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Objectives
• Common clinical scenarios, review the highest available level 

of evidence and most recent clinical practice guidelines

Key Points:
• Accurate diagnosis of acute otitis media
• Recommendations for initial ATB therapy and failure
• When to refer patients with chronic ME disease
• Treatment of tympanostomy tube otorrhea
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Clinical Vignette

13-month old male with 2-day history of 
nasal congestion, coryza, cough, fever 
(39oC), irritability and decreased appetite

Medical Hx: Attends daycare, father 
smokes ”outside the house”. 3 episodes 
of acute OM in the previous 6 months. 
Last one treated with AMX 2 weeks ago
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Questions to Consider

• Ear infection? Otitis media?

• Treatment? Watchful waiting?

• Most likely organism(s)? Choice of ATB therapy? 

• If failure, what next?

• When to follow-up?

• When to refer? Alternative therapies?
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CLINICAL PRACTICE GUIDELINE

The Diagnosis and Management of Acute Otitis Media

abstract
This evidence-based clinical practice guideline is a revision of the 2004
acute otitis media (AOM) guideline from the American Academy of Pe-
diatrics (AAP) and American Academy of Family Physicians. It provides
recommendations to primary care clinicians for the management of
children from 6 months through 12 years of age with uncomplicated
AOM.

In 2009, the AAP convened a committee composed of primary care
physicians and experts in the fields of pediatrics, family practice, oto-
laryngology, epidemiology, infectious disease, emergency medicine,
and guideline methodology. The subcommittee partnered with the
Agency for Healthcare Research and Quality and the Southern Califor-
nia Evidence-Based Practice Center to develop a comprehensive review
of the new literature related to AOM since the initial evidence report of
2000. The resulting evidence report and other sources of data were
used to formulate the practice guideline recommendations.

The focus of this practice guideline is the appropriate diagnosis and
initial treatment of a child presenting with AOM. The guideline provides
a specific, stringent definition of AOM. It addresses pain management,
initial observation versus antibiotic treatment, appropriate choices of
antibiotic agents, and preventive measures. It also addresses recur-
rent AOM, which was not included in the 2004 guideline. Decisions were
made on the basis of a systematic grading of the quality of evidence
and benefit-harm relationships.

The practice guideline underwent comprehensive peer review before
formal approval by the AAP.

This clinical practice guideline is not intended as a sole source of guid-
ance in the management of children with AOM. Rather, it is intended to
assist primary care clinicians by providing a framework for clinical
decision-making. It is not intended to replace clinical judgment or es-
tablish a protocol for all children with this condition. These recommend-
ations may not provide the only appropriate approach to the
management of this problem. Pediatrics 2013;131:e964–e999

Allan S. Lieberthal, MD, FAAP, Aaron E. Carroll, MD, MS,
FAAP, Tasnee Chonmaitree, MD, FAAP, Theodore G. Ganiats,
MD, Alejandro Hoberman, MD, FAAP, Mary Anne Jackson,
MD, FAAP, Mark D. Joffe, MD, FAAP, Donald T. Miller, MD,
MPH, FAAP, Richard M. Rosenfeld, MD, MPH, FAAP, Xavier D.
Sevilla, MD, FAAP, Richard H. Schwartz, MD, FAAP, Pauline A.
Thomas, MD, FAAP, and David E. Tunkel, MD, FAAP, FACS

KEY WORDS
acute otitis media, otitis media, otoscopy, otitis media with
effusion, watchful waiting, antibiotics, antibiotic prophylaxis,
tympanostomy tube insertion, immunization, breastfeeding

ABBREVIATIONS
AAFP—American Academy of Family Physicians
AAP—American Academy of Pediatrics
AHRQ—Agency for Healthcare Research and Quality
AOM—acute otitis media
CI—confidence interval
FDA—US Food and Drug Administration
LAIV—live-attenuated intranasal influenza vaccine
MEE—middle ear effusion
MIC—minimum inhibitory concentration
NNT—number needed to treat
OM—otitis media
OME—otitis media with effusion
OR—odds ratio
PCV7—heptavalent pneumococcal conjugate vaccine
PCV13—13-valent pneumococcal conjugate vaccine
RD—rate difference
SNAP—safety-net antibiotic prescription
TIV—trivalent inactivated influenza vaccine
TM—tympanic membrane
WASP—wait-and-see prescription

This document is copyrighted and is property of the American
Academy of Pediatrics and its Board of Directors. All authors
have filed conflict of interest statements with the American
Academy of Pediatrics. Any conflicts have been resolved through
a process approved by the Board of Directors. The American
Academy of Pediatrics has neither solicited nor accepted any
commercial involvement in the development of the content of
this publication.

The recommendations in this report do not indicate an exclusive
course of treatment or serve as a standard of medical care.
Variations, taking into account individual circumstances, may be
appropriate.
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implications for clinical care, re-
search, and education.

The committee recognized that there is
a progression from the presence of
MEE to the bulging of the TM, and it
is often difficult to differentiate this
equivocal appearance from the highly
certain AOM criteria advocated in this
guideline.26 As such, there is a role for
individualized diagnosis and manage-
ment decisions. Examples of normal,
mild bulging, moderate bulging, and
severe bulging can be seen in Fig 2.

Distinguishing AOM From OME

OME may occur either as the aftermath
of an episode of AOM or as a conse-
quence of eustachian tube dysfunction
attributable to an upper respiratory
tract infection.46 However, OME may
also precede and predispose to the
development of AOM. These 2 forms of
OM may be considered segments of
a disease continuum.47 However, be-
cause OME does not represent an
acute infectious process that benefits
from antibiotics, it is of utmost im-
portance for clinicians to become
proficient in distinguishing normal
middle ear status from OME or AOM.
Doing so will avoid unnecessary use
of antibiotics, which leads to in-
creased adverse effects of medication
and facilitates the development of
antimicrobial resistance.

Examination of the TM

Accurate diagnosis of AOM in infants
and young children may be difficult.

