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INTRODUCTION AND DEFINITIONS

Acute otitis media (AOM) is a common disorder of early childhood, and among the most
common reasons for referral of a young child to the otolaryngologist. Although the majority
of children with AOM are managed by primary care providers without the need for specialty
consultation, children with recurrent episodes, severe symptoms, or complications of AOM
can require prompt otolaryngologic evaluation and surgical treatment. Although AOM
affects many children, and tympanostomy tube placement is the most commonly performed
operative procedure in young children, consensus is still being reached about the most
appropriate use of surgery for children with AOM.

We review the relevant concepts in the management of AOM in children, with an emphasis
on changes in microbiology over the last 2 decades. We also discuss management paradigms
for AOM advanced by evidence-based clinical practice guidelines published in 2013.
Surprisingly, these guidelines are the first to recommend tympanostomy tube placement as
an option for children with recurrent AOM, despite decades of tympanostomy tube
placement for this indication. New emphasis is placed on accurate diagnosis based on strict
criteria, with additional refinement of the selection of children most appropriate for
observation without antibiotics at initial diagnosis of AOM. This review focuses on AOM
and recurrent AOM, and we do not directly discuss management of middle ear effusion
(MEE) that is asymptomatic other than hearing loss (otitis media with effusion [OME]). It is
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important to distinguish AOM from OME, which are separate entities with unique
management considerations (Table 1).

EPIDEMIOLOGY

AOM is a common disease in children. In the United States, 8.8 million children (11.8%)
under the age of 18 were reported to have ear infections in 2006, with an estimated total
treatment cost of $2.8 billion.> Antibiotics are prescribed for AOM more frequently than for
any other illness of childhood.® The epidemiology of AOM has evolved over the past
decade, with a decrease in clinician visits for suspected AOM by 33% from 1995-1996 to
2005-2006.5 The reasons for the decrease in clinician visits is unclear, with possible
explanations including financial considerations, health care access issues, public educational
campaigns about the viral etiology of most upper respiratory tract infections, the
introduction of the 7-valent pneumococcal vaccine (PCV7) and influenza vaccines, and
publication and implementation of clinical practice guidelines.”

Interestingly, clinician prescribing patterns have not changed significantly for children with
AOM, with the rate of antibiotic prescription per visit remaining approximately stable (80%
in 1995-1996 to 76% in 2005-2006).6:8 More recent study of prescribing patterns for AOM
shows treatment strategy may vary among medical disciplines, with 1 report showing a drop
in early antibiotic use for AOM by pediatricians and otolaryngologists between 2002 and
2009, but an increase in antibiotic use by family practitioners over the same period.®
However, with now almost 10 years since the advancement of the concept that prompt
antibiotic treatment is not needed for many children with AOM, observation of selected
children with a diagnosis of AOM without initial antibiotics has become more accepted by
both caregivers and providers. Additionally, physician adherence to the treatment
recommendations from clinical practice guidelines may be improved with performance
feedback and decision support systems using electronic health records.10

PATHOPHYSIOLOGY AND MICROBIOLOGY

AOM is often, although not always, preceded by a viral upper respiratory tract infection.11
Inflammation leads to edema in the nasal cavities and nasopharynx, causing functional
obstruction of the Eustachian tube and the development of negative pressure in the middle
ear from a lack of equilibration. Microbe-containing secretions from the upper airway
mucosa move into the middle ear owing to the pressure differential, where they become
trapped. Bacterial replication and infection may ensue.2-14 Young children are at
particularly increased risk for AOM because of increased viral exposure, immunologic
naiveté, and impaired Eustachian tube function even at baseline.1®

With sensitive assays including culture, polymerase chain reaction and antigen detection,
bacteria, viruses, or both, are detected in middle ear fluid in up to 96% of AOM cases. A
study of middle ear fluid in 79 children with AOM and indwelling tympanostomy tubes
found that 66% had bacteria and viruses, 27% had bacteria alone, and 4% had only
viruses.16
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The microbiology of AOM has changed over the last 2 decades with increasing penetration
of pneumococcal vaccination programs. The most common bacterial species that cause
AOM continue to be Streptococcus pneumoniae, nontypeable Haemophilus influenza, and
Moraxella catarrhalis.}” The heptavalent S pneumoniae vaccine (PCV7) was introduced in
2000, shortly after which the frequency of S pneumoniae recovery in tympanocentesis
studies of AOM decreased relative to that of the other microbes.1® The S pneumoniae
serotypes contained in PCV7 continued to decline in AOM patients, and were in fact nearly
absent by 2007 through 2009.17 However, they have been replaced by nonvaccine
pneumococcal serotypes in both tympanocentesis and nasopharyngeal colonization studies,
so that the incidence of Spneumoniae was approximately equal to that of H influenza, with
M catarrhalis less frequent.17-12 The new 13-valent S pneumoniae vaccine, PCV13, was
licensed in 201020 and will undoubtedly additionally shift the microbiological landscape of
AOM.

