can be used for airway visualization and ventilation. In
cases with airway instability, a tracheostomy may be
necessary. The epiglottis has a “cherry red” appear-
ance and should be cultured for appropriate antibiotic
coverage. After 2-3 days of IV antibiotics, direct lar-
yngoscopy can determine if the epiglottic edema and
erythema has resolved enough for extubation.
Bacterial tracheitis is emerging as a more common
infectious cause of pediatric respiratory failure since cor-
ticosteroids are being used more commonly to manage
croup and the HiB vaccine has decreased the incidence
of acute epiglottitis. In their series of infectious causes of
airway obstruction between 1997 and 2006, Hopkins et
al. report that bacterial tracheitis was three times more
likely to progress to severe respiratory distress than both
croup and epiglottis combined (38). Bacterial tracheitis
is most commonly caused by Staphylococcus aureus as
well as group A Streptococcus and Haemophilus influ-
enza. The child may present with a viral prodrome, a
croup-like cough, stridor, and fever. The chest X-ray may
show a steeple sign similar to that found in croup.
Bronchoscopy confirms the diagnosis with the pres-
ence of diffuse inflammation and pseudomembranes

extending from the true vocal folds to the trachea and
possibly to the mainstem bronchi. Debriding the
airway can assist with recovery and may have to be
repeated. Cultures should be obtained during the bron-
choscopy and IV antibiotics should be initiated to treat
the common bacteria associated with tracheitis.

Recurrent respiratory papillomatosis (RRP) con-
sists of benign papillomas of the airway and is caused
by human papilloma virus (HPV) subtypes 6 and 11
(Fig. 10). The incidence of RRP in US children is
about 4 per 100,000 (39). Most cases of RRP are con-
tracted when the child passes through the birth canal
but there have been reports of RRP in children born by
caesarian section. Children with RRP commonly pres-
ent with stridor and hoarseness between 2 and 5 years
of age. More aggressive forms of RRP, with high mor-
tality, have been reported in infants diagnosed at less
than 6 months of age. For example, Loyo et al. reported
a neonate born by caesarian section with aggressive
RRP (40, 41).

Because of papilloma regrowth, these patients
require multiple airway evaluations and debulkings to
give them an adequate airway and to improve voice
quality. During the airway evaluation, biopsies should
be obtained for HPV subtyping and malignancy evalu-
ation. The carbon dioxide laser was once the primary
technique for papilloma removal, but recently the
microdebrider has surpassed the carbon dioxide laser
and is used by more than half of the pediatric otolaryn-
gologists surveyed from the American Society of
Pediatric Otolaryngology (ASPO) (42).

Fig. 10 Laryngeal papillomas of the anterior true vocal folds
and anterior commisure
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Because of the aggressive nature of this disease,
the inability for complete surgical excision, and the
morbidity associated with repeated operations, adju-
vant therapies have been tried for RRP. The most
promising adjuvant therapy is the antiviral cidofovir,
a cytosine nucleotide analog. Other therapies include
photodynamic therapy, interferon, and methotrexate.
A survey of ASPO members found that more than
60% report clinical improvement with intralesional
cidofovir (42). Adjuvant therapies were initially used
for more severe cases and those with distal spread,
but cidofovir is now being used for less aggressive
disease (43).

Although benefit has been reported with intrale-
sional cidofovir, there is a concern for long-term
malignant transformation potential. Broekema and
Dikkers reviewed 31 publications to assess the toxicity
of cidofovir. They found that the malignant potential in
the cidofovir-treated group was similar to the non-
treated group (2.7% vs. 2.3%) but highlighted the need
for long-term data (44). In an effort to balance the ben-
efits and risks of cidofovir, the RRP Task Force have
the following recommendations (43):

- Cidofovir should be offered to patients with moder-
ate to severe disease who have failed other surgical
and nonsurgical therapies and still require more
than three debulkings per year.

- Mild forms of RRP with less morbidity should not
be considered for cidofovir until the long-term
sequelae are better understood.

- Informed consent should be obtained for cidofovir
injections. The parents should be counseled on the
risk of nephrotoxicity and the unknown risk of
future malignant transformation.

- Malignant transformation should be reported to the
FDA and the RRP task force.

There are presently vaccines available to prevent HPV
in young women. Time will tell how these vaccines
alter the course of pediatric RRP.

Conclusions

When evaluating children with stridor, the first priority
is to determine if there is respiratory compromise.
Obtaining a strong history is important in evaluating
pediatric stridor and can direct the subsequent work-up.

Most patients with stridor are evaluated by FFL, direct
laryngoscopy, and bronchoscopy. The management of
stridor is determined by the diagnosis and severity of
symptoms and may include watchful waiting, medical
treatment, and surgery.
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Inflammatory Disorders of the Pediatric Airway

Alessandro de Alarcon and Charles M. Myer llI

Key Points

¢ Inflammatory disorders of the pediatric airway com-
promise a distinct group of diseases that can present
with acute and chronic airway compromise.

* Acute causes of inflammation include croup, epiglot-
titis, and membranous laryngotracheobronchitis.

» Chronic causes of inflammation include GERD and
eosinophilic esophagitis.

* Diagnosis is based on clinical presentation, diag-
nostic studies, and endoscopy.

e Management is based on the specific disorder and
the degree of airway distress.

e Acute causes of inflammation are often self-limited
but can be life threatening.

e Chronic causes of inflammation can mimic some
acute causes of obstruction and resolution of symp-
toms is based on appropriate diagnosis of the disor-
der and its treatment.

Keywords: Croup ¢ Epiglottitis * Laryngotracheo-
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esophagitis
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Introduction

Inflammatory disorders of the pediatric airway
encompass an array of pathologic processes affect-
ing the laryngotracheal complex. The major ill-
nesses that cause inflammation within the airway
can present with varying degrees of airway distress
and can lead to major airway compromise, and in
some cases, if untreated, death. It is of paramount
importance that the clinician has an algorithm for
the evaluation and management of children who
present with acute airway compromise. Once the
airway has been stabilized, the most likely underly-
ing etiology should be considered and the appropri-
ate treatment initiated.

It is beyond the scope of this chapter to describe
all etiologies of pediatric airway obstruction and
these are summarized in Table 1. The differential
can be narrowed further based on the evaluation of
the child, paying particular attention to clinical signs
and symptoms (Table 2). Management of the acutely
decompensating child mandates safety first and
often involves cooperation from multiple specialists
such as emergency medicine physicians, anesthesi-
ologists, critical care physicians, pediatricians, and
otolaryngologists.

Once a child is stable, the etiology of airway
obstruction can be explored further. History and physi-
cal examination, as well as directed studies can help in
the evaluation of these children. Inflammatory pro-
cesses of the airway can be separated into those that
are acute in nature and those that are chronic. It is
important to recognize that some children with a
chronic inflammatory process can present acutely with
symptoms that may masquerade as a different disease
process.
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Table 1 Differential diagnosis of airway obstruction in children

Location Congenital Inflammatory Neoplastic Traumatic Idiopathic
Nose/ Choanal atresia/Stenosis Rhinitis Juvenile angiofibroma  Nasal fracture
Nasopharynx
Pyriform aperture stenosis  Adenoid hypertrophy Granulomatous disease Septal fracture
Encephalocele Retropharygeal abscess Malignancy Septal
hematoma
Dermoid
Glioma
Craniofacial anomaly
Oropharynx/ Glossoptosis Tonsillar hypertrophy Hemangioma
Hypopharynx
Lingual thyroid Retropharygeal abscess Lymphangioma
Dermoid Cellullitis Granulomatous disease
Vallecular cyst Malignancy
Cricopharyngeal achalasia
CNS disease (hypotonia)
Supraglottic Laryngomalacia Epiglottitis Hemangioma
Laryngocele Angioneurotic edema Lymphangioma
Cyst Abscess Papilloma
Granulomatous disease
Malignancy
Glottic Web Laryngitis Hemangioma Hematoma
Atresia Spasm Lymphangioma Fracture
Cleft Tuberculosis Papilloma Stenosis
Stenosis GERD Granulomatous disease Foreign body
Vocal cord paralysis Eosinophilic esophagitis ~ Malignancy
Subglottic Stenosis Laryngotracheobronchitis Hemangioma Chondritis
(viral)
Cyst Laryngotracheobronchitis Papilloma Stenosis
(bacterial)
Eosinophilic esophagitis ~ Malignancy Fracture
Foreign body
Tracheobronchial ~ Stenosis Tracheitis (viral) Thyroid Stenosis
Complete rings Tracheitis (bacterial) Mediastinal tumors Foreign body
Tracheomalacia Malignancy
Vascular ring
Tracheoesophageal fistula
Reduplication of the
trachea
Reduplication of the
esophagus
Goiter
Pulmonary Hiatal hernia Pneumonitis Malignancy
Diaphragmatic hernia Pneumonia
Pulmonary cyst Toxic
Cystic fibrosis
Evaluation

The evaluation of children with inflammatory processes
of the airway should begin with a complete history and
physical examination. Ancillary tests are helpful in

establishing the diagnosis as well as eliminating other
etiologies of obstruction. Airway films, flexible nasolar-

yngoscopy, and blood work have important roles when
major causes of inflammatory airway disorders are con-
sidered and will be further discussed later in the chapter.



Inflammatory Disorders of the Pediatric Airway

151

Table 2 Signs and symptoms of airway obstruction

Location Voice Airway noise Retractions  Feeding Cough
Oropharygeal Muffled Coarse/Stertor Late Drooling, jaw forward, poor None
feeding
Supraglottic Muffled Inspiratory Late Jaw forward, poor feeding None
Glottic Hoarse to Biphasic Present Normal until late and severe None
aphonic

Subglottic Normal Biphasic Present Normal until late and severe Barking
Tracheobronchial Normal Extrathoracic-biphasic ~ Late Normal until late and severe Brassy

Intrathoracic-expiratory

washing machine

Poor feeding early with
extrinsic esophageal
pressure

Acute Inflammatory Disorders

The three main entities that are most common in chil-
dren with acute airway obstruction secondary to an
inflammatory process are viral laryngotracheobronchi-
tis, membranous laryngotracheobronchitis, and epi-
glottitis (). An algorithm for the evaluation of acute
airway disorders is presented in Fig. 1.

Croup

Acute laryngotracheobronchitis (LTB), or croup, is a
viral upper respiratory infection that is most commonly
caused by parainfluenza virus types I and II. Other
upper respiratory viruses are sometimes implicated in
this process such as respiratory syncitial virus (RSV)
and influenza virus types A and B. Mycoplasma pneu-
moniae can cause LTB in the older child. The age of
presentation is typically between 6 months and 3 years
of age, with a peak incidence at age 2 (2, 3). LTB com-
monly occurs during the late fall and early winter sea-
son: transmission is by direct contact. The incubation
time is dependent on the particular virus and can range
from 2 to 6 days. However, infected children can shed
viral particles for up to 2 weeks following the acute
episode. Children that are hospitalized for LTB should
be placed in contact isolation and strict hand-washing
protocols should be used to prevent nosocomial spread
of infection, especially with RSV, which can be lethal if
spread to children with congenital heart disease, chronic
pulmonary disease, or immunodeficient patients.

The hallmarks of presentation are an upper respira-
tory infection for 1-3 days, low grade fevers, hoarse-
ness, and a barking cough. A complete white blood cell

count is often normal and is used to differentiate from
bacterial causes such as epiglottitis and membranous
laryngotracheobronchitis. The diagnosis should be sus-
pected by the history and examination. Plain films will
confirm the diagnosis by demonstrating hypopharyn-
geal overdistention as well as variable degrees of sub-
glottic narrowing which is symmetric with a wider air
column noted on expiration when compared to inspira-
tion, thickened and irregular vocal cords and normal
configuration of the epiglottis and aryepiglottic folds
(Fig. 2). Flexible laryngoscopy often demonstrates nor-
mal supraglottic structures with variable degrees of ery-
thema. The subglottis is often seen below the cords and
may be edematous and erythematous.

Management is based on the degree of respiratory
embarrassment of the child. Mild cases can be fol-
lowed as outpatients while those with more severe
obstruction, underlying medical issues, or severe dis-
tress should be placed under close observation. Medical
management includes humidified air, racemic epineph-
rine, and steroids (4). Rarely patients will need more
definitive securement of the airway, i.e., intubation.
The risk of subglottic stenosis in this setting is low
(less than 3%); however, every precaution should be
taken to prevent potential injury (for example, using
appropriate-sized endotracheal tubes, shorter intuba-
tion times, and nasotracheal intubation). Rigid micro-
laryngoscopy and bronchoscopy should be reserved
for those that fail medical management or extubation
(to identify a cause of failure).

Children who present with recurrent croup should
be evaluated for other pathology at a time when the
airway is not acutely inflamed. Subglottic stenosis,
gastroesophageal reflux disease (GERD), and eosino-
philic esophagitis should be considered in the differen-
tial of these children.
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Fig. 1 Management algorithm for acute inflammatory airway disorders

Membranous Laryngotracheobronchitis

Membranous laryngotracheobronchitis (MLTB) is a
condition which can overlap with LTB but with poten-
tially more severe consequences. The illness has been
called membranous croup as well as bacterial trache-
itis. The age range affected is much broader than in

LTB and tends to be an older population with an aver-
age age of 5 years but includes those in their teens
(5-7). The disease is believed to be secondary to a bac-
terial superinfection of an existing viral upper respira-
tory infection. The most commonly implicated
organisms are Staphylococcus aureus and Haemophilus
influenza, although other pathogens such as Moraxella
catarrhalis, Streptococcus pneumoniae and, in rare
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Fig. 2 Viral laryngotracheobronchitis. Frontal view X-ray.
Arrow indicates classic “steeple” sign

cases, Pseudomonas aeruginosa have been identified
in MLTB (8,9).

The presentation again can be variable and can
overlap with LTB. However, there are some distinct
clinical characteristics that can differentiate a child
with MLTB. These children usually appear more
toxic than those with LTB. Additional indicators of
severe MLTB are hoarseness (bordering on aphonia).
Children often will not vocalize because of pain and
the physical presence of membranes. Tenderness in the
laryngotracheal complex which is out of portion to
what would be expected can be a subtle clue. In the
stable child, airway films and flexible nasolaryngos-
copy may confirm a suspected diagnosis. Airway films
often show shaggy exudates on the tracheal wall while
endoscopy will demonstrate the thick purulent secre-
tions in the airway (Fig. 3a,b).

MLTB requires operative management with micro-
laryngoscopy, rigid bronchoscopy, and removal of the

offending membranes (6, 7). Blood cultures and cul-
tures of the membranes themselves should be per-
formed. Endotracheal intubation may be needed after
removing the membranes and this should be a deci-
sion made by the clinician based on the severity of
the illness. Postdebridement management is essential
in these patients. Intubated children will need fre-
quent scheduled suctioning to prevent plugging.
Humidification is important as secretions often per-
sist for 3—5 days and it prevents the secondary accu-
mulation of thickened membranes and crusts. Broad
spectrum antibiotics should be used initially with
more focused coverage when culture results return.
There is no standard length of administration of anti-
biotics or observation in the hospital. However, con-
servative treatment should be employed to prevent
potentially life-threatening events or recurrence.

Epiglottitis

The incidence of epiglottitis as an illness has all but
disappeared since the implementation of the H. influ-
enza B vaccine. Nontypable H. influenza has become
a rare cause of epiglottitis (10-12). In those who
forego immunization or who come from other coun-
tries, one may see more cases of epiglottitis. The
potential severity of this condition mandates that the
clinician recognizes this entity, its hallmarks, and the
treatment (13).

In children with epiglottitis, there is a lack of a
characteristic prodrome of a viral upper respiratory
infection like that seen in LTB and MLTB. A common
complaint is a rapidly progressive sore throat. As the
infection progresses, the child becomes more toxic,
lethargic, and with increasing symptoms of airway
obstruction. These symptoms often begin 4-8 h after
the initial sore throat. Tachypnea is common and the
child will often sit in the “tripod” position, assuming
an upright position with the neck extended and the
arms providing support to maximize the size of the
supraglottic airway. As the supraglottic edema pro-
gresses and tissues prolapse into the airway, the
obstruction and stridor worsen. The voice will become
muffled and drooling ensues. Lateral airway films will
demonstrate the characteristic thumb sign of a thick-
ened epiglottis (Fig. 4).
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Fig. 3 (a) Membranous laryngotracheobronchitis. Lateral view X-ray. Arrow indicates the shaggy exudate on the anterior tracheal
wall. (b) Membranous laryngotracheobronchitis. Endoscopic view of membranes occluding the subglottic lumen

If epiglottitis is suspected, the child should be under
constant observation and placed in a setting where
intubation can be performed readily and safely.
Evaluation should be performed with the child breath-
ing spontaneously. Endoscopic evaluation will reveal
erythema and edema of the supraglottic structures
(Fig. 5). Following diagnosis, nasotracheal intubation
should be performed. If this is not successful, a venti-
lating bronchoscope should be used to secure the air-
way. Should this also fail, tracheotomy should be
performed. Extubation is usually possible after 48 h
and is guided by the ability to see the normal supra-
glottic structures with resolution of inflammation.
Aerobic and anaerobic cultures should be taken to help
direct appropriate antibiotic therapy and broad spec-
trum antibiotics should be used with a spectrum includ-
ing H. influenza until culture results return.

Chronic Inflammatory Disorders

Children who have chronic inflammation of the laryn-
gotracheal complex can mimic other acute airway dis-
ease processes. These disorders often can be distinguished
based on the chronicity of the symptoms or, more
commonly, the recurrence of symptoms (Fig. 6). Children
with recurring symptoms should be evaluated for other
pathology such as an underlying mild subglottic steno-
sis (14,15).

Evaluation

Children with chronic airway inflammation are evalu-
ated in a similar manner to those with acute inflam-
mation. In these children, there may not be hallmark
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Fig.4 Epiglottitis. Lateral view X-ray. Arrow indicates swollen
epiglottis

Fig. 5 Epiglottitis. Endoscopic view demonstrating inflamed
and edematous epiglottis

signs or symptoms that will help identify the specific
disorder. There are often clues from the history, phys-
ical exam, and lastly from the diagnostics preformed.

Like children with acute symptoms, airway films are
obtained as part of the evaluation. They are often nor-
mal or with very little pathology that might explain
the disease.

In these children, endoscopic evaluation in the
operating room is often the modality that provides
the key information that identifies the underlying
etiology. Unlike those with an acute presentation, it
is often best to bring these children for evaluation
when they are less symptomatic or clinically well.
Microlaryngoscopy, rigid bronchoscopy, and
esophagoscopy are performed to evaluate for con-
genital, inflammatory, neoplastic, or traumatic dis-
orders. Adjuncts that can help identify a potential
etiology are flexible bronchoscopy and placement of
an impedance probe or dual pH probe. These proce-
dures often are performed in conjunction with pul-
monologists and gastroenterologists. Once these
evaluations are completed, a team approach can be
useful in developing a treatment strategy. Two of the
more common etiologies that can cause chronic
inflammation of the airway are GERD and eosino-
philic esophagitis (EE) (16-21).

Reflux-Associated Laryngitis

Reflux has been implicated as a frequently unrecog-
nized cause of airway symptoms and pathology.
Diagnosis is often difficult because the signs and
symptoms can be subtle and nonspecific. Laryngeal
findings such as arytenoid edema, erythema, pachy-
dermia, and pseudosulcus vocalis all have been impli-
cated as indicators of reflux. Impedance probe results,
BAL washings showing lipid-laden macrophages, and
esophageal biopsies showing chronic reflux esophagi-
tis can help make the diagnosis.

Many of these children can be treated empirically
with proton pump inhibitors and H, blockers in an
effort to eliminate reflux as a possible etiology.
Behavioral modification to decrease the symptoms
associated with reflux include: completing the last
meal two hours prior to bedtime, limiting caffeine
intake, and modifying the diet to foods that do not
stimulate acid secretion. The vast majority will see
improvement with resolution of symptoms. If medical
management fails, surgical management such as a
Nissen fundoplication can be pursued (21).
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Fig. 6 Management algorithm for chronic inflammatory airway disorders

Eosinophilic Esophagitis

Eosinophilic esophagitis (EE) is an inflammatory dis-
ease with a predominately eosinophilic infiltrate within
the esophagus that is unresponsive to acid suppression
therapy. Although many of the symptoms of disease
are associated with the esophagus, including dys-
phagia, choking and vomiting, and food impaction,
airway symptoms are not uncommon and can be the
initial presentation and the predominant problem (19).
Children will often have a history of allergy, in particu-
lar to foods, which may give a clue to the diagnosis.
Diagnosis is made by esophagoscopy and biopsy.
Biopsies will show an eosinophilic infiltrate typically
numbering greater than 24 eosinophils per high-pow-
ered field. The esophagus can appear normal on endos-
copy. However, there are some characteristic findings

that are indicative of EE, including white plaques and
furrowing of the esophagus in mild cases and tracheal-
ization of the esophagus in severe cases (Fig. 7).

Laryngeal findings can be variable. Erythema and
edema mimicking reflux are common. However, there
are, again, some characteristic findings in patients with
recurrent croup that are common with EE. Vocal nod-
ules and blunting of the false vocal fold/anterior com-
misure region are common. There may be an associated
mild grade I or grade II subglottic stenosis (16).

Management involves treatment of the underlying
disorders. Topically applied steroids are a mainstay of
treatment, utilizing a “bad” inhaler technique with
swallowing of the inhaled medication form of steroid
inhalers. Diet modification and allergy testing also
play a role (22). These patients will need follow-up
esophagoscopy to monitor disease and should be
referred to a specialist who treats EE.
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Fig. 7 Eosinophilic esophagitis. Endoscopic view during EGD
with classic trachealization of the esophagus

Conclusion

Inflammatory disorders of the airway encompass
diseases which can affect the airway in the acute and
the chronic setting. Management of the airway is of
paramount importance to the safety of the patient in
the acute setting. A solid understanding of the more
common acute etiologies and their hallmark signs and
symptoms will ensure proper diagnosis and manage-
ment. Chronic inflammatory processes can mimic
some acute inflammatory diseases. Gastroesophageal
reflux disease and eosinophilic esophagitis should
always be kept in mind in this setting as they are treat-
able causes of airway inflammation.
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Tracheostomy in Children

Emily F.Rudnick and Ron B. Mitchell

Key Points

e Children needing a tracheostomy are more likely to
be less than one year of age.

e Tracheostomy is indicated in children for one of
three reasons:

e Prolonged ventilator dependence (usually due to
lung disease of prematurity)

e Upper airway obstruction (including congenital,
acquired, and craniofacial etiologies)

* Increased need for pulmonary toilet (underlying
neurological disease)

e Management of a tracheostomy in a child requires
an interdisciplinary team of medical professionals
who can assist with postoperative care, education,
and therapy for the child and his or her family.

e Tracheostomy-related deaths have decreased in
incidence, but still occur in up to 4% of children
most commonly due to mucous plugging or acci-
dental decannulation.

* Long-term complications of tracheostomy include
tracheostomal granulation and persistent tracheocu-
taneous fistula after decannulation.
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Introduction

Tracheotomy is a complex procedure that has been
performed on children since the seventeenth century.
Historically, tracheotomy was performed to quickly
relieve upper airway obstruction due to infectious pro-
cesses such as diphtheria, epiglottitis, or croup. With
the advent of improved neonatal care in recent decades,
tracheostomy is now most commonly indicated in pre-
mature infants who require prolonged ventilatory sup-
port or because of failure of extubation secondary to
congenital or acquired airway abnormalities. Another
evolving indication for tracheotomy is control of pul-
monary toilet in neurologically impaired children.
Compared to in adults, tracheostomy in children is
associated with significantly greater morbidity and
mortality. However, complications have decreased sig-
nificantly in recent years. In addition to complications
related to the surgical procedure itself, children who
undergo tracheostomy may experience prolonged dif-
ficulties with deglutition, speech, and general develop-
ment. Therefore, the decision to perform tracheostomy
should involve an interdisciplinary team of medical
professionals who can assist with postoperative care,
education, and therapy for the child and his or her
family.

Definitions

Tracheotomy: Greek, meaning “to cut the trachea.”
Tracheotomy refers to the surgical procedure itself.

Tracheostomy: Greek, meaning “to furnish the tra-
chea with an opening.” Tracheostomy refers to the
physical hole in the trachea (or the tube placed
through it).
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Demographics

The majority of tracheotomies are performed in chil-
dren less than one year of age (1). The incidence of
tracheostomy among infants admitted to a NICU is
0.5-3% and declining in comparison to number of hos-
pital admissions per year. Less than 30% of neonates
who require prolonged mechanical ventilation will
undergo tracheostomy.

Indications

Prolonged ventilatory support is the most common
modern indication for tracheostomy in the pediatric
population. Significant advances in neonatal care have
dramatically increased survival rates of premature
infants. Infants are now born younger and sustained for
longer periods even with severe bronchopulmonary
dysplasia and other comorbidities of prematurity. An
important component of these advances is management
of the airway in premature infants. The development of
the polyvinyl chloride endotracheal tube has reduced
intubation trauma and has made prolonged intubation
the standard of care for premature infants requiring
ventilatory support. These patients may be intubated
for several months before tracheostomy is considered.
The trend, however, is toward fewer days of intubation
and ventilation with early extubation. Tracheostomy is
usually recommended when safe extubation is not pos-
sible because of multiple failed attempts complicated
by chronic lung disease or upper airway obstruction.
Upper airway obstruction is another common indi-
cation for tracheostomy in children. The main causes
of upper airway obstruction in children that require
tracheostomy for airway maintenance are:

* Subglottic stenosis: Subglottic stenosis is most often
a result of prolonged endotracheal tube intubation.
The endotracheal tube may cause ischemia and pres-
sure necrosis of the tracheal mucosa and cartilages
that results in circumferential stenosis at the level of
the cricoid ring. A tracheostomy is often the first line
of therapy allowing the child time to wean from the
ventilator, leave the ICU, and later be considered for
airway expansion surgery and decannulation.

* Tracheomalacia: Tracheomalacia is characterized by
a collapse of the posterior membranous wall of the
trachea during expiration which may cause signifi-

cant or complete obstruction of the tracheal lumen.
In tracheomalacia, the ratio of cartilaginous to mem-
branous posterior wall is significantly smaller than in
the normal trachea. While this condition in an other-
wise healthy baby may resolve in 18-24 months,
children with severe tracheomalacia may require
mechanical positive pressure ventilation through a
tracheostomy tube to sustain them. In the past, severe
laryngomalacia, which is characterized by inward
collapse of laryngeal structures on inspiration due to
a delay in maturation of laryngeal structures, was
managed with a tracheostomy. This has become less
common, as successful endoscopic management of
laryngomalacia has become more common.

* Craniofacial syndromes: Children born with syn-
dromes that cause abnormal development of the
craniofacial skeleton often display severe airway
obstruction due to structural abnormalities of the
maxilla, mandible, and palate that lead to crowding
of the nasopharynx and oropharynx. This results in
a complex clinical picture that may vary over time.
In Treacher-Collins syndrome (mandibulofacial
dysostosis), children may require tracheostomy due
to significant micrognathia. In Pierre-Robin sequence,
the upper airway obstruction is due to glossoptosis
and micrognathia. Children with Apert’s syndrome
have a hypoplastic maxilla, pyriform aperture or
choanal stenosis, and resultant naso/oropharyngeal
crowding. Other craniofacial syndromes known to cause
airway obstruction that may require tracheostomy include
Beckwith-Wiedemann syndrome, Crouzon syndrome,
Pfeiffer syndrome, and the CHARGE association.

e Neoplasms: Benign neoplasms such as respiratory
papillomas, lymphangiomas, or subglottic heman-
giomas occasionally cause severe upper airway
obstruction requiring tracheostomy. Malignant
tumors are far more rare causes of upper airway
obstruction in pediatric patients.

Neurological condition requiring pulmonary toilet:
A minority of patients who are neurologically impaired
require tracheostomy to assist with ventilation, prevent
chronic aspiration, or facilitate pulmonary toilet. Children
who undergo tracheostomy for purposes of pulmonary
toilet and neurological impairment are generally
slightly older and have experienced multiple hospital
admissions for upper respiratory infections and pneu-
monia. Most of these children are fed via a gastros-
tomy tube to reduce the frequency of aspiration.
Common neurological conditions in children requiring
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tracheostomy include cerebral palsy, encephalopathy,
myasthenia gravis, and traumatic brain injury.

Surgical Procedure

Tracheotomy is best performed in the operating room
over an endotracheal tube. A rigid bronchoscope
should be available for control of the airway and venti-
lation if needed.

The patient is positioned on a shoulder roll to optimize
extension and exposure. The cricoid and hyoid cartilages
are identified and marked preoperatively. A small incision
is made in the skin just below the level of the cricoid
cartilage. Subcutaneous fat is removed using electrocau-
tery. The midline avascular muscular raphe is bluntly
divided, and dissection is continued until the anterior tra-
cheal wall is identified. Occasionally the isthmus of the
thyroid gland obscures the tracheal wall. The isthmus
may be either carefully elevated and divided using
Electrocautery, or undermined and retracted superiorly.
When the trachea is well visualized, a cricoid hook may
be placed to carefully elevate the trachea into the field of
view. Silk or polypropylene “stay” sutures are placed
through the tracheal cartilages on either side of the
planned vertical incision in the trachea. These sutures will
facilitate tracheostomy tube change or replacement in the
setting of an accidental decannulation. Using an 11-blade
scalpel, a vertical incision is made through the 2nd and
3rd tracheal rings. The endotracheal tube is slowly
retracted under direct visualization, and the tracheostomy
tube is carefully inserted and connected to the ventilatory
circuit. A chest X-ray is obtained postoperatively to con-
firm tube placement and proper lung expansion. In order
to allow the tracheocutaneous fistula to mature, the child
is usually observed for one week postoperatively. Obser-
vation in an intensive care unit is recommended in case of
accidental decannulation and need for emergency airway
access. The tracheostomy tube is changed on postope-
rative day 7 at which time the stay sutures are removed.

Tubes

Tracheostomy tube (Fig. 1) choice is dependent on the
age and weight of the child as well as the indication for
tracheostomy. In general, the tube with the smallest
lumen that will maintain adequate ventilation is indi-
cated in order to minimize mucosal trauma. Standard

tracheostomy tube diameters and lengths for age are
depicted in Table 1. Important principles to consider

when choosing the appropriate tube include (2):

Inner diameter: Tubes are numbered according to
the inner diameter (ID) of the tube in millimeters
(mm). A premature infant may require a 3.0-mm ID
tube, whereas a term infant should accommodate a
3.5-mm ID tube.

Length: Tubes are manufactured in neonatal, pedi-
atric, pediatric long, and adjustable lengths. The distal
tip of the tracheostomy tube should lie 7-20 mm prox-
imal to the tracheal carina. This distance can be ade-
quately measured by a plain chest radiograph.

