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Preface 
 
 The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-Based 
Practice Centers (EPCs), sponsors the development of evidence reports and technology 
assessments to assist public- and private-sector organizations in their efforts to improve the 
quality of health care in the United States.  The reports and assessments provide organizations 
with comprehensive, science-based information on common, costly medical conditions and new 
health care technologies.  The EPCs systematically review the relevant scientific literature on 
topics assigned to them by AHRQ and conduct additional analyses when appropriate prior to 
developing their reports and assessments.   

To bring the broadest range of experts into the development of evidence reports and health 
technology assessments, AHRQ encourages the EPCs to form partnerships and enter into 
collaborations with other medical and research organizations.  The EPCs work with these partner 
organizations to ensure that the evidence reports and technology assessments they produce will 
become building blocks for health care quality improvement projects throughout the Nation.  The 
reports undergo peer review prior to their release. 

AHRQ expects that the EPC evidence reports and technology assessments will inform 
individual health plans, providers, and purchasers as well as the health care system as a whole by 
providing important information to help improve health care quality. 

We welcome written comments on this evidence report.  They may be sent to: Acting 
Director, Center for Practice and Technology Assessment, Agency for Healthcare Research and 
Quality, 6010 Executive Blvd., Suite 300, Rockville, MD 20852. 
 
 
Carolyn Clancy, M.D. 
Director 
Agency for Healthcare Research and Quality  
 
 
 
 
 
 
 
 

Jean Slutsky, P.A., M.S.P.H. 
Acting Director, Center for Practice and  

Technology Assessment 
Agency for Healthcare Research and Quality
 
 
 
 
 

 
The authors of this report are responsible for its content.  Statements in the report should not be  
construed as endorsement by the Agency for Healthcare Research and Quality or the U.S. 
Department of Health and Human Services of a particular drug, device, test, treatment, or other 
clinical service. 
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Structured Abstract 
 
Objectives.  The purpose of this evidence-based report is to review the evidence on the natural 
history of otitis media with effusion (OME), the late effects of early life otitis media on hearing 
and speech and language development, and the operating characteristics of various methods of 
diagnosing OME.  OME is defined as “fluid in the middle ear without signs or symptoms of ear 
infection.”  The evidence compiled in this report is intended to aid clinicians, health care 
provider organizations, and others to develop clinical practice guidelines or medical review 
criteria for OME.  The report also identified areas for future research. 
 
Search Strategy.  The MEDLINE search strategy used both controlled vocabulary MeSH 
(Medical Subject Headings) terms and keywords to ensure that all relevant citations were 
retrieved. Search terms for otitis media with effusion were combined with search terms for 
natural history, speech and language development, hearing, and diagnosis.  The otitis media 
module included otitis media, otitis media with effusion, suppurative otitis media, allergic otitis 
media, fluid ear, glue ear, middle ear effusion, mucoid otitis media, nonsuppurative otitis media, 
secretory otitis media, and serous otitis media.  The natural history terms included natural course, 
natural history, placebo, placebos, resolution, self-limited, self-limiting, untreated, and a variety 
of terms for spontaneous resolution.  The speech and language module included speech and 
language, speech and language disorders, child language, communication, communication 
disorders, language development and tests, voice, and voice disorders.  The hearing module 
included hearing and hearing disorders and hearing aids and tests, as well as the text word 
hearing.  The diagnosis module used diagnosis and diagnostic techniques and procedures, as well 
as the text words audiometry, diagnosis, diagnostic, otoscopy, tympanometry history, speech and 
language development, hearing, and diagnosis.  
 
Selection Criteria.  Excluded were studies on patients with immunodeficiencies, craniofacial 
anomalies (including cleft palate), primary mucosal disorders, or genetic conditions.  Prospective 
cohort studies were included for questions that addressed natural history, speech, language, and 
hearing.  Prospective diagnostic studies were used to evaluate the operating characteristics of 
diagnostic methods.   
 