DIAGNOSIS

Because there is no gold standard for the diagnosis of AOM, short of tympanocentesis and
culture of middle ear fluid, there is controversy about the best clinical means to accurately
diagnose acute middle ear infection. Diagnostic accuracy is challenging because of the wide
spectrum of signs and symptoms that develop throughout the course of the disease, the
difficulties in examining the ears of young children who may be uncooperative or have
occluding cerumen, and the overlap of symptoms (fever, otalgia, irritability, insomnia) with
other entities such as viral illness. In one study of 469 patients ages 6 to 35 months who
were suspected by their caregivers to have AOM, only 237 (50%) actually met strict defined
criteria for this diagnosis.?! Additionally, the distinction between AOM and chronic OME is
unclear to many caregivers and even to many medical professionals.

The diagnostic accuracy for children with AOM is important when we strategize for
treatment of children with AOM. Children with upper respiratory infections and chronic
OME generally should not be treated with antibiotics.22-24 Many children with AOM do not
require antibiotics for cure because the natural history of AOM is in general favorable.25
When we interpret studies of treatment of AOM with antibiotics compared with placebo,
those studies that include children with AOM diagnosed less stringently are more likely to
include children with respiratory tract infections and OME rather than AOM. Treatment
differences may be affected (made smaller) by use of less stringent diagnostic criteria.
However, the “real-world” diagnosis of AOM in young children is unfortunately often far
from precise, and the conclusions of those studies may be quite applicable to a cohort of
children with presumed AOM.

The 2013 American Academy of Pediatrics (AAP) guideline on the management of AOM
emphasized diagnostic criteria that focused on otoscopic examination (Table 2). This
guideline proposed that AOM should be diagnosed in children with moderate to severe
bulging of the tympanic membrane (TM) or new onset of otorrhea, or in children with mild
bulging of the TM with recent onset of ear pain or intense TM erythema. In addition, AOM
should not be diagnosed in children without a MEE.” This represents a new emphasis on
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precise diagnosis compared with the 2004 guidelines, which did not require a bulging TM
and made management suggestions when there was an “uncertain diagnosis.”26

Such strict diagnostic criteria were used in 2 randomized, controlled trials of antibiotics for
AOM, both of which found benefit of antibiotic compared with placebo. In prior studies,
antibiotic therapy resulted in clinical improvement in approximately 6% to 12% of children
with AOM. In these 2 recent trials the rate of clinical improvement was 26% to 35%, likely
owing to accurate diagnosis of AOM on entry as well as the nature of the measures of
clinical improvement.”.27:28

Hoberman and colleagues?® randomized 291 patients 6 to 23 months old with AOM to
receive either amoxicillin—clavulanate or placebo for 10 days and recorded symptomatic
response with the Acute Otitis Media Severity of Symptoms scale, as well as treatment
failure. Diagnostic criteria included (1) onset of symptoms within 48 hours with score of 3+
on the Acute Otitis Media Severity of Symptoms scale, (2) MEE, and (3) moderate or
marked bulging of TM, or slight bulging with either otalgia or marked erythema of TM. The
treatment group had a lower Acute Otitis Media Severity of Symptoms scale score at 7 days
(P =.04), with a lower treatment failure rate at days 4 or 5 and 10 through 12 (4% vs 24%
[P<.001] and 16% vs 51% [P<.001], respectively). Tahtinen and colleagues?’ randomized
319 patients 6 to 35 months old with AOM to receive either amoxicillin—clavulanate or
placebo for 7 days and measured time to treatment failure. Diagnostic criteria were (1)
MEE, (2) signs of acute inflammation in TM, and (3) acute symptoms such as fever, ear
pain, or respiratory symptoms. Treatment failure occurred in 18.6% of the treatment group,
which was significantly lower than the 44.0% treatment failure rate for the placebo group
(P<.001).