Presence of cuff: Tracheostomy tubes are either
cuffed or uncuffed. Cuffed tubes may be valuable in
maintaining mechanical ventilation without significant
air leak, or in assisting with control of aspiration and
pulmonary toilet. Children with tracheostomy for relief
of upper airway obstruction in general do not require
cuffed tubes.

Caps and valves: Depending on the severity of venti-
lation requirements, children may be able to tolerate a
speech valve or cap to assist with phonation and daytime
activities. A Passy-Muir speech valve is a one-way valve
that allows inspiration through the tracheostomy tube
lumen but forces air out through the vocal cords allowing
for production of sound and speech. Tracheostomy tube
caps do not allow air to enter the lumen of the tube and
should be worn only when the tracheostomy is in place to
assist with daytime air exchange and phonation, or when
decannulation is being considered. Children should be
closely monitored during capping trials.

Complications

Tracheostomy complications are quite common and
may occur up to 70% of the time (3). The incidence of
tracheostomy-related mortality is reported to be up to
4% and is usually due to mucous plugging or acciden-
tal decannulation. Complications may occur during the
operation, in the immediate postoperative period, and
weeks, months, or years after tracheotomy in the
delayed postoperative period. Important complications
to consider include:

Hemorrhage: Careful surgical technique may pre-
vent significant bleeding intraoperatively. Bleeding
from the tracheostomy site postoperatively may stem
from the raw mucosal surface of the fistula or from
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Fig. 1 Tracheostomy tubes and obturators. A cuffless 3.5 Shiley PED tube with obturator (/eff) and a cuffed Bivona 3.5 NEO tube
with obturator (right)

Table 1 Common tracheostomy tube brands and size appropriate for age

Shiley Bivona Portex
Age Suggested ID for age ID Length ID Length ID Length
Premature
<1l kg 2.5 2.5 (neo) 2.5 (neo) 30
2.5 (peds) 38
1-2.5 kg 3.0 3.0 (neo) 30 3.0 (neo) 32 3.0 36
39 3.0 (peds) 39
Neo to 6 months 3.0-3.5 3.5 (neo) 32 3.5 (neo) 34 3.5 40
3.5 (peds) 40 3.5 (peds) 40
6 months to 1 year 3.54.0 4.0 (neo) 34 4.0 (neo) 36 4.0 44
4.0 (peds) 41 4.0 (peds) 41
1 year to 2 years 4.04.5 4.5 42 4.5 42 4.5 48
>3 years (Age in years + 16)/4 5.0 44 5.0 44 5.0 50
5.5 46 5.5 46 5.5 52
4 adult
6 adult

ID Inner diameter in millimeters
Length Length of tube shaft in millimeters

Shiley (Shiley laboratories, Irvine, CA) tracheostomy tubes come as cuffless or cuffed (TTS-tight to shaft), fenestrated. An adjust-
able-length Shiley tube is also available measuring up to 80 mm in length

Bivona (Bivona Corporation, Gary, IN) tracheostomy tubes come cuffless or cufted
Portex (Portex corporation) tracheostomy tubes are all cuffed and are longer than Shiley or Bivona tubes
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granulation tissue. Over time, it is possible for the side
or tip of the tracheostomy tube to erode into the innom-
inate artery. This erosion which is often fatal can pro-
duce massive hemorrhage requiring emergency
tamponade and surgical repair via median sternotomy.

Infection: Tracheostomy-related infections may be
caused by stomal skin breakdown or celullitis.
Tracheitis may occur episodically and is worse in the
winters. Infections are managed expectantly with anti-
biotics, humidification, and wound care.

Stomal granulation: Granulation tissue is contact-
induced inflammatory tissue that may develop in and
around the tracheocutaneous tract. It will often bleed on
manipulation, and excessive tissue may make tube changes
more difficult. Granulation may be observed, cauterized at
the bedside, or excised. It will frequently recur.

Tracheal suprastomal granulation or stenosis:
Tracheostomy tubes may also irritate the mucosa within
the tracheal lumen. Frequently, granulation develops in
the suprastomal area or in the mucosa surrounding the
tip of the tracheostomy tube. Tracheal stenosis may
develop if the tube is placed too close to the cricoid car-
tilage or if the tip or cuff causes pressure necrosis on the
tracheal mucosa and cartilage. These anatomical changes
often require surgical removal or reconstruction, partic-
ularly if decannulation is anticipated.

Tracheocutaneous fistula: Following decannula-
tion, a fistula may persist between the tracheal lumen
and skin at the former site of the tracheostomy tube.
This fistula can produce persistent drainage, skin irri-
tation, and limit sound and speech production. It may
occur up to 40% of the time. Correction is with surgi-
cal excision of the fistula.

Accidental decannulation: Accidental decannulation
may occur at any stage following tracheostomy tube
placement. Decannulation may be due to a small tube
size, short tube length, or excessive patient motion in the
setting of an immature tract. Particular care should be
taken in attempting to reinsert a tracheostomy tube as a
false passage may be created and subsequent ventilation
may produce a pneumomediastinum and subcutaneous
emphysema that obscures the airway. Decannulation
can be an emergency and may lead to death.

Tracheostomy tube plugging: Mucous plugging of
the tracheostomy tube may be severe and can lead to
respiratory arrest and death. Plugging may be prevented
with careful suctioning, humidification, and cleaning of
the tube as well as with routine tube changes.

Additional Considerations

Speech: Children with tracheostomies who do not have
significant airway stenosis should be encouraged to
temporarily occlude their tube to create sound. Early
intervention with a speech therapist is important in
developing the most effective way of verbal communi-
cation for the individual patient.

Swallowing: Presence of a tracheostomy may pro-
duce significant difficulties with deglutition. Aspiration
has been noted in a significant number of patients with
tracheostomy due to loss of the normal laryngeal reflex.
Pressure or interruption of the strap musculature may
also contribute to swallowing difficulties, along with
presence of an indwelling tube exerting pressure on the
esophageal wall. Thickening liquids and swallow ther-
apy may help in preventing aspiration.

Decannulation: Decannulation is often feasible in
children with tracheostomy when their underlying
problem has resolved. Large series evaluating tra-
cheostomy patients report that up to 60% of patients
are ultimately decannulated (4). Children who under-
went tracheotomy as neonates for prolonged ventila-
tion are the most likely patients to be successfully
decannulated when they are older and have been off
the ventilator for a significant period of time.
Frequently, surgical intervention is required prior to
decannulation to address tracheostomy-induced gran-
ulation, suprastomal collapse, or tracheal stenosis.
Decannulation should always be performed in a
controlled setting after monitored capping trials and
a detailed endoscopic evaluation of the airway in the
operating room. Children are routinely observed
overnight following decannulation.
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Cleft Lip and Palate

Kathleen Wasylik and James Sidman

Key Points

e Cleft lip and palate is a common birth defect, and is the
most common congenital defect of the head and neck.

* More than 300 syndromes are known to be associ-
ated with orofacial clefting but cleft palate is more
likely to be syndromic than cleft lip + palate.

* There are many issues that result from a cleft lip and
palate. These include feeding problems, speech dif-
ficulties, otologic issues, midface growth impair-
ment, cleft lip nasal deformities, and dental problems.
A multidisciplinary team approach is mandatory.

e Often patients with a cleft palate have velopharyn-
geal insufficiency, requiring either a pharyngeal
flap or a sphincter pharyngoplasty.

e Many of the unilateral and bilateral cleft lip patients
will also require at least one revision surgery to
deal with the commonly associated cleft lip nasal
deformities.

Keywords: Cleft lip * Cleft palate * Velopharyngeal
insufficiency

Introduction

Cleft lip and palate is a common birth defect that can
be isolated or part of a syndrome. As a newborn,
palatal clefts can cause difficulties with feeding and
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failure to thrive, requiring special attention and alter-
native feeding methods. Clefts of the lip are repaired
very early in life, and may only require a single sur-
gery. Later issues that arise with isolated cleft lips
are generally related to the associated nasal deformi-
ties. Cleft palates can be more complicated and are
almost always associated with eustachian tube dys-
function, palatal incompetence, and speech prob-
lems. Additionally, patients with cleft palates
experience midface growth deficiency often requir-
ing orthognathic surgical intervention. Patients with
cleft lips often require a secondary rhinoplasty later
in adolescence (Fig. 1).

Facial clefting can be divided into either cleft
palate or cleft lip with or without palate. Cleft lips
can be unilateral or bilateral. The cleft can be incom-
plete or complete, depending on whether the cleft
extends superiorly into the nasal sill and involves a
complete interruption of the orbicularis oris muscle.
There is also a phenotypic spectrum of the incom-
plete cleft lip. The most minor form of incomplete
cleft lip is termed microform, which is a lack of
fusion of the orbicularis muscle with an overlying
intact skin. The superior portion of the incomplete
cleft lip can either contain normal orbicularis oris
muscle or only a fibrous attachment, termed the
Simonart’s band.

Cleft palates associated with cleft lips can involve
either the primary or secondary palate. The palate is
divided into primary and secondary based on its loca-
tion relative to the incisive foramen. The primary is
located anteriorly and the secondary is located poste-
riorly. When it involves the primary palate, it extends
from the incisive foramen anteriorly through the max-
illary alveolus. Clefting of the secondary palate is the
result of the failure of the palatine processes to fuse in
the midline. The vomer, however, can be fused to
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Fig. 1 Spectrum of lip clefting. Left—right, microform cleft lip, incomplete unilateral cleft lip, complete unilateral cleft lip, and
complete bilateral cleft lip. Reproduced with permission from Timothy Lander M.D
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Fig.2 A submucous cleft palate, with the typical zona pellucida
secondary to the muscular dehiscence

either side (1). A cleft lip can be associated with either
primary or secondary cleft palates. A cleft in the
primary palate can occur with a cleft lip, but embryo-
logically it is impossible for a notched maxillary alve-
olus to be present in an isolated fashion.

It is best not to describe the cleft palate as unilateral
or bilateral, but whether it involves the hard palate in
addition to the soft palate, and whether or not the
vomer is fused to one side or another. A submucous
cleft palate indicates a muscular dehiscence in the soft

palate despite an overlying intact mucosal envelope,
and can often go undetected (Fig. 2).

Epidemiology

Clefting of the lip and/or palate is one of the most common
congenital defects, and is the most common to occur in
the head and neck. Its incidence ranges from 1:300 to
1:1,200 (2). A cleft lip with or without a cleft palate is
considered to be a distinct epidemiological and embry-
ologic entity from an isolated cleft palate (3). Cleft lip is
associated with a palatal cleft in two thirds of cases (3).

The incidence of cleft lip with or without cleft palate
varies significantly by racial group. The highest incidence
occurs in children with an Asian or Native American
background, approaching 1:500 births. That incidence
is 1:1,000 births in the Caucasian population and
1:2,500 in those with an African descent (3). However,
the incidence of isolated cleft palate is about 1:1,500-
2,000 births with no racial variability (3). Isolated cleft
palate is less common than cleft lip with or without
palate (1). Unilateral cleft lip with or without palate is
twice as common as bilateral cleft lip with or without
palate and for reasons that are unclear, the unilateral
cleft lip more commonly affects the left side. It also
tends to occur more frequently in males (7).
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Anatomy

The principal muscle of the lip is the orbicularis oris,
which interdigitates with other muscles of expression
of the mid and lower face. In a complete cleft lip, this
muscle parallels the margins of the cleft and inserts
on the alar base laterally and the columellar base
medially. These abnormal insertions result in an
abnormal rotation of the premaxilla outward, while
the unopposed lateral segment is retrodisplaced (Figs.
3 and 4).

The septum becomes displaced into the noncleft
side, due to both muscular tension as well as lack of

bony support. This deviation of the septum results in
a shortening of the columella and a flattening of the
ipsilateral lateral crus (Figs. 5 and 6).

The lip has a shortened philtum, and the peak of
Cupid’s bow is rotated. Incomplete cleft lips will have
a similar arrangement, except that it is possible for the
superior fibers of the orbicularis oris sphincter to be
intact. Often even the incomplete cleft lip has a com-
plete dehiscence of the muscular sling, and only the
soft tissue known as Simonart’s band is present. The
microform lip is usually a minor muscular dehiscence
with vermillion notching, although the overlying soft
tissue envelope is entirely intact (3). Microform cleft

Fig.3 An incomplete unilateral cleft lip

Fig.4 A complete unilateral cleft lip

Fig.5 The typical cleft lip nasal deformity associated with a unilat-
eral cleft lip. Note the ipsilateral collapsed ala

Fig. 6 The typical cleft lip nasal deformity associated with a
bilateral cleft lip. Note the markedly shortened columella, and
the flared ala
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lip is often recognized by the associated flattened lower
lateral cartilage of the nose.

The bilateral cleft lip has similar anatomical tenden-
cies, with the orbicularis fibers arranged parallel to the
cleft and inserting on the lateral ala. The prolabium has
no muscular fibers. It is flattened and has no philtral
markings. The unopposed midface will result in an
unrestrained forward growth of the vomer and nasal
septum. This can result in significant protrusion of the
premaxilla. The columella is very short and has no bony
support. Like the unilateral lip, the alae have a flattened
lateral crura. The projected vomer and premaxilla can
result in a locked-out premaxilla after the lip repair,
where the lateral palatal shelves have collapsed medi-
ally behind the premaxilla, so that after repair of the soft
tissue of the lip, the premaxilla is unable to recede into
its normal anatomical position (4).

The problems with a cleft palate are also due to its
abnormal muscular positions. The soft palate function
and mobility depend on the actions of the levator veli
palatine muscles, the uvula muscles, the superior con-
strictor muscles, the tensor veli palatine muscles, and
the palatopharyngeus and palatoglossus muscles. The
uvular muscle contributes to the bulk of the velum, and
is often the deficiency in an occult cleft palate with
velopharyngeal insufficiency. The muscular fibers in a
cleft palate are also oriented in a parallel fashion to the
cleft edges.

Embryology

Clefting of the lip and palate often clusters in families,
but is usually not transmitted in a Mendelian fashion.
The embryologic insult that leads to clefting of the lip
and/or palate is believed to be multifactorial, and includes
genetic, environmental, and teratogenic factors (5).

The embryologic development of the primary and
secondary palate is distinct. Development of the face
begins in the fourth week in utero, when neural cells
migrate and fuse with mesodermal elements to form
the facial primordium. At 35 days gestational age,
three embryonic processes become identifiable: the
frontonasal prominence, the paired medial nasal prom-
inences, and the maxillary prominences (6). The fron-
tonasal prominence is the central segment of the face
that primarily develops into the forehead, supraorbital
ridges, nose, philtrum, and primary palate. The paired

Fig.7 A surgical perspective of a cleft palate involving both the
hard and soft palate, with the vomer present in the midline

medial nasal prominences form the intermaxillary seg-
ment, which contributes to the philtrum and gives rise
to the maxillary segments that hold the incisor teeth.
During the fifth and sixth weeks in utero, the prolifera-
tive growth of the maxillary prominences medially
results in the fusion of the medial nasal and maxillary
prominences to form the upper lip and anterior alveo-
lus. When this fusion fails, a cleft lip and alveolus
occur (7) (Fig. 7).

The development of the secondary palate follows
that of the primary palate. The secondary palate is a
result of the fusion of the paired outgrowths of the max-
illary prominences. These prominences, termed palatal
shelves, are evident during the sixth week of develop-
ment as vertically oriented growths on either side of the
tongue. By the following week in utero, the palatal
shelves assume a more horizontal orientation and fuse
in the midline, closing the secondary palate. The fusion
begins at the incisive foramen and proceeds posteriorly
in a zipper-like fashion. This process should be com-
plete by the 12th week, and fusion failure results in a
cleft of the secondary palate. The severity of the palatal
cleft ranges from a submucous cleft, or a submucosal
muscular diastases, to a complete cleft (3).

Prenatal Diagnosis

The ultrasound diagnosis of facial clefting was first
reported over 20 years ago (8, 9). It is highly sensitive
in diagnosing a cleft lip, but has variable success in
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diagnosing a cleft palate in utero. Although the mid-
line structures are fused by 8 weeks, imaging is not
reliably achieved until week 15 because of head posi-
tioning and the relatively small size of the face in com-
parison to the tranducer. Generally, although the
specificity of prenatal diagnosis by ultrasound is high,
the sensitivity is low. This can be attributed to an unfa-
vorable position of the fetus, the skill of the sonogra-
pher, or lack of emphasis on this diagnosis (8). The
isolated cleft palate is particularly difficult to identify
prenatally because of the acoustic shadow of the facial
bones (8). Recent advances in ultrasound allow for
three-dimensional images, which can illustrate facial
abnormalities with increased clarity.

Associated Syndromes

Over 30% of infants born with a cleft lip and palate
(and over 50% of those with cleft palate) have other
associated malformations. The central nervous system
and skeletal system are the most commonly involved
systems (10). More than 300 syndromes are known
to be associated with orofacial clefting. A careful
craniofacial and skeletal exam at birth should reveal
clues to any associated syndromes. For example,
down-slanting lateral canthi may indicate Treacher
Collins syndrome. Auricular abnormalities may reveal
a hemifacial microsomia. Lip pits are often indicative
of the autosomal dominant transmission of Van Der
Woude’s syndrome. Paralysis of cranial nerves six
and seven is the hallmark of Mobius syndrome.
Digital malformations can include Nager syndrome
or Otopalataldigital syndrome. Micrognathia and
glossoptosis in addition to the cleft palate defines
Pierre Robin Sequence. Finally, the syndrome most
commonly associated with Pierre Robin Sequence is
Stickler syndrome, a progressive condition affecting
collagen, which can be identified with ophthalmologic
examination and genetic testing.

The most common associated chromosomal abnor-
mality is a deletion of the long arm of the 22q11, which
occurs in 90% of those diagnosed with velocardiofa-
cial syndrome (VCF). Almost 10% of children with a
cleft palate (but without a cleft lip) will be diagnosed
with VCF (11). Children with velocardiofacial syn-
drome can have long-term learning disabilities, as well
as psychosocial issues. DiGeorge syndrome also

involves abnormalities in the same chromosomal
region, which can in turn have associated immunologi-
cal deficiencies. Any conotruncal abnormalities should
prompt the physician to investigate the possibility of
VCF or DiGeorge syndrome. Trisomy 13 and 18 are
also chromosomal abnormalities commonly associated
with a cleft palate (10).

Feeding Issues

One of the greatest initial challenges of a newborn
with a cleft palate is difficulty with feeding. Because
of the cleft in the palate, the infant is unable to create a
seal and generate an adequate suck. Affected children
are unable to generate negative pressures, and this
feeding difficulty can lead to failure to thrive. In order
to avoid this, alternative feeding methods are under-
taken. Parents need to be taught to use special squeeze
bottles, such as the Haberman or Pigeon bottle, that
eliminate the need to generate negative pressure by the
infants (12). These bottles also reduce air ingestion
allowing for the overall improvement of digestion.
A newborn with a cleft should be able to ingest
3 ounces within 20-30 min. Having a cleft palate
prohibits the ability to breast feed, except under very
unusual circumstances (3). Infants with isolated cleft
lips do not experience these difficulties with feeding,
and can be breast- or bottle-fed.

Otologic Issues

The presence of middle ear effusions in children with
cleft palate is universal (13). The underlying etiology
of otitis media with effusion is the abnormal palatal
musculature, and in particular, altered tensor veli pala-
tini function leading to eustachian tube dysfunction
(2). Instead of its normal insertion along the posterior
edge of the hard palate and the palatal aponeurosis, the
tensor muscle inserts along the bony edges of the cleft
(3). Additional abnormalities include diastases of the
uvular muscle as well as an interruption of the levator
sling. Because of this eustachian tube dysfunction,
children with cleft palates will almost uniformly have
serous otitis media at some time in early childhood and
require insertion of tympanostomy tubes (13).
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Many syndromes that occur with clefts are also
associated with sensorineural hearing loss including
Stickler, Van der Woude, Waardenbergs, and Klippel-
Feil syndromes. Auditory brainstem evaluations are
often a necessary step in the diagnostic evaluation of
these children.

It has been suggested in the past that surgical repair
of cleft palate will normalize eustachian tube function
(14, 15) but it has not been proven. Ultimately, children’s
eustachian tube function normalizes by the time they
are 5 or 6 years of age in 75-94% of patients but may
require lifelong otologic examinations (16— 18).

Speech Issues

Earlier repair of the cleft palate is associated with
better speech development. The speech difficulties in
association with cleft palate are twofold. Hypernasality
and nasal air escape from velopharyngeal insufficiency
can result from inadequate length or poor movement
of the palate. This will often lead to unintelligibility.
As a result of this unintelligibility, there are often
secondarily learned compensatory responses, such as
glottal stops, pharyngeal fricatives, and consonant
substitutions.

If intense speech therapy fails, there are two
surgical options for velopharyngeal insufficiency.
A sphincter pharyngoplasty is indicated when there is
deficient movement of the lateral walls of the pharynx,
or when there is a combined deficiency of the lateral
walls and palate. The sphincter, which is characterized
by a central port, is created by rotating superiorly
based posterior tonsillar pillars and suturing them to
the posterior pharyngeal wall as high as possible, just
below the inferior aspect of the adenoid pad. The
resulting sphincter is considered to be dynamic (19).
The alternative is a pharyngeal flap, which rotates a
superiorly based myomucosal flap from the posterior
pharyngeal wall, and insetting it into the palate,
obliterating most of the nasopharyngeal passage. Two
lateral ports for nasal airflow are incorporated (20).
This surgical technique is particularly helpful for
short palates. The pharyngeal flap is at much higher
risk for precipitating obstructive sleep apnea. It is felt
the dynamic sphincter pharyngoplasty confers better
speech results (21, 22).

Presurgical Maxillary Orthopedics

Nasoalveolar molding devices (NAM) are utilized to
reduce the severity of the initial cleft lip deformity, and
are designed to optimize the repair by altering the bony
and soft tissue components. Some devices address the
alveolus, lip, and the nose. The goals of the NAM are
to mold the lip segments so that they are in contact at
rest (Figs. 8 and 9).

In a bilateral cleft lip, the presurgical orthopedics
can gently retract the premaxilla until it is in contact
with the lateral alveolar segments, achieving a normal
dental arch, ideally preventing the maxilla from becom-
ing locked out. The primary lip repair is then generally
delayed a couple of months until it is felt that the cleft

Fig.9 The nasoalveolar molding device used prior to repair of
the bilateral cleft lip
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canbe closed without significanttension. Complications
of the presurgical orthopedics are related to irritation,
ulceration, and intolerance of the device (23).

Surgical Intervention

Both cleft lips and palates need to be surgically
repaired. The timing of repair can be debated, but gen-
erally cleft lips are repaired between 8 and 12 weeks,
and the palate is repaired between 9 and 12 months.
Commonly quoted criteria for the initial lip repair
would follow the “rule of 10s,” indicating the infant
must be 10 weeks old, weigh 10 pounds, and have a
hemoglobin of 10 g/dL. This, however, is considered
antiquated with modern anesthesia, and is only appli-
cable in Third-World countries. Bone grafts to repair
alveolar notching and incisive foramen fistulae are
undertaken when the child is 5 or 6 years of age, before
the eruption of permanent dentition (24). Definitive
rhinoplasty is performed when the female child reaches
14 years of age, and when the male child is between 15
and 16 years of age to allow for completion of facial
growth. Occasionally, should social pressures necessi-
tate it, the rhinoplasty may be done at an earlier age,
with the understanding that as bone grafts are per-
formed, and facial growth occurs, the overlying soft
tissue envelope will change, altering the outward
appearance.

Most commonly, all palatal interventions are per-
formed in a single-staged fashion. There are, however,
advocates of the two-stage palate repair. This involves
closing the soft palate early, between 3 and 6 months
of age, and delaying the repair of the hard palate until
the child is several years old (25). This would theoreti-
cally limit the effect of the hard palate repair on maxil-
lary growth. It is suggested that the subperiosteal
scarring impairs midfacial growth (3). There are sev-
eral studies, however, that have shown there is no sig-
nificant difference in craniofacial morphology between
kids that have their repair at 8 months versus 8 years
(3, 26). The real downfall of delaying palate surgery is
an unacceptable compromise on speech, and so hard
palate obturators must be used until surgical repair is
undertaken.

The goals of the surgical intervention of the lip
include providing adequate length of the lip, precise
alignment of the vermillion border, and good muscular

approximation of the orbicularis sphincter. The Millard
rotation advancement repair is the workhorse of cleft
lip surgery. It is designed such that the medial portion
of the cleft side becomes the rotation flap, and allows
for the downward rotation of the short lip. The advance-
ment flap is designed from the lateral soft tissues, and
is inset medially into the defect that results from the
rotation of the medial lip. The triangular flap, also
known as the Randall-Tennison repair, is an alternative
method for cleft lip repair, and is often utilized for the
complete unilateral cleft lip, especially when the defect
is wide, but does not recreate the philtral column as
naturally as the rotation-advancement flap.

The bilateral cleft lip is best approached with the
Straight Line Closure of Veau, which allows for the cre-
ation of the appropriate philtral width out of the prola-
bium tissues. The orbicularis oris muscle is approximated
at the inferior aspect of the prolabium (27).

It is not unusual for cleft lip repairs to require revi-
sion surgery. Revision may range from minor vermil-
lion adjustments to full take downs to gain additional
lip length, or even a lip switch procedure for severely
deficient soft tissue. These procedures usually occur as
the patient is about to enter school to avoid social
pressures.

The overall goals of repairing the palate include
closing the cleft, providing sufficient length to the pal-
ate, as well as obtaining good muscle approximation to
improve velopharyngeal function. The type of cleft
involving the palate will generally dictate what type of
closure is required. A cleft involving only the soft pal-
ate can be repaired with a Double Z-Plasty, which has
several benefits, including nonopposing suture lines,
as well as the potential lengthening of the palate
(28, 29). All clefts involving the hard and soft palate
require a two-layer closure, with both nasal flaps and
oral flaps. The von Langenbeck variation allows for
laterally placed relaxing incisions, and the anterior
oral mucosa is released off the hard palate as one unit.
The Wardill-Kilner (V-Y) palatoplasty leaves the ante-
rior oral mucosa down by connecting the lateral inci-
sions to the incisions made for the nasal turn in flaps.
This in theory also allows for a lengthening of the
palate, but without a concurrent release of the nasal
mucosa, it is unlikely there is any substantial gain
in length. Finally, if the cleft of the hard palate is
complete, the oral mucosa incision parallels the cleft
margins, resulting in a two-flap palatoplasty. The inci-
sive foramen fistula is unavoidable, and is generally
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repaired with an alveolar bone graft around 5 years of
age, which allows for timely tooth eruption (30, 31).

There is much discussion about rhinoplasty at the
time of the primary lip repair. Certainly, the nasal
deformity is improved with the cleft lip repair. Because
the growth of the facial skeleton changes the appear-
ance of the overlying soft tissue so much, it is unreal-
istic to think that anything beyond minor modifications
of the position of the ala and lower lateral cartilages is
useful. Definitive rhinoplasties are best done upon the
completion of the growth of the facial skeleton and any
bone grafts that need to be done.

Conclusion

Cleft lips and palates are the most common congenital
defect of the head and neck. There are many associated
issues that can plague the child permanently. It is
important to coordinate the care of the cleft patient
using a multidisciplinary team approach.

References

1. Campbell S, Lees C, Moscoso G, Hall P. Ultrasound antenatal
diagnosis of cleft palate by a new technique: the 3D reverse
face view. Ultraound Obstet Gynecol 25:2005.

2. Goudy S, Lott D, Canady J. Conductive hearing loss and
otopathology in cleft palate patients. Otolaryngol Head Neck
Surg 134:2006.

3. Arosarena O. Cleft lip and palate. Otolaryngol Clin North
Am 40:2007.

4. Mulliken J. Bilateral cleft lip. Clin Plast Surg 31:2004.

5. Eppley B. The spectrum of orofacial clefting. Plast Reconstr
Surg 115(7):2005.

6. Jiang, R, Bush J, Lidral A. Development of the upper lip:
morphogenetic and molecular mechanisms. Dev Dyn
235:2006.

7. Marazita M, Mooney M. Current concepts in the embryology
and genetics of cleft lip and palate. Clin Plast Surg 31:2004.

8. Johnson N, Sandy J. Prenatal diagnosis of cleft lip and pal-
ate. Cleft Palate Craniofac J 40(2):2003.

9. Stoll C, Dott B, Alembik Y, Roth M. Evaluation of prenatal
diagnosis of cleft lip/palate by fetal ultrasonographic exami-
nation. Ann Gene 43:2003.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

. Stoll C, Alembik Y, Dott B, Roth M.P. Associated malfor-

mations in cases with oral clefts. Cleft Palate Craniofac
J37:2000.

Goldber R, Motzkin B, Marion R, et al. Velocardiofacial
syndrome: a review of 120 Patients. Am J Med Genet
45(3):1993.

Robin N, et al. The multidisciplinary evaluation and man-
agement of cleft lip and palate. South Med J 99(10):
2006.

Paradise J, Bluestone C, Felder H. The universality of otitis
media in 50 infants with cleft palate. Pediatrics 44:1969.
Bluestone C, et al. Roentgenographic evaluation of eusta-
chian tube function in infants with cleft and normal palates.
Cleft Palate J 93:1972.

Braganza R. Closure of the soft palate for persistent otor-
rhea after placement of pressure equalization tubes in cleft
palate infants. Cleft Palate Craniofac J 28:1991.

Gould H. Hearing loss and cleft palate: the perspective of
time. Cleft Palate J 27:1990.

. Moller P. Hearing, middle ear pressure, and otopathology in

a cleft palate population. Acta Otolaryngol 92:1981.

Smith T. Recovery of eustachian tube function and hearing
outcome in patients with cleft palate. Arch Otolaryngol
101:1975.

Sie K. Sphincter pharyngoplasty: speech outcome and com-
plications. Laryngoscope108(8):1998.

de Serres L, Sie K. Results with sphincter pharyngoplasty
and pharyngeal flap. Int J Pediatr Otorhinolaryngol
48:1999.

Smith B, Guyette T. Evaluation of cleft palate speech. Clin
Plast Surg 31:2004.

Marsh J. The evaluation and management of velopharyngeal
dysfunction. Clin Plast Surg 31:2004.

Grayson B, Maull D. Nasoalveolar molding for infants born
with clefts of the lip, alveolus, and palate. Clin Plastic Surg
31:2004.

Daw J, Patel P. Management of alveolar clefts. Clin Plast
Surg 31:2004.

Liao Y, Mars M. Hard palate repair timing and facial growth
in cleft lip and palate: a systematic review. Cleft Palate
Craniofac J 43(5):2006.

Rohrich R. Optimal timing of cleft palate closure. Plast
Reconstr Surg 106(2):2000.