Symptoms may be mild or overlap with
those of an upper respiratory tract
illness. The TM may be obscured by
cerumen, and subtle changes in the TM
may be difficult to discern. Additional
factors complicating diagnosis may
include lack of cooperation from the
child; less than optimal diagnostic
equipment, including lack of a pneu-
matic bulb; inadequate instruments
for clearing cerumen from the external
auditory canal; inadequate assistance
for restraining the child; and lack of
experience in removing cerumen and
performing pneumatic otoscopy.

The pneumatic otoscope is the stan-
dard tool used in diagnosing OM.
Valuable also is a surgical head, which
greatly facilitates cleaning cerumen
from an infant’s external auditory
canal. Cerumen may be removed by
using a curette, gentle suction, or ir-
rigation.48 The pneumatic otoscope
should have a light source of suffi-
cient brightness and an air-tight seal
that permits application of positive
and negative pressure. In general,
nondisposable specula achieve a bet-
ter seal with less pain because of
a thicker, smoother edge and better
light transmission properties. The
speculum size should be chosen to
gently seal at the outer portion of the
external auditory canal.

Pneumatic otoscopy permits assess-
ment of the contour of the TM (normal,
retracted, full, bulging), its color
(gray, yellow, pink, amber, white, red,
blue), its translucency (translucent,

semiopaque, opaque), and its mobility
(normal, increased, decreased, ab-
sent). The normal TM is translucent,
pearly gray, and has a ground-glass
appearance (Fig 2A). Specific land-
marks can be visualized. They include
the short process and the manubrium
of the malleus and the pars flaccida,
located superiorly. These are easily
observed and help to identify the po-
sition of the TM. Inward movement of
the TM on positive pressure in the
external canal and outward move-
ment on negative pressure should
occur, especially in the superior pos-
terior quadrant. When the TM is
retracted, the short process of the
malleus becomes more prominent,
and the manubrium appears short-
ened because of its change in position
within the middle ear. Inward motion
occurring with positive pressure is
restricted or absent, because the
TM is frequently as far inward as
its range of motion allows. However,
outward mobility can be visualized
when negative pressure is applied. If
the TM does not move perceptibly with
applications of gentle positive or
negative pressure, MEE is likely.
Sometimes, the application of pres-
sure will make an air-fluid interface
behind the TM (which is diagnostic of
MEE) more evident.49

Instruction in the proper evaluation of
the child’s middle ear status should
begin with the first pediatric rotation
in medical school and continue
throughout postgraduate training.50

FIGURE 2
A, Normal TM. B, TM with mild bulging. C, TM with moderate bulging. D, TM with severe bulging. Courtesy of Alejandro Hoberman, MD.
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• Accurate diagnosis of AOM in infants and young children is an art! 

• Cerumen, lack of cooperation, changes in the TM may subtle

• Complicating factors: less than optimal diagnostic equipment, lack 
of a pneumatic bulb; inadequate instruments for clearing; 
inadequate assistance for restraining the child; lack of experience 
in removing cerumen and performing pneumatic otoscopy
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diagnosis” might condone incomplete
visualization of the TM or allow in-
appropriate antibiotic use, this cate-
gory has been eliminated with greater
emphasis now placed on maximizing
diagnostic accuracy for AOM.

Since the earlier AOM guideline was
published, there has been substantial
new research on initial management
of AOM, including randomized con-
trolled trials of antibiotic therapy
versus placebo or no therapy,31,32,75

immediate versus delayed antibiotic
therapy,30,76,77 or delayed antibiotic
with or without a concurrent pre-
scription.78 The Hoberman and Tähtinen
articles are especially important as
they used stringent criteria for di-
agnosing AOM.31,32 Systematic reviews
have been published on delayed anti-
biotic therapy,79 the natural history of
AOM in untreated children,57 pre-
dictive factors for antibiotic benefits,62

and the effect of antibiotics on
asymptomatic MEE after therapy.80

Observational studies provide addi-
tional data on outcomes of initial ob-
servation with delayed antibiotic
therapy, if needed,81 and on the re-
lationship of previous antibiotic ther-
apy for AOM to subsequent acute
mastoiditis.82,83

In contrast to the earlier AOM guide-
line,1 which recommended antibiotic
therapy for all children 6 months to 2
years of age with a certain diagnosis,

the current guideline indicates
a choice between initial antibiotic
therapy or initial observation in this
age group for children with unilat-
eral AOM and mild symptoms but
only after joint decision-making with
the parent(s)/caregiver (Table 4).
This change is supported by evidence
on the safety of observation or
delayed prescribing in young chil-
dren.30,31,32,75,76,81 A mechanism must
be in place to ensure follow-up and
begin antibiotics if the child fails
observation.

Importance of Accurate Diagnosis

The recommendations for manage-
ment of AOM assume an accurate
diagnosis on the basis of criteria
outlined in the diagnosis section of this
guideline. Many of the studies since
the 2004 AAP/AAFP AOM guideline1

used more stringent and well-defined
AOM diagnostic definitions than were
previously used. Bulging of the TM
was required for diagnosis of AOM for
most of the children enrolled in the
most recent studies.31,32 By using the
criteria in this guideline, clinicians
will more accurately distinguish AOM
from OME. The management of OME
can be found in guidelines written by
the AAP, AAFP, and American Academy
of Otolaryngology-Head and Neck
Surgery.84,85

Age, Severity of Symptoms,
Otorrhea, and Laterality

Rovers et al62 performed a systematic
search for AOM trials that (1) used
random allocation of children, (2) in-
cluded children 0 to 12 years of age
with AOM, (3) compared antibiotics
with placebo or no treatment, and (4)
had pain or fever as an outcome. The
original investigators were asked for
their original data.

Primary outcome was pain and/or
fever (>38°C) at 3 to 7 days. The ad-
verse effects of antibiotics were also
analyzed. Baseline predictors were
age <2 years versus ≥2 years, bi-
lateral AOM versus unilateral AOM,
and the presence versus absence of
otorrhea. Statistical methods were
used to assess heterogeneity and to
analyze the data.