We should consider that these studies used amoxicillin—clavulanate rather than amoxicillin
in the treatment arms. We should also consider that the treatment benefits of antibiotics over
placebo were small, with debate about the clinical significance of some outcome measures
in these studies.2?:30 Of course, small benefits of antibiotics must be assessed in light of side
effects, most commonly diarrhea or yeast infections, as well as concerns about antibiotic
overuse and bacterial resistance.”:27:28,31,32

Note that the “red eardrum,” or the ear “with fluid,” is not diagnostic for AOM in the
absence of bulging or otorrhea, according to the 2013 AAP guideline. MEE is necessary but
alone not sufficient for the diagnosis of AOM, because OME is distinct from AOM (see
Table 1). Although OME may precede or follow an episode of AOM, it is not an acute
infectious process and in general should not be treated with antibiotics.”-33 The appearance
of the TM evolves over the course of the disease, and a change in clinical status warrants
repeat examination.

In addition to examination of the color, position, and contour of the TM, pneumatic
otoscopy to assess TM mobility is an important component of otoscopy. Absent or reduced
TM mobility are diagnostic features of a MEE, as is an air—fluid level behind the TM.
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Tympanometry, when available, can also provide more quantitative information about TM
mobility and middle ear compliance.34

Otoscopy can be challenging in children. Uncooperative patients, cerumen impaction,
inadequate instrumentation, and even lack of expertise are common difficulties. Despite
these challenges, the 2013 guideline underscores the importance of a thorough physical
examination in the management of AOM, and reinforces the need for training pediatric
clinicians in otoscopic and pneumatic otoscopic skills.” Suggestions for cerumen removal
can be found in the American Academy of Otolaryngology—Head and Neck Surgery (AAO-
HNS) Clinical Practice guidelines on cerumen impaction.3® Diagnostic difficulties may lead
to referral to an otolaryngologist for cerumen removal and examination of the ears with the
otomicroscope (Box 1).

MANAGEMENT

Analgesia

Management goals for AOM are to decrease severity and duration of symptoms, principally
by controlling pain and fever, to improve hearing outcomes, and to prevent
complications.’36

The assessment and treatment of pain is an important but possibly overlooked component of
pediatric care. Poorly controlled pain is associated with suffering and can be emotionally
traumatic, causing anxiety for patients and their caregivers.3’ Pain control should be actively
addressed whether initial treatment included immediate antibiotics or not, because the
antibiotics may not begin to provide pain relief for more than 24 hours.”:31:38 Although there
are many options for treatment of otalgia, including oral, topical, and homeopathic agents,
few have been well studied.”3°

Oral acetaminophen and ibuprofen are commonly used to treat pain in children with AOM.
A randomized, blinded, placebo-controlled trial found that both ibuprofen and
acetaminophen improved pain control over placebo, but only ibuprofen resulted in a
significant increase over placebo, with continued pain in 7%, 10%, and 24% of patients
receiving ibuprofen, acetaminophen, and placebo, respectively (P<.01 for ibuprofen).40
Topical drops, both anesthetic and naturopathic, have been found in small trials to improve
pain symptoms, but a Cochrane review concluded that there is insufficient evidence to make
any statement about their efficacy.3941:42 The selection of pain medication, as well as the
dosing and schedule for administration, should be discussed with the caregivers, who may
have valuable experience and preferences.3’

Antibiotic Therapy

Antibiotic therapy is intended to target the bacteria present in the MEE of children with
AOM.16 Two key decisions regarding antibiotic use occur with every diagnosis of AOM: (1)
Should antibiotics be used immediately, and (2) if antibiotics are used, which antibiotic is
the best choice for treatment?
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The decision of whether or not to treat with initial antibiotics is based on age, severity of
symptoms, the presence of otorrhea, and laterality (Box 2, see Table 2).” In the 2013 AAP
guideline, antibiotics are recommended for any child with otorrhea, or severe symptoms, or
both, and for children younger than 2 years with bilateral AOM. There is an option for initial
observation instead of initial antibiotics if children are younger than 2 years old with
unilateral disease and no otorrhea, or 2 years or older with either bilateral or unilateral
disease and no otorrhea (see Table 2).