McCarthy J. Plastic surgery. Volume 4: Cleft Lip and
Palate and Craniofacial Abnormalities. W.B. Saunders,
Philadelphia. 1990.

Gage-White L. Furlow palatoplasty: double opposing
Z-plasty. Facial Plast Surg 9:1993.

Furlow L. Cleft palate repair by double opposing Z-plasty.
Plast Reconstr Surg 78:1986.

Bitter K. Repair of bilateral cleft lip, alveolus, and palate:
follow up criteria and late results. J Craniomaxillofac Surg
29:2000.

Newlands L. Secondary alveolar bone grafting in cleft lip
and palate patients. Br J Oral Maxillofac Surg 38:2000.



Cough

Samantha Anne and Robert F. Yellon

Key Points

e Cough is a normal reflex mechanism that is impor-
tant in maintaining a sterile and unobstructed respi-
ratory tract.

e It can also be a pathological symptom and a sign of
many underlying disorders and abnormalities.

e Chronic cough is a common denominator of many
illnesses and can lead to significant impairment in
the quality of life of an individual.

e This chapter will describe the reflex mechanism of
cough, the necessary workup needed when a child
presents with chronic cough, provide a brief descrip-
tion of the most common diagnoses in the differen-
tial diagnosis, and recommend treatment options.

Keywords: Chronic cough ¢ Laryngomalacia gas-
troesophageal reflux ¢ Asthma ¢ Bronchitis * Sinusitis
o Allergy

Classification of Cough

As described in Landau’s review (1), cough can be
classified by duration. Acute cough lasts less than 2
weeks. Most have cough attributed to viral infection,
which resolves within 2 weeks in 70-80% of children.
Protracted cough is usually a postviral cough and lasts
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2-4 weeks. Chronic cough is defined as lasting more
than 4 weeks and the differential diagnosis is extensive
(1-4) (Table 1).

Pathophysiology/Mechanism of Cough

The cough reflex arc is intricate. The afferent pathway
begins with peripheral receptors located along the air-
way mucosa between the ciliated pseudostratified epi-
thelial cells. The highest concentration of the receptors
is at the level of the larynx. Based on the specific loca-
tion in the airway, these sensory nerve fibers are derived
from trigeminal, glossopharyngeal, vagal, and phrenic
nerves. Once the receptors are stimulated, the signal
travels along the respective nerve to the cough center
located in the medulla. The signals are then integrated
and a coordinated effector signal is elicited. The most
common nerve stimulated is the vagus. The signal then
travels with the vagal nerve to the larynx and tracheo-
bronchial tree and with the phrenic nerve to the expira-
tory and thoracic musculature to elicit the cough.

There are four phases in cough. It begins with the
inspiratory phase during which there is deep inspira-
tion and then glottic closure. This is followed by the
contracture phase during which various expiratory
muscles are stimulated and contract against a closed
glottis. These muscle contractions lead to the compres-
sive phase during which there is an elevation of pres-
sures along the airway from the subglottis to the level
of the alveoli. Finally, during the expiratory phase, the
glottis opens and there is rapid expulsion of trapped air
at high flow rates which causes propulsion of secre-
tions and foreign material.
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Table 1 Differential diagnosis

Congenital Infectious

Larynx Chronic bronchitis
Laryngomalacia Chronic sinusitis
Laryngeal clefts Pertussis

Vocal cord paralysis Laryngotracheitis
Tracheobronchial tree Chlamydia
Double aortic arch Tuberculosis
Aberrant innominate artery Mycoplasma
Esophagus

Tracheoesophageal fistula

Esophageal atresia

Inflammatory Traumatic
Cough-variant asthma Fractures

Asthma Foreign body
Allergy Intubation

GERD

Smoke exposure

Systemic Neoplastic
Primary ciliary dyskinesia Laryngeal, tracheal
Cystic fibrosis or bronchial tumors
Habit cough

Workup of Cough

History

When a child presents with cough, a detailed history is
essential. The time course of the cough is important.
A sudden onset should be distinguished from a more
chronic gradual development of cough. Sudden onset
of cough may suggest foreign body aspiration. It is
equally important to determine whether symptoms are
diurnal or constant throughout the day. Night time
symptoms may suggest laryngo-pharyngeal reflux.
Early morning cough suggests asthma and late morn-
ing onset may represent cystic fibrosis. Seasonal
changes in severity of symptoms may suggest aller-
gies. Cough associated with vigorous activity suggests
exercise-induced asthma.

The nature of the cough is also important. The
cough may be dry or productive. If the cough is pro-
ductive, the quality of sputum must be determined.
Thick purulent cough suggests an infection, while
clear sputum suggests an inflammatory cause. Bloody
sputum may be secondary to bronchiectasis or cystic
fibrosis. Also, the sound quality of the cough is impor-
tant. A barky cough suggests tracheobronchitis while a
whooping sound suggests pertussis.

Other important factors are signs of aspiration,
immunization status, neonatal infections, medications

used to alleviate symptoms, and allergy symptoms. A
history of hoarseness, intubation, or trauma is also
important to ascertain. Smoke exposure must be docu-
mented in the history. A pooled analysis of 12 cross-
sectional studies involving more than 50,000 children
demonstrated clearly that there is strong link between
parental smoking and nocturnal cough, wheeze, and
asthma (5). In addition, more ominous associations
with cough such as persistent fevers, failure to thrive,
cyanotic episodes, and ongoing lethargy and limitation
of activity are helpful in reaching a diagnosis.

Physical Examination

The overall appearance of the child can give clues to the
diagnosis. Cachexia suggesting failure to thrive must
be noted. The child’s vital signs, height, and weight must
be plotted on growth charts. Examination starts with the
eyes, looking for allergic shiners (vascular congestion
around eyes) and allergic conjunctivitis. Examination of
the nose includes looking for the allergic salute, a trans-
verse crease at the supratip region of the nose from
repeated rubbing in an upward direction, polyps, boggy
turbinates, clear rhinorrhea, or purulent secretions. Oral
cavity and oropharyngeal examination may identify pos-
terior drainage, which suggests sinus disease, with promi-
nent lymphoid tissue, and cobblestoning of mucosa with.
Examination of the neck is important to document masses
or lymphadenopathy. Flexible laryngoscopy may be indi-
cated to evaluate for laryngeal anomalies such as clefting,
vocal cord paralysis, laryngitis, and tumors. Finally,
auscultation of the lungs must be done to evaluate for
crackles, wheezing, or adventitial sounds.

Labs/Radiography

Laboratory evaluation can include CBC with differen-
tial to evaluate for WBC elevation and a neutrophilic
left shift. In addition, eosinophilic count is helpful to
determine a possible allergic etiology of cough.
Sputum culture for cytology, bacteria, and fungus is
helpful. TB skin testing and sweat/genetic testing for
cystic fibrosis may be indicated in specific cases. A
nasal smear may be helpful to evaluate for elevated
eosinophils seen in allergic rhinitis. Pulmonary function
tests, to evaluate for chronic obstructive or restrictive
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disease and methacholine challenge testing for presence
of asthma or reactive airway disease may be indicated.

Initial evaluation can include inspiratory and expi-
ratory radiographic views of the chest to evaluate for
foreign bodies, infiltrates, consolidations, and cavita-
tions. Further focused exams include CT of the sinuses
to evaluate for presence of sinusitis, barium swallow,
pH probe and nuclear scintiscan for evaluation of aspi-
ration and acid reflux disease.

Endoscopy

Further evaluation to confirm the diagnosis, or for
additional clues to the diagnosis after preliminary eval-
uation, usually involves flexible endoscopy of the
upper airway in the clinic or a more detailed examina-
tion in the operating room. Complete airway evalua-
tion is helpful if airway anomalies, foreign bodies, or
neoplasms are suspected. In addition, broncho-alveolar
lavage can be obtained for cytology, cultures, and lipid-
laden macrophages which may indicate gastro-esopha-
geal reflux and aspiration. If concern for primary
ciliary dyskinesia or other cililary dysmotility syn-
dromes arises, a biopsy can be taken of the respiratory
mucosa for evaluation under phase contrast and elec-
tron microscopy.

Differential Diagnosis

The differential diagnosis for cough is extensive and
also varies depending on the age of the child. It is
important to keep this in mind when assessing a child
with persistent cough. One study has shown that over
60% of children with a cough that lasted more than 4
weeks in a specific practice were initially diagnosed
with asthma. Many of these children were on asthma
medications and more than 12% of them had signifi-
cant steroid side effects. However, in many of these
children, the diagnosis of asthma was incorrect as other
causes of cough such as airway lesions, aspiration, and
reflux were identified (6).

There are congenital, infectious, inflammatory,
traumatic, neoplastic, and systemic causes for cough
(Table 1). The following are the most common diagno-
ses followed by a brief discussion of each cause:

Congenital

Congenital causes of cough mainly revolve around
impingement of the airway by anomalous vessels or
abnormal development of the aero-digestive tract.
Diagnosis is often made by endoscopy and additional
information can be attained with radiographic studies
such as a barium swallow and/or a nuclear scan for
aspiration.

Congenital defects at the level of the larynx result in
an abnormal suck-breathe-swallow reflex in the infant,
but aspiration and cough occurs because of an inability
to protect the airway. For example, laryngeal clefts can
result in aspiration with feeding because of the defect
in the posterior septum that separates the esophageal
inlet from the airway. The child coughs to clear the
airway of aspirated food contents. In addition, vocal
cord paralysis can also result in an inability to protect
the airway from aspiration that results in cough.

One of the most common diagnoses of laryngeal
anomalies in infancy is laryngomalacia. Some of these
infants present with cough because of coexisting gas-
troesophageal reflux (7). The child often presents with
a very characteristic history of worsening stridor on
position changes, after feeding, and with crying.
Resolution without surgical intervention is normally
seen by the age of 2 years.

Chondromalacia can involve the entire laryngo-tra-
cheo-bronchial tree and is fairly common. In one study,
34% of bronchoscopic procedures revealed laryngo-
tracheo-bronchial malacia. It is important to determine
the site of the malacia. Laryngomalacia is associated
with inspiratory stridor while tracheomalacia and
bronchomalacia are associated with expiratory stridor.
Cough, wheeze, stridor, and persistent or recurrent
pneumonia are the most common symptoms and signs
(8,9). Cartilage deficiency is evidenced as loss of rigid-
ity or support in the airway. This leads to collapse dur-
ing expiration and increases during periods of increased
airflow such as crying or coughing. Normal healthy
infants have maximal expiratory airway pressures of
approximately 125 cmH,O. Infants with tracheomala-
cia have closing pressures between —8 and —27 cmH, 0,
which indicates that the trachea easily collapses with
increased airflow such as during a crying episode (10).
Diagnosis can be best determined with bronchoscopy
or possibly with radiological findings on fluoroscopy
CT, or MRI. Treatment can be conservative as in iso-
lated laryngomalacia. Interventions such as CPAP, pexy
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procedures, stenting, resections, or reconstructions
may be necessary based on the severity of the disorder
(11).

Congenital defects of the tracheo-bronchial tree
include aberrant inominate artery, where the vessel
causes anterior compression of the trachea. This pres-
ents as repeated episodes of croup and a barky cough
that often resolves over time. Vascular rings may not
only compress the trachea but also the esophagus caus-
ing cough symptoms and dysphagia. A rare cause of
compression is caused by an anterior bridging bron-
chus. This anomaly arises when the right lower lung
lobe is supplied by a bronchus originating from the left
main bronchus that crosses the mediastinum. These
anomalies usually present with respiratory distress but
can lead to cough (12).

Congenital esophageal anomalies can also present
with cough. Tracheoesophageal fistulas and atresia
present with increased secretion retention in the
nasopharynx and oropharynx and frank aspiration
especially during feeding. In addition, tracheomalacia
often accompanies this anomaly, which also serves to
exacerbate the cough.

Infectious

Infectious causes of cough are the most common and
the most treatable. Chronic bronchitis often results in
chronic nonproductive or slightly productive cough
and usually follows an acute respiratory illness. Viral
bronchitis often presents with cough which resolves
over 7-10 days. Longer duration suggests bacterial
infection, comorbidities such as cystic fibrosis, or the
presence of foreign bodies. Bacterial superinfections
are usually caused by Streptococcus pneumoniae or
Haemophilus influenzae.

Chronic rhinosinusitis is the second most common
cause of chronic cough in children. Cough often results
from postnasal drainage irritating the laryngeal recep-
tors. It has also been attributed to laryngeal edema
causing obstructive symptoms. The first line of treat-
ment is antimicrobials but persistent and recurrent
infections may require surgery with adenoidectomy
and/or functional endoscopic sinus surgery (FESS).

Pertussis, caused by Bordetella pertussis, a Gram-
negative coccobacillus, is rare in industrialized coun-
tries because of immunizations that are widely
administered. However, there are rare cases in which a

child presents with paroxysmal cough, which is often
followed by a “whoop.” The cough is, often, forceful
and occurs in rapid succession, which often results in
the child being short of breath and cyanotic. In infants
less than 2 months of age there is a high likelihood of
a pertussis infection if the infant has a cough or chok-
ing associated with cyanosis (13). A markedly high
lymphocyte count, in addition, is a useful indicator of
pertussis (14). Pertussis is usually a self-limiting dis-
ease process that improves over a one-month period.
Antimicrobials directed against Bordetella pertussis
can be effective in reducing the severity of the disease
when administered in the first 4 weeks of infection and
can also help reduce the risk of transmission (15).

Laryngotracheobronchitis, more commonly referred
to as croup, is the most common form of upper airway
obstruction leading to cough. Most children start with
an upper respiratory infection for 1-3 days before
developing signs of upper airway obstruction. The
child at this point develops the characteristic “barking”
cough, hoarseness, and inspiratory stridor. Symptoms
are characteristically worse at night and recur for
several days. Symptomatic treatment is often all that is
needed and chronic symptoms are rare. Severe, refrac-
tory, or recurrent croup warrants further evaluation for
possible reflux or a structural airway lesion.

Chlamydia trachomatis usually affects the urogeni-
tal tract but can cause respiratory infections in children
when exposure occurs during delivery. Infection usu-
ally occurs at age 1-3 months and can present as
opthalmia neonatorum, neonatal conjunctivitis, or neo-
natal pneumonia. Chlamydia pneumonia typically has
a protracted course and has a characteristic associated
staccato cough. There is usually no wheezing or ele-
vated temperature. Treatment is with erythromycin for
14 days (16). Pulmonary infection with Mycoplasma
pneumoniae may also cause a protracted cough with
the most common symptoms including cough and
fever. It most commonly affects children aged 5-9
years and is treatable with macrolides (17).

Inflammatory

Inflammatory causes of cough are very common in
children. Diagnosis is difficult because of the lack of
anatomic anomalies or infectious findings on endosco-
pies and/or laboratory studies. The most common
diagnosis is cough-variant asthma. It presents as a
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nonproductive chronic cough without wheezing that is
often worse with exertion and at night. In a single
series of 176 children with chronic cough, almost 35%
had a diagnosis of cough-variant asthma (18). Cough-
variant asthma is most likely secondary to bronchoc-
onstriction and subsequent activation of bronchial
stretch receptors or from mucosal irritation of periph-
eral sensory receptors. Increased bronchial sensitivity
has been demonstrated in cough-variant asthma and in
classic asthma as compared to controls. In cough-vari-
ant asthma, however, there was significantly lower
bronchoconstriction in response to nonspecific airway
stimuli than in classic asthma. The absence of wheez-
ing in cough-variant asthma is explained by this
decreased bronchoconstriction and by less constric-
tion and deformation of the airways (19). Because of
the paucity of associated findings, children may
undergo a prolonged and complicated diagnostic
workup. The diagnosis is made with a bronchocon-
strictor challenge test resulting in a positive response
to bronchodilators.

Children with cough-variant asthma often progress
to classic asthma with wheezing and dyspnea. A high
percentage of eosinophils in the sputum of children
with cough-variant asthma may be significantly asso-
ciated with subsequent development of classic asthma
(20). An important distinction is whether the cough is
really secondary to asthma or an unrelated disease
process. Many times, a child can undergo multiple
inappropriate treatments with corticosteroids for treat-
ment of asthmatic cough when it actually has a differ-
ent etiology. Diagnosis of asthma can be made with
increased confidence when there is a cough, wheez-
ing, dyspnea, and airway hyperresponsiveness with a
positive bronchodilator challenge. A recent study by
Hartl et al. (21) has shown that bronchoalveolar lavage
from asthmatic children has increased chemokines,
such as thymus and activation-regulated chemokine
(TARC) or macrophage-derived chemokine (MDC),
and specific chemokine receptors on lymphocytes
which can differentiate monasthmatic children from
nonasthmatic children with chronic cough. Treatment
of asthma often includes the use of inhaled corticos-
teroids (21).

Allergy is a common diagnosis among children
with cough. Associated sneezing, clear rhinorrhea,
watery eyes, allergic shiners, and allergic salute should
alert a physician about allergy as a source of cough.
Antihistamines and topical intranasal corticosteroids

can help decrease postnasal drip which often instigates
the cough.

Gastroesophageal reflux disease (GERD) is physi-
ologic in many infants and children but can be patho-
logical leading to failure to thrive, esophagitis, and
respiratory disease. It has been shown to also cause
chronic cough, independent of the presence of
esophagitis (22). This causal relationship between
chronic respiratory symptoms and GERD was well
demonstrated using scintigraphy in a study done by
Ravelli et al. (23). Pulmonary aspiration was demon-
strated with scintigraphy in half of the children with
chronic respiratory symptoms such as chronic cough
(23). Other symptoms include regurgitation, irritabil-
ity, crying, and fussiness. Diagnosis can be made with
nuclear scintiscan esophageal biopsies, manometry, a PH
probe, and examination of bronchoalveolar lavage
(BAL) fluid. Farrell et al. (24) showed that pepsin in
BAL was a specific and sensitive method to diagnose
reflux. All children with observed aspiration had pep-
sin in BAL samples as opposed to none in the control
group. Significantly elevated pepsin levels were dem-
onstrated in children with proximal reflux and chronic
cough (24). Treatment of chronic cough secondary to
reflux includes thickening feeds, elevating the head of
the bed, smaller feeds, and antireflux medications.

Trauma

Laryngeal trauma can result in cough. With fractures
of the laryngeal framework or with blunt trauma, there
can be inflammation and edema that serve as an
obstruction and can trigger cough. In addition, iatro-
genic trauma with intubation may cause mucosal injury
or arytenoid dislocation and subsequent vocal cord
immobility which can cause obstruction and cough.
Diagnosis is determined from endoscopy after secur-
ing a precarious airway if present.

Foreign body aspiration must always be suspected
in children with a new onset of cough even with a nor-
mal physical examination and radiologic studies. The
history is crucial in these children. In a review of chil-
dren who had aspirated foreign bodies, sudden onset
of cough and choking was noted in over 70% and
approximately 60% had dyspnea and wheezing (25).
Nuts and seeds are the most common items recovered
(25-27). The clinical triad of acute coughing/choking,
wheezing, and unilateral diminished breath sounds
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has been shown to have a high specificity for the pres-
ence of a foreign body (98%). In the same series, 32%
of children with prolonged cough or a pulmonary
affliction lasting more than 2 weeks that were unre-
sponsive to medical therapy had an airway foreign
body (25).

Systemic

Primary ciliary dyskinesia is an autosomal recessive
disorder characterized by defective ciliary structure
and function. Cough is one of the most frequent symp-
toms associated with this disorder and is more preva-
lent when compared to normal, healthy children (28).
Diagnosis is made with analysis of ciliary structure
and beat frequency using electron microscopy. Kartagener
syndrome is ciliary dyskinesia with situs inversus seen
on chest radiography.

Cystic Fibrosis, an autosomal recessive disorder, is
another systemic disease with chronic cough as a com-
mon symptom. It is the most common lethal inherited
disease among Caucasians. The tenacious secretions
that drive the cough can emanate from a sinus or pulmo-
nary etiology and persist despite aggressive pulmonary
treatments, sinus lavages, surgeries, and antimicrobials.
The standard diagnostic test is the sweat test and genetic
testing is available to confirm the diagnosis. Treatment
is usually through a multidisciplinary team that
includes gastroenterologists, pulmonologists, otolar-
yngologists, and others.

Habit cough is a chronic cough with no detectable
organic, anatomic, or physiologic etiology. Its diagno-
sis is made by exclusion of other etiologies. It is a
habitual barking cough that has been previously
described as a psychogenic cough. It causes significant
disturbance to the child and caregivers and affects
functioning at school and at home. The cough usually
starts after an upper respiratory illness and is described
as brief, explosive expiration with a “honking” or bark-
ing quality. Suspicion arises when there is an unusual
history, limitation of cough to wakefulness, and a nor-
mal physical examination. Management can be as
simple as explaining the benign nature of the cough
and making the child aware of the habit. It can also
become quite complex and may require mental health
interventions, family therapy, and even rehabilitation
programs (29,30). Some studies have shown benefit

with biofeedback, cognitive coping, and even hypnosis
(31,32).

Treatment

Treatment of cough depends on the underlying cause.
There are a few general principles which guide treat-
ment. In general, infectious causes respond to culture-
directed antibiotics or antifungals and inflammatory
causes respond to resolution of the cause such as acid
reflux or asthma. Avoiding environmental insults such
as allergens and tobacco smoke may improve symp-
toms. Of course, with foreign bodies, removal of the
offending material is curative.

While waiting for these therapeutic measures to
work, comfort measures can be used such as central-
acting antitussives or peripherally acting anesthetics.
In addition, over-the-counter medications, such as loz-
enges and humidity may be helpful. Expectorants and
mucolytics also help to thin secretions to ease expul-
sion on cough.
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Hoarseness in Children

Craig S. Derkay and Stephen M. Wold

Key Points

* Voice disturbances in children are very common
and usually of a benign etiology.

e Articulation disorders are more commonly addressed
by a pediatric speech pathologist. Dysphonias often
require the expertise of a voice therapist.

e Laryngoscopy, whether flexible, rigid, or both, is
considered the “gold standard” for making a correct
diagnosis.

* A complete history is key in establishing the etiol-
ogy of childhood voice disturbances.

* Associated medical conditions, particularly extrae-
sophageal reflux disease and allergic rhinitis, need
to be investigated and treated to achieve a success-
ful outcome.

Keywords: Hoarseness ¢ Dysphonia ¢ Recurrent
respiratory papillomas ¢ Vocal nodules ¢ Voice therapy
* Extraesophageal reflux disease

The overall prevalence of voice disorders (dyspho-
nias) in children has been reported to be between 6 and
9%, but may be as high as 20% in some pediatric popu-
lations (1,2). These may be broadly categorized in terms
of their causes (congenital vs. acquired) or whether the
condition is organic (anatomic or neurologic abnormal-
ity) versus functional (behavioral or psychogenic).
Hoarseness, or the disturbance of clear vocal sound by
local changes of the vocal folds, is the most common
presenting sign and symptom of the patient with an
underlying voice disorder. With the exception of older
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children and adolescents, dysphonia is frequently
addressed at the request of a parent or referring physi-
cian, since most younger children lack the awareness of
their own vocal quality or the perception that an
abnormality exists (2). Fortunately, the vast majority of
pediatric dysphonias are the result of a benign process.
However, a thorough evaluation and diagnosis is para-
mount for optimal treatment planning as well as to rule
out those causes which are potentially more harmful.

Diagnosis

A thorough history and physical examination is the
basis for diagnosis. The history should include inqui-
ries into the birth history, prior intubations or surgery,
previous trauma, colic, respiratory or feeding difficul-
ties, gastroesophageal reflux (GER), environmental
allergy symptoms, and a description of the child’s
voice use. In addition, one needs to establish the dura-
tion and progression of the abnormal voice and assess
whether or not there is an associated stridor or stertor.

The physical examination should particularly docu-
ment the voice quality, presence of abnormal airway
noises, signs of respiratory distress, and any syndro-
mic or abnormal craniofacial features. An assessment
of the larynx, commonly done in the office by flexible
fiberoptic endoscopy, is an essential element of the
work-up and is often considered the gold standard.
Office endoscopy in children can, however, be difficult
to perform successfully, frequently requiring the assis-
tance of the parents and nursing staff. If airway or
respiratory difficulties exist, or to avoid physical
restraint of an uncooperative child, examination may
be deferred to the operating room under a general
anesthetic. Video monitoring and photo documentation
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are helpful to counsel and educate the family as well as
to follow clinical progression and assist the voice
pathologistin treatment. Videostroboscopy is extremely
useful for the evaluation of the vocal folds and their
movement during phonation (demonstrated by the
“mucosal wave”). However, a rather high degree of
cooperation is required from the patient.

Classification

Dysphonia may be further characterized in a number
of different ways, but among the more widely accepted
voice assessment tools is the GRBAS scale, which
scores vocal quality via Grade (degree of abnormal-
ity), Roughness, Breathiness, Asthenia (weakness),
and Strain (3). The application of a standardized scor-
ing system or scale provides a useful tool for both fol-
lowingclinical progressionas well asforcommunication
between care providers.

Additional Studies

Further work-up may be subsequently required for some
patients including a work-up for gastroesophageal
reflux, direct laryngoscopy with bronchoscopy, bron-
cho-alveolar lavage, videostroboscopy, audiometry,
laryngeal electromyography (EMG), chest X-ray, lab
studies (i.e., ANA, lyme titers), computed tomography
(CT), or magnetic resonance imaging (MRI).

Differential Diagnosis

Several of the more common etiologies of hoarseness/
dysphonia are included:

Vocal Nodules (“Screamer” or “Singer” Nodules) —
The most common cause of chronic pediatric hoarseness
(perhaps as much as 78%), vocal fold nodules are gener-
ally considered to result from vocal abuse or misuse and
are a benign, self-limited condition, often regressing fol-
lowing puberty (2). The nodules are frequently observed
along the anterior third of the true vocal folds bilaterally,
and may result in early contact or incomplete glottic clo-
sure with a resultant hoarse or breathy voice (Fig. 1).

_—
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Fig.1 Symmetric bilateral true vocal fold nodules

Recurrent Respiratory Papillomatosis (RRP) — The
most common benign neoplastic cause of hoarseness,
RRP can have a very aggressive, persistent, and refrac-
tory course. The process originates from the human
papilloma virus (HPV) subtypes 6 and 11, transmitted
most often in a vertical fashion from mother to fetus.
Hoarseness is the most characteristic symptom of the
disease when the larynx is affected and serves as the
best indicator of recurrence. In some cases the disease
may regress after puberty or be exacerbated by preg-
nancy. HPV subtyping may be helpful as HPV 16 and
18 have been shown to be associated with a more
aggressive clinical course (Fig. 2).

Laryngomalacia — Typically presenting with neo-
natal stridor secondary to flaccidity or redundancy of
the epiglottis and aryepiglottic folds, hoarseness is not
a primary manifestation; however, may be present due
to the common association with GER (Fig. 3).

Gastroesophageal Reflux — Extraesophageal reflux is
an increasingly prevalent finding that may itself cause
hoarseness from local posterior glottic edema and inflam-
mation, but perhaps more importantly may contribute to
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Fig.3 Laryngomalacia evidenced by the shortened aryepiglot-
tic folds and prolapsed arytenoids

or aggravate other laryngeal pathologies such as nodules,
polyps, and laryngomalacia (4). Radiographs, pH probe,
multichannel intraluminal impedance, and empiric therapy

|-

Fig. 4 Roughened, inflamed mucosa of the posterior glottis
with edematous arytenoids

have all been suggested for the evaluation of GER;
however, consensus is still lacking as to a standard for
making the diagnosis (Fig. 4).

Vocal Fold Mobility Impairment (VFMI) -
Abnormalities of vocal fold motion may result from
both congenital and acquired causes, with unilateral
VEMI occurring 4-5 times more frequently than bilat-
eral. The most common etiologies in the pediatric pop-
ulation are idiopathic, followed by iatrogenic,
neurologic, traumatic, and neoplastic (5). The lesion
may be at the level of the vocal folds themselves, as is
the case with intubation injury and laryngeal fractures.
It may also result from a recurrent laryngeal nerve
injury or from a disorder of the central nervous system,
as seen with the Arnold Chiari malformation, an
uncommon cause of neonatal bilateral VFMIL
Complications of some mediastinal and cardiothoracic
procedures such as ligation of a patent ductus arterio-
sus may also result in recurrent laryngeal nerve injury,
especially on the left where it takes a longer course
through the chest. Neoplasms, which will be discussed
later, may impair mobility at any level.

Laryngeal Webs/Laryngeal Cysts/Laryngoceles —
Anatomic lesions of the larynx may result in respira-
tory difficulties, stridor, vocal “fullness,” or hoarseness
depending upon the specific location. These lesions
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Fig.5 Bilateral internal laryngoceles rooted within the laryngeal
ventricles

may result from developmental failure of airway reca-
nalization, or may be acquired, most frequently from
prior intubation (Fig.5).

Infection — Infectious laryngitis may result from
inflammation caused by a number of viral, bacteria,
and fungal agents. In children, the most common cul-
prits of infectious laryngitis include rhino, adeno, and
parainfluenza viruses. Pneumococcus, haemophilus,
candida, histoplasma, blastomyces, and mycobacteria
are seen much less frequently.

Foreign Body — Laryngeal foreign bodies are air-
way emergencies and require immediate intervention
once suspected. Peanuts, grapes, popcorn, hot dogs,
and sunflower seeds are most commonly aspirated in
young children, while school supplies (i.e., pencil eras-
ers) are more commonly aspirated in older children.
Balloons can be particularly deadly because they tend
to conform to the contours of the larynx (Fig. 6).

Allergic Rhinosinusitis (ARS) — Postnasal drainage
is a common cause of persistent or recurrent hoarseness

Fig. 6 Small fragment of a chicken bone lodged within the
glottis

in children and is often associated with vocal reso-
nance changes from nasal obstruction. True ARS is
typically seen in children over 4 years of age and
allergy testing may be warranted.

Subglottic Hemangioma — Hemangiomas are the
most common pediatric head and neck neoplasms.
They may cause hoarseness or other dysphonia depend-
ing upon their location. Symptoms are usually noted
within the first 3—6 months of life during the prolifera-
tive phase and may be associated with biphasic stridor,
respiratory distress, or cutaneous lesions (in as many
as 50%). Small lesions may be self-limited and regress
spontaneously over time.

Other Benign Neoplasms — Lymphatic malforma-
tions, hamartomas, neurofibromas, and myxomas may
all cause vocal changes, though direct involvement of
the larynx is rare, rendering hoarseness an uncommon
finding.

Malignancy — Rhabdomyosarcoma, lymphoma,
chondrosarcoma, fibrosarcoma, thyroid cancer, and
squamous cell carcinoma may cause a variety of vocal
changes through involvement of the larynx or the
motor nerves that innervate the laryngeal muscles.
Fortunately, malignant etiologies of hoarseness are
rare in children.