Of the 10 eligible studies, the inves-
tigators of 6 studies30,75,86–89 provided
the original data requested, and 4 did
not. A total of 1642 patients were in-
cluded in the 6 studies from which
data were obtained. Of the cases
submitted, the average age was 3 to 4
years, with 35% of children younger
than 2 years. Bilateral AOM was
present in 34% of children, and 42% of
children had a bulging TM. Otorrhea
was present in 21% of children. The
antibiotic and control groups were
comparable for all characteristics.

The rate difference (RD) for pain, fever,
or both between antibiotic and control
groups was 13% (NNT = 8). For chil-
dren younger than 2 years, the RD was
15% (NNT = 7); for those ≥2 years, RD
was 11% (NNT = 10). For unilateral
AOM, the RD was 6% (NNT = 17); for
bilateral AOM, the RD was 20% (NNT =
5). When unilateral AOM was broken
into age groups, among those younger
than 2 years, the RD was 5% (NNT =
20), and among those ≥2 years, the
RD was 7% (NNT = 15). For bilateral
AOM in children younger than 2 years,
the RD was 25% (NNT = 4); for

TABLE 4 Recommendations for Initial Management for Uncomplicated AOMa

Age Otorrhea
With
AOMa

Unilateral or
Bilateral AOMa

With Severe
Symptomsb

Bilateral AOMa

Without Otorrhea
Unilateral AOMa

Without Otorrhea

6 mo to 2 y Antibiotic
therapy

Antibiotic
therapy

Antibiotic therapy Antibiotic therapy or
additional observation

≥2 y Antibiotic
therapy

Antibiotic
therapy

Antibiotic therapy or
additional observation

Antibiotic therapy or
additional observationc

a Applies only to children with well-documented AOM with high certainty of diagnosis (see Diagnosis section).
b A toxic-appearing child, persistent otalgia more than 48 h, temperature ≥39°C (102.2°F) in the past 48 h, or if there is
uncertain access to follow-up after the visit.
c This plan of initial management provides an opportunity for shared decision-making with the child’s family for those
categories appropriate for additional observation. If observation is offered, a mechanism must be in place to ensure
follow-up and begin antibiotics if the child worsens or fails to improve within 48 to 72 h of AOM onset.

e976 FROM THE AMERICAN ACADEMY OF PEDIATRICS
 at Texas Children's Hospital--Simulation Ctr on October 30, 2019www.aappublications.org/newsDownloaded from 

diagnosis” might condone incomplete
visualization of the TM or allow in-
appropriate antibiotic use, this cate-
gory has been eliminated with greater
emphasis now placed on maximizing
diagnostic accuracy for AOM.

Since the earlier AOM guideline was
published, there has been substantial
new research on initial management
of AOM, including randomized con-
trolled trials of antibiotic therapy
versus placebo or no therapy,31,32,75

immediate versus delayed antibiotic
therapy,30,76,77 or delayed antibiotic
with or without a concurrent pre-
scription.78 The Hoberman and Tähtinen
articles are especially important as
they used stringent criteria for di-
agnosing AOM.31,32 Systematic reviews
have been published on delayed anti-
biotic therapy,79 the natural history of
AOM in untreated children,57 pre-
dictive factors for antibiotic benefits,62

and the effect of antibiotics on
asymptomatic MEE after therapy.80

Observational studies provide addi-
tional data on outcomes of initial ob-
servation with delayed antibiotic
therapy, if needed,81 and on the re-
lationship of previous antibiotic ther-
apy for AOM to subsequent acute
mastoiditis.82,83

In contrast to the earlier AOM guide-
line,1 which recommended antibiotic
therapy for all children 6 months to 2
years of age with a certain diagnosis,

the current guideline indicates
a choice between initial antibiotic
therapy or initial observation in this
age group for children with unilat-
eral AOM and mild symptoms but
only after joint decision-making with
the parent(s)/caregiver (Table 4).
This change is supported by evidence
on the safety of observation or
delayed prescribing in young chil-
dren.30,31,32,75,76,81 A mechanism must
be in place to ensure follow-up and
begin antibiotics if the child fails
observation.

Importance of Accurate Diagnosis

The recommendations for manage-
ment of AOM assume an accurate
diagnosis on the basis of criteria
outlined in the diagnosis section of this
guideline. Many of the studies since
the 2004 AAP/AAFP AOM guideline1

used more stringent and well-defined
AOM diagnostic definitions than were
previously used. Bulging of the TM
was required for diagnosis of AOM for
most of the children enrolled in the
most recent studies.31,32 By using the
criteria in this guideline, clinicians
will more accurately distinguish AOM
from OME. The management of OME
can be found in guidelines written by
the AAP, AAFP, and American Academy
of Otolaryngology-Head and Neck
Surgery.84,85

Age, Severity of Symptoms,
Otorrhea, and Laterality

Rovers et al62 performed a systematic
search for AOM trials that (1) used
random allocation of children, (2) in-
cluded children 0 to 12 years of age
with AOM, (3) compared antibiotics
with placebo or no treatment, and (4)
had pain or fever as an outcome. The
original investigators were asked for
their original data.

Primary outcome was pain and/or
fever (>38°C) at 3 to 7 days. The ad-
verse effects of antibiotics were also
analyzed. Baseline predictors were
age <2 years versus ≥2 years, bi-
lateral AOM versus unilateral AOM,
and the presence versus absence of
otorrhea. Statistical methods were
used to assess heterogeneity and to
analyze the data.

Of the 10 eligible studies, the inves-
tigators of 6 studies30,75,86–89 provided
the original data requested, and 4 did
not. A total of 1642 patients were in-
cluded in the 6 studies from which
data were obtained. Of the cases
submitted, the average age was 3 to 4
years, with 35% of children younger
than 2 years. Bilateral AOM was
present in 34% of children, and 42% of
children had a bulging TM. Otorrhea
was present in 21% of children. The
antibiotic and control groups were
comparable for all characteristics.

