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ACUTE OTITIS MEDIA (AOM) IS

one of the most common prob-
lems in pediatrics.

CLINICAL SCENARIO
A mother notices that her 15-month-
old child has a low-grade fever and is
tugging at his ears after several days of
cough and runny nose. The child
attends day care services and had 1
previous episode of acute otitis media
(AOM) about 4 months ago. In the
physician’s office, he is afebrile but
somewhat irritable and has clear rhi-
norrhea, mild posterior pharyngeal
erythema, and normal chest ausculta-
tory findings. Cerumen occludes the
view of his right tympanic membrane,
while the left tympanic membrane
shows normal landmarks and good
mobility on pneumatic otoscopy.
After removal of the cerumen from
his right ear, landmarks are visible on
a slightly erythematous tympanic
membrane. The tympanic membrane
shows normal mobility on pneumatic
otoscopy.

Why Is This an Important Question
to Answer With the Clinical
Examination?
Acute otitis media can be a difficult and
controversial diagnosis to make, but
studies suggest that AOM is respon-
sible for more than 30 million clinic vis-

its a year in the United States, at a total
cost exceeding $5 billion. This makes
AOM one of the most commonly diag-
nosed and expensive childhood ill-
nesses.1-4 Studies have shown that by
age 1 year, up to 60% of all children
have been diagnosed as having at least
1 episode of AOM, and by age 3 years,
more than 80% of children have had at
least 1 episode.1,5 The best estimates of
the prevalence of AOM are based on the
National Ambulatory Medical Care
Survey. In 1990, the percentage of
office visits with otitis media as the
principal diagnosis was 17.4% for chil-

dren aged 0 to 2 years, 18.1% for
children aged 2 to 5 years, 10.5%
for children aged 6 to 10 years, and
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Context Acute otitis media (AOM) is one of the most common problems in pediat-
rics. An accurate diagnosis of AOM can guide proper treatment and follow-up.

Objective To systematically review the literature regarding precision and accuracy
of history taking and physical examination in diagnosing AOM in children.

Data Sources We searched MEDLINE for English-language articles published from
1966 through May 2002. Bibliographies of retrieved articles and textbooks were also
searched.

Study Selection We located studies with original data on the precision or accuracy
of history or physical examination for AOM in children. Of 397 references initially iden-
tified, 6 met inclusion criteria for analysis.

Data Extraction Two authors independently reviewed and abstracted data to cal-
culate likelihood ratios (LRs) for symptoms and signs.

Data Synthesis Four studies of symptoms used clinical diagnosis as the criterion stan-
dard and were limited by incorporation bias. Ear pain is the most useful symptom (posi-
tive LRs, 3.0-7.3); fever, upper respiratory tract symptoms, and irritability are less use-
ful. One study of clinical signs used tympanocentesis as the criterion standard, and we
adjusted the results to correct for verification bias. A cloudy (adjusted LR, 34; 95%
confidence interval [CI], 28-42), bulging (adjusted LR, 51; 95% CI, 36-73), or dis-
tinctly immobile (adjusted LR, 31; 95% CI, 26-37) tympanic membrane on pneu-
matic otoscopy are the most useful signs for detecting AOM. A distinctly red tym-
panic membrane is also helpful (adjusted LR, 8.4; 95% CI, 6.7-11) whereas a normal
color makes AOM much less likely (adjusted LR, 0.2; 95% CI, 0.19-0.21).

Conclusions Although many of the studies included in this analysis are limited by
bias, a cloudy, bulging, or clearly immobile tympanic membrane is most helpful for
detecting AOM. The degree of erythema may also be useful since a normal color makes
otitis media unlikely whereas a distinctly red tympanic membrane increases the like-
lihood significantly.
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5.2% for children aged 11 to 15 years.6

The most common potential risk fac-
tors for diagnosis of AOM include
age younger than 2 years, male sex,
day care attendance, fall or winter
season, exposure to cigarette smoke,
genetic factors, and prior history of
AOM.1,7 Breastfeeding appears to be
protective.7