Trauma — Intubation injury is the most common
cause of traumatic hoarseness and may be due to
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placement of an improperly sized tube, traumatic
intubation, uncontrolled GER, or prolonged intuba-
tion. Granulation and scarring often occur posteriorly
and may ultimately cause webbing or stenosis. Other
traumas include laryngeal fracture such as that seen
in clothesline injuries, iatrogenic nerve injury as
previously discussed, and foreign body aspiration.
Taking a detailed history is particularly important
in uncovering traumatic etiologies for hoarseness
(Fig. 7).

Chronic Granulomatous Disease — Hoarseness
secondary to vocal fold scarring, joint fixation, and
airway stenosis may be seen with various systemic
disorders such as sarcoidosis, Wegener’s granuloma-
tosis, and juvenile rheumatoid arthritis. In most cases,
laryngeal involvement is not an isolated presentation,
but rather in association with other organ system
involvement. Radiographs and lab panels (ANA, RF,
immune antibodies, etc.) are often useful to confirm
the diagnosis.

Functional Dysphonias — Sometimes referred to as
psychogenic or behavioral dysphonia, these patients
present without any obvious organic lesion. It is
thought that many of the conditions in this category

Fig.7 Traumatic postintubation injury to the posterior vocal
folds and arytenoids

stem from poor voice habits that are either learned or
perhaps developed as a compensatory mechanism for
other underlying disturbances (i.e., velopharyngeal
insufficiency). In some patients, the dysphonia mani-
fests consciously or subconsciously for the purpose of
secondary gain. Diagnosis may be extremely challeng-
ing, and is typically made only after other etiologies
have first been excluded. Without correction, however,
these patients may in fact progress to develop true ana-
tomic lesions, such as nodules, which perpetuate the
symptoms.

Treatment

The hallmark of treatment for pediatric dysphonias
is the institution of voice therapy. Of course, the suc-
cess of therapy will depend greatly on the age of the
child, his/her motivations for voice improvement,
the cooperation and support of the family, and the
skill of the therapist. Surgical correction of underly-
ing anatomic abnormalities may also be necessary,
depending upon the etiology, ranging from microlar-
yngoscopy techniques utilizing airway lasers and
microdebriders to augmentation procedures for the
correction of vocal fold mobility impairments. In
addition to the noted modalities, maximal medical
control of extraesophageal reflux utilizing proton
pump inhibitors, histamine blockers, and dietary
modification is often also advocated (1,3,5).
Intralesional, topical, or systemic steroid therapy
may also play a role in the resolution of some voice
disorders, particularly in acute traumatic processes;
however, experience in the pediatric population is
largely anecdotal at this point.

Outcomes

Resolution of voice disturbance depends greatly on the
underlying etiology. Children who have undergone air-
way reconstruction or who have developed scarring of
the anterior commissure from prolonged periods of
intubation or from repeated surgeries to remove laryn-
geal papillomas will not achieve successful voice
outcomes. Children with vocal nodules who modify
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their behavior and resolve their underlying medical
conditions are likely to normalize their voice. It should
be noted that vocal improvement does not necessarily
indicate that the underlying process has also been
resolved and therefore follow-up and prophylactic care
should be maintained (6). Compliance with treatment
regimens is a large factor in the overall success of ther-
apy. As previously noted, most young children lack the
self-awareness of any voice disturbance, thus speech
therapy is largely focused on behavior modification,
whereas older kids may be more motivated to focus
upon the voice itself. The concept of a multidisciplinary
voice clinic serves as a promising model for optimizing
voice and vocal care in the pediatric patient; however,
these clinics are in their infancy and not widely avail-
able. Finally, although microlaryngeal techniques are
commonly utilized in adults, they are not always appli-
cable in children; hence, further experience, research,
and instrument adaptation are required.
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Adenotonsillar Disease

David H. Darrow and Nathan A. Kludt

Key Points

* Tonsils and adenoid are important sources of J-chain
bearing B-cell precursors that can eventually bind
secretory IgA.

e Although most tonsillitis in children is viral, Group
A streptococcal disease is the most common treat-
able disorder. Treatment is useful primarily in the
prevention of sequelae. Tonsillectomy, however, may
reduce the frequency of Group A streptococcal dis-
ease in selected individuals with recurrent disease.

e Acute infection with Epstein—Barr virus (infectious
mononucleosis) usually occurs in older children
and adolescents. Most individuals, acquire antibod-
ies to the Epstein—Barr virus.

e Chronic infection of the adenoid may result in per-
sistent nasal discharge as well as frequent or chronic
otitis media.

¢ Lymphoma is the primary cause of neoplastic
disease in the tonsils and adenoid and may arise pri-
marily or as a result of a post-transplantation lym-
phoproliferative disorder.

Keywords: Pharyngitis « Tonsillitis « Streptococcus
o Epstein—Barr virus ¢ Adenoiditis ¢ Tonsillec-
tomy ¢ Adenoidectomy o Tonsil lymphoma e Post-
transplantation lymphoproliferative disorder

Adenotonsillar disease in children occurs as a result
of infection, inflammation, or malignancy. Infection of
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the tonsils and adenoid is common in children due to
exposure to upper respiratory infections of other chil-
dren facilitated by day care and family settings.
Conversely, malignancy of these tissues is exceedingly
rare. Hyperplasia of the tonsils and adenoid leading to
sleep-disordered breathing (SDB) is reviewed as a
separate chapter in this textbook.

Waldeyer’s ring is composed of the palatine tonsils
bilaterally, the adenoid and tubal tonsils in the nasophar-
ynx, and the lingual tonsil at the tongue base. These tis-
sues are important in the development of regional
immunity in children. Lymphoid follicles stimulated by
antigen give rise to expansion of B-cell clones, induc-
tion of J-chain production, and differentiation of B-cells
into memory cells and plasma cells associated with
J-chain expression. Because J-chain is an essential com-
ponent of secretory IgA, tonsils and adenoid may be an
important source of B-cells for effector sites in the
mucosa of the upper respiratory tract. However, there is
no evidence that removal of the tonsils and/or adenoid
increases the risk of immunomodulated disease (1).

Infectious and Inflammatory Diseases
of the Tonsils

Pharyngotonsillitis is a general term used to describe
diffuse inflammation of the structures of the orophar-
ynx, including the tonsils. The disorder presents with
symptoms of odynophagia with objective signs of
inflammation. Pharyngotonsillitis may be classified
based on duration of symptoms as acute, subacute, or
chronic, with most children presenting acutely.
Alternatively, pharyngitis may also be characterized as
nasopharyngitis, in which common symptoms include
rhinorrhea, nasal congestion, sneezing, and cough.
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Adenoviruses, influenza viruses, parainfluenza viruses,
and enteroviruses are the most common etiologic
agents. Nasopharyngitis of viral etiology may also
cause a concomitant pharyngotonsillitis. The infection
is most commonly acute and self-limited, with symp-
toms resolving within 10 days. Inflammation limited
to the adenoid pad (adenoiditis) is difficult to diagnose
in the primary care setting due to the inaccessibility of
this tissue to direct visualization.

The etiologic agents responsible for pharyngoton-
sillitis are far more diverse than those of nasopharyngi-
tis. Group A  beta-hemolytic  Streptococcus,
adenoviruses, influenza viruses, parainfluenza viruses,
enteroviruses, Epstein—Barr virus, and Mycoplasma
account for over 90% of these infections (2). Treatment
of these illnesses varies depending on the etiology, and
therefore throat culture for treatable bacterial etiolo-
gies is usually indicated. As in nasopharyngitis, most
viral pharyngotonsillitis require no specific therapy. In
the remainder of this chapter, we address other causes
of pharyngotonsillitis, which may require more aggres-
sive diagnosis and treatment.

Group A Beta-Hemolytic and Other
Streptococci

The Group A beta-hemolytic streptococcus (GABHS)
is the most common bacterium associated with pharyn-
gotonsillitis in children. In the 60 years since the
advent of antibiotics, most pharyngeal infections by
GABHS have been benign, self-limited, and uncom-
plicated. In fact, most children improve symptomati-
cally without any medical intervention. However, a
small number of affected individuals continue to
develop severe renal and cardiac complications fol-
lowing GABHS infection. In addition, there is evi-
dence that early antibiotic therapy may be useful in
treating the symptoms of GABHS. As a result, appro-
priate diagnosis and treatment of these infections is
imperative.

The incidence of GABHS pharyngitis has not been
estimated on the basis of population-based data (3).
Nevertheless, “strep throat” is well recognized as a
common disease among children and adolescents. The
incidence peaks during the winter and spring seasons,
and is more common in cooler, temperate climates.
Risk factors for GABHS pharyngitis include: close

interpersonal contact in schools, military quarters, dor-
mitories, and families with several children.

Transmission of GABHS is believed to occur
through droplet spread. As a result, individuals are
most infectious early in the course of the disease. The
inoculum size and the virulence of the infecting strain
are likely to be important factors in transmission. The
incubation period is usually between 1 and 4 days.
Following initiation of antimicrobial therapy, children
may return to school within 36-48 h (4). The role of
individuals colonized with GABHS in the spread of
the disease is uncertain, although data suggest that car-
riers rarely spread the disease to close contacts (4).

The streptococci are Gram-positive, catalase-negative
cocci characterized by their growth in long chains or
pairs in culture. These organisms are traditionally
classified into 18 groups with letter designations
(Lancefield groups) on the basis of the antigenic car-
bohydrate component of their cell walls. While the
Group A beta-hemolytic streptococcus is isolated
from most patients with streptococcal pharyngitis,
Group C, G, and B streptococci may also occasion-
ally cause this disorder. Further subclassification of
streptococci is made based on their ability to lyse
sheep red blood cells in culture; the beta-hemolytic
strains cause hemolysis associated with a clear zone
surrounding their colonies, while alpha-hemolytic
strains cause partial hemolysis and gamma-hemolytic
strains cause no hemolysis. The primary determinant
of streptococcal pathogenicity is an antigenically dis-
tinct protein known as the M protein. GABHS are
capable of elaborating at least 20 extracellular sub-
stances that affect host tissue. Serologic detection of
antibodies to these streptococcal antigens may pro-
vide evidence of previous streptococcal infection.
The most commonly performed test is the
Antistreptolysin O (ASO) titer.

Signs and symptoms of GABHS pharyngotonsilli-
tis vary from mild sore throat and malaise (30-50% of
cases) to high fever, nausea and vomiting, and dehy-
dration (10%) (4). The disorder is acute in onset, usu-
ally characterized by high fever, odynophagia,
headache, and abdominal pain. The pharyngeal and
tonsillar mucosa are typically erythematous and occa-
sionally edematous, with exudate present in 50-90%
of cases. Cervical adenopathy is also common, seen in
30-60% of cases. Most patients improve spontane-
ously in 3-5 days, unless otitis media, sinusitis, or
peritonsillar abscess occur secondarily.
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The risk of rheumatic fever following GABHS
infection of the pharynx is approximately 0.3% in
endemic situations, and 3% under epidemic circum-
stances (4). A single episode of rheumatic fever places
an individual at high risk for recurrence following
additional episodes of GABHS pharyngitis (4). Acute
glomerulonephritis occurs as a sequela in 10-15% of
those infected with nephritogenic strains (4). In patients
who develop these sequelae, there is usually a latent
period of 1-3 weeks.

Recently, PANDAS (pediatric autoimmune neurop-
sychiatric disorder associated with Group A strepto-
coccal infection) has been described as an
immune-mediated illness associated with GABHS
infection, similar to Sydenham’s chorea. In a recent
prospective study identifying children with PANDAS,
the most common presentation was the abrupt onset of
severe obsessive-compulsive disorder behaviors
including hand washing, preoccupation with germs,
and daytime urinary urgency or frequency in the
absence of infection (5). These behaviors resolved
with treatment of the accompanying sentinel GABHS
pharyngitis. Recurrences of obsessive-compulsive
behaviors were seen in 50% of patients reinfected with
GABHS and resolved with antibiotic treatment.
However, the association of PANDAS with GABHS
infection remains unproven.

Carriage of GABHS may be defined as a positive
culture for the organism in the absence of arise in ASO
convalescent titer, or in the absence of symptoms. The
prevalence of GABHS carriers has been estimated at
10-50%. Carriers appear to be at little risk to transmit
GABHS, or to develop sequelae of the disease. It is
unlikely that these individuals are at increased risk for
recurrent pharyngitis. The importance of this condition
is in the diagnosis of true acute streptococcal pharyn-
gitis; when this disorder must be distinguished from
nonstreptococcal disease in a carrier.

Early diagnosis of streptococcal pharyngitis has
been a priority in management of the disease, primar-
ily due to the risk of renal and cardiac sequelae.
Adenopathy, fever, and pharyngeal exudate have the
highest predictive value for a positive culture and rise
in ASO titer, and absence of these findings in the pres-
ence of cough, rhinorrhea, hoarseness, or conjunctivi-
tis most reliably predicts a negative culture, or positive
culture without rise in ASO (6).

Most clinicians advocate throat culture as the gold
standard to determine appropriate treatment for

GABHS. However, the tonsils, tonsillar crypts, or pos-
terior pharyngeal wall must be swabbed for greatest
accuracy. The decision whether to treat pending cul-
ture results or to delay treatment until the results are
available remains controversial, although some studies
suggest that early treatment hastens the clinical
response to antibiotics (7,8).

In the mid-1980s, tests for rapid detection of the
group-specific carbohydrate became available. Such
assays have simplified the decision to treat at the time
of the office visit and have eliminated the need for
additional postvisit communication. However, while
these tests have demonstrated a specificity of greater
than 95%, their sensitivity is 70-90% (9). As a result,
many clinicians advocate throat culture for children
with suspected streptococcal disease and negative
rapid strep tests. Rapid antigen detection is usually
more expensive than throat culture, and this technique
must still be interpreted with care given the high inci-
dence of post-treatment carriers. Studies also suggest a
“learning curve effect” associated with this diagnostic
modality. Serologic tests for ASO are the definitive
means for diagnosing acute streptococcal infection.

Although most upper respiratory infections by
GABHS resolve without treatment, antimicrobial ther-
apy prevents suppurative and nonsuppurative sequelae
including rheumatic fever and may also hasten clinical
improvement (7,8,10). Treatment is therefore indicated
for positive rapid tests for the Group A antigen. When
the test is negative or not available, one may treat
empirically for a full course, assuming the test was
falsely negative or for a few days pending throat cul-
ture results.

GABHS is sensitive to a number of antibiotics,
including penicillins, cephalosporins, macrolides, and
clindamycin. Expert panels have designated penicillin
the drug of choice in managing GABHS owing to its
track record of safety, efficacy, and for having a narrow
spectrum (11-14). To date, no strains of GABHS
acquired in vivo have demonstrated penicillin resis-
tance or increased minimum inhibitory concentrations
in vitro (15). Amoxicillin appears to have efficacy
equal to that of penicillin (13). When poor compliance
is anticipated, azithromycin dosed once daily for 5
days may be a reasonable alternative. Erythromycin
remains the drug of choice for patients with penicillin
allergy.

Most patients with positive cultures following treat-
ment are GABHS carriers; these individuals need not
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be retreated if their symptoms have resolved. For
patients in whom complete bacteriologic clearance is
desirable, such as those with a family member with a
history of rheumatic fever, a course of clindamycin or
a second course of penicillin combined with rifampin
may yield increased success. In patients with recurrent
symptoms, serotyping may aid in distinguishing bacte-
rial persistence from recurrence. There are no data
available regarding the use of antibiotic prophylaxis in
these patients, and in such cases tonsillectomy may be
most advantageous.

During antimicrobial therapy, patients must be
monitored carefully for fluid intake, pain control, and
impending suppurative complications such as periton-
sillar abscess. Small children may become dehydrated
rapidly, and may require hospitalization for adminis-
tration of fluids intravenously.

Removal of the tonsils as prevention against infec-
tion has been a popular concept for decades. During
the 1960s and 1970s, the procedure finally came under
attack for its lack of scientific basis. A recent resur-
gence of interest in the procedure has resulted from a
series of trials by Paradise and colleagues at the
University of Pittsburgh supporting the use of tonsil-
lectomy in cases of recurrent pharyngitis (16,17).
However, the results of these studies must be inter-
preted with caution, and the procedure offered only to
those children who meet the agreed criteria of seven
episodes of GABHS in 1 year, five episodes a year for
2 years, or three episodes a year for 3 years (16).

Infectious Mononucleosis

Pharyngitis is one of the hallmarks of infectious mono-
nucleosis, a disorder associated with primary infection
by the Epstein—Barr virus (EBV), a member of the her-
pes virus family. Serologic reactivity to EBV antigens
has been demonstrated in 80-95% of adults (18).
However, while primary infection by EBV occurs dur-
ing the second and third decade in developed nations
and regions of high socioeconomic status, young chil-
dren are more commonly affected in developing coun-
tries and regions of low socioeconomic status. When
the virus is acquired at a younger age, symptoms are
generally less severe. The incidence of infectious
mononucleosis in the United States is approximately
one per 50-100,000 per year, but increases to about

100 per 100,000 among adolescents and young adults
(19). Infected individuals transmit EBV by way of
saliva exchanged during kissing or other close
contact.

EBYV preferentially infects and transforms human B
lymphocytes. The virus enters the cell by attaching to
a receptor designed for proteins of the complement
chain, and its genetic material is transported by vesi-
cles to the nucleus, where it dwells as a plasmid and
maintains a “latent” state of replication. An incubation
period of 2—7 weeks follows initial exposure, during
which EBV induces a proliferation of infected B-cells.
Infectious mononucleosis is characterized by a pro-
drome of malaise and fatigue, followed by the acute
onset of fever and sore throat. Physical examination
typically reveals enlarged, erythematous palatine ton-
sils, in most cases with yellow-white exudate on the
surface and within the crypts. Cervical adenopathy is
present in nearly all patients, and involvement of the
posterior cervical nodes often helps distinguish EBV
infection from that by streptococcus or other organ-
isms. Between the second and fourth weeks of illness,
approximately 50% of patients develop splenomegaly,
and 30-50% develop hepatomegaly (20). Rash, palatal
petechiae, and abdominal pain may also be present in
some cases. The fever and pharyngitis generally sub-
side within about 2 weeks, while adenopathy, organo-
megaly, and malaise may last as long as 6 weeks.

Diagnosis of infectious mononucleosis can usually
be made on the basis of clinical presentation, absolute
Iymphocytosis, the presence of atypical lymphocytes
in the peripheral smear, and detection of Paul-Bunnell
heterophil antibodies. The latter is the basis of the
Mono-Spot, Mono-Diff, and Mono-Test assays, which
test for agglutination of horse erythrocytes. Children
under 5 years of age may not develop a detectable het-
erophil antibody titer; in these patients, it is possible to
determine titers of IgG antibodies to the viral capsid
antigen, as well as antibodies to the “early antigen”
complex. Antibodies to EBV nuclear antigen appear
late in the course of the disease. In most cases, rest,
fluids, and analgesics are adequate to manage the
symptoms of infectious mononucleosis. In more symp-
tomatic patients, particularly those with respiratory
compromise due to severe tonsillar enlargement and
those with hematologic or neurologic complications, a
course of systemic steroids may hasten resolution of
the acute symptoms. Placement of a nasopharyngeal
trumpet or endotracheal intubation may be necessary
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on rare occasions when complete airway obstruction
is imminent. Antibiotics may be useful in cases of
concomitant Group A beta-hemolytic pharyngotonsil-
litis; however, ampicillin use is known to induce a
rash in this setting. The use of antiviral agents in
infectious mononucleosis has yielded disappointing
results.

Exposure to EBV has been implicated in the devel-
opment of post-transplantation lymphoproliferative
disorder (PTLD). Immune-suppressed children who
have received bone marrow and solid organ transplants,
may develop abnormal proliferation of lymphoid cells.
Approximately 80% of affected individuals have a his-
tory of EBV infection (23). The clinical presentation is
variable and can mimic graft-versus-host disease, graft
rejection, or more conventional infections. Signs and
symptoms may resemble an infectious mononucleosis-
like illness or an extranodal tumor, commonly involv-
ing the gut, brain, or the transplanted organ.
Mononucleosis-like presentations typically occur in
children, within the first year of transplant, and are
often associated with primary EBV infection after
transfer of donor virus from the grafted organ.
Extranodal tumors are more common among EBV
seropositive recipients several years after the trans-
plant (24). Even after conventional lymphoma chemo-
therapies, mortality is over 50% (24). Novel forms of
immunotherapy have been tested in PTLD, including
both antibody and cell-mediated approaches.

Gonorrhea

Infection by Neisseria gonorrhea is a rare source of
pharyngitis in children, occurring almost exclusively
among those who are sexually abused. In one series,
oropharyngeal gonorrhea was reported in 4-6% of
sexually abused children (25).

Gonococcal pharyngitis most commonly presents
as an exudative pharyngitis accompanied by fever and
adenopathy, not unlike that associated with a number
of other organisms. The physician must therefore
remain cognizant of other possible manifestations of
gonococcal infection, and of signs and symptoms of
other sexually transmitted diseases. Cultures should be
obtained to confirm the diagnosis in suspicious cases,
and to direct antibiotic therapy that is most commonly
a single parenteral administration of ceftriaxone.

Treatment should also be offered to the offending indi-
vidual, and the infections must be reported to the
appropriate local and national authorities.

Diphtheria

With the development of diphtheria toxoid and aggres-
sive immunization programs, diphtheria laryngotra-
cheitis has become all but extinct in the developed
world. Since 1980, new cases have been reported to the
Centers for Disease Control at a rate of 0.001 per
100,000, or approximately three new cases per year
(26). Nevertheless, the disease remains endemic in
many nations throughout the world.

Diphtheria  laryngotracheitis is caused by
Corynebacterium diphtheriae, a club-shaped, Gram-
positive bacillus. The bacterium is usually acquired via
the respiratory passages or, rarely, the mucous mem-
branes. Nasal congestion, pharyngitis, anorexia, and
low-grade fever may be present. Cervical lymphadeni-
tis and edema of the soft tissues of the neck are also
common.

Following an incubation period of 2—4 days, diph-
theria exotoxin is released by the organism, initiating
local tissue necrosis and exudate. As the affected area
expands, the exudate turns fibrinous and develops into
an adherent gray membrane also containing inflamma-
tory cells, epithelial cells, and red blood cells.
Enlargement of the membrane and progressive edema
cause airway compromise and stridor, and dislodge-
ment of the membrane may cause frank obstruction.
Systemic effects of the toxin include myocarditis,
peripheral neuritis, and acute tubular necrosis of the
kidneys.

Definitive diagnosis is made by culture of the mem-
brane, but management should not be delayed for cul-
ture results. Severely compromised patients will
require an artificial airway, usually tracheotomy, since
the membranes are generally more tenacious than
those in bacterial tracheitis. Once the airway is secure
and a presumptive diagnosis is made, the patient is
tested for sensitivity to horse serum and antitoxin is
administered. Antibiotic therapy with penicillin or
erythromycin is subsequently started, and nonimmune
personal contacts are also treated. Prognosis depends
on the immunization status of the host, the promptness
of medical therapy, and the virulence of the infecting
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organism. Prevention of diphtheria is achieved through
immunization during infancy.

Kawasaki Disease (Mucocutaneous
Lymph Node Syndrome)

Kawasaki disease (KD) is a disorder of unknown etiol-
ogy characterized by fever, rash, pharyngitis, conjunc-
tival inflammation, edema of the extremities, and
cervical adenopathy. KD has been linked over the last
three decades to serious cardiac complications, arthri-
tis, and a number of other manifestations.

KD is a disease of young children, with 80% of
cases occurring in children under 5 years of age (27).
Fatalities are most common during infancy. The dis-
ease is slightly more common in males and among
individuals of Asian extraction. Between 3,000 and
5,000 cases occur annually in the United States (28).

Most investigators believe KD to be the result of an
infectious agent or an immune response to an infec-
tious agent. KD occurs in three distinct clinical phases.
The acute phase lasts 1-2 weeks and is characterized
by prolonged high spiking fever, oral and oropharyn-
geal changes, rash, erythema of the bulbar conjunctiva,
swelling and erythema of the extremities, and adenop-
athy. In the subacute phase, days 10-25, most of these
signs and symptoms resolve; however, conjunctival
changes usually persist and the child remains irritable.
The toes and fingers begin to desquamate and joint
pain is present in about 30% of patients. Cardiac dys-
function typically becomes evident during this period.
The third or convalescent stage begins when clinical
signs of KD have completely resolved and ends when
the sedimentation rate returns to normal.

Diagnosis of KD is based on the clinical presenta-
tion. Patients must have a history of persistent fever,
elevation of the sedimentation rate, as well as four of
the five other acute signs listed above. Therapy for
KD in the acute phase is directed at prevention of
cardiac complications. High-dose aspirin is usually
administered, with a watchful eye for signs of Reye’s
syndrome, to decrease myocardial inflammation and
prevent thrombosis. Addition of intravenous immune
globulin (IVIG) to the protocol results in a more
rapid anti-inflammatory effect than that seen with
aspirin alone. IVIG also appears to lessen the risk of
long-term coronary artery abnormalities. Other

manifestations of KD are treated symptomatically.
Once the convalescent phase is reached, patients are
generally monitored at regular intervals for evidence
of cardiac complications.

Peritonsillar Infection

Peritonsillar infection may present as either celluli-
tis or abscess (PTA). Peritonsillar infection occurs
more commonly in adolescents and young adults
than in young children. Affected patients present
with symptoms of sore throat, odynophagia, fever,
voice change, and otalgia. Common physical
findings include fever, drooling, trismus, muffled
“hot potato” voice, and pharyngeal asymmetry with
inferior and medial displacement of the tonsil.
Radiographic evaluation is usually not necessary,
but may be useful in young or uncooperative children
or in equivocal cases. Computerized tomography
with contrast remains the imaging modality of
choice in children (29).

While patients with peritonsillar cellulitis may be
treated with antibiotics alone, most abscesses require
either aspiration or incision and drainage as definitive
therapy. Evacuation of a PTA can be managed by
needle aspiration, incision and drainage, or immediate
(“quinsy”) tonsillectomy with nearly equivalent
efficacy (30,31). In very young or poorly cooperative
patients, or in those in whom an abscess has been
inadequately drained, tonsillectomy is curative and
essentially eliminates any chance of recurrence.

“Chronic” Tonsillitis

Chronic tonsillitis is a poorly defined condition that
is usually a reference to a sore throat of at least 3
months’ duration accompanied by physical findings
of tonsillar inflammation. Affected individuals may
report symptoms of chronic sore throat, halitosis, or
debris or concretions in the tonsil crypts, and may
have persistent cervical adenopathy. Throat culture in
such cases is usually negative. Tonsillectomy may be
useful for children who do not respond to improved
oropharyngeal hygiene and aggressive antibiotic
therapy.
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Infectious and Inflammatory Disease
of the Adenoid

Recurrent or Chronic Adenoiditis

Because the affected tissue resides on the posterior
wall of the nasopharynx where visualization and cul-
ture are difficult, adenoiditis is usually diagnosed
based on symptoms rather than physical findings.
Most individuals in whom the diagnosis is made pres-
ent with nasal stuffiness, mucopurulent rhinorrhea,
halitosis, chronic cough, and “snorting” or “gagging”
on the mucus throughout the day. There are no estab-
lished criteria for making this diagnosis, or for differ-
entiating it from viral upper respiratory illness or
acute sinusitis.

Often the symptoms attributed to chronic adenoidi-
tis may be the result of adenoid hyperplasia encroach-
ing on the choanae and causing stasis of secretions
within the nose. In such cases, it may be difficult to tell
whether the adenoid size is causing the symptoms or
whether the hyperplasia was induced by chronic
inflammation within the adenoid pad (32), but ade-
noidectomy is often curative. Organisms commonly
isolated include Haemophilus influenzae, Moraxella
catarrhalis, a variety of streptococci including Group
A, Staphylococcus aureus, and Streptococcus
pneumoniae.

Antibiotic therapy directed at common upper
respiratory organisms is reasonable for patients with
symptoms of chronic adenoiditis. However, recent
data suggest that many organisms, particularly
H. influenzae, are capable of forming bacterial
biofilms within the adenoid that make them resistant
to such therapy (32,33). The adenoid may also
become inflamed secondary to gastroesophageal
reflux disease (GERD).

The relationship between chronic rhinorrhea,
chronic adenoiditis, and recurrent rhinosinusitis is
poorly understood. Recent data suggest that adenoidec-
tomy may be efficacious in the management of chil-
dren with persistent and recurrent sinonasal complaints,
and most clinicians favor adenoidectomy prior to con-
sideration of endoscopic sinus surgery (34).

The proximity of the adenoid pad to the eustachian
tube has prompted a number of clinicians to study the
potential benefits of adenoidectomy and adenotonsil-
lectomy in the management of otitis media. The effect

of the adenoid on the eustachian tube is likely one of
regional inflammation or infection rather than one of
direct compression (34). There is increasing evidence
that adenoidectomy (35-40) has a role in the manage-
ment of both recurrent acute and chronic otitis media.
Based on the data, adenoidectomy should be consid-
ered along with the first set of tubes if the child has
symptoms of nasal obstruction or recurrent rhinorrhea,
or whenever a second set of tubes is necessary (34). In
children with a history of cleft palate, the procedure
should be performed only when the otitis is relentless;
in such cases, an inferior strip of adenoid should be
preserved to avoid velopharyngeal insufficiency.
Tonsillectomy is a reasonable additional procedure
when indications such as airway obstruction or recur-
rent pharyngitis are also present.

Malignancy

The most common malignant neoplasm in the oropha-
ryngeal cavity in children is lymphoma, usually non-
Hodgkin B-cell (41). Unilateral tonsillar enlargement
or asymmetry of the tonsils in the absence of acute
infection is a common finding in children. Although
malignancy should always be considered as part of the
differential diagnosis, other nonmalignant causes
include: chronic infection, glycogen or lipid storage
disorders, benign tumors, and pathologies of adjacent
tissue (27).

Unilateral tonsillar enlargement is generally a
result of the asymmetry of the anterior tonsillar pil-
lars or difference in depth of the tonsillar fossa rather
than a true tonsillar enlargement (41). Rapid unilat-
eral enlargement of the tonsil is very suggestive of
tonsillar lymphoma, especially when associated with
local and systemic symptoms such as dysphagia,
fever, weight loss, cervical lymphadenopathy, or
hepatosplenomegaly (41). Tonsillar lymphoma
should also be considered when acute tonsillitis is
asymmetric and asymmetry persists despite appro-
priate medical treatment (41). The lesions are often
bulky and large, gray-tan in color, and may extend
into adjacent soft tissue or have ulceration (27).
Biopsy is necessary for histological diagnosis and
involves tonsillectomy. Treatment options for
non-Hodgkin lymphoma include radiotherapy and
chemotherapy (27).
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Sleep-Disordered Breathing (SDB) in Children

Ron B. Mitchell

Key Points

e SDB is diagnosed with increasing frequency in
children and is known to affect behavior, quality of
life, and school performance.

e In the majority of children with SDB, the diagnosis
is based on the presence of daytime and night-time
symptoms along with adenotonsillar hypertrophy.