Data Collection and Analysis.  Two physicians or one physician and one health services 
researcher independently screened all titles and/or abstracts for potential inclusion, evaluated the 
quality of the articles, and abstracted data from full-length articles onto pre-designed forms.  The 
selection criteria included human studies that addressed a key question about OME in children.  
Excluded were case reports, editorials, letters, reviews, practice guidelines, and non-English 
language publications.   
 
Main Results.  We found that 22.5 to 42.7 percent of OME in children older than 3 years of age 
cumulatively resolves over a period of three months, depending on the definition of OME 
resolution.  Based on a limited number of cohort studies, we found no evidence to support an 
impact of early life otits media, defined as a history of otitis media at less than 3 years of age, on 
expressive language, receptive language, or cognitive verbal intelligence at age older than 3 
years.  However, this evidence is insufficient to exclude the possibility that a clinically important 
effect does exist, therefore strong conclusions cannot be drawn about the effect of otitis media at 
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an early age on subsequent speech and language development. The generalizability of this 
finding on speech and language is suspect because the populations represented by the six cohorts 
utilized in the meta-analyses were primarily those of particular ethnic/racial origin.  Moreover, 
the findings cannot be generalized to children with craniofacial defects, primary mucosal 
disorders, immunodeficiencies, genetic conditions, or pre-existing developmental disorders, and 
may not necessarily be generalized to children with persistent bilateral otitis media.  Children 
with early life otitis media have a higher risk of conductive hearing loss, defined using a 
threshold greater than or equal to 20 dB at any frequency with or without treatment, at age 6 to 
10 years than children without early life otitis media.  The pooled relative risk of conductive 
hearing loss was 2.6 (95% CI: 1.6 to 4.2).  We found insufficient data to assess early-life OM on 
permanent (or sensorineural) hearing loss. Among nine diagnostic methods, pneumatic otoscopy 
had the best apparent performance with a sensitivity of 93.8 percent (95% CI: 91.4%, 96.3%) 
and a specificity of 80.5 percent (95% CI: 75.1%, 86.0%).  However, tester qualifications were 
reported inconsistently, and training was not specified. 
 
Conclusions.  Although these estimates must be viewed with great caution due to heterogeneity 
that arose from study design and documentation issues for which we could not adjust in our 
analysis, about 22.5 to 42.7 percent cumulatively resolved over a period of three months, 
depending on the definition of OME resolution.  Our findings on the possible effects of early life 
otitis media on speech and language development are in general agreement with the 1994 
Agency for Healthcare Research and Quality OME guideline conclusion that rigorous, 
methodologically sound research does not adequately support or refute the possible effect of 
otitis media on speech and language.  We found that children with early life otitis media have a 
greater risk of conductive hearing loss at age 6 to10 years. In addition, we found that pneumatic 
otoscopy had the best operating characteristics among the nine alternatives examined, for 
diagnosing the presence of middle-ear effusion in OME at single points in time. 

Considering the abundance of literature addressing otitis media, these findings concerning 
natural history, speech and language development, and hearing are very limited.  Future research 
on the natural history of otitis media with effusion must focus on improving study quality.  In 
particular, control of therapeutic intervention during the study and the distinction between OME 
persistence and recurrence needs to be addressed.  For evaluation of long-term effects of early 
life otitis media on speech, language, or hearing, a coordinated approach that uses uniform 
definitions and considers the interactions of multiple risk factors, interventions, and outcome 
measures is recommended.  Such an integrated approach is also important for the evaluation of 
diagnostic methods.  Further, a systematic review of diagnostic studies that employ algorithms or 
aggregated scores may be useful. 
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Overview
This evidence-based report reviews the

evidence on the natural history of otitis media
with effusion (OME), the impact of otitis media
on long-term speech and language development
and on hearing, and the operating characteristics
of various methods of diagnosing otitis media
with effusion. OME is defined as “fluid in the
middle ear without signs or symptoms of ear
infection.”  The evidence compiled in this report
is intended to aid clinicians, health care provider
organizations, and others to develop clinical
practice guidelines or medical review criteria for
OME.  The report will also identify areas for
future research.