Making a correct diagnosis of AOM
is often difficult, particularly in young
children. Distinguishing between AOM
and otitis media with effusion (OME)
can be particularly challenging. Sev-
eral studies have suggested that physi-
cians are uncertain of their diagnosis of
AOM as much as 40% of the time.8 This
uncertainty probably contributes to
overdiagnosis, as suggested by a study
that found that if a physician believes
the odds that a patient has AOM are
50% or less, 3 of 4 will still prescribe
antibiotics (and that 1 of 4 prescribe an-
tibiotics if the odds of AOM are
�25%).9 Varying definitions and diag-
nostic criteria for AOM may also con-
tribute to overdiagnosis. In a study by
Hayden,10 18 different criteria sets were
used in 26 articles, and 165 surveyed
clinicians identified 147 unique crite-
ria. Recently, an expert panel con-
vened by the Agency for Healthcare Re-
search and Quality (AHRQ) released a
definition requiring the presence of a

middle ear effusion and rapid onset of
associated symptoms (BOX).6,11

Overdiagnosis of AOM is thought to
be common7,12,13 and contributes to
increased antibiotic use and bacterial
resistance. Overdiagnosis may also
result in unnecessary specialty refer-
rals and increased use of tympanos-
tomy tubes. In addition, improper
diagnosis of AOM in younger children
may hinder the proper diagnosis of
other underlying causes of fever or
illness.

Anatomical/Physiological Origins
Genetic, infectious, immunologic, and
environmental factors contribute to an
underlying predisposition to ear infec-
tions.2 The eustachian tube, shorter and
angled much less steeply in children
than in adults, plays a critical role by
more easily allowing the reflux of or-
ganisms from the nasopharynx into the
middle ear.2 When the tube becomes
congested, as it may with a viral infec-
tion in the upper respiratory tract, nega-
tive pressure within the middle ear
causes secretions to accumulate, and
this leads to the proliferation of patho-
genic organisms. The bacterial agents
most commonly identified in AOM in-
clude Streptococcus pneumoniae, Hae-
mophilus influenzae, and Moraxella ca-
tarrhalis.5 Coinfection with viruses is

also observed in at least 30% to 40% of
cases and may play a role in the viru-
lence of symptoms, but less than 10%
of AOM is caused by viruses alone.5,14,15

Most ear infections resolve without any
specific treatment, so the exact role of
bacterial or viral pathogens remains
unclear.

The buildup of infectious debris be-
hind the tympanic membrane, along
with inflammatory mediators, pro-
duces the symptoms and signs of AOM.
An effusion changes the tympanic
membrane’s appearance from transpar-
ent to opaque and can distort or bulge
the membrane, making it difficult to vi-
sualize normal landmarks (FIGURE).
Erythema of the tympanic membrane
is related to vascular congestion of the
membrane and is thought to represent
a nonspecific sign related to irritation
of the drum or crying.2,12

How to Elicit Symptoms and Signs
Common but usually nonspecific symp-
toms associated with the diagnosis of
AOM include fever, ear pain, ear pull-
ing, irritability, cough, and rhinitis. In
a study of 354 children younger than
15 years (mean, 3.85 years) present-
ing for an acute illness, 90% of chil-
dren in whom AOM was diagnosed had
fever, ear pain, crying, and irritability
alone or in combination, but 72% of
children without AOM also presented
with these symptoms.12,16

To properly examine the ear for
AOM, clinicians should use a pneu-
matic otoscope to visualize the land-
marks and mobility of the tympanic
membrane. After the patient is placed
in a restrained or other safe position,
the otoscope speculum is placed into
the external auditory canal. The largest-
sized speculum that can comfortably fit
into the canal is recommended be-
cause a small speculum can limit the
visual field and potentially cause pain
by irritating the bony canal.2,17 A study
by Cavanaugh18 suggested that chil-
dren older than 18 months should have
a soft-tipped speculum to provide an ad-
equate seal and prevent air leakage
when performing pneumatic otos-
copy. It is also important that the oto-

Box. Agency for Healthcare Research and Quality Definition
of Acute Otitis Media6

Presence of middle ear effusion, demonstrated by actual presence of fluid in the
middle ear as diagnosed by tympanocentesis or physical presence of fluid in the
external ear canal as a result of tympanic membrane perforation or indicated by
limited or absent mobility of the tympanic membrane as diagnosed by pneu-
matic otoscopy, tympanogram, or acoustic reflectometry with or without the
following:

Opacification, not including erythema
Full or bulging tympanic membrane
Hearing loss

AND

Rapid onset (over a course of 48 hours) of 1 or more of the following signs or
symptoms with or without anorexia, nausea, or vomiting:

Otalgia (or pulling of ear in an infant)
Otorrhea
Irritability in infant or toddler
Fever
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scope have a bright light source for vi-
sualizing the tympanic membrane.
Barriga et al19 tested otoscopes in clin-
ics and emergency departments and
found that 22% were inadequate due to
either a worn bulb or a weak battery
source.