* Polysomnography (PSG) is the “gold standard” for
the diagnosis and quantification of SDB and used
when there is doubt about the diagnosis, in high-
risk groups, or when there are persistent symptoms
of SDB after surgical therapy.

e Children with obesity, craniofacial, neuromuscular,
and genetic disorders are more likely to have SDB
and persistent symptoms after surgery.

¢ Adenotonsillectomy (T&A) leads to resolution of
SDB in majority of children including improve-
ments in behavior, quality of life, and school
performance.

Keywords: Sleep * Apnea * Children * Tonsils ® Poly-
somnography

Sleep-disordered breathing (SDB) in children represents
a spectrum of sleep problems ranging in severity from
primary snoring to upper airway resistance to obstructive
sleep apnea (OSA) (1). SDB has been diagnosed in
children with an increasing frequency over the past 20
years (2). There is compelling evidence that SDB
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affects behavior, neurocognition, and quality of life in
children. Adenotonsillar hypertrophy is the most common
cause of SDB, and adenotonsillectomy has become the
surgical therapy of choice for these sleep disorders (3).

Definition

Snoring — noisy breathing during sleep with normal
oxygen saturation and no sleep disruption.

Upper airway resistance — snoring, labored breath-
ing, paradoxical breathing, and disrupted sleep, with-
out discrete obstructive apneas or hypopneas.

Obstructive sleep apnea — reduction (hypopnea) or
cessation (apnea) of airflow through the nostrils and
mouth that can be associated with oxygen desaturation
and disruption of sleep.

Prevalence

Between 10 and 25% of children snore. OSA is present
in 1-4% of children. The prevalence of OSA is highest
in 4-6 year olds.

Diagnosis

Clinical evaluation — Diagnosis is based on a history
of daytime and night-time symptoms in a child with
adenotonsillar hypertrophy. These symptoms include
loud snoring, witnessed apneas, periods when the child
is gasping for air or choking, and possible enuresis.
During the day the child may have hypersomnolence
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or hyperactivity. Attention problems that lead to
reduced school performance are common. Healthcare
utilization is higher in children with SDB and decreases
after surgical therapy (4). Although a clinical history is
accurate at confirming the presence of snoring it is
poor at diagnosing or quantifying OSA (5).

Polysomnography — Objective assessment of the
presence and severity of SDB is accomplished with
overnight polysomnography (sleep study) (6). It is the
“gold standard” for diagnosing and quantifying SDB.
This evaluation involves recording respiratory effort
(oronasal airflow, movement of chest and abdomen,
pulse oximetry, end tidal CO,) and nonrespiratory (heart
rate, electroencephalography, electrooculography)
parameters. The number of obstructive apneas (total
cessation of oronasal airflow for two or more respiratory
cycles with persistence of respiratory effort) and hypo-
pneas (50% or greater reduction in oronasal airflow for
two or more respiratory cycles) is commonly reported.
Apneas can also be categorized as obstructive, central,
or mixed. SDB severity can be graded based on a num-
ber of factors. Most sleep laboratories report the respira-
tory distress index (RDI) or the apnea hypopnea index
(AHI) as a measure of severity. The other commonly
used measure of severity is the minimum oxygen satura-
tion. The RDI or AHI typically includes the number of
obstructive apneas and hypopneas as well as central
apneas per hour. Although an accurate indicator for the
diagnosis of SDB, polysomnography is expensive, time
consuming, and is not available in all institutions.

Other diagnostic methods:

Questionnaires — Many are available but mostly
used as research tools. The most commonly used is the
OSA-18 quality-of-life survey (7).

Oximetry — It is of limited diagnostic value because
children with SDB do not necessarily have periods of
desaturation. If an oximetry study is normal, a formal
PSG is necessary. Oximetry may be used as a triage
tool either to reassure parents who have a heightened
concern about their child’s breathing pattern with lim-
ited or no access to a sleep study or to identify children
who have significant hypoxemia and need more urgent
attention (1).

Nap studies — The same monitoring sensors as over-
night polysomnography are used but the test occurs
during the day and has a short sampling time of less
than 4 h. Nap studies have significant limitations.
Children over 4 years rarely nap and rapid eye move-
ment sleep is unlikely to occur during this limited

study thus underestimating the severity of SDB.
A negative nap study would require overnight poly-
somnography to rule out SDB (7).

Others — Audiotapes and videotapes recorded by
caregivers are useful, inexpensive ways of document-
ing SDB (7).

High-Risk Groups

The factors determining high-risk group include:

Young children — Children under the age of 3 are
more likely to have perioperative complications par-
ticularly respiratory compromise. They are also more
likely to have poor oral intake and dehydration after
surgery. Children with craniofacial, neuromuscular, or
genetic disorders often present with SDB before the
age of 3 and can form a high proportion of children in
this category, especially in tertiary referral centers.
A high proportion of these young children are routinely
monitored overnight after surgery (§8).

Obesity — The prevalence of childhood obesity in the
USA has risen from 6 to 14% over the last quarter cen-
tury and the prevalence of SDB in children with obesity
is 25-40%. SDB is more severe in these children and
surgical therapy improves but does not always resolve
the sleep disorder (9). Children with obesity are at high
risk of postoperative respiratory compromise.

Down syndrome — Multiple anatomic and physio-
logic factors predispose these children to SDB. The
prevalence of SDB in children with Down syndrome is
reported to be between 50 and 100%. Even though
surgery may be successful initially, recurrence of
symptoms of SDB is high.

Craniofacial problems — These deformities result
from abnormal development of the brain, cranium, and
facial skeleton, and include Apert, Crouzon, and
Pfeiffer syndromes. SDB in these children is caused by
structural abnormalities of the maxilla, mandible, and
palate that lead to crowding of the nasopharynx and
oropharynx. This results in a complex clinical picture
that may vary over time.

Neuromuscular disorders — Children with neuro-
muscular diseases form a heterogeneous group based
on the etiology of individual disorders. The symptoms
of SDB in children with neuromuscular disease are
probably underestimated and often difficult to
distinguish from the underlying disease.
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Mucopolysaccharidoses — These are a group of
genetic disorders characterized by accumulation of
mucopolysaccharides in the soft tissues of the body.
SDB is common in these children because of upper
airway narrowing caused by hypertrophy of the tongue,
tonsils, adenoids, and mucous membranes. SDB is a
severe and progressive consequence of mucopolysac-
charidoses and not infrequently the cause of death in
these children.

Others — Children with cerebral palsy, sickle-cell
anemia, Arnold-Chiari malformations, Prader-Willi
syndrome, and achondroplasia.

The prevalence of SDB is usually underestimated
and surgical management is more complex in these
children (10). These children are more likely to have
upper airway obstruction that is multifactorial in etiol-
ogy, and they more commonly have perioperative
complications. In these cases, T&A may only lead to
partial resolution of SDB. Additional procedures such
asuvulopalatopharyngoplasty (UPPP) and tracheotomy
may be necessary in selected children. In addition,
some of these high-risk children will be candidates for
continuous positive airway pressure (CPAP).

Treatment

T&A is the first-line treatment in the majority of chil-
dren with SDB. Most children undergo T&A as an out-
patient procedure. It is effective in resolving SDB in
over 85% of children (3). Children with mild SDB or
persistent symptoms after surgery may benefit from
nonsurgical anti-inflammatory treatments including a
nasal steroid spray and/or a leukotriene modifier (mon-
telukast) (11). In children with craniofacial, neuromuscu-
lar, and/or genetic disorders, T&A results in improvement
but usually not resolution of SDB. Other more extensive
procedures such as UPPP, facial advancement, and tra-
cheotomy may be required in selected cases. CPAP may
be used in addition to surgical therapy in cases where
compliance can be achieved (12) (Fig. 1).

Outcome

Polysomnography — Adenotonsillectomy, in the majority
of children (>85%), leads to significant improvements
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in sleep parameters as measured by postoperative
polysomnography (3).

Quality of life — Caregivers report a dramatic
improvement in sleep disturbance, physical symptoms,
emotional symptoms, and daytime functioning in their
children after T&A for SDB (2).

Behavior — A high proportion of children with SDB
have externalizing (hyperactivity and aggression) and
internalizing (anxiety, depression, and somatization)
behavioral problems. These problems improve signifi-
cantly after T& A and are maintained for at least a year
after surgery.

School performance and healthcare resources —
There is evidence that the improvement in sleep after
T&A leads to better school performance (13) and a
decrease in healthcare utilization for children (4).
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Pediatric Vascular Tumors

Scott C. Manning and Jonathan A. Perkins

Key Points

* Hemangiomas, lymphatic and venous malforma-
tions comprise the most common head and neck
tumors of the pediatric age group.

* The majority of these lesions that require treatment
are located in the head and neck region.

* Otolaryngologists occupy a central position in the
team management of these challenging problems.
Various other specialists from other fields including
dermatology, plastic and general surgery, diagnos-
tic and interventional radiology, orthopedics, psy-
chiatry, pathology, and ophthalmology play a role
in the management of these problems.

e Primary care providers should be encouraged to
refer all suspected vascular anomalies as early as
possible since timely diagnosis and treatment are
often the keys to optimal management.

Keywords: Vascular anomaly * Hemangioma * Venous
malformation  Lymphatic malformation  Arterio-venous
malformation ¢ Klippel-Trenaunay syndrome ¢ syndrome ©
Kasabach—Merritt phenomenon

Introduction

The modern era of vascular anomaly understanding is
based upon the clinical, histologic, and biochemical dif-
ferences among these lesions. For example, Mulliken
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and Glowacki (1) described differences between heman-
gioma of infancy and other vascular anomalies.
Subsequently, North et al. (2) described the heman-
gioma endothelial marker glucose 1 transporter
(GLUT1) as a histologic way to differentiate these
lesions from other vascular anomalies. Better
understanding of the biochemical makeup and clinical
differences between these lesions has led to better prog-
nostication, more appropriate treatment, better timing of
treatment, and ultimately better outcomes. New research
exploring the fundamental aspects of angiogenesis and
its inhibition treatments for cancer and chronic inflam-
matory processes promises to bring new treatment
options to parents of children with vascular anomalies.

Since a large fraction of these lesions involve the
head and neck region, otolaryngology plays a central
role in the team management of these children along
with dermatology, plastic and general surgery, diag-
nostic and interventional radiology, orthopedics, psy-
chiatry, pathology, and ophthalmology. Primary care
providers should be encouraged to refer all suspected
vascular anomalies as early as possible (including
direct communication to vascular anomaly centers to
ensure that suspected hemangiomas are seen as soon
as possible) since timely diagnosis and treatment are
often the keys to optimal management.

Definitions

The definitions of pediatric vascular anomalies have
changed over the past decade and continue to evolve as
new research provides increasing understanding of
these lesions. The main differentiation in current clas-
sification models is now between vascular tumors (new
cell growth) and vascular malformations (disorganized
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Table 1 International society for the study of vascular
anomalies (ISSVA) classification (http://www.issva.org/)

Vascular Tumors
* Hemangioma at infancy
» Congenital hemangioma
* RICH (rapidly involuting congenital hemangioma)
* NICH (noninvoluting congenital hemangioma
* Tufted angioma
» Kaposiform hemnagioendothelioma
Vascular malformations
Slow flow:
« Capillary
¢ Port-wine (venular)
¢ Venous malformation
* Lymphatic malformation
* Complex combined
« Klippel-Trenaunay syndrome
* Proteus syndrome
Fast flow:
* Arterial malformation
* Arteriovenous fistula
e Arteriovenous malformation

vasculature without new growth). But even this differ-
entiation may not be clear-cut as evidenced by new
research demonstrating possible neoplastic endothelial
cell growth in lymphatic malformations (2). A current
classification from the International Society of the
Study of Vascular Anomalies (ISSVA) is outlined in
Table 1. Practitioners involved in the management of
children with vascular anomalies must strive to use
current terminology in order to achieve coherence and
consistency among team members.

Vascular Tumors

Hemangioma of Infancy

History, Physical Appearance, and Pathology

Hemangiomas of infancy are, by definition, not present at
birth but up to 30% may have a sentinel macule or telang-
iectasia. They proliferate mostly in the first 9 months of
life and then undergo variable amounts of involution (Fig.
la,b). They are the most common tumors of infancy.
Hemangiomas are more common in Caucasians, infants
of older mothers and those with placental abnormalities
or pre-eclampsia, in premature babies, multiple births,
and after chorionic villus sampling. The female to male
ratio of hemangioma of infancy is approximately 1:6. Up

Fig. 1 (a) Four-month-old male with compound left parotid
hemangioma. Note areas of gray involution mixed with areas of
red proliferation. (b) Same patient at age 1 with significant invo-
lution. No treatment was undertaken

to 10% of female Caucasians will have a hemangioma.
Histologically, proliferating hemangiomas are character-
ized by plump, densely packed endothelial cells with
increased mitotic figures and surrounding pericytes and
fibroblasts. Involuting hemangiomas show increased
mast cells, flattening of endothelial cells with apoptosis,
and an increase in fibro-fatty tissue. Biochemical markers
of proliferating hemangiomas are similar to that of pla-
cental endothelium with glucose transporter isoform 1
(GLUT 1) and Lewis antigen (LeY).

Superficial hemangiomas are generally cherry red
macules and papules; deep hemangiomas are firm
rubbery subcutaneous masses sometimes with a bluish
skin hue. Compound hemangiomas obviously combine
aspects of both types. Clinically, the overall footprint



Pediatric Vascular Tumors

203

size of the hemangioma does not tend to change much
during proliferation but the volume (as indicated by a
hemi-circumferential measure) enlarges. Involution
clinically occurs between ages 1 and 12. Approximately
60% of children are good involuters defined as near-
total resolution of mass effect before age 4. However,
even the so-called good involuters can have a poor cos-
metic result due to fibro-fatty skin changes.

Recently, the multicenter Hemangioma Investigator
Group (HIG) has prospectively categorized over 1,000
hemangioma children (3,4). Of these, approximately
70% were solitary and 30% multiple. Three percent of
children had six or more cutaneous hemangiomas, a
marker for possible visceral or cerebral involvement
and/or Kasabach—Merritt phenomena. Overall, 60% of
hemangiomas were located in the facial, head and/or
neck region, 23% in the trunk, 18% in the extremities,
and 6% in the perineum. Thirteen percent of heman-
giomas overall were segmental versus solitary but 22%
of facial hemangiomas showed a segmental pattern.
The most common segmental patterns on the face
proved to be frontotemporal, maxillary, mandibular,
and frontonasal (Fig. 2a,b). The patterns do not corre-
spond directly to dermatomes but may represent
embryologic prominences related to neuroectodermal
development as neural crest cells directly influence
vascular endothelial cell migration patterns.

Imaging

The typical computed tomographic appearance of an
infantile hemangioma during proliferation is that of a
fairly well circumscribed lobular mass with high flow,
dilated feeding and draining vessels, and uniform
enhancement. With magnetic resonance imaging,
hemangiomas are isointense to muscle on T1-weighted
images and hyperintense by T2 with flow voids.
Ultrasound with Doppler will show a well-defined
mass with numerous high flow vessels.

Complications

The HIG (3.4)found that approximately 25% of heman-
gioma children suffered some type of complication
usually arising during the period of most rapid prolif-
eration between 3 and 4 months of age. Of note, chil-
dren with segmental hemangiomas were over ten times
more likely to experience a complication compared to
those with solitary lesions. Also, large hemangiomas,

Fig. 2 (a) Four-month-old female with ulcerated right facial
segmental hemangioma, treated with pulse dye laser, wound
care, and systemic steroids. (b) Same patient at age 4 with exten-
sive fibrofatty changes

defined as greater than 37.3 cm?, were found to gener-
ally have a much higher rate of complications.

The most common type of complication from
hemangioma is ulceration (16% of children in the HIG
series) and the incidence is greater with hemangiomas
involving the perineum, oral commissure, nasal tip,
external ear, and generally with segmental heman-
giomas (5). The second most common complication
was threat to vision seen in approximately 6% of chil-
dren. All children with periorbital hemangiomas
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should have an ophthalmologic examination and a low
threshold for imaging the orbit. The threat to vision
can be not only from visual field obstruction (depriva-
tional amblyopia) but also from astigmatism or strabis-
mus related to an intraorbital mass effect.

Airway obstruction was the next most common
complication found in approximately 1.5% of children.
The incidence of “subglottic” hemangioma was much
higher in children with bilateral segmental mandibular
(beard distribution) hemangiomas (65% of these chil-
dren). “Subglottic” hemangiomas are often more trans-
glottic and circumferential, especially in children with
facial segmental hemangiomas, than truly localized
and subglottic. High-output heart failure is a rare
potential complication of hemangioma of infancy and
is usually associated with very large hemangiomas or
with aggressive hemangioma states such as kaposi-
form hemangioendotheliomas.

Treatment

A clinical characteristic of hemangioma of infancy is
steroid responsiveness during the phase of proliferation
and approximately 25% of children in the HIG (3.4)
series were given some type of steroid therapy. About
90% of proliferating hemangiomas will show some
response to steroid therapy although the response rate
is lower for liver and other noncutaneous sites. Absolute
indications for steroid treatment include ulceration,
high-output heart failure, airway obstruction, threat to
vision, and pain (6). The recommended initial systemic
corticosteroid treatment is with prednisone or predniso-
lone at a dose of 2-5 mg/kg/day for 4-12 weeks fol-
lowed by a gradual dosing taper. Antacids or proton
pump inhibitors are administered in order to reduce
gastrointestinal symptoms. Compliance is hampered in
some children because of its bad taste and in those
instances, a compounding pharmacy capable of adding
flavors (chocolate) is a significant asset.

Potential side effects and complications of steroid
therapy include irritability, insomnia, gastric irritation,
gastric ulcer, hyperglycemia, growth suppression, and
adrenal suppression. Intralesional steroids offer the
promise of higher lesional concentrations. A common
dosing regimen for intralesional treatment is triamci-
nolone 3—4 mg/kg with a maximum of 20 mg per ses-
sion (7). Potential complications include dermal
atrophy in addition to systemic side effects. Decisions
for periorbital injections are probably best left up to

experienced ophthalmologists because of the risk of
retinal artery thrombosis.

An exciting new therapy for infantile hemangiomas
has recently been described by Leaute-LaBreze et al (§).
The beta-blocker propranolol was noted by chance to be
associated with significant improvements in involution
in patients undergoing treatment for high blood pressure
related to steroid therapy. Specifically, some patients
were noted to show significant reductions in redness and
mass effect. This observation has been supported by
other case reports. The mechanism of action is unknown
and the ideal dosing regimen is yet to be determined.

For rare life-threatening hemangiomas (heart fail-
ure, bleeding, infection) unresponsive to corticoster-
oids, chemotherapy can be considered. Vincristine at
1-1.5 mg/m*/day and interferon alfa at 30,000,000 IU/
m*day are two standard regimens. Interferon, espe-
cially in young infants, carries the risk of permanent
neurologic sequelae including spastic diplegia.

Ulcerations should be treated early and aggressively
in order to prevent development of infection with subse-
quent tissue loss and scarring. Ulcerations most com-
monly present at the peak of proliferation between 3 and
4 months of age, therefore newly diagnosed children
with hemangioma patterns associated with increased
risk for ulceration need early referral to vascular anom-
aly clinics. Treatment options for ulcerations include
topical antibiotics and hydrating ointments, systemic
antibiotics, systemic steroids, and occlusive dressings
where feasible (9). Pulse dye laser is sometimes advo-
cated as a treatment for superficial ulcerations although
there are reports of segmental lesions worsening after
laser. Ulcerations should be treated aggressively as they
will almost inevitably lead to significant scarring and a
potential need for surgery later (9).

During the proliferation phase of hemangioma of
infancy, surgery is considered when medical therapy is
not effective. Indications include airway obstruction,
loss of vision with concern for amblyopia, ulceration,
bleeding, and heart failure (6). Biphasic stridor develop-
ing over the first 6-12 weeks of life should elicit con-
cern for laryngeal hemangioma and should initiate
endoscopy for diagnosis. In children with laryngeal
hemangiomas that are not responsive to systemic steroid
treatment, endoscopic steroid injection 1is often
attempted, keeping the child intubated for at least 1 day
post-procedure. When steroid injection fails, endoscopic
ablative treatment with a carbon dioxide laser is usually
recommended for isolated subglottic lesions and open
excisionisincreasinglyrecommended forcircumferential
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lesions such as those seen in association with beard dis-
tribution segmental facial hemangioma (10,11).

Pediatric patients begin to show self awareness in
terms of how people react to their appearance by age
2-3 and vascular anomaly teams often consider surgical
intervention at this time for facial hemangiomas with
poor involution or significant skin changes. Surgical
options include elliptical excision oriented along
relaxed skin tension lines (forehead, preauricular, eye-
lid, neck), circular excision with pulse string (cheek),
wedge excision (lip), and open rhinoplasty (small nasal
tip) (12). Pulse dye laser can be used to treat residual
superficial telangiectasias (Fig. 3a,b).

Congenital Hemangiomas: NICH and RICH

In general, noninvoluting congenital hemangiomas
(NICH) and rapidly involuting congenital heman-
giomas (RICH) differ from hemangiomas of infancy
by being present at birth and by the absence of gluc-1
staining histologically (13). RICH generally presents
as a large ulcerating solitary mass with histology simi-
lar to hemangioma of infancy but with a tendency
toward more involuting zones at an earlier stage. Both
RICH and NICH differ from infantile hemangiomas
by demonstrating larger and more irregular feeding
vessels, sometimes with direct arterial-venous shunts
and arterial aneurysms. By imaging, RICH and NICH
are difficult to distinguish from congenital arterio-
venous anomalies or malignant vascular neoplasms.
Not surprisingly, both RICH and NICH are associated
with a significant incidence of high-output cardiac fail-
ure. Treatment often includes vincristine or surgery if
high-dose steroid therapy is unsuccessful.

Diffuse Neonatal Hemangiomatosis

Diffuse neonatal hemangiomatosis is a rare condi-
tion that should be suspected in any infant with mul-
tiple cutaneous hemangiomas. This condition is
associated with visceral involvement especially in
the liver and with central nervous system involve-
ment. All infants with multiple cutaneous heman-
giomas (some authors recommend six or greater as
the threshold) should have a liver ultrasound and
head imaging. If visceral involvement is confirmed,
the evaluation should include electrocardiogram,
echo, chest X-ray, complete blood count, thyroid

Fig. 3 (a) One-year-old male with proliferating right cheek
hemangioma despite one course of systemic steroids. (b) Post-
excision. Some areas of cutaneous involvement were purpose-
fully left in order to close the wound without tension. Pulse dye
laser will be performed in the future if the skin redness persists

function, and liver function tests. The disease pro-
cess has a high mortality rate and early diagnosis and
systemic treatment with steroids, interferon, or vincristine
is critical. Children with hepatic and cutaneous lesions
can frequently have profound hypothyroidism.

Tufted Angioma and Kaposiform
Hemangioendothelioma

Tufted angioma is a rare tumor usually appearing shortly
after birth. The lesions may present as isolated masses
or cutaneous plaques. The natural history is unpredictable
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with some cases regressing and some progressing. A
minority of cases are associated with Kasabach—Merritt
phenomenon (KMP — see below). Kaposiform heman-
gioendothelioma is an aggressive vascular neoplasm
with a high association with KMP. A majority of cases
occur in early infancy and histologically they demon-
strate endothelial cells with high mitotic indices. KMP
is often associated with kaposiform hemangioendothe-
lioma. Vincristine is a common treatment modality but
mortality rates remain significant.

Kasabach-Merritt Phenomenon (KMP)

KMP is characterized by a consumptive coagulopathy
with low platelets and low fibrinogen, elevated
D-dimers and prothrombin and partial thromboplastin
times, and hemolytic anemia associated with a vascu-
lar tumor or malformation. Mortality rates are as high
as 20% even with systemic treatments including vin-
cristine and cytoxan.

PHACES Syndrome

PHACES stands for posterior fossa intracranial abnor-
malities, hemangiomas, arterial abnormalities, cardiac
defects and coarctation of the aorta, eye abnormalities,
and sternal clefting (sometimes with other ventral clefting
abnormalities). Central nervous system symptoms can be
progressive and include developmental delays, seizures,
and stroke. Children with suspicion for PHACES need to
undergo head imaging, ophthalmologic, and cardiac eval-
uation. Some clinicians recommend antiplatelet therapy
for children with abnormal cerebral vasculature in order
to try to prevent a congenital stroke.

Vascular Malformations

Lymphatic Malformations

Etiology and Clinical Course

The exact etiology of lymphatic malformations
remains unknown. The principle theories involve
failure of the lymphatic system to separate from or

adequately connect to the venous system. As men-
tioned previously, new research supports the concept
of possible dysregulation of lymphatic endothelial
cell growth in these lesions and therefore they may
not be simple malformations. Seventy-five percent
of lymphatic malformations involve the head and
neck (Fig. 4a,b) and 50-60% are diagnosed antena-
tally or at birth (14). Other common areas of involve-
ment include the axilla and the abdominal wall.
Lymphatic malformations not noted at birth can
present later in life with enlargement due to infection
or trauma (15).

MRI is arguably the best imaging modality with
T1-weighted imaging showing nonenhancing mus-
cle signal and T2 demonstrating nonenhanced high
signal but without the feeding and draining vessels
seen with hemangiomas. Computed tomography
will show nonenhancing fluid density areas. Either
modality is useful for classifying the lesion as mac-
rocystic (2-cm or greater cystic spaces), microcys-
tic, or mixed.

With increasing use of diagnostic ultrasound, a
larger percentage of lymphatic malformations are
being diagnosed prenatally. Antenatal lymphatic mal-
formations can be associated with polyhydramnios
and chromosomal abnormalities including Turner’s
syndrome and trisomy 21, 18, or 13 (16). Early diag-
nosis via ultrasound has led to improved survival in
children with massive cervicofacial lesions and air-
way obstruction via a two-team planned Cesarean
section and bronchoscopy (or tracheotomy) proce-
dure involving delaying of placental separation
(17,18).

Several staging systems have been proposed for
head and neck lymphatic malformations and several
common themes have emerged (19,20). Infrahyoid,
unilateral lesions tend to be macrocystic with better
response rates to surgery or sclerotherapy. In contrast,
bilateral suprahyoid lesions tend to be microcystic or
mixed, with much poorer response to treatment and
with much higher complication and long-term seque-
lae rates. Mucosal involvement is a bad predictor for
outcomes and the worst lesions are the large bilateral
“beard distribution” malformations that involve the
parotid glands, floor of mouth, and tongue. The best
prognosis is found in the macrocystic, unilocular pos-
terior inferior lesions. A small proportion of these
lesions may even show complete or nearly complete
spontaneous resolution with time.
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Fig. 4 (a) Three-year-old female with beard distribution lymphatic malformation with oral mucosal and tongue involvement. The
patient’s airway up to this point had been managed with intravenous antibiotics and steroids, and tonsillectomy and adenoidectomy.
(b) Same patient at age 8 after staged right and left total partotidectomy and neck dissections at ages 4 and 6 years, respectively. The
patient has excellent articulation and mandibular symmetry is improving with growth. The plan is for mandibular osteotomies in the

near future

Infection and Immunodeficiency

Infection is a common problem with lymphatic
malformations especially the suprahyoid microcys-
tic or mixed variety with mucosal involvement.
Infection can trigger marked swelling and thereby
aggravate airway and feeding issues and recurrent
infection is often an indication for surgical exci-
sion. Infection is treated acutely with appropriate
broad spectrum antibiotics and the addition of sys-
temic corticosteroids seems to offer a significant
treatment benefit (21).

Recent studies have shown that children with large
bilateral or microcystic lymphatic malformations have
significant lymphocytopenia involving T, B, and NK
cell subsets. The lymphocytopenia does not appear to
be related to lymphocyte sequestration within the mal-
formations as histologic examination of surgical speci-
mens does not demonstrate unusual lymphocyte
density (22). The lymphocytopenia may be part of the
fundamental developmental process of lymphatic mal-
formations. In a follow-up study, children with large
bilateral or microcystic lesions with lymphocytopenia
were found to have more hospitalizations, more central
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line placements for antibiotics, and more treatment
complications versus lymphatic malformation children
without lymphocytopenia (23,24).

Skeletal and Ssoft Tissue Malformation
and Hypertrophy

Primary bone involvement of the mandible is com-
mon with larger beard distribution suprahyoid lesions
and a large percentage of these high-stage children
will have significant mandibular deformities (25).
Skeletal overgrowth may be in part due to local
effects of the lymphatic malformation but primary
histologic lymphatic malformation involvement of
the bone is also common. Early surgical excision of
the soft tissue lymphatic malformation does not
appear to change the rate or incidence of bony
involvement. In some series of beard distribution
lymphatic malformations, a large percentage of chil-
dren undergo mandibular osteotomies as part of
treatment (25).

Tongue involvement with hypertrophy and bleed-
ing is also common with large suprahyoid lymphatic
malformations and can result in severe problems
with airway compression, feeding, and speech. The
pendulum appears to be swinging away from radical
early surgery toward more conservative initial man-
agement followed by surgery in stages, one side at a
time, if necessary. Acute exacerbations of tongue
edema are treated initially with antibiotics and ste-
roids and bleeding from mucosal blebs can be man-
aged with cautery or laser. With time, flare ups of
infection tend to diminish perhaps due to maturation
of systemic immunity, and often mandibular growth
starts to catch up with tongue size. Aggressive
tongue reduction surgery is a last resort in refractory
cases.

Treatment Options: Sclerotherapy Versus
Surgery

Favorable stage lymphatic malformations, such as uni-
locular macrocystic posterior lateral malformation,
can be observed over time if problems such as infec-
tion do not occur. A decision for intervention is usually
triggered by concerns for airway, feeding, speech,
infection, or appearance.

Sclerotherapy

Sclerotherapy for macrocystic (greater than 2-cm
spaces) lymphangiomas is not new but the popularity
of this intervention appears to be on the rise. The tech-
nique of sclerotherapy usually involves percutaneous
needle aspiration of the macrocystic spaces under flu-
oroscopic guidance with subsequent injection of the
sclerosing agent. Part of the increased interest in
sclerotherapy derives from the promise of decreased
toxicity and scarring risk with the use of OK-432
(picibanil, Chugai Pharmaceuticals). This product is a
lyophilized low-virulence Group A streptococcus
pyogenes used initially for treatment of pleural effu-
sions and first recommended for lymphatic malforma-
tions by Ogita (26). It is not commercially available at
present in the US but published reports are promising
with complete or near-complete response rates for
macrocystic disease, usually achieved after multiple
treatments (27,28). Similar efficacy for macrocystic
lesions has been reported for doxycycline, bleomycin,
ethanol, and sodium tetradecyl sulfate (29,30). Major
toxicity issues including pulmonary fibrosis with
bleomycin and permanent nerve injury with ethanol
are rare. Other rare complications include sepsis,
shock, stroke, and seizures. More minor issues such as
skin blistering, fever, erythema, and pain at the injec-
tion site and fever are more common. Sclerotherapy
with all reported agents is usually ineffective for
microcystic lesions.