Reporting the Evidence
Based on degree of importance (including level

of controversy) and feasibility of answering the
question, the Technical Expert Panel limited the
scope of this evidence report to four key
questions: 

1) The natural history of otitis media with
effusion (OME)? 

2) The long-term effects of early-life otitis
media, defined as positive otitis media
history at less than three years of age, on
speech and language development? 

3) The long-term effects of early-life otitis
media on hearing?

4) The operating characteristics of various
methods of diagnosing otitis media with
effusion?

Methodology
A 12-member Technical Expert Panel that

consisted of clinical experts, a consumer, and a

representative of a managed care organization
convened to:

• advise the project in the ranking of proposed
key questions and influencing factors

• guide the development of the scope and
definition of OME

• advise in development of the search strategy,
and 

• review and comment on the plan of analysis. 

The Technical Expert Panel and project staff
developed a literature search strategy. Project staff
searched MEDLINE® (1966-January 2000), the
Cochrane Library (through January 2000), and
EMBASE (1980-January 2000).  Additional
articles were identified by review of reference lists
in proceedings, published articles, reports, and
guidelines.

The MEDLINE® search strategy used both
controlled vocabulary MeSH® (Medical Subject
Headings) terms and keywords to ensure that all
relevant citations were retrieved. The strategy
included search terms for otitis media with
effusion combined with search terms for natural
history, speech and language development,
hearing, and diagnosis.

The otitis media module included otitis media,
otitis media with effusion, suppurative otitis media,
allergic otitis media, fluid ear, glue ear, middle-ear
effusion, mucoid otitis media, nonsuppurative otitis
media, secretory otitis media, and serous otitis
media.

The natural history terms included natural
course, natural history, placebo, placebos, resolution,
self-limited, self limiting, and untreated, as well as a
variety of terms for spontaneous resolution.  

The speech and language module included
speech and language, speech and language disorders,
child language, communication, communication
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disorders, language development and tests, voice, and voice
disorders.

The hearing module included hearing and hearing
disorders, hearing aids and tests, and the text word
hearing.

The diagnosis module used diagnosis and diagnostic
techniques and procedures, as well as the text words
audiometry, diagnosis, diagnostic, otoscopy, and
tympanometry.

Two physicians or one physician and one health
services researcher independently screened all titles
and/or abstracts for potential inclusion, evaluated the
quality of the articles, and abstracted data from full-
length articles onto pre-designed forms. The selection
criteria included human studies that addressed a key
question about OME in children.  Excluded were case
reports, editorials, letters, reviews, practice guidelines,
non-English language publications, and studies on
patients with immunodeficiency disorders or
craniofacial anomalies, including cleft palate.  

For the natural history question, we used only
prospective cohort(s) studies on untreated subjects from
which outcome data were abstractable for children up
through age 12 years.  For the speech and language and
hearing questions, we used only prospective cohort
studies that fulfilled the following criteria: the degree of
OME was determined during the first three years of life,
upper age limit was 22 years, the degree of OM was
graded in some way, and the outcome was measured
when the child was older than age three years.  For the
diagnostic methods question, we used only prospective
studies on children up through 12 years of age that
fulfilled four criteria: the diagnostic procedure of
interest was performed within 24 hours of the reference
standard, was not an algorithm or combination of
multiple diagnostic procedures, used one of the
acceptable reference standards specified in the scope,
and produced abstractable data.

The first step of all analyses was to obtain a
distribution of studies stratified by the population
characteristics, type of outcome measures, and non-
treatment factors.  This step provided us with an
overview of the emphasis of past research in this area
and an opportunity to identify gaps and areas for future
research.  

In strata with more than three studies, we performed
a meta-analysis for a pooled random effects estimate of
an outcome with 95% confidence intervals.  In addition
to deriving the pooled estimate, we evaluated the

heterogeneity of the study outcomes.  For the evaluation
of diagnostic methods, we estimated the sensitivity,
specificity, and positive and negative predictive values
for each diagnostic procedure compared to a particular
reference standard with three or more studies. 