To properly examine the tympanic
membrane, one should evaluate the po-
sition, color, landmarks, degree of trans-
lucency, and mobility. The position re-
fers to whether the drum appears to be
bulging toward the examiner (sugges-
tive of AOM), neutral (normal), or re-
tracted away from the examiner (ob-
served in chronic OME). The tympanic
membrane can appear red, pink, yel-
low (with pus behind the drum), or
pearly gray or translucent (normal).
Landmarks that should be visible in a
normal ear include the pars flaccida, the
malleus, and the light reflex below the
umbo (Figure). With a translucent tym-
panic membrane, the outline of the in-
cus can sometimes be visualized as well.
An opaque drum may be a sign of in-
fection or middle ear effusion and can
result in a diminished light reflex.

A bulb attachment can test the mo-
bility of the drum with the slightest
pressure or release. A study by Cavan-
augh20 suggests that only 10 to 15 mm
H2O of positive pressure is needed to
assess drum mobility, while bulb at-
tachments can easily create pressures
of 1000 mm H2O or more. Forceful
pressing of the bulb creates excessive
positive pressure that causes pain; in
this instance, pain on insufflation does
not diagnose infection. The correctly
applied positive or negative pressure
creates synchronous movement of the
normal drum. An immobile drum or
one with reduced mobility suggests the
presence of a middle ear effusion.

The tympanic membrane can some-
times be difficult to visualize because
of patient behavior or the buildup of ce-
rumen in the ear canal. Apprehensive
infants and young children can often
be sufficiently restrained by having the
parent seat the child in his/her lap, us-
ing his/her legs to wrap around the
child’s legs and arms to restrain the
child’s arms and head. The examiner

should hold the otoscope with part of
the hand touching the child’s head so
that the otoscope will move with the
child’s head and prevent injury. In a
study of 279 children with AOM, 29%
required cerumen removal to make a
proper diagnosis.21 Studies have not ad-
equately compared various modes for
physically removing cerumen, though
the most common methods cited by
generalists are the use of a wire loop, a
blunt cerumen curette, or gentle irri-
gation with room-temperature water.
One small randomized trial compared
2 ceruminolytic agents, liquid docu-
sate sodium and triethanolamine poly-
peptide, applied at an emergency de-
partment visit with or without irrigation
15 minutes later. Liquid docusate so-
dium was highly effective compared
with triethanolamine polypeptide, with
successful cerumen removal in 82%
of patients (number needed to treat
for benefit, 3; 95% confidence interval
[CI], 2-4).22

Other techniques used in the diagno-
sis of AOM include tympanocentesis,
tympanometry, and acoustic reflectome-
try. Tympanocentesis is performed
through an otoscope with a special at-
tachment or an otomicroscope. A tu-
berculin syringe needle is placed into the
inferior portion of the tympanic mem-
brane to aspirate fluid.2 This technique
can be diagnostic and is considered the
criterion standard for detecting the pres-
ence of fluid in the diagnosis of AOM.
However, tympanocentesis is rarely
practiced in the primary care setting,
where most AOM is managed.12 Tym-
panometry and acoustic reflectometry
both require the use of additional medi-
cal equipment. For tympanometry, a
specialized probe is inserted into the ca-
nal to form a seal and measure the
amount of sound energy reflected back.
The amount of energy reflected back is
used to estimate tympanic membrane
motility. In acoustic reflectometry, tym-
panic membrane motility is also esti-
mated based on sound reflecting from
the middle ear, but no seal is required.
Both techniques assess tympanic mem-
brane motility and generally have been
studied only for detecting an effusion in

patients with OME, not in the diagno-
sis of AOM.1,7,12,23

METHODS
Search Strategy and
Quality Review

We searched MEDLINE from January
1966 to May 2002 for English-
language articles that examined the role
of symptoms and signs in the diagno-
sis of AOM. Multiple MEDLINE search
strategies were applied by a single au-
thor (T.O.) using techniques that have
been used by other authors in this se-
ries.24,25 We also examined bibliogra-
phies of selected articles and used gen-
eral and specialty textbooks.1,2,7,26-29

From 397 identified references, 50 com-
plete articles were retrieved for review
by 2 authors (R.R. and T.O.). Among
these, we found 17 articles that specifi-
cally examined symptoms and signs that
were directly relevant to the diagnosis
of AOM.4,10,16,23,30-42 Articles on the di-
agnosis of persistent OME were gener-
ally excluded because most of these
studies were performed by comparing
detection of an effusion by pneumatic
otoscopy or tympanometry with the
presence of an effusion at the time of
surgery for myringotomy, rather than
in ambulatory settings. In addition, per-
sistent OME is a disease with different
pathophysiology and, possibly, differ-
ent diagnostic characteristics than
AOM.