Surgery

Surgical excision has been the traditional treatment of
choice for most types of lymphatic malformation.
A recent inpatient pediatric hospital data base review
demonstrated an estimated 1,600 admissions per year
related to lymphatic malformation in the U.S. with sur-
gical excision the most common procedure performed
as recently as the year 2000 (31). However, complica-
tion rates, especially for high-stage mixed suprahyoid
lesions, are high and include cranial nerve injury,
tongue edema requiring tracheotomy, bleeding, and
infection (25). Macrocystic lesions in the posterior
inferior neck, and circumscribed parotid and submax-
illary lesions have a high rate of complication-free sur-
gical success (21), but these are also the most favorable
lesions to treat with sclerotherapy.
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When surgery is contemplated, the goal should be
total excision with preservation of vital structures. The
approach for large lesions is similar to that with
squamous cell carcinoma in the head and neck; begin
with identification and preservation of vital nerves and
vessels, then perform en bloc excision of the involved
lymphatic envelope. Subtotal excision, not surpris-
ingly, results in more post-operative persistent prob-
lems (31). Lymphatic malformations present difficult
surgical challenges because of their infiltrating nature.
It is not uncommon in large facial malformations to
have branches of the facial nerve weave back and forth
on the linings of cystic spaces resulting in attenuation
and much greater nerve length. Dissection is extremely
difficult in these cases and intraoperative electromyo-
graphic nerve mapping can be beneficial. For
suprahyoid beard distribution lesions with mucosal
involvement, waiting as long as possible before sur-
gery and doing staged excision, one side at a time, can
possibly reduce the potential for permanent tongue
enlargement.

Lymphangioma involvement of the face poses sig-
nificant cosmetic and functional challenges. Lymphatic
malformations lateral to the lateral canthal line tend to
be more macrocystic and can be approached via a total
parotidectomy (or sceroltherapy) while lesions in the
middle third of the face tend to be more mixed macro-
and microcystic. Extensive involvement of the medial
one third of the face is rare and usually is completely
microcystic. These melolabial malformations may rep-
resent a special type of lymphatic malformation
pathophysiology and treatment requires facial inci-
sions along aesthetic lines (32, 33).

Treatment Option Conclusions

A few consensus views appear to be emerging. The
wisdom of waiting for spontaneous resolution for
unilocular or nearly unilocular lesions especially in
the posterior inferior neck is increasingly debated.
Also, most large vascular anomaly centers treat mac-
rocystic disease initially with sclerotherapy. Most
authors recommend using systemic steroids in addi-
tion to antibiotics to treat severe infection, at least in
children beyond the age of infancy, although con-
trolled studies are lacking. There is less agreement
regarding the benefit of waiting as long as possible
before considering surgery for large lesions. Many

clinicians believe that delaying surgery and perform-
ing surgery in stages can reduce the rate of complica-
tions such as tongue edema especially in large
suprahyoid lesions. Debate continues about early ver-
sus late surgery for large suprahyoid lymphangiomas
and the ultimate impact of the timing of intervention
on mandibular and other facial growth and asymme-
try potential.

Venous Malformations

The second most common type of slow flow vascular
malformation after lymphatic malformation is venous
malformation. In the head and neck, these lesions usu-
ally have a bluish overlying skin or mucosal hue and
they compress easily and enlarge with a valsalva
maneuver. They are present at birth but may not be rec-
ognized until growth is triggered by trauma, infection,
or hormonal influences during puberty or pregnancy.
Lesions often slowly enlarge with time and they do not
produce a bruit on auscultation. Doppler ultrasound
shows slow flow and MRI scans show a bright signal
on T2 imaging and are the most useful imaging modal-
ities. Large venous malformations, especially involv-
ing the extremities, can present with chronic pain
related to intralesional coagulopathy with development
of inflammation and phlebolith formation. Elevated
D-dimers and low fibrinogen are often associated labo-
ratory findings.

Venous malformations do not undergo spontaneous
resolution. Surgical excision when feasible can be
effective but recurrences are common. Intravascular
laser with YAG via ultrasound-guided venapuncture is
sometimes effective. Also, percuntaneous sclerother-
apy is gaining popularity as interventional radiologists
gain experience and expertise.

Arteriovenous Malformations

Arteriovenous malformations (AVMs) are fast flow
lesions with direct arteriovenous shunting. Like other
vascular malformations, they can be triggered by infec-
tion, trauma, or hormonal changes. AVMs can be dev-
astatingly destructive and present extreme management
problems (Fig. 5). Imaging with Doppler ultrasound
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Fig. 5 Twelve-year-old male with a left cheek arteriovenous
high flow malformation. The lesion was enlarging and causing
pain. It was treated with wide excision including the overlying
skin

and MR angiography is usually sufficient for diagnosis
but conventional angiography is usually necessary to
delineate the full extent of the lesions. AVMs can be
classified into four potential stages: dormancy, expan-
sion, destruction, and heart failure. During dormancy,
they can be easily mistaken for other vascular
anomalies.

Once an AVM is diagnosed, embolization and
aggressive surgery is the only known potentially effec-
tive therapy although prognosis, especially for facial
and extremity lesions, is guarded and recurrences are
common. Excision must be radical and involve the
overlying skin.

Summary

Vascular tumors and malformations are among the most
common head and neck masses of infancy and child-
hood. The management of these lesions is increasingly
delivered through a multidisciplinary team approach.
The majority of these lesions in the head and neck area
will benefit from some type of intervention and the care
of this population can be extremely fulfilling.
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Foreign Body Management

Harlan Muntz

Key Points

e Children have a tendency to put things in their
mouth, nose, and ear. If retained, the otolaryngolo-
gist is often called for retrieval.

e Vegetable matter and coins remain the most com-
mon foreign bodies (FBs). Death from airway or
esophageal obstruction is very rare.

e A disk battery FB, regardless of location, should be
considered an emergency. Every effort should be
made to remove the FB before severe injury ensues.

* A variety of forceps are available. The use of the
Hopkins rod technology has allowed for the devel-
opment of optical FB forceps. This has significantly
improved the successful and safe removal of FBs of
the tracheobronchial tree and esophagus.

* Good communication between the surgeon and
anesthesiologist is essential for airway FB retrieval.
Careful planning before the child is in the operating
room and continuous open discussion is imperative.

Keywords: Foreign body * Pediatric * Ear * Nose
* Nasopharynx ¢ Oropharynx ¢ Hypopharynx ¢ Eso-
phagus ¢ Larynx ¢ Trachea ¢ Bronchi

Principles of effective and safe foreign body (FB)
management are applicable regardless of whether the
location is the tracheobronchial tree, esophagus, nose,
or ear. Children have the tendency to put things in their
mouth, nose, and ear. If retained, the otolaryngologist
is often called for retrieval. Unfortunately such events
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may not be isolated and multiple FBs or recurrent
events are not unusual. Though there have been great
strides made in the United States aimed at protecting
the small child from toys and toy pieces that would be
a potential choking hazard (1,2), a variety of other FBs
are a problem. Vegetable matter and coins remain the
most common FBs but anything that can be placed in
the nose, ears, or mouth is a potential hazard. With sig-
nificant improvement over the past century in the care
of the child with a FB, death from airway or esopha-
geal obstruction is very rare.

Education is of utmost importance. Arjamand et al.
(3) suggested that parental education from a primary
care provider resulted in a reduced risk of FB ingestion
or aspiration. This highlights the importance of alerting
the family to the risks of common FBs during well-
child visits. In spite of excellent education, the inci-
dence of FBs in children can never be eliminated (4).

Foreign Body Removal

Principles

When an object enters an orifice but is unable to exit,
foreign body retention is a problem. Anatomical nar-
rowings such as the isthmus in the ear canal, the nasal
vestibule, or even the larynx (the narrowest part of the
pediatric airway) prevent FBs from being expelled.
There are also narrowed areas in the esophagus such as
the cricopharyngeus, thoracic inlet, and the gastroe-
sophageal junction that retain FBs; these can worsen
by esophageal spasm. Larger objects may be pushed
by the child’s fingers, enter the esophagus with a swal-
low, or inhaled with a sudden inspiration. The shape
and size of the FB determines how likely it is to become
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lodged. The sharp edge or point of a FB will usually
trail during entry but will become impacted during
attempts at exit. Disimpaction and sheathing of the
sharp end allows safe removal. A small FB may tra-
verse the esophagus when the spasm passes or be
coughed from the airway. The larger the FB the less
likely this is to happen. The FB that has entered the
stomach is likely to traverse the gastrointestinal tract
and be eliminated with the stool.

Careful attention to detail is required for removal
of any FB. Good visualization, use of the proper for-
ceps, and delicate retrieval should assist in the removal
with minimization of injury to the surrounding tis-
sues. As is important in most surgical techniques,
experience is important to achieve patient safety. The
use of a manikin simulator (1) or animal laboratory
can be effective ways to learn and increase experience.

Forceps

Hundreds of forceps have been developed for removal
of FBs. Many were developed for a specific FB, and
were then rarely used. Most FB forceps can be classi-
fied into four major categories:

1. The forward-grasping or “alligator” forceps have
jaws that open to grasp the FB (Fig. 1). There are
often serrations on the blades to increase the friction
between the jaws and the FB to allow improved
retention. The “alligator” can be used in small spaces
as the joint is close to the end of the forceps. These
are ideal for vegetable matter and irregular or disk-
shaped hard objects. They can also be used for dis-
impaction and sheathing of the sharp point on a FB
such as a pin. The very smooth round FB may be
difficult to remove with these forceps because of
slippage. The “Hartman” foreps is also a forward-
grasping forceps with a joint near the handle
(Fig. 2). This allows the forceps to be opened more

Fig. 1 The forward-grasping forceps has a distal joint. The
serrations increase the friction to assist in the removal of many
irregularly shaped FB

Fig.2 The Hartman forceps has a proximal joint. This allows the
removal of larger FB and is especially useful in the nose and ear

Fig.3 The Magill forceps is often used to assist intubation. As
such it has a proximal joint. It is useful for the removal of hypo-
pharyngeal and proximal esophageal FB. It may also be used for
appropriately shaped laryngeal FB

Fig.4 The globular grasping forceps can be used for round FB.
The classic case is the peanut. It has a distal joint allowing
retrieval in small airways and the esophagus. The rounded jaws
help prevent crushing of the nut

widely and therefore used with larger FBs and in
larger spaces such as the nose. In a similar way, the
Magill forceps (Fig. 3) can be used in retrieving a
hypopharyngeal and upper esophageal FB.

The globular grasping forceps can be used for round
or soft objects (Fig. 4). The standard in this category
is the peanut forceps. The forceps blades surround
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the FB. The jaws are curved to accomplish this. In
removing a nut, the curved jaws decrease the chance
of the nut or seed being broken into multiple pieces.

3. The rotational forceps were designed for retrieval
of an impacted sharp FB. The distal portion of the
jaws has a sharp point. The FB is grasped and as
the FB is pulled out, the impacted sharp end fixes
the FB so that the distal blunt end tumbles. This
allows the blunt end to rotate into a proximal ori-
entation and the sharp end will disimpact as the FB
is safely removed.

4. Hollow tube forceps are exceptionally handy for
the removal of cylindrical hollow FB such as pen
caps. The serrations are on the outside and the for-
ceps open in such a way that the jaws are parallel
not angular. This allows introduction of the forceps
into the lumen, engaging the internal walls of the
object and facilitating retrieval.

The use of the Hopkins rod technology has allowed
for the development of optical FB forceps (Fig. 5).
This has significantly improved the ability of both the
experienced and inexperienced surgeon to successfully
and safely remove FBs. Distal illumination, magni-
fication, and FB control are the key. Though not all of
the above forceps are available as optical forceps, it is
wise to use them if possible. The nonoptical forceps
have been the standard for most of the past century
and are still very useful today but because there
are difficulties visualizing the FB as the forceps are
introduced, it can become technically more challenging
especially for the inexperienced.

In all cases, one should be prepared for difficulties
in retrieving the FB. Knowing the shape and size of
the FB and having a sample to practice with before the
case is in progress, can reduce the risk and stress in
the operating room. Additionally, even if one feels
the FB could likely be removed with one type of
forceps, one should have other options immediately
available in the event of an unforeseen problem such
as an additional FB.

Other Approaches

Many other approaches have been introduced for
removal of FBs in an attempt to allow those without
endoscopy experience or those with only flexible
endoscopy experience to remove FBs.

Fig. 5 The addition of the magnifying telescope to the FB
forceps has allowed distal lighting with direct observation of the
FB as it is being grasped. This has improved the success and
ease of FB removal

Balloon retrieval has been widely used. In the
esophagus this is often accompanied by radiographic
documentation of the FB and balloon location. The
concept is to pass the catheter beyond the FB and then
inflate the balloon. The balloon can then be inflated
against the lumen, pulled, and the FB gently removed.
This has been done with Foley catheters in the esopha-
gus and Fogarty catheters in the bronchus, esophagus,
nose, and ear (5). In any balloon retrieval one must be
prepared that the FB could be lost upon exit from the
lumen. This is critical with an esophageal FB. If the
FB is lost at the level of the larynx, the airway may
become occluded. Additionally, the FB could become
impacted in the nasopharynx. In the ear, there is the
need for adequate space distal to the FB for the balloon
inflation. The presence of multiple nonradio opaque
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FBs can lead to problems. What appears to be a simple
FB may be complicated by other FBs that are not visu-
alized but are in the path. This is especially a problem
with a nonvisualized sharp FB. Additionally, there is a
heightened risk, that is, if the FB has been present for
a long time as edema, tissue erosion or granulation tis-
sue can hinder extraction.

In a simple uncomplicated case, balloon retrieval
can be an effective approach. It should be avoided if
there is evidence of edema, if the duration of impac-
tion is uncertain or prolonged, or if there is any chance
of additional FBs.

Bouginage has been suggested for food impactions
and coins in the esophagus (6). In this technique, the
food bolus is pushed into the stomach where it can be
digested, passed safely through the intestinal system,
and eliminated. This has also been suggested for coins.
Though it has been used and many promote its safety,
aretained food bolus can be the result of an esophageal
stricture. This increases the risk of injury as the bolus
is pushed into the stomach. As in balloon removal,
unexpected, multiple, or nonvisualized FBs could lead
to mucosal damage. Even with rigid esophagoscopy
one could consider, with care, pushing the FB into the
stomach with either the endoscope or forceps.

Right-angle instruments can be used to remove FBs.
These are most commonly used in the ear canal and nose
though they can be used to retrieve FBs of the esophagus.
It is important to move beyond the “equator” of the FB so
that it does not roll in place. If there is a lumen in the FB
as in a bead, the right angle can be placed in the lumen to
facilitate removal. A sharp right angle can also penetrate
the FB to assist in the removal. Care must be taken to
avoid injury to the epithelial lining of the lumen.

The stone basket, used to remove urethral stones,
has also been used to remove FBs of the airway and
esophagus and has been popularized by those using
flexible endoscopy. It may also be used through a rigid
endoscope.

There have been specialty instruments developed over
the years for unusual FBs. One such is the safety-
pin-closing forceps (Fig. 6). The idea is to reduce the
chance of mucosal injury by closing the safety pin before
extraction. However, if specialty instruments are not used
frequently the chance of successful manipulation of the
FB can be lower than use of standard techniques. This
was best illustrated by a child who presented for the
removal of a FB and the entangled FB forceps used to
retrieve it (personal communication Lauren Holinger).

Fig. 6 In years before disposable diapers became a standard,
safety pins were a common esophageal FB. As there is a sharp
proximal point, many forceps and techniques were devised to
remove the pin without an esophageal perforation. This illustrates
one safety pin forceps that allows closure of the pin to facilitate
extraction (a) and the safety pin within the forceps (b). As this is
not an easy forceps to use, one should practice frequently before
attempting to use this in a child

Special Considerations by
Anatomical Site

Ear

FBs of the ear are commonly seen by primary care pro-
viders, emergency departments, and otolaryngologists.
Except in the case of an expanding FB (e.g., a wet
bean) or a live insect, these are rarely emergencies,
though the associated family anxiety may make them
seem as such. Studies suggest that nearly 80% of ear
FBs can be successfully removed by emergency depart-
ment staff (7). The techniques used include forceps
removal, balloon extraction, right-angled pick removal,
and irrigation. Unfortunately irrigation does carry
some risk if there is a tympanic membrane perforation
as the irrigation flushes the middle ear as well as the
ear canal. The use of sedation can be helpful in the
very anxious child (8). There is a greater chance of
failure in removal by the emergency department if the
FB is spherical and hard such as a ball or bead (9).
Additionally, if there have been multiple, failed attempts
at removal, it is unlikely to be accomplished by contin-
ued attempts. In these situations it would be wise to
refer for otolaryngologic consultation before a likely
unsuccessful attempt. In some cases general anesthesia
will be needed for removal. In all cases care must be
taken to adequately visualize the FB. Delicate tech-
nique should be used to avoid laceration of the ear
canal and more importantly the tympanic membrane or
ossicular chain.
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Nose

FBs in the nose are common. These can present early
with an observed placement or delayed with the find-
ings of foul, unilateral nasal drainage. Commonly seen
are food or toy pieces, but occasionally there can be an
extruded tooth or even a button battery (see below). As
with any FB retrieval, adequate visualization is the
key. Using a headlight and nasal speculum, the FB can
usually be seen and grasped. A Hartman’s forceps is an
ideal instrument. Other possible techniques include the
use of an operating microscope or sinus endoscopes
for visualization in conjunction with any of the above-
mentioned forceps or techniques. It is important to
realize that a nasal FB may easily become a lower air-
way FB if pushed to the nasopharynx and aspirated. A
novel approach has been the “parental kiss.” In this,
the parent or physician opens the child’s mouth and
blows to attempt to dislodge the nasal FB. In a similar
way, an ambu bag can be used (10). An acute nasal FB
is a potential airway emergency and should be
addressed in a timely manner. If this is a chronic situa-
tion, it is unlikely to dislodge and become lodged in
the lower airway. Occasionally, in the very anxious
child, general anesthesia or conscious sedation may be
required for FB removal. Epistaxis can be a complica-
tion of removal but will usually stop quickly.

Nasopharynx, Oropharynx, and
Hypopharynx

FBs in the nasopharynx, oropharynx, and hypophar-
ynx in children are usually best addressed under gen-
eral anesthesia. The nasopharynx is best observed by
retraction of the palate and a mirror or a 70-90° endo-
scope. Curved forceps can then be used for retrieval. It
can also be dislodged through a nasal approach and
retrieved from the oral cavity with the airway pro-
tected. Delayed removal may cause nasopharyngeal
stenosis and severe airway obstruction.

In the oropharynx and hypopharynx, FBs are usu-
ally large or sharp. In older children, fish bones can
lodge in this area leading to significant discomfort.
They will most often be nonradio opaque and have a
tendency to become deeply imbedded in the base of
the tongue or pyriform fossa. Adolescents may tolerate

retrieval with topical anesthesia and visualization with
a mirror or an endoscope and curved forceps removal.
Younger children will require general anesthesia.

Larger toys or toy pieces can be trapped in the
oropharynx or hypopharynx. They are by nature air-
way FBs and should be emergently removed. Often the
location is unknown. Care must be taken in the initial
evaluation of the airway to make sure a nonobstructive
FB does not become obstructive.

Larynx

Laryngeal FBs can be rapidly fatal. The child may
have a croupy cough, hoarseness, and symptoms and
signs of airway compromise. The laryngeal FB will
commonly lodge in the sagittal plane. If the FB appears
in the coronal plane on X-ray it is likely to be esopha-
geal. This is an airway emergency and must be dealt
with immediately in the OR. The ideal forceps as well
as multiple FB forceps should be available based on an
understanding of the shape of the FB and especially if
the nature of the FB is unknown. The most deadly FB
is the latex balloon (11). The child pops the balloon
and inhales a fragment. It drapes over the larynx and
occludes the airway. In a similar way, but less deadly,
one may see small pieces of plastic from containers or
covers in the larynx.

Tracheobronchial Tree

An acute FB in the tracheobronchial tree is an emer-
gency. Though the FB may have lodged in the bron-
chus, it could be dislodged and become tracheal or
laryngeal and cause complete obstruction. If the diag-
nosis of a FB in the tracheobronchial tree is in doubt,
the need for an emergency bronchoscopy is less criti-
cal. If there has been an observed aspiration event,
even in the absence of signs or radiographic images
suggestive of the FB, a bronchocopy is often indicated
(12,13). There is frequently a quiescent period after
the FB has been aspirated where there is no cough or
wheeze. Radiographic findings of air trapping, asym-
metric chest movement, and atelectasis may be late
findings or absent in the immediate presentation. The
FB may also move and cause variation in location of
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the wheeze. Bilateral FBs can also lead to bilateral
wheezing.

The following can assist in determining the need for
a bronchoscopy: radiologic findings suggestive of FB;
unilateral wheeze; an asymmetric chest rise; hemopty-
sis; chronic cough; deterioration of respiratory status.
Certainly it is far better to have a negative bronchos-
copy than suffer the complications of pneumonia,
chronic mucosal changes, or even broncho-pleural fis-
tula from a late diagnosis of a FB in the tracheobron-
chial tree. The greater the delay in diagnosis of a FB,
the greater the chances of complications (14,15).

Though some have used the flexible bronchoscope
successfully in the management of airway FB, the
use of a rigid bronchoscope under general anesthesia
offers the advantages of controlled respiration, a more
varied assortment of forceps, and control of the FB
that is much more difficult with other techniques. It is
important for the endoscopist to be familiar with a
variety of techniques for tracheobronchial FB retrieval.
Occasionally, especially in very distal airway FB
retrieval, one may need to use a combination of tech-
niques, using both flexible and rigid endoscopy as well
as fluoroscopy.

Esophageal

There is debate over the ideal way to retrieve esopha-
geal FBs. Fortunately there are many techniques avail-
able and the probability of a child dying by slow
starvation because of esophageal obstruction or medi-
astinitis because of erosion through the esophageal
wall is very small. Often FB ingestion is not witnessed.
Dysphagia may be a prominent finding. Interestingly,
cough and wheeze may be the primary symptom if
there is a delay in diagnosis (16,17). This is usually
due to compression of the trachea leading to edema.
An esophageal FB is considered urgent but not an
emergency unless there is airway obstruction or other
significant symptoms. Attempts at bouginage or foley
catheter extraction have been successfully described
but these techniques should be approached with great
caution especially if there is edema, a delayed presen-
tation, or the possibility of multiple FBs. The proce-
dure is considered less costly but the child is often
strapped into position for a very uncomfortable proce-
dure. Additionally, the airway is placed at risk as the

Fig. 7 The coin forceps was designed with Karl Stortz to focus
on the most common esophageal FB. Here the distal end of the
jaws will come together leaving a proximal gap. This allows
the coin to be firmly grasped and reduces the risk of the coin
slipping especially as it comes by the larynx

FB is retrieved through the hypopharynx. The risk of
losing the airway is also significantly higher if the pro-
cedure is done with conscious sedation.

The most commonly seen esophageal FBs are
coins. Over 20% of the time coins will pass spontane-
ously and to that end a 12-24-h observation period
has been advocated before an attempt at retrieval
(18). Attempts to facilitate release of esophageal
spasm by glucagon have been largely unsuccessful
(19). Special coin forceps are available that allow the
forceps to engage the coin with a more parallel posi-
tion of the jaws (Fig. 7).

Considerations for Anesthesia

Good communication between the surgeon and anes-
thesiologist is essential for airway FB retrieval. Careful
planning before the child is in the operating room and
continuous open discussion are imperative. Routine
anesthetic procedures such as the need for the child to
be without food or drink for several hours may be dan-
gerous to a child with an airway FB. Rapid sequence is
not recommended. Paralysis may make a partially
obstructed airway completely obstructed. Before any
paralysis is used it is imperative to know that the child
will ventilate well with mask anesthesia. Spontaneous
ventilation is always preferred. When the airway is
obstructed, there is usually significant hypoventilation.
Inhalation anesthesia is often the ideal way to proceed
but this will take much longer with decreased minute
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Fig. 8 The esophageal disk battery is an acute emergency because of the risk of esophageal injury. Here the radiograph shows the
double density suggesting the battery. The extracted battery is seen caked with debris from the injured mucosa and muscle

ventilation. Rigid endoscopy allows for constant venti-
lation while the bronchoscope is in place. This is much
more difficult when dealing with a laryngeal or hypo-
pharyngeal FB. The optical telescopes can be attached
to a video system so that the anesthesiologist can visu-
alize the entire procedure.

The Disk Battery

Small batteries are widely used in a variety of devices.
They are also a potentially damaging FB. The larger
the battery, the greater the probability of retention (20).
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The longer the retention the greater the risk of injury.
Often the caregivers report the size and nature of the FB.
Radiographic evaluation will show a double-density
FB (Fig. 8). There has been a suggestion that a metal
detector may also distinguish a coin from a battery. If
the seal on the battery has been broken, the disk acts as
a solid caustic source exposing the strong base to the
epithelial surface. Early studies suggest that esophageal
retention of a disk battery for greater than 2 h can cause
a transmural injury (21). In the nose this could lead to
septal perforation, in the ear to a tympanic membrane
perforation similar to a slag burn, and in the esophagus
to a tracheoesophageal fistula, mediastinitis, or severe
stricture. In general, a disk battery FB should be
considered an emergency. Every effort should be made
to remove the FB before severe injury ensues. Usually
it can be removed with forward-grasping forceps or
coin forceps. If there has been a significant mucosal
injury, the FB may be “stuck” to the lumen, increasing
the likelihood of injury with removal. In these situations,
intraluminal stenting should be considered to prevent
stenosis.

Conclusion

The otolaryngologist will be presented with a wide
variety of FBs. The systematic approach to the removal
is similar across locations. Understanding these issues
and the methods used for removal will allow the clinician
to approach each case with appropriate care and safety.
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Deep Space Neck Infections in the Pediatric Population

Ryan Raju and G. Paul Digoy

Key Points

e Deep space neck infections are commonly seen in
the pediatric population.

e Characteristic findings include fever, sore throat,
and a warm, tender neck mass.

e A computed tomography (CT) scan is the gold stan-
dard for diagnosis and surgical planning, but the
specificity of these studies is low. Ultrasonography
is a less invasive alternative that may be equally
effective in certain cases.

* Infections are typically polymicrobial, with Staphy-
lococcus and Streptococcus being the most com-
monly isolated pathogens.

* A neck abscess is usually treated with surgical
drainage and intravenous antibiotics.

* Intravenous antibiotics without surgical drainage in
a clinically stable neck may be effective in selected
cases.

e Diagnosis may be more challenging in younger
children and in retropharyngeal infections.

» Retropharyngeal infections, peritonsillar abscesses,
and atypical mycobacterium infections represent
unique manifestation of deep neck infections that
require special consideration.

e Complications of deep neck infections are uncom-
mon, and carry severe sequelae.
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Introduction

Deep neck infections are commonly encountered in
both children and adults. However, the presentation,
progression, and management differ greatly in these
two groups. Diagnosis and treatment are dependent
on the age of the child, the location of the infection,
and the etiological agent involved. A review of the
relevant anatomy, diagnosis, treatment options, and
potential complications are discussed. The manage-
ment of retropharyngeal infections, peritonsillar
abscesses, and mycobacterial adenitis is discussed
separately.

Anatomy of the Neck

An understanding of deep infections of the neck begins
with knowledge of the anatomy of the superficial and
deep cervical neck fascia. It is their relationship to each
other that forms the potential neck spaces that can har-
bor infection and abscess formation. A detailed anatom-
ical description is beyond the scope of this chapter, but
can be found in many of the references listed (1-3).

The deep cervical fascia of the neck can be divided
into a superficial, middle, and deep layer, which envelop
various structures in the neck and dictate potential
routes for spread of infections. Of primary importance
for deep neck space infections are the submandibular,
peritonsillar, parapharyngeal, and retropharyngeal spaces.
Figure 1 demonstrates the fascia of the neck, as well as
the relationship between the retropharyngeal space and
the danger space. The danger space directly communi-
cates with the mediastinum, creating a potential pathway
for widespread infection.
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Trachea

Esophagus

Buccopharyngeal
Fascia

Carotid Sheath
Retropharyngeal Space

Alar fascia

Danger space

Prevertebral Fascia

Fig. 1 Deep fascial spaces of the neck denoting the relationship of the retropharyngeal space to the esophagus and danger

space (30)

Diagnosis

History/Clinical Findings — Children with deep space
neck infections more commonly present with fever,
neck mass, odynophagia, dysphagia, sore throat, and
decreased oral intake. These symptoms are usually
present for approximately 3-5 days. Less common
symptoms include agitation, cough, dehydration,
drooling, snoring, stridor, torticollis, and neck stiff-
ness (4,5). Important points in the history include the
duration and progression of the symptoms, a recent
upper respiratory tract infection, procedures performed
to the neck (i.e., dental surgery, intubation), prior antibi-
otic therapy, risk factors for MRSA, recent travel, and
a possible immunocompromised state. In children, a
neck abscess can be present from shortly after birth to
the late teenage years. The average age at presentation
is 4-5 years, with peritonsillar abscesses typically
presenting in older children and retropharyngeal
abscesses seen in younger children (5-8).

Physical examination should assess for the pres-
ence of erythema, tenderness, and fluctuance of the
neck mass, as well as lymphadenopthy, tracheal devia-
tion, and neck stiffness. The examination of the oral
cavity and pharynx should be performed with attention
to the tonsillar size and symmetry, dentition, palatal
edema, and uvular deviation. Though potentially life-

threatening, airway compromise secondary to a deep
neck infection is very rare. An important sign of air-
way compromise is “tripoding,” which refers to a child
in the seated position with their elbows or hands on
their knees, leaning forward with the neck extended
and head tilted slightly backward. This position gives
the accessory muscles of respiration their most advan-
tageous position, opens the upper airway, and makes
breathing easier (4,9).

Though not mandatory, laboratory tests may be
helpful in the work-up of a child with a potential deep
neck infection. Leukocytosis, with or without a left
shift, is typically seen on a complete blood count.
Other helpful laboratory tests include a C-reactive pro-
tein (which can aid in determining progression of
infection over time), a monospot test, and Epstein-Barr
virus (EBV) titers. In cases of more chronic infection,
a PPD (Tuberculosis) skin test should be considered. It
is also important to consider other causes of inflamma-
tion such as congenital, neoplastic, or inflammatory
conditions (Table 1) (10).