The rate difference (RD) for pain, fever,
or both between antibiotic and control
groups was 13% (NNT = 8). For chil-
dren younger than 2 years, the RD was
15% (NNT = 7); for those ≥2 years, RD
was 11% (NNT = 10). For unilateral
AOM, the RD was 6% (NNT = 17); for
bilateral AOM, the RD was 20% (NNT =
5). When unilateral AOM was broken
into age groups, among those younger
than 2 years, the RD was 5% (NNT =
20), and among those ≥2 years, the
RD was 7% (NNT = 15). For bilateral
AOM in children younger than 2 years,
the RD was 25% (NNT = 4); for

TABLE 4 Recommendations for Initial Management for Uncomplicated AOMa

Age Otorrhea
With
AOMa

Unilateral or
Bilateral AOMa

With Severe
Symptomsb

Bilateral AOMa

Without Otorrhea
Unilateral AOMa

Without Otorrhea

6 mo to 2 y Antibiotic
therapy

Antibiotic
therapy

Antibiotic therapy Antibiotic therapy or
additional observation

≥2 y Antibiotic
therapy

Antibiotic
therapy

Antibiotic therapy or
additional observation

Antibiotic therapy or
additional observationc

a Applies only to children with well-documented AOM with high certainty of diagnosis (see Diagnosis section).
b A toxic-appearing child, persistent otalgia more than 48 h, temperature ≥39°C (102.2°F) in the past 48 h, or if there is
uncertain access to follow-up after the visit.
c This plan of initial management provides an opportunity for shared decision-making with the child’s family for those
categories appropriate for additional observation. If observation is offered, a mechanism must be in place to ensure
follow-up and begin antibiotics if the child worsens or fails to improve within 48 to 72 h of AOM onset.

e976 FROM THE AMERICAN ACADEMY OF PEDIATRICS
 at Texas Children's Hospital--Simulation Ctr on October 30, 2019www.aappublications.org/newsDownloaded from 

9

Microbiology

1. 66% bacteria and viruses together, 27% bacteria alone, and 4% virus alone1

2. S. pneumoniae, H. influenzae, M. catarrhalis, >> S. pyogenes

3. Changes in relative frequency over time after introduction of PCV-7 and 
later PCV-13

4. Rise in S. pneumoniae with intermediate and high resistance to PCN

Ruohola A et al. Microbiology of acute otitis media in children with tympanostomy tubes: prevalences of bacteria and viruses. Clin Infect Dis. 2006; 43(11):1417–1422
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Agency for Healthcare Research and Quality and the Southern Califor-
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of the new literature related to AOM since the initial evidence report of
2000. The resulting evidence report and other sources of data were
used to formulate the practice guideline recommendations.

The focus of this practice guideline is the appropriate diagnosis and
initial treatment of a child presenting with AOM. The guideline provides
a specific, stringent definition of AOM. It addresses pain management,
initial observation versus antibiotic treatment, appropriate choices of
antibiotic agents, and preventive measures. It also addresses recur-
rent AOM, which was not included in the 2004 guideline. Decisions were
made on the basis of a systematic grading of the quality of evidence
and benefit-harm relationships.

The practice guideline underwent comprehensive peer review before
formal approval by the AAP.

This clinical practice guideline is not intended as a sole source of guid-
ance in the management of children with AOM. Rather, it is intended to
assist primary care clinicians by providing a framework for clinical
decision-making. It is not intended to replace clinical judgment or es-
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ations may not provide the only appropriate approach to the
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compared with the regular dose.151–153

Hoberman et al154 reported superior
efficacy of high-dose amoxicillin-
clavulanate in eradication of S pneu-
moniae (96%) from the middle ear at
days 4 to 6 of therapy compared with
azithromycin.

The antibiotic susceptibility pattern for
S pneumoniae is expected to continue
to evolve with the use of PCV13,
a conjugate vaccine containing 13
serotypes of S pneumoniae.133,155,156

Widespread use of PCV13 could po-
tentially reduce diseases caused by
multidrug-resistant pneumococcal
serotypes and diminish the need for
the use of higher dose of amoxicillin
or amoxicillin-clavulanate for AOM.

Some H influenzae isolates produce
β-lactamase enzyme, causing the iso-
late to become resistant to penicillins.
Current data from different studies
with non-AOM sources and geographic
locations that may not be comparable
show that 58% to 82% of H influenzae
isolates are susceptible to regular-
and high-dose amoxicillin.130,147,148,157,158

These data represented a significant
decrease in β-lactamase–producing H

influenzae, compared with data repor-
ted in the 2004 AOM guideline.

Nationwide data suggest that 100% of M
catarrhalis derived from the upper re-
spiratory tract are β-lactamase–positive
but remain susceptible to amoxicillin-
clavulanate.159 However, the high rate of
spontaneous clinical resolution occur-
ring in children with AOM attributable
to M catarrhalis treated with amoxicil-
lin reduces the concern for the first-line
coverage for this microorganism.145,146

AOM attributable to M catarrhalis rarely
progresses to acute mastoiditis or in-
tracranial infections.102,160,161

Antibiotic Therapy

High-dose amoxicillin is recommended
as the first-line treatment in most
patients, although there are a number
of medications that are clinically ef-
fective (Table 5). The justification for
the use of amoxicillin relates to its
effectiveness against common AOM
bacterial pathogens as well as its
safety, low cost, acceptable taste, and
narrow microbiologic spectrum.145,151

In children who have taken amoxicillin
in the previous 30 days, those with
concurrent conjunctivitis, or those

for whom coverage for β-lactamase–
positive H influenzae and M catarrhalis
is desired, therapy should be initiated
with high-dose amoxicillin-clavulanate
(90 mg/kg/day of amoxicillin, with 6.4
mg/kg/day of clavulanate, a ratio of
amoxicillin to clavulanate of 14:1, given
in 2 divided doses, which is less likely to
cause diarrhea than other amoxicillin-
clavulanate preparations).162