The concept of initial observation, without immediate antibiotic treatment, of children
diagnosed with AOM was advanced in Europe before the 2004 recommendations of the
AAP did so here in the United States. The favorable natural history of AOM, the potential
overdiagnosis of AOM, and the potential consequences of antibiotics, including frequent

side effects and the emergence of drug resistant microbes, are all considerations
here.7:27.28,31,32

A recent Cochrane review found that up to 82% of children with AOM improve
spontaneously. Although there is a slight improvement in symptoms associated with
antibiotics (relative risk [RR], 0.70; 95% CI, 0.57-0.86 and RR, 0.79; 95% CI 0.66-0.95 for
2-3 days and 4-7 days, respectively), 20 children would need to receive antibiotics to
prevent 1 child from experiencing ear pain at 2 to 7 days.3! Antibiotics did significantly
reduce TM perforations and contralateral AOM episodes; however, there was no effect on
tympanometry findings at 4 weeks to 3 months, or on the number of AOM recurrences.
Antibiotics also increased the relative risk of adverse events by 34% (95% ClI, 16%-55%),
most commonly vomiting, diarrhea, and rash.3!

The decision to observe without immediate antibiotics should be made in conjunction with
caregivers, with a plan for pain management at the outset and a mechanism for follow-up
within 48 to 72 hours so antibiotics can be started for persistent or worsening symptoms.’
There is evidence that in the proper setting this strategy does not increase complication
rates.*3 Clinicians may also give caregivers an antibiotic prescription with instructions to
have it filled only under certain circumstances, the so-called wait-and-see prescription
(WASP).# This approach seems to avoid antibiotic use in up to two thirds of children
selected for observation, 4445

Antibiotic Choice

If antibiotic treatment is used for a child with AOM, the choice of antibiotic is based on the
most common pathogens and their susceptibility patterns as well as the side effect profile of
the drug. High-dose amoxicillin (90 mg/kg per day) is the recommended first-line agent in
the 2013 guidelines, with the addition of beta-lactamase coverage for cases in which the
patient has recently received amoxicillin, has concurrent purulent conjunctivitis, or has
recurrent AOM unresponsive to amoxicillin.” Spneumoniae is 83 to 87% susceptible to
high-dose amoxicillin, and H influenza is 58% to 82% susceptible.” Interestingly, more than
90% of M catarrhalis is beta-lactamase positive,*6 but a high rate of spontaneous clinical
improvement and low rate of suppurative complications with AOM from this organism
makes amoxicillin treatment an appropriate first choice.”47:48
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For penicillin-sensitive patients, second- or third-generation cephalosporins, including
intramuscular ceftriaxone, may be used. Other useful agents, particularly for penicillin-
sensitive patients or amoxicillin failures, include second- and third-generation
cephalosporins and clindamycin. Patients who do not improve in 48 to 72 hours on their
first-line regimen should be reassessed, and alternative therapy considered.” In this instance,
amoxicillin—clavulanate and intramuscular or intravenous ceftriaxone are considered first
line, with alternatives including clindamycin or combination treatment with both
clindamycin and a third-generation cephalosporin. In difficult cases, tympanocentesis may
be considered for drainage and culture-directed therapy.’

COMPLICATIONS

AOM can progress to severe complications, including acute mastoiditis, meningitis, and
intracranial abscess. Complications can be thought of as (a) intracranial, extratemporal, (b)
intratemporal, extracranial, and (c) extratemporal, extracranial (Table 3). The most common
complication seen by the clinician is TM perforation with suppuration and otorrhea, but a
busy clinician can expect to see facial nerve paralysis or acute mastoiditis (Fig. 1) in a young
child with AOM as well. Such suppurative complications require prompt referral to the
appropriate surgical specialists (ie, an otolaryngologist or neurosurgeon) for aggressive
antibiotic therapy and for surgical drainage when indicated. Although a full discussion of
such complications is beyond the scope of this review, the presentations and diagnostic
schemes for such conditions are detailed in Table 3. Importantly, the recommendation of
initial observation of AOM without antibiotics in selected children has not caused a
substantial increase in suppurative complications such as mastoiditis.#351