Figure. Tympanic Membrane Landmarks
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The 17 identified articles underwent
independent quality review by 2 authors
(R.R. and T.O.). Quality was assessed
using an established methodological fil-
ter for assessing internal validity that has
been used and explained by other
authors in this series.24,25 Eacharticlewas
assigned a level of evidence (1-4) and
consensus was reached by both review-
ers.Tympanocentesiswasconsideredthe
pathological criterion standard, but only
1 study that assessed physical examina-
tion findings used this standard.23 We
therefore also included articles that used
astandardizedclinicaldefinitionofAOM
as a clinical criterion standard when
examining articles that dealt with symp-
toms. Although using a clinical crite-
rion standard was not ideal and might
lead to accusations of circular reason-
ing, the quality of the literature for this
extremely common problem left us little
choice. However, we believed it was
justified to examine these articles be-
cause most physicians make a diagno-
sis based on clinical criteria, and phy-
sicians make decisions to treat based on
these criteria.

No article examined met evidence
level 1 or 2, which required using an in-
dependent blind comparison of signs or
symptoms against a criterion standard
among consecutive patients. All ar-
ticles reviewed were graded as evi-
dence level 3 to 5, but we only retained
the level 3 and 4 articles. Level 3 stud-
ies used an independent, blind compari-
son of symptoms to the criterion stan-

dard and nonconsecutive patients
suspected to have the targeted condi-
tion. Level 4 studies had a nonindepen-
dent comparison of symptoms to the cri-
terion standard and “grabbed” a sample
of patients with the target condition and,
perhaps, some healthy individuals. The
excluded level 5 studies used a nonin-
dependent comparison of symptoms to
a standard of uncertain validity.

When possible, we used published
raw data from the identified articles to
calculate sensitivity, specificity, likeli-
hood ratios, and 95% CIs using con-
ventional definitions.43 Likelihood ra-
tios (LRs) indicate how much a given
diagnostic test result will raise or lower
the pretest probability of AOM. An LR
of greater than 1.0 increases the prob-
ability that AOM is present, while an
LR of less than 1.0 indicates that AOM
is less probable. In general, LRs of more
than 10.0 or less than 0.1 generate large
and often conclusive changes in the
likelihood of AOM, while LRs of 5.0 to
10.0 or 0.1 to 0.2 are less conclusive but
may still be clinically useful.

For articles in which data were pre-
sented stratified by multiple age groups,
we present data for all age groups com-
bined unless otherwise noted. Pooled
analyses of multiple studies were not
performed because of the small num-
ber and heterogeneity of studies avail-
able. In 1 study, published data were
presented of the utility of physical ex-
amination findings compared with tym-
panocentesis for 2 individual clini-

cians who were examining 2 separate
groups of children.23 In that study,
64.4% of children presenting with acute
symptoms (such as ear pain, fever, res-
piratory symptoms, vomiting, or diar-
rhea) underwent tympanocentesis,
while 38.3% of patients without acute
symptoms underwent tympanocente-
sis. Tympanocentesis was performed in
any child suspected to have a middle
ear effusion on pneumatic otoscopy.

In our analysis of that study, we cal-
culated LRs excluding patients with per-
foration because these patients did not
undergo tympanocentesis. To correct for
verification bias, we made the conserva-
tive assumption that children who did
not undergo tympanocentesis had nor-
mal-appearing ears (normal color, posi-
tion, or mobility).44 Likelihood ratios
were adjusted by the calculated verifi-
cation fraction for each clinical sign sub-
set (color, position, and mobility). The
correction for verification bias protects
against overly optimistic estimates of the
examiner’s ability to rule out AOM and
overly pessimistic estimates of the abil-
ity to rule in AOM. Because the color of
the tympanic membrane appeared to
have ordinal properties (eg, normal,
slightly red, distinctly red, cloudy), we
described the overall accuracy of this
finding by the area under the receiver op-
erating characteristic curve.