Deep neck infections in infants present more of a
diagnostic challenge. In recent studies, neck swelling,
lymphadenopathy, and an elevated white blood cell
count (greater than 16,000/uL) were the only findings
strongly associated with the presence of a neck abscess.
Furthermore, symptoms of airway compromise are
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Table 1 Causes of pediatric neck inflammation

* Bacterial
o Lymphadenitis
o Abscess (deep or superficial)
o Cat-scratch disease
o Lemeirre’s disease
o Actinomycosis

* Fungal/Parasites

o Histoplasmosis

o Apsergillosis

o Toxoplasmosis

o Lympbhatic filariasis
Benign neoplasms

° Brucella o Hemagioma
o Syphillis o Lymphangioma
o Tularemia ympene

o Mycobacterium (atypical) Malignant neoplasm

o Mycobacterium tuberculosis ° Lymphoma

e Viral o Rhabdomyosarcoma
o Viral adenitis ¢ Inflammatory
o EBV o Kawasaki syndrome
o HIV (chronic or acute) o Sarcoidosis
°c CMV o Marshall’s syndrome

more common in children under the age of 1, though
emergent intubation is rarely required (4,5).

Imaging

Most commonly, computed tomography (CT) with IV
contrast is used to differentiate between lymphadenitis
and an abscess in a deep neck infection. The classic
image finding of an abscess is an area of low attenua-
tion with a rim of contrast enhancement, surrounded
by soft tissue swelling. Lymphadenitis presents as a
soft tissue swelling with the obliteration of fat planes.
CT scans have been shown to be highly sensitive in the
detection of an abscess, with sensitivities ranging from
87 to 100% (8,11,12). An abscess is rarely present if a
rim-enhancing lesion is not found on a CT scan.
However, the specificity of CT scans in identifying an
abscess is poorer, ranging from 60 to 100% (6,9-14).
The inability to find purulence in a child with a
CT-defined abscess during surgery is not an uncom-
mon event. Roberson et al. (8) suggest that a scalloped
contour of the abscess wall is a better indicator of the
presence of purulence. Using scalloping solely as a cri-
teria for determining abscess formation greatly
improves the specificity of a CT scan, but reduced the
sensitivity to 64% (8). Examples of abscesses with
both scalloped borders and smooth borders are shown
in Fig. 2. Despite low specificity, a CT scan of the neck
with contrast remains the best available diagnostic tool
in the evaluation and management of a neck abscess.

Fig. 2 CT scan of a 2-year-old female that shows two areas of
hypodensity with rim enhancement. The white arrow shows a
smooth bordered lesion. The black arrow shows an abscess with
scalloped borders, which is more indicative of purulence

Though helpful in clinical diagnosis, the radiation
exposure associated with a CT scan should always be
considered. The decision to order CT scan should
always be made with prudence and should never
replace a thorough clinical exam.

Ultrasound scans may also aid in the diagnosis of
an abscess. They can be performed at the bedside, do
not require sedation, and can reliably predict the pres-
ence of a fluid-filled cavity. However, the quality of the
scan is highly operator-dependent, and there is poorer
visualization of structures in the upper oropharynx.
Therefore, ultrasound scans are less commonly uti-
lized compared to CT scans (§,9).

Microbiology

The types of bacteria found in neck infections vary
regionally and continue to evolve over time. Group A beta-
hemolytic streptococcus (GABHS), Staphylococcus
aureus, and anaerobes are the most commonly isolated
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bacteria in neck abscess cultures (5,7,10,14,15).
GABHS has been reported to be rising in incidence
and contributing to an overall increase in the number
of neck abscesses (14). Many infections are polymi-
crobial, containing Gram-positive, Gram-negative, and
anaerobic organisms.

The location of the abscess has been correlated
with specific bacteria. Peritonsillar, retropharyngeal,
and parapharyngeal abscesses tend to be caused by
GABHS, while submandibular and superficial neck
abscesses are more commonly associated with S. aureus.
Children under the age of 1 are commonly infected
with S. aureus(4,5,7).

The recent rise in the incidence of methicillin-
resistant staphylococcus aureus (MRS A) has made the
treatment of neck infections much more challenging.
Community-acquired MRSA (CA-MRSA) rates have
been rising rapidly in many areas, even in children
without risk factors for MRSA infection (16—18). In a
4-year period, Ossowski et al. (19) demonstrated an
increase in the rate of CA-MRSA from 0% (1999—
2001) to 34% (2002-2004).

Bartonella henslae is implicated as the cause of cat-
scratch disease. As its name suggests, it is a pathogen
that is common in cats and is typically transmitted to
humans from a scratch. In an immunocompetent indi-
vidual, inoculation results in a self-limiting but promi-
nent lymphadenopathy that lasts over several weeks.
The presence of small Gram-negative rods on a
Warthin—Starry stain is pathognomonic for this disor-
der. Treatment is primarily supportive, though some
improvement in the resolution of symptoms has been
reported with a 5-day course of azithromycin (10).

Other less common causes of neck infections and
lymphadenopathy include atypical mycobacterium
(discussed later), actinomycosis, fusobacterium necro-
phorum (Lemierre’s syndrome), histoplasmosis, toxo-
plasmosis, aspergillosis, and lymphatic filariasis (10).

Treatment

Medical Management

Medical management typically involves intravenous
antibiotics followed by oral antibiotics once the
child has been afebrile and clinically improving.

Empiric therapy for deep neck infections varies
greatly, but should include adequate coverage of
Gram-positive, Gram-negative, and anaerobic organ-
isms. Empiric coverage for MRSA may depend on
the regional rates of resistance, though data show
that MRSA is becoming more prevalent in deep
neck infections (19,20). Typical choices for empiric
therapy include ampicillin-sulbactam, clindamycin
with a third-generation cephalosporin, trimethop-
rimsulfamethoxazole, vancomycin with a third-gener-
ation cephalosporin, and linezolid. Table 2 lists some
of the strengths and weaknesses of typical choices
for empiric therapy. Clindamycin with a third-gener-
ation cephalosporin is a commonly used antibiotic
choice, as it provides good Gram-positive and
anaerobic coverage, and usually covers MRSA
(9,13,15,19).

The duration of time for continuing intravenous
antibiotics varies based on clinical judgment, but fever,
white blood cell count, and neck mobility are com-
monly used endpoints. Neck induration may take a few
weeks to completely resolve.

Table 2 Empiric therapy for deep space neck infections

Antibiotic Strengths Weaknesses
Bactrim » Covers MRSA * Not available as IV
* Cost effective « Side effect:
Stephen-Johnson
syndrome
Clindamycin * Covers MRSA * Increasing resistance
* Good Gram +/—, ¢ Erythromycin-
anaerobic inducible clindamy-
coverage cin resistance (need
d-test)
* IV/PO « Side effect: C dificile
enterocolitis
Ampicillin- * Good * MRSA not covered
sulbactam Gram
+/— coverage
« Can switch to
ampicillin/
sulbactam for PO
Vancomycin * MRSA coverage  Not available as PO
» Nephrotoxicity
* Must check levels
« Side effect: red man
syndrome
Linezolid * IV/PO » Expensive

¢ Covers MRSA « Side effect:
neutropenia,

thrombocytopenia
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Surgical Management

Children with clinical evidence of an abscess lateral to
the great vessels typically undergo a transcervical
incision and drainage under general anesthesia.
The primary benefits of incision and drainage include
obtaining cultures for culture-directed antibiotic ther-
apy, removing free pus from the neck, and creating an
external tract to prevent the re-accumulation of fluid.
External incision and drainage has been reported to be
99% successful (9). The risks of the surgery depend on
the location of the abscess, but primarily include injury
to the marginal mandibular nerve, accessory nerve,
vagus nerve, or great vessels (10).

Treatment Controversies

Treatment for deep neck abscesses depends on whether
lymphadenitis or a suppurative abscess is suspected.
As has been previously discussed, the uncertainty of
making this distinction complicates decision making.
In essence, lymphadenitis and cellulitis are treated
with antibiotics, whereas a neck abscess in a clinically
unstable child, is treated with immediate surgical
drainage (7,8,11,13). Controversy exists over the best
management of a clinically stable child with a neck
abscess. Clinical stability typically implies the child is
without signs of systemic toxicity, airway compro-
mise, or evidence of spread to adjacent tissue spaces
(11,13,21). Many studies have shown good treatment
outcomes with medical management of a CT-defined
neck abscess. McClay et al. found that 10 of 11 chil-
dren (91%) with a CT-defined neck abscess improved
with intravenous antibiotics alone (13). Sichel et al.
(21) demonstrated 100% clinical improvement with IV
antibiotics alone in a series of seven patients with
parapharyngeal space infections.

Though the nonsurgical management of deep neck
infections appears promising, a few caveats should be
noted. These studies looked at only a small number of
children that were closely monitored for worsening clini-
cal symptoms and with a surgeon immediately available
for drainage. Furthermore, given the aforementioned
questions about the specificity of a CT scan in diagnosing
an abscess, it is possible that some of the “abscesses” in
these studies were actually lymphadentitis (9,13,21,22).

Complications

Complications of a neck abscess are uncommon but
can carry severe morbidity and mortality. They are
typically associated with a delay in diagnosis or treat-
ment. Airway obstruction and death can occur. Rupture
of a retropharyngeal or parapharyngeal abscess may
result in severe pneumonitis. Septic venous thrombosis
can occur, leading to septic emboli, septic shock, or
neurovascular compromise. Carotid artery rupture may
also result from an unresolved abscess. Spread of an
infection along the danger space can rapidly lead to
mediastinitis. It should be reinterated that though these
catastrophic complications are very rare, they can
occur if there is a delay in management (10,23).

Special Considerations

Retropharyngeal Infection — These infections are
unique in their presentation, diagnosis, and treatment.
Retropharyngeal infections tend to occur in a younger
age group (26—42 months), possibly due to the regres-
sion of these nodes by the age of 5. These nodes receive
drainage from the sinuses, nose, and nasopharynx,
which may explain why these infections often follow
an upper respiratory infection, and are more commonly
caused by Streptococcus. Trauma to the pharynx and
esophagus, either from foreign body ingestion or from
an iatrogenic cause, such as intubation, may also result
in the development of a retropharyngeal infection
(6-8,10). A diagnosis may be difficult to make, given
the children are typically younger and a neck mass is
not always present on examination. Fever and malaise,
the most common presenting symptoms, are nonspe-
cific. However, symptoms such as torticollis, decreased
range of movement of the neck, dysphagia, voice
changes, or drooling should raise the clinical suspicion
of a retropharyngeal infection. Though symptoms of
airway obstruction while awake are rare, many chil-
dren demonstrate an acute onset of snoring and obstruc-
tive apnea during sleep (9,10).

Lateral neck films and CT scans are both useful
tests in the diagnosis of a retropharyngeal abscess.
Lateral neck films are a good screening tool, with
thickness of the posterior pharyngeal wall greater
than 7 mm at C2 and 14 mm at C6 considered a



228

R.Raju and G.P. Digoy

positive finding in a child with a retropharyngeal
abscess (23). These films must be taken with the
child in neck extension and at the end of inspiration,
or a falsely positive thickening of the posterior pha-
ryngeal wall may be diagnosed (9). This may be dif-
ficult to achieve in a uncooperative child (6,9,10).
CT scanning is the imaging method of choice in
the management of a retropharyngeal abscess (9).
However, the same concerns with the specificity of
predicting purulence in other regions of the neck
apply to the retropharynx.

Many studies demonstrate satisfactory outcomes
with nonoperative management of retropharyngeal
infections. However, prompt surgical drainage is nec-
essary if no response to medical therapy is demon-
strated, if there is evidence of airway compromise, if
free pus is seen in the retropharyngeal space on imag-
ing, or if the child appears toxic (6,8,9,13).

Transoral drainage has been demonstrated to be
safe for an abscess that is medial to the great vessels.
External drainage is reserved for an abscess with
spread lateral to the carotid artery. When intubating a
child with a suspected retropharyngeal abscess, care
must be taken to avoid possible rupture of the abscess
and aspiration of its contents. Postoperative airway
control with prolonged intubation or a tracheotomy are
rarely required after drainage of a retropharyngeal
abscess in children (6,9).

Peritonsillar Abscess — A peritonsillar abscess is
the most common complication of tonsillitis. It typi-
cally occurs in older children (10-13 years), although
cases have been reported in children as young as 14
months (7). Streptococcus is the most commonly iso-
lated pathogen (7). The classic history is that of a uni-
lateral sore throat, odynophagia, dysphagia, fever, and
a “hot potato” voice. Trismus, otalgia, and poor oral
intake are common symptoms. A peritonsillar abscess
is primarily diagnosed by physical examination.
Findings include unilateral edema and erythema of the
soft palate on the affected side, uvular deviation to the
opposite side, and displacement of the tonsil medially
and inferiorly. Rarely, a bilateral peritonsillar abscess
may confound the diagnosis, as no uvular deviation is
seen (24). A CT scan may be helpful if the diagnosis is
unclear or the child is too young for an adequate exam-
ination, though is not routinely necessary.

In older children and in adolescents, a peritonsillar
abscess can often be drained under local anesthesia in

an outpatient setting. Young children often require
intraoperative drainage and hospital admission. The
treatment recommendations for pediatric peritonsillar
abscesses vary widely. A recent study showed that
children 8 months to 6 years responded to intravenous
antibiotics without drainage 68% of the time (24).
Needle drainage or incision and drainage under con-
scious sedation has been safely performed with mini-
mal complications (25,26).

Atypical Mycobacterium — Also known as scrof-
ula, this is the most common cause of persistent cer-
vicofacial masses in children and commonly affects
children under the age of 5. These infections present
as a slowly enlarging neck mass with a violaceous
hue that persists for weeks after antibiotic therapy.
Infected nodes often erupt and form draining fistulae.
Chest X-ray and PPD are usually normal (27).
Scrofula is spread locally and is not life-threatening.
Diagnosis is best made clinically, or by tissue biopsy
and culture, that may take 3-6 weeks to obtain.
Incision and drainage of these lesions results in a
high rate of recurrence. Complete excision of the
infected tissue is the treatment choice providing the
best cosmetic result, and the lowest rate of re-
operation (10,27-29). A course of clarithromycin is
usually given postoperatively for 3-6 months
although its benefit is unclear. Successful treatment
of these infections has been reported with antibio-
tics alone, and should be considered in cases where
the location of the infection places critical structures
at risk of surgical injury. Recurrence is common,
especially when the infection has spread beyond a
single node (10,27).

Conclusion

Deep neck infections represent a commonly encoun-
tered problem in children. Though there is debate
about various treatment methods, prompt diagnosis
and intervention is the key to managing these infec-
tions. If treated appropriately, they tend to resolve
with minimal sequelae. However, if diagnosis and
intervention is delayed, life-threatening complications
may occur. Changes in technology and antibiotic
resistance may alter the principles of management in
the future.
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Complications of Acute Otitis Media

Kelley M. Dodson and Angela Peng

Key Points

e Complications of otitis media are much less fre-
quent today than in the pre-antibiotic era, yet they
remain a significant cause of pediatric morbidity
from infectious disease.

e Complications of otitis media can be acute or
chronic and further subdivided into intracranial and
extracranial disease.

e Careful clinical evaluation and appropriate imaging
studies are essential for the diagnosis of acute compli-
cations of otitis media. Oftentimes a high index of sus-
picion is required to recognize early complications.

e Management of complications typically involves
culture of offending pathogens, appropriate intrave-
nous antibiotic therapy, and surgical intervention.

Keywords: Otitis media « Complications « Mastoi-
ditis « Meningitis e Brain abscess

Introduction

Otitis media is the most common bacterial infection in the
pediatric population and can lead to both acute and
chronic complications. Fortunately, acute emergent com-
plications associated with otitis media are less frequent in
the modern era due to effective antibiotic therapy, with
rates declining from around 17 to 1% (1). In the past 10
years, several reports from the United States have sug-
gested that complications of otitis media, especially acute
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mastoiditis, may be on the rise (2—4), while other reports
abroad have disputed such a trend (5,6). Complications of
acute otitis media may be further subdivided into intrac-
ranial and extracranial categories (Table 1). This chapter
will review complications of acute otitis media and pro-
vide diagnostic and management principles for these
potentially life-threatening disorders.

Complications of acute otitis media generally occur
in otherwise healthy children and appropriate antibi-
otic treatment does not always prevent their occurrence
(7-9). Offending organisms leading to complications
of acute otitis media often include Streptococcus pneu-
moniae, Hemophilus influenzae, Pseudomonas aerugi-
nosa, and Staphylococcus aureus (8,10). Although the
microbiology of pediatric mastoiditis does not appear
to have changed with the use of pneumococcal vac-
cine, the incidence of ceftriaxone resistance in pneu-
mococci is on the rise in the postvaccine era (11).

Recent series indicate that intratemporal complica-
tions of otitis media far outnumber intracranial com-
plications (5). Acute mastoiditis remains the most
commonly encountered complication of acute otitis
media (5,7). Meningitis is the most common intracra-
nial complication of acute otitis media, while brain
abscesses are more commonly associated with chronic
otitis media and cholesteatoma. Multiple intracranial
complications can be seen with the same episode of
otitis media in a child (10).

Extracranial Complications

Acute Mastoiditis

Acute mastoiditis is the most frequent complication
of acute otitis media. It is loosely defined as an
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Table 1 Acute complications of otitis media

Intracranial Extracranial

Acute mastoiditis
— Subperiosteal abscess
— Bezold abscess
Petrous apicitis (Gradeningo

Meningitis

Intracranial abscess

— Epidural syndrome)

— Subdural

— Intraparenchymal
Lateral sinus thrombosis Facial nerve paralysis
Otitic hydrocephalus Labyrinthitis

Tympanic membrane perforation

infection of the mastoid spaces of the temporal bone,
which are in continuity with the middle ear cavity
through a channel known as the aditus ad antrum. It
most often arises from direct extension of otitis media
in a well-pneumatized temporal bone. The infectious
process may then become localized within the mas-
toid air cell system, causing bony destruction and
coalescence of air cells. The infectious process may
spread beyond the confines of the temporal bone to
postauricular soft tissues (subperiosteal or postauric-
ular abscess) or may break through the mastoid tip to
cause an abscess within the neck (Bezold abscess).
Some recent case series have suggested an increasing
incidence of acute mastoiditis (2—4), while others
suggest a decrease (5,6). Streptococcus pneumoniae
is the most common offending organism in acute
mastoiditis and its role does not seem to be decreasing
since the introduction of the polyvalent pneumococ-
cal vaccine (11).

In the pre-antibiotic era, acute mastoiditis was
typically a disease of older children and adults (12),
but recent reports show an increased incidence in
young children, particularly those less than 2 years of
age (6,8,12,13). Goldstein et al. (7) reported on 100
children with intratemporal complications of otitis
media, of which 72% had acute mastoiditis. The most
common symptoms were ear ache, postauricular pain,
and fever for a mean of 3.5 days prior to presentation.
Half of the children were 3 years of age or younger
and 44% had received previous oral antibiotic therapy
for otitis media, most commonly augmentin (7). The
higher incidence of acute mastoiditis in young chil-
dren may be related to increasing antibiotic resis-
tance, daycare, as well as nonspecific symptoms of
acute otitis media in young children (8,14). Indeed up
to half of all young children presenting with acute mas-

toiditis have no previous diagnosis of acute otitis
media (15-17).

The diagnosis of acute mastoiditis involves a
detailed history and physical examination, oftentimes
revealing a bulging tympanic membrane. The most
frequent sign is postauricular tenderness and erythema
followed by protrusion of the auricle (7). The diagno-
sis can be confirmed by a temporal bone CT scan,
showing opacification and coalescence of the mastoid
air cells, as well as possible extension or abscess for-
mation elsewhere in the soft tissues or neck.

Treatment of acute mastoiditis may consist of appro-
priate intravenous antibiotics with conservative mea-
sures such as myringotomy with culture of offending
pathogens (6,7,16,18,19). More severe or unresolved cases
may require a mastoidectomy (13,15,2). Conservative
treatment is often considered first for clinically stable
children, with surgery reserved for those who fail medi-
cal management, or those who have underlying cho-
lesteatoma or other suppurative complications.
Predictors for the need for surgical therapy with mas-
toidectomy include symptom duration of 6 or more days
prior to hospital admission, elevated white cell count
above 20, or C-reactive protein above 150 (18). The
majority of children respond to conservative therapy of
intravenous antibiotics and myringotomy with or with-
out tube placement, with 22-36% requiring mastoidec-
tomy (3,6,7,18). Antibiotics are typically continued for
a total of 6 weeks.

Facial Nerve Paralysis

Facial nerve paralysis (FNP) can account for 22% of
intratemporal complications of acute otitis media in
children (7). In the pre-antibiotic era, FNP occurred in
0.6% of children with acute otitis media (21). Up to
50% of facial nerves may have a dehiscence of the
bony fallopian canal in the middle ear (22), subjecting
the nerve directly to inflammatory mediators during a
suppurative infection. The majority of cases of facial
nerve paralysis associated with acute otitis media are
incomplete (7). Half of children are aged 3 or younger
with a mean duration of ear symptoms lasting 6 days
prior to presentation (7). Most patients with FNP sec-
ondary to acute otitis media respond with a complete
recovery of function after treatment with intravenous
antibiotics and myringotomy/tube placement (21).
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Labyrinthitis

Labyrinthitis is an inflammatory process, either serous
or suppurative, within the inner ear. Labyrinthitis can
occur in up to 5% of children with complications of
acute OM (7). Symptoms include otalgia, dizziness,
hearing loss, and vomiting. A MRI scan may reveal
enhancement of inner ear structures and imaging is
important to investigate predisposing congenital mal-
formations of the inner ear. Most children respond to
intravenous antibiotics and myringotomy/tube place-
ment. Exploratory tympanotomy to rule out a congeni-
tal fistulamay be indicated (7). Permanent sensorineural
hearing loss may result despite successful treatment,
particularly in cases of suppurative labyrinthitis.

Petrous Apicitis

Petrous apicitis, also known as Gradenigo’s syndrome,
is a suppurative infection of the petrous apex portion of
the temporal bone with the classic triad of otorrhea,
abducens nerve palsy (diplopia), and severe retro-
orbital pain. In the pre-antibiotic era, petrous apicitis
was a common sequelae of acute otitis media and mas-
toiditis, but is relatively rare today (23,24). Although
acute petrositis has been reported in 4—15% of intratem-
poral complications of acute otitis media in children
(7,8), the classic triad is rarely seen at presentation
(7,23). Half of the children have permanent hearing
loss and palsy of the sixth cranial nerve that lasts around
3 weeks. Concomitant intracranial complications are
common. Diagnosis is confirmed with CT or MRI dem-
onstrating the inflammatory process and destruction of
architecture within the petrous apex. Treatment con-
sists of intravenous antibiotics combined with myrin-
gotomy/tube placement as well as mastoidectomy.

Intracranial Complications

The spread of infection from suppurative ear disease
can occur through a number of routes. It can occur
through the blood vessels including direct extension
along venules traveling through the temporal bone.
Direct spread through bone erosion, or via the laby-
rinth, endolymphatic ducts, congenital or traumatic

malformations and defects can also occur (25,26).
Despite a low overall incidence, intracranial complica-
tions from otitis media can be life-threatening and pose
a high risk of mortality and morbidity in children.
Therefore, early suspicion confirmed by radiological
imaging leading to early surgical intervention is essen-
tial (27). In a 15-year review of 33 cases of intracranial
complications from acute and chronic otitis media,
Penido et al. (10) found that headache, persistent fever,
and purulent otorrhea were the most common present-
ing symptoms.

Meningitis

Meningitis is defined as an inflammatory process affect-
ing the meninges, the protective membranes envelop-
ing the brain and spinal cord. It is the most frequent
intracranial complication associated with acute otitis
media (8,28). The following symptoms and signs are
associated with meningitis: lethargy, altered mental sta-
tus, nuchal rigidity, Kernig’s sign (hip flexion with knee
extension inciting pain), Brudzinski’s sign (neck flex-
ion causing flexion of the child’s hip and knee), rash,
and seizures. However, in a quarter of children with
meningitis secondary to otitis media, the most common
early symptoms are headache and fever, with an unre-
markable otoscopic examination (27). Infants often
manifest nonspecific symptoms of irritability and poor
feeding and often lack clear meningeal signs (29).

The rapid development of meningeal signs in a
child with suppurative otitis media is typically associ-
ated with S. pneumoniae or H. influenza (28). Other
bacteria including S. aureus, P. aeruginosa, and Proteus
species may also be implicated in intracranial compli-
cations of acute otitis media (29). In the case of rapid
onset of meningitis, the child may have an associated
inner ear malformation, including Mondini deformity
which allows the middle ear bacteria access to the
cerebrospinal fluid through the stapes footplate or
round window (28).

Early diagnosis of meningitis is vital in order to
effectively treat this life-threatening complication.
A detailed history and thorough physical examination,
including an ophthalmic examination is mandatory.
A CT scan of the brain should be performed prior to lum-
bar puncture, which remains the gold standard for diag-
nosis of meningitis. Myringotomy with or without tube
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placement is recommended for drainage of the source of
the infection as well as for culture, especially in the pres-
ent era of increasing antibiotic resistance (30).

Management of a child with suspected meningitis
includes emergent admission for appropriate intrave-
nous antibiotics, initiating therapy with broad spectrum
antibiotics like ceftriaxone which have excellent
cerebrospinal fluid penetration (28), myringotomy
with or without tube placement, and possible concomi-
tant steroids. The latter may decrease the inflammatory
changes caused by the infection and reduce the poten-
tial neurologic sequelae, especially deafness (31,32).
Without appropriate treatment, patients may progress
to develop altered mental status, neurological deficits,
and possibly death.

Intracranial Abscess

An intracranial abscess from otitis media occurs by
direct extension from the middle ear, often via valveless
emissary veins. This abscess is almost exclusively
located adjacent to the temporal bone, at the junction of
the temporal lobe and cerebellum (10,29,33). Intracranial
abscesses are more frequently encountered as a compli-
cation of chronic otitis media with cholesteatoma rather
than as a complication of acute otitis media.

Intracranial abscesses may localize above the dura
(epidural), below the dura but above brain parenchyma
(subdural), or within the brain parenchyma itself (intra-
parenchymal). Epidural abscesses often present with
vague symptoms of headache, fever, and symptoms
indistinguishable from the primary disease process. In
contrast, subdural empyemas often progress rapidly
and cause significant mass effect and swift neurologi-
cal deterioration.

Intraparenchymal abscesses have four recognized
clinical stages of development: invasion, localization,
enlargement, and termination (28). During the inva-
sion stage (initial encephalitis/cerebritis), the patient
may present with a low-grade fever, lethargy/malaise,
decreased concentration, and headache. The symptoms
are subtle and nonspecific, and can spontaneously
resolve over 3-5 days. Local inflammation, vascular
dilation, microthrombosis, small vessel rupture, and
edema can be found in the brain (34). The localization
stage is asymptomatic, and may last for weeks. In the
third stage, the inflamed area liquefies and the expansion

of the fluid collection causes mass effect, focal neuro-
logical deficits, seizure, and possibly loss of conscious-
ness. The late stage of the abscess involves capsule
formation to contain the abscess. During the latter two
stages, the fluid collection may cause a rise in intracra-
nial pressure leading to brain herniation, and if rupture
occurs death may be imminent (34).

Diagnosis rests on a careful history and physical
examination as well as imaging. Lumbar puncture is
contraindicated as brainstem herniation from the sud-
den release of pressure may occur. CT and MRI imag-
ing are especially helpful in the primary diagnosis of
the abscess as well as for following the disease pro-
gression. MRI with gadolinium has greater soft tissue
resolution and is superior especially early in the course
of the disease (35). Typical organisms responsible for
intracranial abscesses include mixed anaerobic/aero-
bic organisms, with Pseudomonas aeruginosa, various
streptococcal and staphylococcal organisms, Gram-
negative enteric bacilli, and Bacteroides fragilis (35).

Primary treatment of the intracranial abscess con-
sists of intravenous antibiotics for a minimum of 4-6
weeks and surgical drainage often through a burrhole
craniotomy. Myringotomy and tube placement may
also be warranted. Seizures may continue after surgery,
so anticonvulsive therapy may be used as prophylaxis
for at least 3 months following the procedure.

Lateral and Sigmoid Sinus Thrombosis

The proximity of the otitic infection adjacent to the
dura overlying the sigmoid and lateral venous sinuses
may result in inflammation and thrombosis of these
sinuses. Thrombus blocks the venous drainage system,
thereby elevating intracranial pressure and dilating the
ventricle. This may also lead to disseminated emboli,
internal jugular vein thrombosis, and retrograde throm-
bosis of the cerebral vein, leading to neurological defi-
cits, and possibly stroke. In children, the most common
signs and symptoms of lateral sinus thrombosis include
intermittent spiking “picket fence” fevers, headaches,
otalgia, vomiting, vertigo, diplopia, chills, and neck
pain (36). Children with hypercoagulabe states includ-
ing Protein C and S deficiency are predisposed to
developing this complication (37,38). MRI or mag-
netic resonance venography (MRV) scans are gener-
ally preferred to definitively establish the diagnosis.
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Treatment focuses on eliminating the source of the
infection and inflammation with myringotomy or mas-
toidectomy and appropriate intravenous antibiotics for a
6-week period. Early surgical intervention seems to
improve overall prognosis that is superior in children
compared to adults (36,39,40). Anticoagulation use is
controversial as there are reports of hemorrhagic com-
plications in children (41). Internal jugular vein ligation
and surgical evacuation of clot are rarely used (36,41).

Otitic Hydrocephalus

Otitic hydrocephalus involves increased intracranial
pressure without signs of hydrocephalus, and without
ventricular dilation or focal neurologic deficit (42).
Symptoms include headaches, lethargy, blurred vision,
nausea, and vomiting. The majority of patients with
otitic hydrocephalus have bilateral papilledema, and
some have ipsilateral abducens nerve palsy. The typi-
cal presentation is often nonspecific and the diagnosis
may be a challenge.

Definitive diagnosis is based on elevated opening
pressure (>240 mmH,0) during lumbar puncture, with
normal cerebrospinal findings (42,43). MRI/MRV
scans are helpful by demonstrating thrombus in the
sigmoid sinus. Treatment involves mastoidectomy for
the appropriate disease process, prolonged intravenous
antibiotics, steroids, diuretics, and possibly anticoagu-
lants (42). A lumbar drain or ventricular shunt may be
necessary in the intervening time while the elevated
pressure is treated medically. It is important to monitor
vision throughout the period of treatment (5). If the
condition is not recognized or treated, blindness,
stroke, or brain herniation leading to death may occur.
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Complications of Sinusitis

Rodney Lusk

Key Points

e Complications of sinusitis are best described as an
extension of the infection into the orbit or cranium.
These infections are almost always secondary to an
acute sinusitis. A history of recurrent or chronic
sinusitis is frequently absent.

e The infection is usually caused by a streptococcal
or staphylococcal species which is frequently highly
resistant to antibiotics. These infections can have
significant morbidity and mortality if not recog-
nized and treated early.