RECURRENT AOM AND TYMPANOSTOMY TUBES

Recurrent AOM is defined as at least 3 episodes of AOM in 6 month or 4 episodes in 1 year,
with one of these episodes in the preceding 6 months.” Risk factors that have been identified
for recurrent AOM include group child care attendance, male gender, winter season, passive
smoking, pacifier uses, presence of siblings, lack of breast-feeding, and symptoms for longer
than 10 days at presentation.>? The 2013 AAP guideline examines the role of both
prophylactic antibiotic therapy and tympanostomy tube placement for prevention of
recurrent AOM. Prophylactic antibiotics do reduce the incidence of AOM by approximately
0.5 to 1.5 episodes per 12 months of treatment per child, and the treatment of 5 children for
1 year would prevent 1 child from developing AOM during therapy.>® However, given the
cost, side effects, potential for antibiotic resistance, and scant clinical benefit with a large
number needed to treat to avoid a single episode of AOM, a recommendation against the
routine administration of antibiotic prophylaxis for children with recurrent AOM was made
in the 2013 AAP AOM guideline.”

Tympanostomy Tubes

Tympanostomy tubes are placed in 667,000 children under the age of 15 every year in the
United States.>* One out of 15 children, or 6.8% of the population, had tympanostomy tubes
placed before the age of 3 years.>® The health care costs of tympanostomy tubes are
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enormous, at an estimated cost of $2200 per patient>6 for a total of nearly $1.5 billion
annually in the United States.

Tympanostomy tubes are most commonly placed for persistent MEE with associated hearing
difficulties (OME) or for recurrent AOM. This surgery is less commonly performed for
AOM treatment failure, impending complications of AOM, or structural TM changes
associated with long-term Eustachian tube dysfunction.>” Indications for tympanostomy
tube placement have been subject to recent scrutiny. Possible overuse of tympanostomy
tubes has been identified, particularly for children with MEEs of short duration and for
children with infrequent or poorly documented episodes of AOM.58 These issues have been
addressed by a national “overuse” summit that included tympanostomy tube placement as 1
of the 5 potentially overused treatments,® as well as by the recent publication of a
multidisciplinary clinical practice guideline on the use of tympanostomy tubes in children.

Most studies of the benefits of tympanostomy tubes focus on utility for MEES and
conductive hearing loss.5061 The literature studying the use of tympanostomy tubes for
recurrent AOM is scant; few studies exclude children with long-term MEE. The reduction of
AOM by tube placement is likely modest.

One trial of recurrent AOM treatment that excluded children with MEE randomized children
to tympanostomy tube placement, amoxicillin prophylaxis, or placebo and followed them for
2 years. The tympanostomy tube group did not show a decrease in episodes of AOM.2
However, several randomized trials of tympanostomy tubes for recurrent AOM that included
children with MEE at entry did show a modest reduction in AOM episodes from 0.55 to 2.5
episodes per child-year.52-64 A recent Cochrane review included 2 of these studies of
tympanostomy tubes for recurrent AOM, and concluded that tympanostomy tubes reduced
AOM episodes by 1.5 in the 6 months after surgery.5% A systematic review that included 5
studies of recurrent AOM and tympanostomy tubes concluded that 2 to 5 children needed to
be treated with tubes to prevent 1 episode of AOM over a 6-month period.56

A recent study of tympanostomy tube insertion with or without adenoidectomy in children
10 months to 2 years with recurrent AOM, and no evidence of chronic OME, showed a
modest benefit in preventing recurrent AOM in the 12 months after tube surgery, with a
decrease in treatment failure of 13% in the tympanostomy tubes group (95% CI, —25% to
-1%) and 18% in the tympanostomy tubes and adenoidectomy group (95% CI, —30% to
—6%) compared with controls.52

Children (and caregivers) with AOM may experience improved quality of life after
tympanostomy tube insertion. Children with middle ear disease, including OME, recurrent
AOM, or both, had improved disease-specific quality of life measures in several studies of
tympanostomy tube placement, including improvement in physical suffering, hearing,
speech, caregiver concerns, and emotional distress domains.56:67-69

The 2013 AAP AOM guideline states that “clinicians may offer tympanostomy tubes for
recurrent AOM.”” Few if any prior guidelines have included tympanostomy tube placement
for this indication, despite widespread accepted use of tubes for recurrent AOM. The use of
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tympanostomy tubes for recurrent AOM is additionally refined in the recently published
AAO-HNS Clinical Practice guideline for Tympanostomy Tubes in Children.!