RESULTS
From the 397 references initially iden-
tified, we found 6 articles that satisfied

Table 1. Studies Meeting Inclusion Criteria for Accuracy of Symptoms and Signs in Diagnosis of Acute Otitis Media

Source
Evidence

Level*
No. of

Patients
Age

Range, y
Criterion
Standard Limitations

Symptoms

Niemela et al,16 1994 4 354 1 mo-15 y Clinical diagnosis Majority of children examined by specialists
Children had a high incidence of recurrent acute

otitis media
Not blinded

Heikkinen and Ruuskanen,35 1995 4 302 0.6-4.2 y Clinical diagnosis Not blinded

Ingvarsson,36 1982 4 171 0-15 y Clinical diagnosis Referred to otolaryngologist for otalgia
Not blinded

Kontiokari et al,41 1998 4 138 0.6-6.9 y Clinical diagnosis Not blinded

Signs

Karma et al,23 1989 3 2911 6 mo-2.5 y Tympanocentesis All examinations performed by either 1 pediatrician
or 1 otolaryngologist

Not blinded

*See “Methods” section of text for explanation of evidence levels.
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inclusion criteria. This included 1 ar-
ticle concerning precision, 4 articles on
accuracy of symptoms, and 1 article on
accuracy of signs (TABLE 1).4,16,23,35,36,41

Precision of Symptoms and Signs
To our knowledge, no studies concern-
ing precision of symptoms have been
published, and there are only a few stud-
ies on precision of signs. A comparison
of diagnoses among practitioners would
be important, especially during train-
ing, when medical students and house
staff learn to interpret otoscopic find-
ings from their instructors. Recently,
Steinbach et al4 compared diagnoses of
AOM among pediatric residents with di-
agnoses made by otolaryngologists.
Complete examinations were only avail-
able for 43 children, but the study found
only fair agreement between the resi-
dents and the otolaryngologists. Over-
all agreement on diagnosis of AOM be-
tween the 2 types of practitioners had a
� statistic of 0.30 (fair). � Statistics on
tympanic membrane features such as
erythema, color, effusion, mobility, and
position were also fair to slight (�=0.40,
0.40, 0.31, 0.21, and 0.16, respectively).
Correlations between pediatric resi-
dents and otolaryngologists comparing
tympanometry in the detection of an ef-
fusion were also fair (�=0.25 and 0.30,
respectively).

Accuracy of Symptoms and Signs
Symptoms. Sensitivity, specificity, and
positive and negative LRs derived from
articles that examined the role of symp-
toms in the diagnosis of AOM are in-
cluded in TABLE 2.16,35,36,41 The pres-
ence of ear pain appears to be the only
symptom that may be useful in making
the diagnosis of AOM. Ear pain has posi-
tive LRs of 3.0 to 7.3 but is only present
in 50% to 60% of children with AOM.
Using a baseline prevalence for AOM of
20% among children up to 5 years old
making an acute pediatric office visit (es-
timated from the National Ambulatory
Medical Care Survey), the presence of ear
pain increases the probability of AOM to
approximately 43% to 65%.

Fever is often cited as a primary symp-
tom of AOM27,28 but shows variability in

usefulness. One study shows that the
likelihood slightly increases with a fe-
ver, but 2 studies found no effect, with
the positive LR approaching 1.0. The ab-
sence of fever seems to confer little
change in the likelihood of AOM.

Kontiokari et al41 examined the abil-
ity of parents to predict whether their
child had AOM. Parents were fairly ac-
curate and showed similar ability to pre-
dict that their child did have AOM
(positive LR, 3.4) and that their child
did not have AOM (negative LR, 0.4).
These findings are partially tempered
by the fact that the physicians were not
blinded to parental predictions, and this
may have biased their ultimate diag-
noses. We suspect that parents learn
from their children’s symptoms with
each febrile or upper respiratory tract
illness, so that more experienced par-
ents may have better diagnostic acu-
men, but the impact of parental expe-
rience on their accuracy and LR of
diagnosing otitis media has not been
evaluated. Thus, we do not know if par-
ents of children with frequent infec-
tions of any type are more or less able

to accurately assess ear involvement
with each childhood illness episode.