This evidence report was reviewed by the Technical
Expert Panel as well as an 18-member peer review panel
that consisted of content experts, consumers,
representatives of managed care organizations, an expert
in pediatric pharmacology, and methodologists.  All
comments received from these individuals were reviewed
and acted upon appropriately.

Findings

Natural History of OME

• No meta-analyses for children under three years of
age were possible, because we could identify only
two studies each for the under six months and the
three-months-to-three-years age groups.  For the
over-three-years age group, two sets of meta-
analyses showed that 22.5 to 42.7 percent of ears
with OME cumulatively resolved over a period of
three months, depending on the definition of
OME resolution.    These estimates must be
viewed with caution due to the clinical
heterogeneity evident in the data synthesized and
due to the weaknesses of design or documentation
of the study cohorts. In particular, in most cases
investigators did not document whether subjects
had received medical or surgical treatment during
the course of the study that could affect OME
outcome or how compliance with non-treatment
was established.  Of those investigators who
reported how many children received treatment,
the majority did not stratify their findings by
treatment status.

• A few of the studies analyzed OME resolution by
influencing factors such as gender, care at home
versus daycare, season, side of affected ear, race or
ethnicity, or diagnostic instrument.  Because of the
paucity of such studies, quantitative synthesis was
not possible, and we refrain from drawing any
conclusions regarding the effect of these
influencing factors on resolution.

• As measured by scoring of documentation in the
published articles, the quality of 28 cohort studies
on natural history was generally poor.
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• Half of the studies that attempted to study the
natural history of OME did not control for or did
not document control of interventions, either
medical or surgical, that might affect OME
outcome during the study period.  The majority of
these studies did not stratify findings by
intervention status.

• The interval between examinations for OME in
these studies ranged from one day to three years.
For studies with long follow-up intervals, it was
not possible to determine whether the presence of
OME was due to persistence or recurrence.  The
criteria for follow-up varied among studies.  Most
studies continued follow-up for the duration of the
study period regardless of the OME status at a
particular exam, but four cohorts discontinued
follow-up of individuals who had type A or normal
tympanograms at any exam.

Early-life OM and Long-term Speech
and Language Development

• Studies that addressed the effects of early-life otitis
media on long-term speech and language
development among children differed considerably
with respect to risk factors studied, type of
outcome measured, method of measurement, unit
of measurement, age at outcome determination,
and study design.

• The meta-analyses that could be conducted on
long-term expressive language, receptive language,
and cognitive verbal intelligence showed no effect
of early otitis media as measured during the first
three years of life.  These findings may not be
generalizable, since five of the six cohorts that were
included in these three meta-analyses focused
primarily on children from specific ethnic/racial
groups or from particular socioeconomic groups.
Furthermore, the results of these studies cannot be
applied to children with craniofacial defects,
primary mucosal disorders, immunodeficiency
disorders, genetic conditions, or pre-existing
developmental disorders, because children with
these conditions were excluded from this analysis.
In addition, only one of the studies included in
these meta-analyses focused solely on persistent
bilateral otitis media as opposed to unspecified
unilateral or bilateral otitis media.

Early-life OM and Long-term Hearing

• Few studies on the effects of early-life otitis media
on long-term hearing used a prospective cohort
study design.

• Of the eight cohort studies analyzed, one set of four
studies reported percentage of conductive hearing
loss at six to ten years of age.  For this analysis, the
threshold for conductive hearing loss was defined
as greater than or equal to 20 dB at any frequency,
with or without treatment of otitis media. 

• The pooled risk of conductive hearing loss at six to
ten years among 346 children who had a positive
history of early-life OM was 22 percent (95% CI:
7% to 36%).  In contrast, the pooled risk of
conductive hearing loss at six to ten years of age
among 237 children with no history of early-life
OM was 6 percent (95% CI: 1% to 12%).  The
pooled rate difference of conductive hearing loss at
six to ten years of age between children with a
positive OM history and those with a negative
OM history was 11 percent (95% CI: 3% to
19%). Neither the studies pooled for the rate
difference nor the studies pooled for the risk ratio
showed significant heterogeneity in the outcomes.