This AAO-HNS tympanostomy tube guideline contains a key action statement that
“clinicians should NOT perform tympanostomy tube insertion in children with recurrent
AOM who do not have a MEE in either ear at the time of assessment.” This
recommendation is based on evidence from the trials that studied antibiotic prophylaxis for
recurrent AOM that excluded children with MEE, where children in the placebo groups
improved with fewer subsequent ear infections.2® This may reflect a favorable natural
history of recurrent AOM, and also may reflect uncertainties in the diagnosis of AOM in
referred children.’® Importantly, this guideline recommendation did not apply to “at-risk”
children, or those children who are immunocompromised, had severe or persistent AOM, a
prior complication of AOM, or antibiotic allergies/intolerances. Such children may need
tympanostomy tubes inserted for prevention of AOM more urgently, even in the absence of
obvious ear disease.>’

This same guideline contains a key action statement that “clinicians should offer bilateral
tympanostomy tube insertion in children with RAOM who have unilateral or bilateral
middle ear effusion at the time of assessment.” In these children, the presence of the effusion
provides some confidence in the history of AOM, and it suggests ongoing Eustachian tube
dysfunction that could lead to more AOM. The tubes provide a small benefit in the reduction
of the number of AOM episodes, and perhaps additional benefits with quality of life
measures, as well reduction of pain and fever with subsequent infection. Note that this
statement is an “offer” of tympanostomy tubes, with the decision to place the tubes based on
shared decision making with caregivers.

Tympanostomy tube insertion is a safe procedure performed on an outpatient basis with
risks related mostly to short- and long-term effects on the TM and potential complications of
general anesthesia. One quarter of patients experience transient otorrhea while the
tympanostomy tube is in place. At least 2% of children may develop persistent TM
perforations, and up to one third will develop tympanosclerosis. Other short-term and long-
term complications include granulation tissue, premature extrusion or displacement of
tympanostomy tubes, focal atrophy, and increased risk of cholesteatoma (RR, 2.6; 95% ClI,
1.5-4.4).71

To better understand the potential risks of anesthesia, 1 study of 3198 children undergoing
tympanostomy tube placement with general anesthesia at a tertiary care children’s hospital
found that 9% had minor complications (upper airway obstruction, agitation, prolonged
recovery, and emesis) and 1.9% had major complications (laryngospasm, desaturation,
bradycardia, dysrhythmia, and stridor). Rates were significantly increased in patients with
acute or chronic illnesses (odds ratio, 2.78; P<.001).”2 However another study of 4979
outpatient otolaryngologic procedures at an ambulatory surgical center, including 2045
(41.1%) tympanostomy tube placements, found a complication rate of just 0.2% overall, the
majority of which occurred in those who had adenoidectomy and/or tonsillectomy.’3
Complications of tympanostomy tube insertion are infrequent but are not negligible, and
should be taken into consideration in clinical decision making.
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Tympanostomy Tube Otorrhea

An advantage of tympanostomy tube insertion is the ability to deliver topical antibiotic
therapy in the place of systemic medication should AOM occur after tube placement. In
children with tympanostomy tubes, AOM is often manifested by acute tympanostomy tube
otorrhea (TTQ), discharge from the middle ear through the tympanostomy tube into the
external auditory canal. TTO is also a common postoperative complication of
tympanostomy tube insertion,’! defined as such if it occurs within 4 weeks postoperatively.
Beyond 4 weeks after surgery, TTO is referred to as delayed otorrhea. It may also be chronic
(=3 months) or recurrent (=3 episodes).>’

Acute TTO is generally caused by the same pathogens as AOM in children without
tympanostomy tubes, such as, Spneumonia, H influenza, or M catarrhalis.1® In older
children and those with a history of water exposure, pathogens may include Pseudomonas
aeruginosa and Saphylococcus aureus.2:"4 The AAO-HNS tympanostomy tube guideline
contains a strong recommendation that clinicians “should prescribe topical antibiotic
eardrops only, without oral antibiotics, for children with uncomplicated acute tympanostomy
tube otorrhea.”? This is based on randomized, controlled trials comparing topical with
systemic oral antibiotics that demonstrated superiority for topical therapy in treatment,
eradication of bacterial pathogens, and patient satisfaction.”>-7” Approved topical drops
include ofloxacin or ciprofloxacin—dexamethasone. In general, aminoglycoside-containing
drops should be avoided owing to the potential for ototoxicity. Systemic antibiotics should
be considered if TTO persists despite adequate ototopical therapy, if delivery of the ear
drops is impeded by an obstructed external auditory canal or uncooperative child, or if there
is concern for more severe disease (ie, cellulitis, fever, severe otalgia, concurrent sinusitis or
pharyngitis, immune compromise). Oral antibiotics may be given concurrently with topical
antibiotics.