Alternative initial antibiotics include
cefdinir (14 mg/kg per day in 1 or 2
doses), cefuroxime (30 mg/kg per day
in 2 divided doses), cefpodoxime (10
mg/kg per day in 2 divided doses), or
ceftriaxone (50 mg/kg, administered
intramuscularly). It is important to
note that alternative antibiotics vary in
their efficacy against AOM pathogens.
For example, recent US data on in vitro
susceptibility of S pneumoniae to cef-
dinir and cefuroxime are 70% to 80%,
compared with 84% to 92% amoxicillin
efficacy.130,147–149 In vitro efficacy of
cefdinir and cefuroxime against H
influenzae is approximately 98%, com-
pared with 58% efficacy of amoxicillin
and nearly 100% efficacy of amoxicillin-
clavulanate.158 A multicenter double
tympanocentesis open-label study of

TABLE 5 Recommended Antibiotics for (Initial or Delayed) Treatment and for Patients Who Have Failed Initial Antibiotic Treatment

Initial Immediate or Delayed Antibiotic Treatment Antibiotic Treatment After 48–72 h of Failure of Initial Antibiotic Treatment

Recommended First-line
Treatment

Alternative Treatment
(if Penicillin Allergy)

Recommended
First-line Treatment

Alternative
Treatment

Amoxicillin (80–90 mg/ kg per
day in 2 divided doses)

Cefdinir (14 mg/kg per day
in 1 or 2 doses)

Amoxicillin-clavulanatea (90 mg/kg per
day of amoxicillin, with 6.4 mg/kg
per day of clavulanate in 2
divided doses)

Ceftriaxone, 3 d Clindamycin
(30–40 mg/kg per day in 3
divided doses), with or without
third-generation cephalosporin

or Cefuroxime (30 mg/kg per
day in 2 divided doses)

or Failure of second antibiotic

Amoxicillin-clavulanatea (90 mg/kg
per day of amoxicillin, with 6.4 mg/kg
per day of clavulanate [amoxicillin to
clavulanate ratio, 14:1] in 2
divided doses)

Cefpodoxime (10 mg/kg per
day in 2 divided doses)

Ceftriaxone (50 mg IM or IV for 3 d) Clindamycin (30–40 mg/kg per day
in 3 divided doses) plus
third-generation cephalosporin

Tympanocentesisb

Ceftriaxone (50 mg IM or IV
per day for 1 or 3 d)

Consult specialistb

IM, intramuscular; IV, intravenous.
a May be considered in patients who have received amoxicillin in the previous 30 d or who have the otitis-conjunctivitis syndrome.
b Perform tympanocentesis/drainage if skilled in the procedure, or seek a consultation from an otolaryngologist for tympanocentesis/drainage. If the tympanocentesis reveals
multidrug-resistant bacteria, seek an infectious disease specialist consultation.

c Cefdinir, cefuroxime, cefpodoxime, and ceftriaxone are highly unlikely to be associated with cross-reactivity with penicillin allergy on the basis of their distinct chemical structures.
See text for more information.

PEDIATRICS Volume 131, Number 3, March 2013 e983

FROM THE AMERICAN ACADEMY OF PEDIATRICS

 at Texas Children's Hospital--Simulation Ctr on October 30, 2019www.aappublications.org/newsDownloaded from 

11

CLINICAL PRACTICE GUIDELINE

The Diagnosis and Management of Acute Otitis Media

abstract
This evidence-based clinical practice guideline is a revision of the 2004
acute otitis media (AOM) guideline from the American Academy of Pe-
diatrics (AAP) and American Academy of Family Physicians. It provides
recommendations to primary care clinicians for the management of
children from 6 months through 12 years of age with uncomplicated
AOM.

In 2009, the AAP convened a committee composed of primary care
physicians and experts in the fields of pediatrics, family practice, oto-
laryngology, epidemiology, infectious disease, emergency medicine,
and guideline methodology. The subcommittee partnered with the
Agency for Healthcare Research and Quality and the Southern Califor-
nia Evidence-Based Practice Center to develop a comprehensive review
of the new literature related to AOM since the initial evidence report of
2000. The resulting evidence report and other sources of data were
used to formulate the practice guideline recommendations.

The focus of this practice guideline is the appropriate diagnosis and
initial treatment of a child presenting with AOM. The guideline provides
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antibiotic agents, and preventive measures. It also addresses recur-
rent AOM, which was not included in the 2004 guideline. Decisions were
made on the basis of a systematic grading of the quality of evidence
and benefit-harm relationships.

The practice guideline underwent comprehensive peer review before
formal approval by the AAP.
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compared with the regular dose.151–153

Hoberman et al154 reported superior
efficacy of high-dose amoxicillin-
clavulanate in eradication of S pneu-
moniae (96%) from the middle ear at
days 4 to 6 of therapy compared with
azithromycin.

The antibiotic susceptibility pattern for
S pneumoniae is expected to continue
to evolve with the use of PCV13,
a conjugate vaccine containing 13
serotypes of S pneumoniae.133,155,156

Widespread use of PCV13 could po-
tentially reduce diseases caused by
multidrug-resistant pneumococcal
serotypes and diminish the need for
the use of higher dose of amoxicillin
or amoxicillin-clavulanate for AOM.

Some H influenzae isolates produce
β-lactamase enzyme, causing the iso-
late to become resistant to penicillins.
Current data from different studies
with non-AOM sources and geographic
locations that may not be comparable
show that 58% to 82% of H influenzae
isolates are susceptible to regular-
and high-dose amoxicillin.130,147,148,157,158

These data represented a significant
decrease in β-lactamase–producing H

influenzae, compared with data repor-
ted in the 2004 AOM guideline.