• The findings were based on four homogeneous,
though very different populations, one from
Finland, another from Sweden, one primarily of
American Indian children, and another primarily
of Eskimo children.  The four studies also differed
on the definition and collection of OM history
and on exclusion factors.

• We found insufficient data to assess the impact of
early-life OM on permanent (sensorineural)
hearing loss.

Diagnostic Methods for OME

• Based on our evaluation of 52 diagnostic studies,
we were able to assess the ability of the following
methods to diagnose middle-ear effusion in OME
at a single point in time: acoustic reflectometry at
<5 or >5 reflective units (RU); pneumatic
otoscopy; portable tympanometry; professional
tympanometry using acoustic reflex at 500 or 1000
Hz; professional tympanometry using static
compensated acoustic admittance at 0.1, 0.2, and
0.3; professional tympanometry using B curve as
abnormal; and professional tympanometry using B
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or C2 curves as abnormal.  All comparisons used
myringotomy as the reference standard.

• Among the eight diagnostic methods, the receiver-
operator characteristic points (plotting sensitivity
against 1 minus specificity) showed that pneumatic
otoscopy was closest to the optimal operating point
where both sensitivity and specificity would be
100%. However, tester qualifications were reported
inconsistently, and training was not specified.  The
pooled sensitivity was 94 percent (95% CI: 91%,
96%) and the pooled specificity was 80 percent
(95% CI: 75%, 86%). These findings were based
on 2,694 children from seven studies that reported
a pooled prevalence of OME of 63 percent (95%
CI: 58%, 67%).  The prevalence rate ranged from
56 percent to 71 percent, which indicated
significant heterogeneity among outcomes
(p<0.001). 

Limitations of the Literature

• Natural History of OME: Literature on the
natural history of otitis media with effusion was
difficult to interpret because of its generally poor
quality, the lack of control for therapeutic
interventions, the inability to distinguish persistent
from recurrent OME due to the length of follow-
up intervals, and the varied criteria for continued
follow-up from exam to exam.  Differing
definitions of OME resolution and diagnostic
methods made comparison difficult. Few studies
considered the child or the episode as the unit of
analysis, included younger children, or assessed
types of OME other than newly diagnosed OME
of unknown duration.  In addition, few studies
addressed the possible effects of influencing factors
on OME resolution.

• Early-life OM and Long-term Speech and
Language Development: The literature on the
long-term effects of early-life otitis media on
speech and language development diverged
considerably with respect to methodology.  As a
result, findings could not be combined easily.  

• Early-life OM and Long-term Hearing: Although
the literature on the long-term effects of early-life
otitis media on hearing was abundant, few studies
used a prospective cohort study design.  Because of
the limited nature of this evidence and because the
rate of intervention is highly dependent on the

threshold hearing level adopted, the findings of
this analysis should be applied with caution.

• Diagnostic Methods for OME: Nine
comparisons of diagnostic methods enabled
derivations of pooled estimates of diagnostic
accuracy.  However, more comparisons could not
be made, including those that would have
evaluated clinical signs and/or symptoms, air
and/or bone threshold audiometry, binaural micro-
tympanoscopy, and non-pneumatic otoscopy.
Diagnostic methods that use algorithms or
aggregated scorings are important but are not
included in this evidence assessment.

Future Research
Future research on the natural history of otitis media

with effusion must focus on improvement of study
quality and establishing the effect of OME on long-
term outcomes such as speech, language, and hearing.
In particular, control of therapeutic interventions during
the study and the distinction between OME persistence
and recurrence need to be addressed. Adopting a less
restrictive definition of non-intervention might simplify
the analysis of studies of the natural history of OME. In
addition, researchers, in conjunction with clinicians,
should agree upon standard procedures for follow-up,
including intervals of follow-up, definition of OME
resolution, and diagnostic methods, so that resolution
rates are indeed comparable.  Future research must
consider the child as the unit of analysis, since the
outcomes of ultimate interest, such as speech, language,
and hearing, are functional requirements of a child, not
an ear.  More research is needed on the role of
influencing factors on the natural history of OME, so
that the clinician on a particular day in a particular
setting can make a better decision when assessing a
particular child with particular characteristics.