PREVENTION

Several anticipatory health interventions and environmental factors can reduce the incidence
of AOM and are endorsed in the 2013 AAP guideline. Vaccination with the conjugate
pneumococcal vaccine (PCV7) decreased physician visits for AOM, although there was a
subsequent trend toward serotype replacement where AOM (and complications) were
caused by nonvaccine serotypes.1”:19 Vaccination with the more recent PC\V13, which
covers 6 additional S pneumoniae serotypes, should be encouraged.17:19:20.78 The influenza
vaccine is recommended for all children over 6 months of age.”® AOM frequently
complicates influenza owing to predisposing inflammation of the upper respiratory mucosa,
and this vaccination can reduce the frequency of AOM with up to 55% efficacy.’:80-83

Exclusive breastfeeding for 4 to 6 months after birth reduces frequency of AOM and
recurrent AOM.84.85 Passive tobacco smoke exposure significantly increases the risk of
middle ear disease,36:87 and parental smoking cessation is a preventative measure that
should be addressed by clinicians. Group childcare attendance and pacifier use are other
modifiable risk factors that have also been associated with OM.87:88
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The literature does contain low-level evidence that nutritional supplementation may have a
role in preventing OM.89:90 A large, randomized, placebo-controlled trial in Bangladesh of
weekly zinc supplementation found a significant reduction in suppurative otitis media in the
group receiving zinc (RR, 0.58; 95% Cl, 0.41-0.82; P = .002), although the significance of
these results in developed countries is unclear. A recent randomized, placebo-controlled trial
of vitamin D supplementation taking place in Italy enrolled 116 children with a history of
recurrent AOM and randomized to 4 months of either vitamin D or placebo. Fewer children
in the treatment group experienced 1 or more episode of AOM (P = .03). It was also noted
that the likelihood of AOM was significantly lower among patients with higher serum
concentrations of vitamin D (=30 ng/mL).8% Additional well-designed, randomized trials are
necessary to further define the role of nutritional supplementation in the prevention of
AOM.

COMPLEMENTARY AND ALTERNATIVE MEDICINE

Although many dietary modifications and complementary and alternative medicine options
have been proposed and are available for prevention and treatment of AOM, high-quality
evidence does not exist to support their use. Naturopathic herbal extracts have been used as
topical analgesics and have been found to provide similar rates of pain relief to conventional
anesthetic ear drops,?! although good evidence of benefit is lacking.3°

A randomized, double-blind, placebo-controlled study involving 328 Israeli children
examined the impact on upper respiratory infections of a mixture of Echinacea with several
other substances including propolis and vitamin C in an elixir called “Chizukit”
administered twice daily during the winter months. This study found a 68% reduction in
AOM in the treatment group (19.4% vs 43.5% incidence AOM; P<.001).% Additional
studies of individual components of such mixtures using more rigorous study design are
necessary before routine recommendation of such for prevention of AOM.

The general health benefits of probiotics have been widely endorsed but sparsely studied.
Studies of probiotics given to children in milk, capsule form, nasal sprays, and formula have
conflicting results, but some have found a modest benefit in the prevention of AOM.%2 One
placebo-controlled study of probiotic formula supplementation for infants from younger
than 2 months through 12 months of age found a significantly decreased frequency of AOM,
with fewer antibiotic prescriptions, in the first 7 months of life in the treatment group.93
Other randomized, controlled trials, however, have found no difference in the frequency of
AOM.94’95