Nationwide data suggest that 100% of M
catarrhalis derived from the upper re-
spiratory tract are β-lactamase–positive
but remain susceptible to amoxicillin-
clavulanate.159 However, the high rate of
spontaneous clinical resolution occur-
ring in children with AOM attributable
to M catarrhalis treated with amoxicil-
lin reduces the concern for the first-line
coverage for this microorganism.145,146

AOM attributable to M catarrhalis rarely
progresses to acute mastoiditis or in-
tracranial infections.102,160,161

Antibiotic Therapy

High-dose amoxicillin is recommended
as the first-line treatment in most
patients, although there are a number
of medications that are clinically ef-
fective (Table 5). The justification for
the use of amoxicillin relates to its
effectiveness against common AOM
bacterial pathogens as well as its
safety, low cost, acceptable taste, and
narrow microbiologic spectrum.145,151

In children who have taken amoxicillin
in the previous 30 days, those with
concurrent conjunctivitis, or those

for whom coverage for β-lactamase–
positive H influenzae and M catarrhalis
is desired, therapy should be initiated
with high-dose amoxicillin-clavulanate
(90 mg/kg/day of amoxicillin, with 6.4
mg/kg/day of clavulanate, a ratio of
amoxicillin to clavulanate of 14:1, given
in 2 divided doses, which is less likely to
cause diarrhea than other amoxicillin-
clavulanate preparations).162

Alternative initial antibiotics include
cefdinir (14 mg/kg per day in 1 or 2
doses), cefuroxime (30 mg/kg per day
in 2 divided doses), cefpodoxime (10
mg/kg per day in 2 divided doses), or
ceftriaxone (50 mg/kg, administered
intramuscularly). It is important to
note that alternative antibiotics vary in
their efficacy against AOM pathogens.
For example, recent US data on in vitro
susceptibility of S pneumoniae to cef-
dinir and cefuroxime are 70% to 80%,
compared with 84% to 92% amoxicillin
efficacy.130,147–149 In vitro efficacy of
cefdinir and cefuroxime against H
influenzae is approximately 98%, com-
pared with 58% efficacy of amoxicillin
and nearly 100% efficacy of amoxicillin-
clavulanate.158 A multicenter double
tympanocentesis open-label study of

TABLE 5 Recommended Antibiotics for (Initial or Delayed) Treatment and for Patients Who Have Failed Initial Antibiotic Treatment

Initial Immediate or Delayed Antibiotic Treatment Antibiotic Treatment After 48–72 h of Failure of Initial Antibiotic Treatment

Recommended First-line
Treatment

Alternative Treatment
(if Penicillin Allergy)

Recommended
First-line Treatment

Alternative
Treatment

Amoxicillin (80–90 mg/ kg per
day in 2 divided doses)

Cefdinir (14 mg/kg per day
in 1 or 2 doses)

Amoxicillin-clavulanatea (90 mg/kg per
day of amoxicillin, with 6.4 mg/kg
per day of clavulanate in 2
divided doses)

Ceftriaxone, 3 d Clindamycin
(30–40 mg/kg per day in 3
divided doses), with or without
third-generation cephalosporin

or Cefuroxime (30 mg/kg per
day in 2 divided doses)

or Failure of second antibiotic

Amoxicillin-clavulanatea (90 mg/kg
per day of amoxicillin, with 6.4 mg/kg
per day of clavulanate [amoxicillin to
clavulanate ratio, 14:1] in 2
divided doses)

Cefpodoxime (10 mg/kg per
day in 2 divided doses)

Ceftriaxone (50 mg IM or IV for 3 d) Clindamycin (30–40 mg/kg per day
in 3 divided doses) plus
third-generation cephalosporin

Tympanocentesisb

Ceftriaxone (50 mg IM or IV
per day for 1 or 3 d)

Consult specialistb

IM, intramuscular; IV, intravenous.
a May be considered in patients who have received amoxicillin in the previous 30 d or who have the otitis-conjunctivitis syndrome.
b Perform tympanocentesis/drainage if skilled in the procedure, or seek a consultation from an otolaryngologist for tympanocentesis/drainage. If the tympanocentesis reveals
multidrug-resistant bacteria, seek an infectious disease specialist consultation.

c Cefdinir, cefuroxime, cefpodoxime, and ceftriaxone are highly unlikely to be associated with cross-reactivity with penicillin allergy on the basis of their distinct chemical structures.
See text for more information.
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No symptomatic improvement within 48-72 hours
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6

When to Follow-up

• If symptoms improved, little support for routine 
10-14 day re-check. Clinician may reassess young 
children with severe symptoms or recurrent AOM or 
when specifically requested by the child’s parent

• Residual MEE common, no additional ATB needed: 
– 60-70% at 2 weeks
– 40% at 1 month
– 10-25% at 3 months1

1. Shurin PA, Pelton SI, Donner A, Klein JO. Persistence of middle-ear effusion after acute otitis media in children. N Engl J Med. 1979;300(20):1121–1123 
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When to Refer

• Persistent acute otitis media not responsive to 
appropriate ATB therapy

• Recurrent Acute Otitis Media (RAOM): 3 infections in 
6 months, 4 infections in 12 months (1 recent)

• Persistent MEE for >3 months: Chronic Otitis Media 
with Effusion

14
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An Ounce of Prevention…

• Pneumococcal vaccine

• Influenza vaccine

• Exclusive breastfeeding x 6 months

• Avoidance of smoke exposure

• Lifestyle changes: pacifier, bottle, child care-center 
attendance patterns. Xylitol?

15

Tympanostomy Tubes

S2  Otolaryngology–Head and Neck Surgery 149(1S)

The development group provided the following options: (1) 
clinicians may perform tympanostomy tube insertion in chil-
dren with unilateral or bilateral OME for 3 months or longer 
(chronic OME) and symptoms that are likely attributable to 
OME including, but not limited to, vestibular problems, poor 
school performance, behavioral problems, ear discomfort, or 
reduced quality of life and (2) clinicians may perform tympa-
nostomy tube insertion in at-risk children with unilateral or 
bilateral OME that is unlikely to resolve quickly as reflected 
by a type B (flat) tympanogram or persistence of effusion for 
3 months or longer (chronic OME).