Evaluation of long-term effects of early-life otitis
media on speech, language, or hearing requires a
coordinated systematic approach that uses a rational
conceptual framework.  Such an approach should
address the risk factors, interventions, and outcome
measures in an integrated fashion. The definition,
classification, and type and unit of measure should be
developed by a team of experts with the goal of
standardizing definitions and approaches.  Literature on
findings should report both univariate and multivariate
findings to enhance understanding of the patient and
study characteristics and to allow pooling of data.  An
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integrated approach is also important for the evaluation
of diagnostic methods.  Such an approach will provide
guidance for future studies. Future studies of diagnostic
assessments of OME also should consider cost-
effectiveness analysis, which can take into account the
variable proficiency of clinicians in performing
pneumatic otoscopy as well as the consequences of
testing and patient preferences.  Cost-effectiveness
analysis will lead to a more informed decision on the
best diagnostic method for OME.   

Availability of Full Report
The full report from which this summary was taken

was prepared for AHRQ by the Southern California
Evidence-based Practice Center/RAND under contract
No. 290-97-0001.  It is expected to be available in
summer 2002. When available, printed copies may be
obtained free of charge from the AHRQ Publications
Clearinghouse by calling 1-800-358-9295.  Requesters
should ask for Evidence Report/Technology Assessment
No. 55, Diagnosis, Natural History, and Late Effects of
Otitis Media with Effusion (AHRQ Publication No. 02-
E026). Internet users will be able to access the report
online through AHRQ’s World Wide Web site
www.ahrq.gov.
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Chapter 1.  Introduction 
 
 
Purpose 
 
 The purpose of this evidence-based report is to review the evidence on the diagnosis, natural 
history, and late effects of otitis media with effusion (OME) on long-term speech, language, and 
hearing.  The evidence compiled in this report is intended to aid clinicians, health care provider 
organizations, and others to develop clinical practice guidelines or medical review criteria for 
OME.  The report will also identify areas for future research.  Despite the relatively recent 
publication of the 1994 Otitis Media with Effusion in Children guideline (Stool, Berg, Berman, 
et al., 1994), the technical experts believed that OME remained a topic worthy of evidence-based 
inquiry due to the continued controversy over the care of children with OME and the potential 
availability of new information. 
 
Scope of Work 
 
 The technical experts initially proposed 20 questions that addressed 10 broad areas related to 
the diagnosis and treatment of otitis media with effusion:  (1) allergens, (2) natural history, (3) 
speech and language, (4) diagnostic methods, (5) surgical interventions, (6) hearing, (7) 
antibiotics, (8) steroids, (9) antihistamines and decongestants, and (10) alternative or 
complementary therapies. These twenty questions were ranked based on the following criteria: 
(1) degree of potential impact on OME outcomes and on future guideline development and (2) 
the feasibility of answering the question within the one year time frame and the availability of 
new information in the literature.   The scope of this report covers the four highest ranked 
questions: (1) the natural history of otitis media with effusion (OME), (2) the long-term impact 
of early-life otitis media on speech and language, (3) the long-term impact of early-life otitis 
media on hearing, and (4) the accuracy of methods of diagnosis of otitis media with effusion. 
 
Definition 
 
 The definition of otitis media has been a complicated issue.  Ben H. Senturia, quoted in 
Bluestone (1999), stated that “In the past, there has been a confusion of terms, in part because of 
a failure to distinguish conceptually between the disease process, otitis media, and one of the 
manifestations of that disease process, namely otitis media with effusion.  Otitis media is 
dynamic and at any one time should be considered a single point in a continuum of the disease 
process.” 
 Recent comments on the definition of OME point to some of the complex issues involved: 
 