A final symptom that deserves men-
tion is ear pulling. Ear pulling has long
been debated as a possible sign of AOM
because parents and primary care-
givers frequently observe this phenom-
enon.5 Many physicians have been
taught that ear pulling is not a useful
sign because children pull at their ears
because “they are there.” In the study
by Niemela et al,16 “ear rubbing” ap-
peared to have some predictive ability
for the diagnosis of AOM (positive LR,
3.3; 95% CI, 2.1-5.1). The only other
study that we know of that has ad-
dressed this symptom is a small, poorly
designed but often referenced study by
Baker,30 who examined 100 consecu-
tive children with a chief complaint of
ear pulling and found that 20 children
had ear pulling as their sole complaint
while 80 children had other symp-
toms. Of the 20 children with ear pull-
ing as the sole complaint, none met
Baker ’s unspecified criteria for
AOM compared with 12 of the other 80
children.

Table 2. Accuracy of Symptoms

Source and Symptoms Sensitivity, % Specificity, %
Positive LR

(95% CI)
Negative LR

(95% CI)

Niemela et al,16 1994
Ear pain 54 82 3.0 (2.1-4.3) 0.6 (0.5-0.7)

Ear rubbing 42 87 3.3 (2.1-5.1) 0.7 (0.6-0.8)

Fever 40 48 0.8 (0.6-1.0) 1.2 (1.0-1.5)

Cough 47 45 0.9 (0.7-1.1) 1.2 (0.9-1.4)

Rhinitis 75 43 1.3 (1.1-1.5) 0.6 (0.4-0.8)

Excessive crying 55 69 1.8 (1.4-2.3) 0.7 (0.5-0.8)

Poor appetite 36 66 1.1 (0.8-1.4) 1.0 (0.8-1.1)

Vomiting 11 89 1.0 (0.6-1.8) 1.0 (0.9-1.1)

Sore throat 13 74 0.5 (0.3-0.8) 1.2 (1.1-1.3)

Headache 9 76 0.4 (0.2-0.7) 1.2 (1.1-1.3)

Heikkinen and Ruuskanen,35 1995
Ear pain 60 92 7.3 (4.4-12.1) 0.4 (0.4-0.5)

Fever 69 23 0.9 (0.8-1.0) 1.4 (0.9-2.0)

Cough 84 17 1.0 (0.9-1.1) 1.0 (0.6-1.6)

Rhinitis 96 8 1.0 (1-1.1) 0.5 (0.2-1.4)

Restless sleep 64 51 1.3 (1.1-1.6) 0.7 (0.5-0.9)

Ingvarsson,36 1982
Ear pain 100 NA NA NA

Fever 79 70 2.6 (1.9-3.6) 0.3 (0.2-0.5)

Upper respiratory tract infection 96 29 1.4 (1.2-1.6) 0.3 (0.2-0.5)

Kontiokari et al,41 1998
Parental suspicion of acute

otitis media
70 80 3.4 (2.8-4.2) 0.4 (0.3-0.5)

Abbreviations: CI, confidence interval; LR, likelihood ratio; NA, not applicable.
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Any conclusions about symptoms
that can be drawn from the studies in
Table 2 are limited by the study de-
signs. Two of the 4 studies16,36 involve
“spectrum bias,” in which a spectrum
of patients are used who are not rep-
resentative of the population as a whole.
Failure to incorporate an appropriate
spectrum of patients can affect the sen-
sitivity and specificity of findings.45-47

In the 2 studies identified in this analy-
sis, patients were often seen by special-
ists and had a higher incidence of re-
current AOM or chronic OME. These
patients may differ from those in pri-
mary care clinics, and this can poten-
tially impact the generalizability of the
results.

Another significant design limita-
tion in all 4 included studies is their use
of a clinical diagnosis of AOM, rather
than tympanocentesis, as the criterion
standard. Because the diagnosis of AOM
potentially requires the presence of the
symptoms that are being examined, an
“incorporation bias” can occur when
tympanocentesis is not performed as a
confirmatory test. Incorporation bias
typically overestimates sensitivity and
specificity (William C. Miller, MD, PhD,
MPH, written communication, 2001).46

This bias may be further exaggerated
because examiners who make the di-

agnosis of AOM also elicit the history
in a nonblinded fashion. The bias cre-
ated by using a clinical diagnosis as the
criterion standard should improve the
LRs for the symptoms; if that is the case,
then it is possible that very few symp-
toms would prove themselves indepen-
dently useful in methodologically stron-
ger studies.