Keywords
otitis media, tympanostomy tubes, grommets, otorrhea, mid-
dle ear effusion, pediatric otolaryngology, developmental delay 
disorders
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Introduction
Insertion of tympanostomy tubes is the most common ambu-
latory surgery performed on children in the United States. 
The tympanostomy tube, which is approximately 1/20th of 
an inch in width, is placed in the child’s eardrum (tympanic 
membrane) to ventilate the middle ear space (Figures 1 and 
2). Each year, 667,000 children younger than 15 years 
receive tympanostomy tubes, accounting for more than 20% 
of all ambulatory surgery in this group.1 By the age of 3 
years, nearly 1 of every 15 children (6.8%) will have tympa-
nostomy tubes, increasing by more than 2-fold with day care 
attendance.2

Tympanostomy tubes are most often inserted because of per-
sistent middle ear fluid, frequent ear infections, or ear infections 
that persist after antibiotic therapy. All of these conditions are 
encompassed by the term otitis media (middle ear inflammation), 
which is second in frequency only to acute upper respiratory 
infection (URI) as the most common illness diagnosed in chil-
dren by health care professionals.4 Children younger than 7 years 

1Department of Otolaryngology, State University of New York Downstate Medical Center, Brooklyn, New York, USA; 2Department of Otolaryngology, 
Virginia Mason Medical Center, Seattle, Washington, USA; 3Department of Otolaryngology, University of Michigan, Ann Arbor, Michigan, USA; 4Department of 
Otolaryngology—Head and Neck Surgery, Johns Hopkins University, Baltimore, Maryland, USA; 5Department of Research and Quality Improvement, American 
Academy of Otolaryngology—Head and Neck Surgery Foundation, Alexandria, Virginia, USA; 6The Ear, Nose, Throat & Plastic Surgery Associates, Winter 
Park, Florida, USA; 7Department of Otology, Head and Neck Surgery, UCLA Medical Center, Los Angeles, California, USA; 8Pomona Pediatrics, Pomona, New 
York, USA; 9Department of Speech and Hearing Sciences, UNC School of Medicine, Chapel Hill, North Carolina, USA; 10Mothers Against Medical Error, 
Columbia, South Carolina, USA; 11Neurotology Division, Otolaryngology and Hearing and Speech Sciences, Vanderbilt University Medical Center, Nashville, 
Tennessee, USA; 12Department of Anesthesiology, Johns Hopkins University, Baltimore, Maryland, USA; 13Division of Otolaryngology, UCONN Health Center, 
Farmington, Connecticut, USA; 14Cochrane IBD Review Group, London, Ontario, Canada; 15Connecticut Pediatric Otolaryngology, Yale University School 
of Medicine, New Haven, Connecticut, USA; 16Department of Otolaryngology—Head and Neck Surgery, Vanderbilt University Medical Center, Nashville, 
Tennessee, USA; 17Trisomy 21 Program, Developmental Behavioral Pediatrics, Children’s Hospital of Philadelphia, Philadelphia, Pennsylvania, USA; 18Department 
of Otolaryngology, Baylor College of Medicine, Houston, Texas, USA; 19Department of Family and Community Medicine, Medical College of Wisconsin, 
Milwaukee, Wisconsin, USA.

Corresponding Author:
Richard M. Rosenfeld, MD, MPH, Department of Otolaryngology, State University of New York Downstate, Medical Center, 339 Hicks Street, Brooklyn, NY 
11201, USA. 
Email: richrosenfeld@msn.com

Figure 1. Relationship of the outer ear (pinna and ear canal), 
middle ear (ossicles and tympanic membrane), and inner ear 
(cochlea vestibular system). Tubes are inserted into the tympanic 
membrane (eardrum). Reproduced with permission.3

Figure 2. (A) Size of tympanostomy tube compared to a dime. 
(B) Tympanostomy tubes are also called “ventilation tubes” 
because the opening allows air to enter the middle ear directly 
from the ear canal (arrows), which bypasses the child’s poorly 
functioning eustachian tube (X). Reproduced with permission.3

are at increased risk of otitis media because of their immature 
immune systems and poor function of the eustachian tube, a slen-
der connection between the middle ear and back of the nose that 
normally ventilates the middle ear space and equalizes pressure 
with the external environment.5

From: Rosenfeld et al. Clinical Practice Guideline: Tympanostomy Tubes in Children Otolaryngology–Head and Neck Surgery 149(1S) 
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Clinical Vignette

2 year-old male, with bilateral otorrhea starting 
one day ago, a week of upper respiratory 
respiratory infection symptoms. 3 episodes 
in 3 months, last time 2 weeks ago. 

Medical Hx: H/o recurrent otitis media, 
tympanostomy tubes placed at other hospital 
not with TCH-Otolaryngology

17

Questions
• Ear infection? Is there a way to prevent?

• Most likely organism(s)?

• Choice of ATB therapy? Topical? Systemic? Both?

• If failure, what next?

• How to prevent it?

18
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times higher (NNT 2.5, assuming a reference rate of 0.4516) for topical antibiotic drops. When compared with oral antibiotics (Fig 5), treatment with topical antibiotic– glucocorticoid drops 

demonstrated higher effectiveness, OR 5.3 (95% CrI, 1.2– 27; NNT 3.2, assuming a reference rate 0.5615). The OR for topical antibiotic drops was 3.3 (95% CrI, 0.74– 16; NNT 5, assuming a reference rate of 0.6917). Overall, the topical antibiotic– glucocorticoid and antibiotic-only preparations have the highest probabilities, 0.77 and 0.22 respectively, of being the most effective therapies (Table 1).The RCTs generated and  concealed the allocation sequence via appropriate methods. However, 8 of 10 studies had an open label design, which precluded blinding  of personnel and care providers. The main conclusions and associated interpretations based  on our meta-analysis are summarized in Table 2.
DISCUSSIONEvidence about water precautions is sparse, and aside from 2 RCTs it comes primarily from NRCSs that have high risk of confounding bias. One RCT with moderate risk of bias reported a slightly higher average rate of otorrhea (after adjusting for compliance) in children who did not wear ear plugs. A second RCT with high risk of bias found no difference in otorrhea rates in swimmers compared to nonswimmers. A meta-analysis of NRCSs which evaluated ear protection and nonswimming tended to favor no precautions and swimming, but these studies are subject to high risk of bias, and the summary estimates did not exclude a null effect.Our network meta-analysis provides evidence for greater efficacy of topical treatment of acute tympanostomy tube otorrhea compared with watchful waiting or oral antibiotics. This conclusion is congruent with 2 independent meta-analyses of studies that directly compared topical drops with oral antibiotics.39,  40
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FIGURE 4
Relative effectiveness of interventions compared with watchful waiting or placebo therapy.