* Failure to recognize complicated sinusitis may result
in blindness, permanent diplopia, seizures, hemipa-
resis, mental retardation, and death. The longer the
delay in the diagnosis the greater the chance of
developing these sequelae or possibly death.

* These patients must be aggressively managed via
a team approach involving primary care, infec-
tious disease, otolaryngology, neurosurgery, and
ophthalmology.

e If aggressive medical management including broad-
spectrum antibiotics that cross the blood—brain bar-
rier does not result in prompt resolution of the
symptoms, surgical intervention to drain the sinus-
itis and extension of the infection is warranted. The
surgical intervention is dictated by the location and
severity of the complication and frequently involves
multiple surgical specialties.

Keywords: Acutesinusitis ® Chronicsinusitis ® Subpe-
riosteal abscess ¢ Orbital abscess ¢ Orbital cellulitis
¢ Brain abscess * Subdural abscess

R. Lusk

Boys Town ENT Institute, Boys Town National Research
Hospital, Omaha, NE, USA

e-mail: luskr@boystown.org

R.B. Mitchell and K.D. Pereira (eds.), Pediatric Otolaryngology for the Clinician,

Complications of sinusitis are almost always secondary
to acute infections. The infections most frequently
extend into the orbit but may also extend into the
intracranial compartment. These acute complications
are associated with significant morbidity and possible
mortality if not treated early and aggressively.
Clinicians must be aware of their manifestations and
act quickly to prevent permanent sequelae or death.

Definition

Any infection extending beyond the confines of the
sinus cavity, most commonly the orbit or cranium,
would by definition be considered a complication.
Orbital complications are much more common than
intracranial complications and are most frequently
associated with ethmoiditis, while intracranial com-
plications are generally associated with frontal sinus-
itisand occurin older patients. During the pre-antibiotic
era 17-20% of the patients with orbital cellulitis died
from meningitis or had permanent loss of vision in the
affected eye (). One of the key factors in the patho-
genesis of orbital cellulitis is the thinness of the lam-
ina papyracea separating the ethmoid sinus from the
orbit (Fig. 1) (2). The lamina papyracea is actually
thicker in pediatric patients and more likely to be thin
or dehiscent in adults. However, children have an
immature immune system that predisposes them to
infection particularly with resistant bacteria. It is
important to remember that most intraorbital compli-
cations are the result of an acute not a chronic eth-
moiditis. The ipsilateral ethmoid sinus is involved in
almost all cases of orbital cellulitis and abscess.
Extension into the orbit is thought to occur by four
potential methods (Fig. 2):

237

DOLI: 10.1007/978-1-60327-127-1_30, © Humana Press, a part of Springer Science + Business Media, LLC 2009



238

R. Lusk

i %

Fig.1 Patient with left subperiosteal abscess, note adjacent eth-
moid disease
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Fig. 2 Potential paths of orbital bacterial invasion

1. Venous: Venous channels without valves, also
known as diploic veins, connect the orbital cavity
with the ethmoid, frontal, and maxillary sinuses.
Infections can involve the veins and extend directly
into the orbit.

2. Direct extension: Bony dehiscences are most likely
to occur in the lamina papyracea. For reasons that

are unclear, orbital abscesses are more likely to
occur on the left (3). Extension from the frontal
sinus is much less likely to occur in younger chil-
dren because the frontal sinus has not developed.

3. Lymphatic seeding: There are no lymph vessels
within the orbit and therefore lymphatic seeding is
theoretically possible but unlikely (2).

4. Arterial: Infection extending along arteries is possible
but again not likely to be an important cause (2).

Intracranial complications are more likely to occur in
adolescent or adult patients and include: meningitis,
epidural, subdural, and brain abscess (4). These are
frequently a direct intracranial extension of sinus dis-
ease, usually in the frontal sinus. Although ear disease
was the most common predisposing factor for intracra-
nial sepsis in the past, sinusitis is currently the most
common etiologic factor (5).

Prevalence

Orbital cellulitis is the most common complication of
acute sinusitis and is associated with ethmoiditis in 98%
of the cases (6). Although a lot less common, intracra-
nial complications are always life-threatening and tend
to be more common in adolescent males (7). Orbital and
intracranial infections may occur simultaneously (7).

Diagnosis

Orbital complications: Most children with sinusitis
and orbital cellulitis have a temperature greater than
38.5°C, an elevated white count of greater than 15,000,
and lethargy. Differentiation between an orbital cellu-
litis and abscess is a difficult but crucial first diagnostic
step. This differentiation may not be possible on clini-
cal grounds alone, and further diagnostic or surgical
intervention may be required to correctly stage the
infection. Staging the extent of an intraorbital infec-
tion is clinically useful. The classification developed
by Chandler has gained the widest acceptance (2).

Figure 3 is a representation of Chandler’s different
subgroups.

Group 1: Preseptal cellulitis — edema and erythema of
the upper and/or lower lids occurs without limitation of
ocular motility, no visual loss, and usually no chemosis.
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Fig.3 Axial diagram of progressive stages of inflammation of the orbit. (A) Preseptal inflammation; (B) Orbital cellulitis, involving
the fat within the orbit; (C) Subperiosteal abscess formation; (D) Orbital abscess formation within fat and muscle cone; (E) Cavernous

sinus thrombosis

Group 2: Orbital cellulitis without abscess — diffuse
edema of the adipose tissue within the orbit but no
abscess formation and symmetrical axial proptosis

Group 3: Orbital cellulitis with subperiosteal abscess
— abscess formation between the orbital periosteum
and orbital bone; the abscess frequently displaces the
globe and points to the location of the abscess.

Group 4: Orbital cellulitis with abscess in the orbital
adipose tissue — proptosis is usually severe with orbital
displacement. Ophthalmoplegia and visual loss may
ensue without prompt treatment.

Group 5: Cavernous sinus thrombosis — spread of
orbital infection into the cavernous sinus may result in
bilateral disease and blindness.

Proptosis is frequently a good differentiator between
preseptal and orbital infections. Preseptal cellulitis is

generally associated with inflammation and edema of
the lids but may involve the conjunctiva. Involvement
of the conjunctiva cannot however differentiate
between an orbital cellulitis or abscess. Any expanding
mass within the orbit can be associated with conjuncti-
val swelling (chemosis) (Fig. 4) and ophthalmoplegia.
Proptosis (Figs. 5 and 6) may be associated with
ophthalmoplegia and/or diminished vision in 73% of
children (6); both are alarming signs and require
immediate and accurate assessment. The direction of
displacement of the globe may point to the location of
the abscess. It is important to understand that in gen-
eral, the greater the proptosis the more severe the
inflammation and the larger the abscess.

If there is progression to an abscess, antibiotics
are much less likely to cure the infection and surgical
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Fig.5 CT scan of proptosis with right subperiosteal abscess

Fig. 6 Proptosis of orbit

drainage will probably be required. Significant
chemosis may limit testing of visual acuity and
examination of the eye. An immediate ophthalmol-
ogy consultation is always warranted if a decrease in
visual acuity is suspected. This can occur in an
alarming number of patients with orbital cellulitis
(8) and any delay in diagnosis increases the chances
of a permanent visual impairment (9). Decreasing
vision in both eyes is indicative of cavernous sinus
thrombosis, a very serious and life-threatening
complication.

Brain abscesses are most likely to occur in the
frontal lobes and diagnosis can be difficult as symp-
toms are often silent (10, 11). Cellulitis and orbital
abscess formation may result in increased intracranial
pressures which would manifest with bradycardia,
papilledema, a stiff neck, hypertension, nausea, vom-
iting, and decreased consciousness. A dilated pupil is
an ominous sign suggesting transtentorial herniation
(12). Intracranial abscesses typically present with
fever, headaches, seizures, nuchal rigidity, focal neu-
rological signs, and occasionally photophobia (13).
Patients with an epidural abscess generally present
with dull headaches, sudden elevation of temperature,
and a normal cerebrospinal fluid (CSF) (14). Patients
with subdural abscesses are usually toxic with mental
status changes, severe headaches, nuchal rigidity,
papilledema, cloudy CSF, and focal neurologic
changes (14).

Diagnostic Tests

Clinically it may be very difficult to distinguish
between an orbital cellulitis and an orbital abscess
(15). The axial CT scan (Figs. 1 and 5) with contrast
remains the single best test to differentiate between a
subperiosteal abscess and an orbital abscess (15).
A CT scan is appropriate if the patient is treated with
intravenous antibiotics and not improving over a 24-h
period. CT scans will also help find the location and
extent of acute sinusitis and are required for surgical
intervention. MRI scans are not particularly useful in
the assessment of orbital infections but are very help-
ful in defining intracranial extension of the disease
(Fig. 7). When intracranial signs or symptoms are
present, it is extremely important to obtain a CT or
MRI scan prior to lumbar puncture to decrease the



Complications of Sinusitis

241

Fig.7 MRI of brain abscess

chance of brain stem herniation. It should be noted
however that the initial staging of the complications of
sinusitis may have to be revised after surgical interven-
tion. Blood cultures are not particularly helpful and are
positive in only 4% (9).

High-Risk Groups

Children are at a significantly higher risk for complica-
tions of acute sinusitis and orbital cellulitis has been
reported even in neonates (16). Preseptal cellulitis
accounts for approximately 80% of all the periorbital
infections. Approximately 20% of children have orbital
cellulitis or abscesses and a much smaller subgroup will
have intracranial complications (17). Younger children
are more likely to have orbital cellulitis than older chil-
dren but adolescent males are more likely to have intrac-
ranial complications (18). Swimmers also appear to
have a higher incidence of sinusitis and orbital cellulitis
(18). There is an increased risk of sinusitis in children
who are intubated or comatose. Of children who develop
an orbital abscess and intracranial complications, 87%

are secondary to staphylococcal or streptococcal species
(7,9,19). Community-acquired methicillin-resistant
staphylococcus aureus has been reported as a particu-
larly progressive infection associated with blindness
(20, 21).

Frontal sinus infections can invade the marrow of
both the anterior and posterior tables. If this happens,
the diploic veins transfer infection into the CNS and
cause subdural empyemas or brain abscesses (22). The
signs and symptoms of complicated frontal sinusitis
may be nonspecific rendering the infection difficult to
diagnose without a CT scan. Subtle extension into the
frontal lobe may at times only be seen on a MRI scan.
CT scans should be obtained with the necessary infor-
mation for image-guided surgery.

Treatment

Cellulitis: In general, medical management is more
successful in younger rather than older children. If the
infection is clinically a preseptal cellulitis it is quite
acceptable to initiate therapy with intravenous antibi-
otics (17). Older children are much more likely to
require surgical intervention (23). If intravenous anti-
biotics are used as an initial management, they should
be broad spectrum given the high incidence of polymi-
crobial infections (7). If the child does not show sig-
nificant improvement in 24 h, a CT scan of the sinuses,
or if an intracranial complication is suspected, a MRI
is indicated. Lack of improvement suggests that the
orbital cellulitis has developed into an abscess and will
likely require surgical intervention.

Most investigators now feel that endoscopic eth-
moidectomy with drainage through the lamina papy-
racea is the most efficacious way to treat a medial
subperiosteal orbital abscess (24,25). Axial and coro-
nal CT scans will help define precisely the location of
the abscess. Precise identification of the abscess intra-
operatively is possible utilizing image-guided endo-
scopic techniques. Invariably there is bilateral
involvement of the ethmoid sinuses but since this is an
acute infection, surgical intervention of the opposite
side must be based on the clinical history and find-
ings. If there is a significant history of recurrent infec-
tions then it would be reasonable to proceed with
bilateral endoscopic sinus surgery. If not, it is quite
reasonable to treat only the affected side surgically
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and manage the ethmoiditis on the opposite side with
intravenous antibiotics. Clinical studies now indicate
that endoscopic sinus surgery in the pediatric age
group is not associated with interruption of facial
growth (26,27).

Intracranial: Medical management should include
intravenous antibiotics with broad spectrum that read-
ily cross the blood-brain barrier such as penicillin/
chloramphenicol, cefotaxime, nafcillin, vancomycin,
or ceftazidime. The antibiotic used is determined by
the most likely infecting organism and the patient’s
known allergies. Medical management of intracranial
abscesses has met with variable success. Surgical
intervention includes craniotomy and endoscopic
ultrasound-guided needle aspiration (28). The choice
of procedure is dictated by the location and extent of
the lesion. If the frontal sinus and frontal lobe are both
involved, the craniofacial approach may be required to
address both sites. Increasingly, the frontal sinus is
drained from below through an endoscopic approach
unless there is clear osteitis of the anterior or posterior
table of the frontal sinus.

Outcome

Orbital cellulitis: Preseptal cellulitis rarely leads to
visual impairment. Orbital abscess, if not treated
immediately and aggressively, can lead to visual
impairment. Cavernous sinus thrombosis can lead to
bilateral blindness and can be fatal. Up to 11% of cases
of orbital cellulitis result in visual loss.

Intracranial complications: Sequela from intracra-
nial complications of sinusitis include seizures, blind-
ness, hemiparesis, and death. The older the patient
the more likely is a fatal outcome (29). An early diag-
nosis and expedited medical and surgical intervention
will reduce significant long-term disability and
fatality.
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ARS. See Allergic rhinosinusitis
Atresia. See also Choanal atresia; Congenital hearing loss
definition and prevalence, 75
diagnosis, 75-78
outcome, 79
treatment, 78-79
Arteriovenous malformations (AVMs), 209-210
Auditory brainstem implant (ABI), 82, 86-87
Auditory evoked potentials (AEP), 17
Automated brainstem response (ABR) test, 76
AVMs. See Arteriovenous malformations

B

BAHA. See Bone-anchored hearing aid
Bartonella henslae, 226

Behavioral dysphonia, 185
Benjamin-Inglis classification system, 141

245
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Bone-anchored hearing aid (BAHA)
candidacy and surgery, 85
complications and outcomes, 85-86
structure and principle, 85

Bronchitis, 176

C
Canal-wall-down (CWD), 72
Chandler’s classification, sinusitis, 238-239
Chemosis, 239, 240
Choanal atresia
classic theories, 107
incidence, 106-107
management, 109
Cholesteatoma
categories, 68
complications, 70-71
diagnosis, 69-70
outcome, 72
prevalence, 69
treatment, 71-72
Cleft lip and palate
anatomy, 167168
classification, 165-166
embryology, 168
epidemiology, 166
feeding difficulty, 169
otologic issues, 169—170
premaxilla protrusion, 170-171
prenatal diagnosis, 168—169
speech difficulties, 170
surgical intervention, 171-172
velocardiofacial syndrome (VCF), 169
Clindamycin-resistant methicillin-resistant
Staphylococcus aureus, 32
CNPAS. See Congenital nasal pyriform aperture stenosis
Cochlear implantation
candidacy, 84
major devices, 82
outcomes and complications, 84
preoperative evaluation, 82—-84
selection criteria, 82
structure and principle, 81-82
surgical procedure, 83-84
Community-acquired methicillin-resistant Staphylococcus
aureus (CA-MRSA) infection, 226
manifestation, 29-30
Staphylococcus aureus, 30
treatment, 31-32
Conditioned play audiometry (CPA), 18
Congenital hearing loss
atresia
definition, 75
diagnosis, 75-78
outcome, 79
treatment, 7879
conductive
definitions and prevalence, 75
diagnosis, 77
outcome, 79
treatment, 78-79

definitions, 75
diagnosis, 75-78
prevalence, 75
screening flow diagram, 76
sensorineural
definitions and prevalence, 75
diagnosis, 77-78
outcome, 79
treatment, 78-79
Congenital laryngeal webs, 140
Congenital nasal pyriform aperture stenosis (CNPAS), 107
Congenital neck masses
branchial cleft anomalies, 131
fibromatosis coli, 134
lymphatic malformations, 132-134
teratomas and dermoid cyst, 132
thymic anomalies, 134
thyroglossal duct cysts (TDC), 129-130
Congenital tracheal stenosis, 144
Cough
classification, 173
diagnosis
congenital, 175-176
infectious, 176
inflammatory, 176-177
systemic, 177-178
endoscopy, 175
history, 174
pathophysiology, 173
physical examination, 174
radiography, 174-175
treatment, 178
Craniofacial syndromes, 160
Croup, 151-152
Cystic fibrosis, 178
Cytomegalovirus, congenital hearing loss, 76

D
Decannulation, 163
Deep neck infections
anatomy, 223-224
atypical mycobacterium, 228
complications, 227
diagnosis, 224-225
imaging, 225
microbiology, 225-226
peritonsillar abscess, 228
retropharyngeal infection, 227-228
treatment
controversies, 227
medical management, 226
surgical management, 227
Dermoid cyst, 132
DiGeorge syndrome, 169
Distortion product otoacoustic emissions (DPOAEs), 17
Ductal cysts, 141
Dysphonia
classification, 182
diagnosis
chronic granulomatous disease, 185
endoscopy, 181
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functional dysphonias, 185
gastroesophageal reflux, 182—183
infection and foreign bodies, 184
laryngomalacia, 182
malignancy and trauma, 184—185
physical examination, 181-182
recurrent respiratory papillomatosis, 182
subglottic hemangioma, 184
video monitoring and photo documentation, 181-182
vocal fold mobility impairment, 183
vocal nodules, 182

outcome, 185-186

treatment, 185

E
Eosinophilic esophagitis (EE), 156-157
Epiglottitis, 153-154
Epistaxis
anatomy, 97-98
diagnosis
Glanzmann’s thrombasthenia (GT), 101-102
hemodynamic stability, 99
hemophilia, 100-101
hereditary hemorrhagic telangiectasia, 101
juvenile nasopharyngeal angiofibroma (JNA), 101
Von Willebrand disease, 100
Kiesselbach’s plexus, 97, 99
nasal airway obstruction, 102
pathophysiology, 98-99
screening, 102
treatment
nasal cauterization, 102-103
septal dermoplasty, 103
Epstein—Barr virus (EBV), 190-191
Erythromycin-induced clindamycin resistance, 31
Esophageal disk battery, 221-222
Eustachian tube
indications, 61-62
surgical considerations, 62
tympanic membrane perforation, 63—64
External otitis
acute otitis externa (AOE)
cerumen (wax), 51
diagnosis, 51-52
treatment, 52-53
chronic dermatitis, 53
furunculosis, 53
malignant otitis externa, 54
otomycosis, 53

F
Facial nerve paralysis (FNP), 232
Feeding/swallowing disorder
assessment, 2627
developmental feeding problems, 25
developmental nature, 24-25
disorders, 25
dysphagia, 26
motor-based feeding issues, 26
sensory-based feeding issues, 25-26

Fiberoptic endoscopic examination of swallowing (FEES), 27
Fibromatosis coli, 134
FNP. See Facial nerve paralysis
Foreign body (FB) removal
anatomical site
ear, 218
esophagus, 220
hypopharynx, 219
larynx, 219
nasopharynx and oropharynx, 219
nose, 219
tracheobronchial tree, 219-220
anesthesia, 220-221
balloon retrieval, 217-218
bouginage technique, 218
disk battery, 221-222
forceps, 216-217
principle, 215-216
right-angle instruments, 218
stone basket, 218
Functional dysphonia, 185
Fungal otitis externa, 53
Furunculosis, 53

G

Gastroesophageal reflux disease (GERD), 152, 177

Glanzmann’s thrombasthenia (GT), 101-102

Gradenigo’s syndrome, 233

Group A beta-hemolytic streptococcus (GABHS) infection.
See Pharyngotonsillitis

H
Hartman’s forceps, 216
Hearing assessment
behavioral audiologic assessment, 18
hearing loss
risk factors, 16
symptoms, 15-16
physiologic assessment tools
air and bone conduction test, 18
auditory evoked potentials (AEP), 17
otoacoustic emissions (OAE), 16-17
tympanometry and acoustic reflexes, 17-18
test batteries, 18-20
Hearing thresholds, 15
Hemangioma
complications, 203-204
congenital hemangioma, 205
diffuse neonatal hemangiomatosis, 205
history, 202
imaging, 203
pathology, 203
physical appearance, 202-203
treatment, 204205
Hemophilia, 100-101
Hemotympanum, 100
Hereditary hemorrhagic telangiectasia (HHT), 101
Hoarseness. See Dysphonia
Hospital-acquired methicillin-resistant Staphylococcus aureus
(HA-MRSA) infections, 30
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I
Implantable hearing devices
auditory brainstem implant (ABI), 86-87
BAHA system, 84-86
cochlear implant, 81-84
implantable middle ear devices (IMED), 86
Intradermal testing, 115
Intranasal steroids, 117

J
Juvenile nasopharyngeal angiofibroma (JNA), 101

K

Kaposiform hemangioendothelioma, 206

Kasabach—Merritt phenomenon (KMP), 206

Kawasaki disease (KD). See Mucocutaneous lymph
node syndrome

Kiesselbach’s plexus, 97, 99

L
Labyrinthitis, 233
Laryngeal cysts, 140-141
Laryngomalacia, 139-140, 175
Laryngotracheobronchitis (LTB), 151-152, 176
Leukotrienes, 117
Localized otitis externa, 53
Lymphadenitis
signs and symptoms, 29
treatment algorithm, 32
Lymphatic malformations, 132-134
etiology and clinical course, 206-207
hypertrophy, 208
infection and immunodeficiency, 207-208
sclerotherapy, 208
surgical excision, 208-209

M
Magill forceps, 216
Malignant otitis externa (MOE), 54
Mandible fractures, 93-94
Mastoiditis

definition, 231-232

diagnosis and treatment, 232
MEE. See Middle ear effusion

Membranous laryngotracheobronchitis (MLTB), 152-153

Meningitis
diagnosis, 233-234
management, 234
symptoms and signs, 233

Methicillin-resistant Staphylococcus aureus (MRSA)

infections
manifestation, 29-30
Staphylococcus aureus, 30
treatment, 31-32
Middle ear and mastoid disorders
cholesteatoma
categories, 68

complications, 70-71
diagnosis, 69-70
outcome, 72
prevalence, 69
treatment, 71-72
tympanic membrane (TM) perforations, 67-68
Middle ear effusion (MEE)
diagnosis and audiometry, 56
risk factors, 56
vaccines, 57
MLTB. See Membranous laryngotracheobronchitis
MOE. See Malignant otitis externa
Mucocutaneous lymph node syndrome, 192
Mycobacterium, 228
Myringosclerosis, 64

N
Nasal fractures, 93
Nasal obstruction
airway obstruction, 106
diagnosis
anterior skull base defects, 107-108
choanal atresia, 106107
congenital nasal pyriform aperture stenosis
(CNPAS), 107
developmental nasal anomalies, 108
iatrogenic intranasal synechia, 108—-109
nasal lacrimal duct obstruction, 108
nasal septal deformations, 108
effects, 106
intraoperative measurement, 105
management, 109-110
nasal development and physiology, 105-106
signs and symptoms, 106
Nasoethmoid complex fractures, 94

(0}
Obstructive sleep apnea, 197
Omalizumab, monoclonal antibody, 118
OM. See Otitis media
Open reduction with internal fixation (ORIF), 93
Orbital abscess

diagnosis, 240-241

outcome, 242

treatment, 241
Orbital cellulitis

axial CT scan, 240-241

complications, 241

definition, 237

diagnosis, 238-239

outcome, 242

prevalence, 238
Orbital floor and roof fractures, 94
ORIF. See Open reduction with internal fixation
Otitic hydrocephalus, 235
Otitis media (OM). See also Acute otitis

media (AOM)
definition, 55
diagnosis and audiometry, 56
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epidemiology
prevalence, 56
risk factors, 56-57

extracranial complications
acute mastoiditis, 231-232
facial nerve paralysis (FNP), 232
petrous apicitis and labyrinthitis, 233

intracranial complications
intracranial abscess, 234
meningitis, 233-234
otitic hydrocephalus, 235
thrombosis, 234-235

otitis media with effusion (OME)
definition, 55
treatment, 59

prevention, 57

treatment
guidelines, 58
vaccines, 57-58

tympanostomy tubes
complications, 63-64
indications, 61-62
postoperative management, 62—63
surgical considerations, 62

Otomycosis, 53
Otorrhea, 63

P
PCD. See Primary ciliary dyskinesia
Pediatric facial fractures
condyles, 92-93
etiology, 92
facial growth, 92
injury sites, 92-93
management
mandible fractures, 93-94
nasal fractures, 93
nasoethmoid fractures and ZMC, 94
orbital floor and roof fractures, 94
modern rigid plating systems, 95
specific techniques, 91
Pediatric vascular tumors
arteriovenous malformations (AVMs), 209-210
definition, 201-202
hemangioma
complications, 203-204
congenital hemangioma, 205
diffuse neonatal hemangiomatosis, 205
history, 202
imaging, 203
pathology, 203
physical appearance, 202-203
treatment, 204-205
kaposiform hemangioendothelioma, 206
Kasabach—Merritt phenomenon (KMP), 206
lymphatic malformations
etiology and clinical course, 206-207
hypertrophy, 208
infection and immunodeficiency, 207-208
sclerotherapy, 208

surgical excision, 208-209
PHACES syndrome, 206
tufted angioma, 205-206
venous malformation, 209
Peritonsillar abscess, 228
Petrous apicitis, 233
PHACES syndrome, 206
Pharyngotonsillitis
antibiotic treatment
antibiotic choices, 9-10
antibiotic failure, 11
considerations, 4
therapy duration, 10-11
chronic tonsillitis, 192
definition, 4
diphtheria, 191-192
etiologic agents, 188
gonorrhea, 191
group A beta-hemolytic streptococcus, 188—-190
infectious mononucleosis, 190-191
Kawasaki disease (KD), 192
peritonsillar infection, 192
Pierre Robin sequence (PRS), 169
Pneumatic otoscopy, OM diagnosis, 56
Polysomnography
abbreviated daytime polysomnography, 4647
indications, 37-38
physiological measurements, 38
scoring
respiratory events, 41-43
sleep stage scoring, 4041
sleep study types, 4647
tracheostomy tube decannulation, 48
Posterior laryngeal clefts, 141
Prelingual hearing loss, 76-77
Primary acquired cholesteatoma, 68
Primary ciliary dyskinesia (PCD), 178
PRS. See Pierre Robin sequence
Psychogenic dysphonia, 185

R
Recurrent respiratory papillomas, 182
Recurrent respiratory papillomatosis (RRP), 145-146
Respiratory disturbance index (RDI), 43
Respiratory inductive plethysmography (RIP),
38-39, 42
Retropharyngeal infections, 227-228
Rhinosinusitis. See also Acute bacterial rhinosinusitis
(ABRS)
acute rhinosinusitis (ARS)
definition and classification, 122
diagnosis, 123
management, 123-124
pathophysiology, 122
bacterial pathogens, 124
chronic rhinosinusitis (CRS)
clinical symptoms and diagnosis, 123
definition and classification, 122
management, 124
pathophysiology, 122—123
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S
Secondary acquired cholesteatoma, 68
Sensorineural hearing loss
definitions and prevalence, 75
diagnosis, 75-78
outcome, 79
treatment, 7879
Sigmoid sinus thrombosis, 69
signs and symptoms, 234
treatment, 235

Sinusitis. See also Orbital abscess; Orbital cellulitis;

Rhinosinusitis
definition, 237-238
diagnosis
abscess progression, 239-240
axial CT scan, 240-241
Chandler’s classification, 238-239
proptosis, 239
outcome, 242
prevalence, 238
treatment
cellulitis, 241-242
intracranial abscesses, 242
Sleep-disordered breathing (SDB)
definition and prevalence, 197
diagnosis, 197-198
outcome, 199-200
polysomnogram
audiovisual recording, 39-40
CPAP therapy, 45-46
BiPAP therapy, 45
PAP machine system, 46
indications, 37-38
international classification, 44
obstructive apnea index, 43—44

pre—decannulation polysomnography, 48
respiratory disturbance index (RDI), 43

scoring, 40-43
sleep stage scoring, 4041
types, sleep studies, 4647
upper airway resistance syndrome
(UARS), 44-45
ventilation assessment, 39
risk factors, 198—199
treatment, 199
Speech/articulation
developmental apraxia, 22
diagnosis
assessment approach, 23
developmental delay, 22
neurological disorders, 23
structural issues, 22-23
normal speech development, 22
Stickler syndrome, 169
Stridor
definition, 137
diagnosis
infectious, 144-146
laryngeal, 139-141
subglottic, 141-143

tracheal, 143-144
evaluation, 137-138
radiologic and physical examination, 138
Subglottic cysts, 143
Subglottic hemangiomas, 142—143
Subglottic stenosis (SGS), 141-142

T
TDC. See Thyroglossal duct cysts
Thymic anomalies, 134
Thyroglossal duct cysts (TDC), 129-130
Tonsillar lymphoma, 193
Topical antimicrobial preparations, AOE, 52
Tracheobronchial tree, 219-220
Tracheomalacia, 143-144, 160
Tracheostomy
complications, 161, 163
considerations, 163
definition, 159
demographic study, 160
indications, 160-161
surgical procedure, 161
tubes, 161, 162
Transient evoked otoacoustic emissions (TEOAEs), 17
Transnasal endoscopic sphenopalatine artery ligation
(TESPAL), 103
Treacher-Collins syndrome, 160
Tufted angioma, 205-206
Tympanic membrane (TM) perforations
chronic otitis media (COM)
definition, 67-68
diagnosis, 69-70
outcome, 72
prevalence, 69
treatment, 71-72
chronic suppurative otitis media (CSOM)
definition, 67-68
outcome, 72
treatment, 71-72
Tympanocentesis, 4, 7-9
Tympanograms, 17-18

U
Upper airway obstruction, 160
Upper airway resistance syndrome (UARS), 4445

v
Vallecular cysts, 141
Vancomycin-resistant Staphylococcus aureus
infections, 32

Velopharyngeal insufficiency (VPI), 24, 170
Venous malformation, 209
Visual response audiometry (VRA), 18
Vocal fold mobility impairment (VFMI), 183
Vocal nodules

diagnosis, 182

outcome, 185-186
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Voice assessment, resonance
disordered voice, 23
instrumental assessment, 24
noninstrumental assessment, 23-24
velopharyngeal insufficiency (VPI), 24
Voice disorders. See Dysphonia
‘Von Willebrand disease, 100

W
Waldeyer’s ring, 187
Wardill-Kilner (V-Y) palatoplasty, 171

Z
Zygomaticomalar complex (ZMC) fractures, 93-94
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