Signs. TABLE 3 presents the results
from the only study that has exam-
ined signs in the diagnosis of AOM.23

The selective performance of tympa-
nocentesis in this study created verifi-
cation bias, which overestimates sen-
sitivity and underestimates specificity
and positive LRs.45,48 Fortunately, the
investigators provided clinical exami-
nation findings for all patients, allow-
ing us to correct for verification bias.
This study suggests that a tympanic
membrane that is cloudy (adjusted posi-
tive LR, 34), bulging (adjusted posi-
tive LR, 51), or distinctly immobile (ad-
justed positive LR, 31) is highly
suggestive of AOM. In contradiction to
what is often taught to physicians in
training, a tympanic membrane that is
distinctly red, defined as “hemor-
rhagic, strongly red, or moderately red”
also suggests otitis media (adjusted
positive LR, 8.4), while a drum that is
only slightly red (adjusted positive LR,
1.4) is not very helpful. These data sug-
gest that color of the tympanic mem-
brane can be treated as an ordinal vari-
able ranging from normal through
redness to cloudy (Table 3), with the
likelihood of AOM increasing with the
intensity of redness (the area under the
receiver operating characteristic curve
as a measure of accuracy of tympanic
membrane color is 0.88 [SE, 0.003]).

After correction for verification bias,
normal color or normal mobility make
otitis media much less likely (LR=0.2
for both). Given a baseline prevalence
of 20% among children at an acute of-
fice visit, the probability of AOM de-
creases to less than 5% when the tym-
panic membrane is normal in either
color or mobility. The independence of
the findings of color, position, and mo-
bility has not been assessed. Although
it would seem that abnormalities in 2

or all 3 of these components would be
more important than the finding of just
1 abnormality, we cannot quantify the
impact of increasing numbers of ab-
normal findings.

Means of Improvement
Since AOM is so prevalent in the pedi-
atric population, and more accurate di-
agnosis of AOM can potentially lead to
a decrease in antibiotic use and other
costs, the improvement of diagnostic
skills for AOM is clearly important. This
improvement can be achieved by using
more standardized diagnostic criteria
and by improving diagnostic skills. A
survey by Rosenfeld8 suggested that ap-
plication of the AHRQ recommended
criteria for AOM could reduce the rate
of diagnosis of AOM by more than 20%
by excluding cases that do not have evi-
dence of a middle ear effusion.

Tools to improve diagnostic skills in-
clude teaching otoscopes that have 2
viewing areas,49 videotapes, manne-
quin models, computer- and Web-
based applications, and the use of more
controlled settings, such as children un-
dergoing myringotomy procedures. The
American Academy of Pediatrics, for ex-
ample, supports a multimedia “”vir-
tual classroom”” Web site designed to
help clinicians improve their skills in
the diagnosis and treatment of otitis me-
dia (http://www.aap.org/otitismedia
/www/).

Several studies have documented that
clinicians can improve their diagnos-
tic accuracy by practicing pneumatic
otoscopy in children who are sched-
uled to undergo myringotomy.37,50 In
this setting, clinicians perform ear ex-
aminations prior to anesthetization and
in the operating room and compare
their findings with the results of myr-
ingotomy. In addition, clincians re-
ceive feedback from skilled, previ-
ously validated otoscopists. Pichichero
and Poole51 have demonstrated that vid-
eotaped pneumatoscopic examina-
tions and infant mannequin models
may be used to assess and potentially
improve accuracy in the diagnosis of
AOM and the performance of tympa-
nocentesis.

Table 3. Accuracy of Signs23

Signs
Unadjusted
Positive LR

Adjusted
Positive

LR (95% CI)*

Color
Cloudy 11 34 (28-42)
Distinctly red† 2.6 8.4 (6.7-11)
Slightly red 0.4 1.4 (1.1-1.8)
Normal 0.1 0.2 (0.19-0.21)

Position
Bulging 20 51 (36-73)
Retracted 1.3 3.5 (2.9-4.2)
Normal 0.4 0.5 (0.49-0.51)

Mobility
Distinctly

impaired
8.4 31 (26-37)

Slightly
impaired

1.1 4.0 (3.4-4.7)

Normal 0.04 0.2 (0.19-0.21)
Abbreviations: CI, confidence interval; LR, likelihood

ratio.
*Results reported by Karma et al23 (1989) were calcu-

lated by combining data reported from 2 groups. Re-
sults are rounded so that precision is not overstated and
results remain clinically meaningful with estimates not
beyond 1 decimal point.