1. The OME guideline (Stool, Berg, Berman et al., 1994) defined OME as "fluid in the 
middle ear without signs or symptoms of ear infection."  The guideline listed the 
following synonyms for OME: serous otitis media, secretory otitis media, allergic otitis 
media, catarrhal otitis media, nonsuppurative otitis media, mucoid otitis media, 
secondary otitis media, hydrotubotympanum, exudative catarrh, tubotympanitis, 
tympanic hydrops, glue ear, fluid ear, middle ear effusion, and tubotympanic catarrh. 
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2. Bluestone (1999) defined otitis media with effusion (OME) as “an inflammation of the 
middle ear with liquid collected in the middle-ear space.  The signs and symptoms of 
acute infection are absent and there is no perforation of the tympanic membrane.”  He 
stated that middle-ear effusions can be acute (< 3 weeks), subacute (3 weeks to 3 
months), or chronic (> 3 months).  He also stated that researchers should precisely define 
OME. 

 
3. Patterson and Paparella (1999) agreed that the different forms of otitis media (OM) are 

“interrelated and occur in a continuum.”  They recognized OME as one of the three major 
forms of OM, the other two being chronic OM (active or inactive) and silent OM.  They 
classified OME as serous OM, purulent OM, and chronic OM.  They divided serous OM 
into acute serous OM, chronic serous OM, and mucoid OM. 

 
4.   Jung and Hanson (1999) agreed that OM consists of various stages.  Though they viewed        

purulent otitis media, serous otitis media, and mucoid otitis media as different stages, 
they considered OME to encompass all three, except the early stages of acute otitis media 
(AOM). 

 
5. Paradise (1995) also agreed that “AOM and OME constitute elements in an otitis media 

disease spectrum, that there often is a transition zone between them and that the two 
conditions sometimes may be indistinguishable from each other diagnostically.” 

 
For this evidence report, the Technical Expert Panel decided to use the definition used in 

the OME Guideline (Stool, Berg, Berman et al., 1994):  “fluid in the middle ear without signs or 
symptoms of ear infection.”   
 
Diagnosis 
 
 Various methods have been proposed for the diagnosis of OME.  The OME guideline panel 
drew several conclusions regarding diagnosis of OME (Stool, Berg, Berman et al., 1994).  They 
recommended the use of pneumatic otoscopy as the primary diagnostic method with 
tympanometry as a confirmatory diagnostic method.  These recommendations were based on 
limited scientific evidence and strong panel consensus and on limited scientific evidence and 
expert opinion, respectively. The OME guideline panel found no evidence linking the outcome 
of algorithms that combine the results of pneumatic otoscopy and tympanometry to the presence 
of middle-ear effusion.  In addition, the panel believed that the evidence was insufficient to make 
any recommendation regarding the use of acoustic reflectometry in the diagnosis of OME.  
Finally, the panel decided not to make a recommendation on the use of tuning fork tests in the 
diagnosis of OME due to the lack of adequate studies.  The OME guideline panel did not present 
any meta-analyses on diagnostic methods. 
 Pneumatic otoscopy is performed with a handheld unit that consists of a light source, a 
magnifying lens, and a speculum.  The otoscope allows visual inspection of the tympanic 
membrane as well as the external ear canal.  With the speculum securely in place, the degree of 
movement of the tympanic membrane in response to pneumatic pressure may be observed.  
Decreased tympanic membrane mobility in response to pneumatic pressure is believed 
 to be related to the presence of middle-ear effusion as found in OME.  (Carlson and Stool, 1999) 
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 Tympanometry is performed by inserting into the ear a probe that emits a tone and measures 
the amount of sound energy reflected from the tympanic membrane as a function of ear canal air 
pressure.  The instrument may or may not be handheld.  The output of tympanometric 
measurement may be qualitative, that is, tympanogram patterns, or quantitative, for example 
static admittance, equivalent ear volume, tympanometric width, tympanometric peak pressure, or 
acoustic reflex.  The flat or type B tympanogram is believed to be associated with the presence 
of middle-ear effusion.  The type A tympanogram is believed to indicate normal middle-ear 
status.  The relationship of the type C tympanogram to middle-ear status is less clear.  (Carlson 
and Stool, 1999; Nozza, 1996)   
 The acoustic middle-ear muscle reflex, either ipsilateral or contralateral, may also be 
measured by acoustic emittance instruments and represents the contraction of the stapedius and 
tensor tympani in response to sound stimulation.  Its absence may be related to the presence of 
middle-ear effusion depending on the clinical situation (Nozza, 1996).   
 Acoustic reflectometry is performed using a handheld instrument that measures the response 
of the tympanic membrane to a frequency-sweep sound spectrum.  The spectral gradient angle, 
which is a function of the frequency and amplitude, may be related to middle-ear effusion 
presence. (Carlson and Stool, 1999; Nozza, 1996) 
 Evoked otoacoustic emissions are a measure of ear canal sounds that are generated in the 
cochlea. These sounds have the potential for clinical application (Nozza, 1996).   
 Audiometry measures hearing acuity, using behavioral or non-behavioral methods, at various 
sound frequencies. It is known that children may have decreased hearing in the presence of 
middle-ear effusion (Carlson and Stool, 1999).  Although no "universal agreement" appears to 
exist regarding the definition of hearing loss, a hearing threshold no worse than 15 decibels (dB) 
is considered normal in children, and 20 dB may be considered normal in older children (Madell, 
1999) 
 