Xylitol is a natural sugar found in fruit and administered as a gum, syrup, or lozenge that has
been extensively studied as a preventative compound for AOM. It decreases microbial
adherence to nasopharyngeal cells, and alters Streptococcus pneumoniae gene expression. 92
A recent Cochrane review found a 25% reduced risk of AOM (RR, 0.75; 95% Cl, 0.65-
0.88) in otherwise healthy children receiving xylitol compared with controls.% Despite these
findings, the clinical relevance of xylitol is limited by the need for frequent dosing (5 times
daily in most studies), frequent gastrointestinal side effects, and poor compliance.
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The 2013 AAP guideline calls for additional research to compare complementary and
alternative medicine therapies with the observation option for AOM. Clinicians should take
appropriate caution when discussing complementary and alternative medicine therapies,
given the lack of supporting evidence for many approaches, potential side effects, and
costs.92 Of course, any study of such interventions should be interpreted in light of our
knowledge of the inconsistencies in diagnosis of AOM as well as the general favorable
natural history of children identified as having recurrent AOM.

“AT-RISK” CHILDREN AND OTITIS MEDIA

Children with medical comorbidities, neurocognitive and/or communication impairment,
and craniofacial anomalies that affect Eustachian tube function may be at increased risk for
frequent AOM or consequences of middle ear disease and associated conductive hearing
loss. These children are usually excluded from clinical trials that evaluate the management
and outcomes of otitis media, and in fact are excluded from the 2013 AAP AOM guideline
recommendations. The AAO-HNS Clinical Practice guideline on Tympanostomy Tubes in
Children specifically recommended identification of such “at-risk” children, with
acknowledgment that these children may need more urgent and chronic management of
otitis media, often with tympanostomy tubes.

At-risk children include those with underlying hearing loss, autism spectrum and other
developmental disorders, Down syndrome, craniofacial disorders with cognitive delays,
vision impairment, cleft palate with or without an associated syndrome, and developmental
delay.22 Children with craniofacial disorders, Down syndrome, cleft palate, and many other
syndromes often have anatomic and functional impairment of the Eustachian tubes that
increase the risk of AOM.97:98 Underlying immune dysfunction and unique group care
settings may further exacerbate middle ear disease in these patients. Physical examination
and hearing assessment may be difficult in these children because of behavioral and
communication issues. Some have stenotic external auditory canals, particularly children
with Down syndrome, prone to cerumen impaction and difficult otoscopy. 99

The AAO-HNS 2004 guideline for Otitis Media with Effusion and the 2013 guideline for
Tympanostomy Tubes in Children acknowledge the special needs of this population and
encourage the optimization of conditions for hearing, speech and language.1-22 Some of
these “at-risk” children have medical issues that increase the risk of general anesthesia, a
consideration when tympanostomy tubes are recommended. General anesthesia for
tympanostomy tube placement carries an higher rate of complications in children with
chronic illnesses.”2 Children with developmental abnormalities have high rates of sleep
apnea, which increases the risks of general anesthesia, and skeletal deformities may present
airway management challenges during anesthesia.?8100 These risks should be taken into
account when planning for tympanostomy tube insertion.

SUMMARY

Management of AOM requires keen diagnostic skills to recognize the signs, symptoms, and
severity of the illness and to determine the otoscopic hallmarks of acute middle ear
infection. Recent clinical practice guidelines emphasize the need for precise diagnosis,
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whereas understanding the generally favorable natural history of AOM may allow many

ch

ildren to be observed without initial antibiotic treatment. Prevention of AOM can include

vaccinations, environmental modifications, maintenance of breastfeeding, as well as other
interventions. Tympanostomy tubes may modestly lower the number of infections in

ch
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Fig. 1.
Acute mastoiditis, characterized by postauricular erythema and swelling.
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Table 1
Classification of otitis media
Term Definition
Acute otitis media (AOM) The rapid onset of signs and symptoms of inflammation of the middle ear

Symptoms include otalgia, irritability, insomnia, anorexia

Signs include fever, otorrhea, full or bulging opaque TM, impaired TM mobility, TM erythema

Recurrent acute otitis media Three or more well-documented and separate AOM episodes in the past 6 mo, or 24 well-documented
(RAOM) and separate AOM episodes in the past 12 mo with =1 in the past 6 mo

Otitis media with effusion (OME)  The presence of fluid in the middle ear without signs or symptoms of acute ear infection (AOM)

Chronic otitis media with effusion ~ OME persisting for 23 mo from the date of onset (if known) or from the date of diagnosis (if onset
(COME) unknown)

Abbreviation: TM, tympanic membrane.

Adapted from Refs.1-4
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