†Distinctly red was described qualitatively as “hemor-
rhagic, strongly red, or moderately red.”
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Despite studies suggesting that diag-
nostic accuracy in AOM can be im-
proved, current training remains poor.
A recent survey by Steinbach and Sec-
tish3 revealed that only 59% of pediat-
ric residency programs currently pro-
vide a formal curriculum (defined as a
“structured and consistent part of the
residency program, not an occasional
occurrence”) for training residents in
the diagnosis and treatment of AOM.
The formal curriculum that is pro-
vided usually consists of less than 3 di-
dactic lectures per year, with limited as-
sessment of resident performance.

SCENARIO RESOLUTION
This child is certainly at risk of AOM be-
cause he is in the age group in which
AOM is common, he has a history of pre-
vious AOM, and he has had a preced-
ing upper respiratory tract infection.
None of his presenting symptoms are
predictive of AOM. On examination, the
left ear appears normal. Cerumen is cor-
rectly removed from the right ear to bet-
ter visualize the drum. This drum was
described by the physician as “slightly”
red but with normal motility. The pre-
cision of diagnosing an ear as “slightly”
red as opposed to “distinctly” red is not
known; however, based on the work of
Karma et al,23 a “slightly” red tympanic
membrane does not have a high enough
LR to independently confirm AOM, nor
does it meet standardized criteria for
AOM (such as from the AHRQ). The
slightly red drum may be related to ir-
ritation from the cerumen removal and
is not very suggestive of AOM (prob-
ability is only 26% given a baseline
prevalence of 20% and an LR of 1.4 for
a slightly erythematous membrane). The
normal mobility more definitively sug-
gests that AOM is not likely in this sce-
nario (probability would be only 5%
with a baseline prevalence of 20% and
an LR of 0.2).

CLINICAL BOTTOM LINE
The diagnosis of AOM can be very dif-
ficult, and studies examining this con-
dition are somewhat limited. The stud-
ies we reviewed suggest that ear pain
may be an important symptom but that

other symptoms are not reliable. Al-
though physical examination results are
limited by the existence of only 1 well-
performed study, a typanic membrane
that is cloudy, bulging, or distinctly im-
mobile is highly suggestive of AOM.
The presence of a distinctly red tym-
panic membrane also appears useful, al-
though not as important as cloudiness
of the tympanic membrane. Children
with normal color and mobility of their
tympanic membranes are much less
likely to have otitis media than those
with abnormalities. The discovery that
erythema may be useful contradicts the
instruction many clincians receive and,
therefore, deserves further study.

Many of the studies on the accurate
diagnosis of AOM are limited by spec-
trum bias that affects generalizability and
by lack of an acceptable criterion stan-
dard. These limitations are difficult to
overcome. For example, it would be dif-
ficult to design a study in which tym-
panocentesis can be performed in chil-
dren with a low suspicion for AOM. On
the other hand, including data on all pa-
tients, as in the study by Karma et al23

(Table 1), allows investigators to con-
duct practical studies with correction for
verification bias that improves their va-
lidity. Future studies can be improved
by using a general population of at-risk
children, more standardized diagnos-
tic criteria, and independent examina-
tions by blinded examiners. Studies also
need to assess the precision and accu-
racy of characterizing physical find-
ings, as Karma et al have done, in an or-
dinal rather than dichotomous manner
(eg, describing color as normal, slightly
red, or distinctly red rather than just nor-
mal vs red). Because we do not know the
relative importance of multiple abnor-
mal findings vs 1 abnormal finding, an
assessment of the independent impor-
tance of color, position, and mobility
would allow clinicians to properly weigh
the relative importance of these find-
ings and, perhaps, lead to the develop-
ment of a grading scheme that permits
more accurate estimates of the likeli-
hood of otitis media.

Despite the limitations of the cur-
rent studies, we recommend that pneu-

matic otoscopy should be performed
when considering otitis media to as-
sess not just drum color and appear-
ance but also mobility. Clinicians need
to appreciate the amount of uncer-
tainty in the diagnosis of AOM and how
this may contribute to their decision to
treat or not treat with antibiotics. Stan-
dard criteria for AOM, such as the
AHRQ guidelines, which include the
detection of a middle ear effusion,
should also be considered, since these
can result in more uniform diagnoses
and hopefully decrease the rate of over-
diagnosis. The use of training videos
and other techniques may improve
physical examination performance, but
this will be more helpful after more
studies have established the relation-
ship between signs and the diagnosis
of AOM.
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