FIGURE 5
Relative effectiveness of interventions compared with treatment with oral antibiotics.

TABLE 2  Summary of Conclusions and Associated Strength of Evidence Dispositions

Conclusion Strength of 
Evidence

Comments

Effectiveness of earplugs or avoidance of 
swimming.

 Neither use of ear plugs nor avoidance 
of swimming reduces the risk of 
otorrhea.

Low Limited number of studies (2 RCTs) 
Meta-analysis of 7 NRCSs with high 

risk of bias
Key question 5: effectiveness of topical 

antibiotic drops versus systemic 
antibiotics or watchful waiting.

 Topical antibiotic– glucocorticoid 
drops and topical antibiotic drops 
are superior to watchful waiting in 
achieving clinical cure of otorrhea.

Moderate Network meta-analysis
OR: 12.0 (CrI, 1.9– 82) (antibiotic–

glucocorticoid)
OR: 7.2 (CrI, 1.2– 51.0) (antibiotic only)

 Topical antibiotic– glucocorticoid drops 
are superior to oral antibiotics in 
achieving clinical cure.

Moderate Network meta-analysis
OR: 5.3 (CrI, 1.2– 27.0)

 Topical antibiotic drops without 
glucocorticoid are superior to oral 
antibiotics in achieving clinical cure.

Low Network meta-analysis
OR: 3.3 (CrI, 0.75– 16.0)

(95% probability 1 of 2 most effective 
interventions)
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times higher (NNT 2.5, assuming a reference rate of 0.4516) for topical antibiotic drops. When compared with oral antibiotics (Fig 5), treatment with topical antibiotic– glucocorticoid drops 

demonstrated higher effectiveness, OR 5.3 (95% CrI, 1.2– 27; NNT 3.2, assuming a reference rate 0.5615). The OR for topical antibiotic drops was 3.3 (95% CrI, 0.74– 16; NNT 5, assuming a reference rate of 0.6917). Overall, the topical antibiotic– glucocorticoid and antibiotic-only preparations have the highest probabilities, 0.77 and 0.22 respectively, of being the most effective therapies (Table 1).The RCTs generated and  concealed the allocation sequence via appropriate methods. However, 8 of 10 studies had an open label design, which precluded blinding  of personnel and care providers. The main conclusions and associated interpretations based  on our meta-analysis are summarized in Table 2.
DISCUSSIONEvidence about water precautions is sparse, and aside from 2 RCTs it comes primarily from NRCSs that have high risk of confounding bias. One RCT with moderate risk of bias reported a slightly higher average rate of otorrhea (after adjusting for compliance) in children who did not wear ear plugs. A second RCT with high risk of bias found no difference in otorrhea rates in swimmers compared to nonswimmers. A meta-analysis of NRCSs which evaluated ear protection and nonswimming tended to favor no precautions and swimming, but these studies are subject to high risk of bias, and the summary estimates did not exclude a null effect.Our network meta-analysis provides evidence for greater efficacy of topical treatment of acute tympanostomy tube otorrhea compared with watchful waiting or oral antibiotics. This conclusion is congruent with 2 independent meta-analyses of studies that directly compared topical drops with oral antibiotics.39,  40
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FIGURE 4
Relative effectiveness of interventions compared with watchful waiting or placebo therapy.

FIGURE 5
Relative effectiveness of interventions compared with treatment with oral antibiotics.

TABLE 2  Summary of Conclusions and Associated Strength of Evidence Dispositions

Conclusion Strength of 
Evidence

Comments

Effectiveness of earplugs or avoidance of 
swimming.

 Neither use of ear plugs nor avoidance 
of swimming reduces the risk of 
otorrhea.

Low Limited number of studies (2 RCTs) 
Meta-analysis of 7 NRCSs with high 

risk of bias
Key question 5: effectiveness of topical 

antibiotic drops versus systemic 
antibiotics or watchful waiting.

 Topical antibiotic– glucocorticoid 
drops and topical antibiotic drops 
are superior to watchful waiting in 
achieving clinical cure of otorrhea.

Moderate Network meta-analysis
OR: 12.0 (CrI, 1.9– 82) (antibiotic–

glucocorticoid)
OR: 7.2 (CrI, 1.2– 51.0) (antibiotic only)

 Topical antibiotic– glucocorticoid drops 
are superior to oral antibiotics in 
achieving clinical cure.

Moderate Network meta-analysis
OR: 5.3 (CrI, 1.2– 27.0)

 Topical antibiotic drops without 
glucocorticoid are superior to oral 
antibiotics in achieving clinical cure.

Low Network meta-analysis
OR: 3.3 (CrI, 0.75– 16.0)

(95% probability 1 of 2 most effective 
interventions)
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Tympanostomy Tube Otorrhea (TTO)

• 52% of children experience ≥1 episodes of TTO after 
tube placement

• Cultures: ME pathogens and EAC skin colonizers 
non-typeable H. influenza, S. pneumoniae, and 
M. catarrhalis, S. aureus and P. aeruginosa

van Dongen T e al. Parent-reported otorrhea in children with tympanostomy tubes: incidence and predictors. PLoS One. 2013;8(7):e69062
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CONCLUSIONS: No compelling evidence of a need for water precautions exists. Cure rates are higher for topical drops than oral antibiotics.
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Facts to Consider
• ATB ear drops reach very high-drug concentrations, low or absent 

serum drug concentrations: less likely to cause resistance as compared 
with oral antibiotics 

• Ototoxicity: quinolones only topical ATB approved for use with 
non-intact TMs

• Higher efficacy of steroid combination: adjuvant anti-inflammatory effect

• Cost: Ciprofloxacin + Dexamethasone combination drop vs 
ciprofloxacin or ofloxacin only
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Key Points
• Accurate diagnosis of acute otitis media

• Recommendations for initial ATB therapy and failure

• When to refer patients with chronic ME disease

• Treatment of tympanostomy tube otorrhea
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