Epidemiology:  Prevalence and Incidence 
 
 Accurate estimates of the prevalence or incidence of OME were not found, since published 
population-based estimates are not available on the specific diagnosis of OME. Data on office 
visits reported from the National Ambulatory Medical Care Survey (NAMCS) provide the best 
indication of prevalence and incidence of the disease, although nonsuppurative, suppurative, and 
unspecified otitis media were all grouped into the term otitis media, and OME was not separated 
from AOM in the analyses (Schappert, 1992; Schappert, 1996; Woodwell, 1997a; Woodwell, 
1997b; Woodwell and Schappert, 1995).  Gates (1996), commenting on the NAMCS data, stated, 
“for children it is probably safe to presume that AOME [AOM with effusion, i.e. AOM] is the 
principal disorder noted in these surveys.”  The OME Guideline panel of the Agency for Health 
Care Policy and Research [presently the Agency for Healthcare Research and Quality (AHRQ)] 
estimated that 25 percent to 35 percent of the NAMCS visits for otitis media were for OME 
(Stool, Berg, Berman et al., 1994a). 
 Schappert (1992) reported on the 1975 to 1990 NAMCS data.  Visits by patients younger 
than 15 years of age constituted 70.6 percent of all office visits with the principal diagnosis of 
otitis media in 1975, 78.9 percent of all office visits with the principal diagnosis of otitis media 
in 1980, 81.9 percent of all office visits with the principal diagnosis of otitis media in 1985, and 
80.5 percent of all office visits with the principal diagnosis of otitis media in 1990.  From 1975 
to 1990, the percent of office visits with otitis media as the principal diagnosis increased among 
those less than 15 years of age; from 7.3 percent to 17.4 percent for children under 2 years old, 
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from 10.4 percent to 18.1 percent for the 2-5 year olds, from 6.9 percent to 10.5 percent for the 
6-10 year olds, and from 2.6 percent to 5.2 percent for the 11-14 year olds.  The number of visits 
with a principal diagnosis of otitis media per 100 persons per year for the same time period 
(1975 to 1990) increased from 31.5 to 102.1 for children less than 2 years of age, 20.8 to 47.8 for 
those 2-5 years of age, 10.2 to 18.2 for those 6-10 years of age, and 3.3 to 8.0 for those 11-14 
years of age. 
 Rosenfeld (1994) noted that about a quarter of OME cases are discovered incidentally during 
well-child examinations.  About 60 percent of children would have OME by 2 years old and 80 
percent before school entry.  The Agency for Healthcare Research and Quality 1994 OME 
guideline reported that in one study of children 2 to 6 years old in group child care, 53 percent 
had at least one episode of OME during the first year of the study, 61 percent had at least one 
episode during the second year of the study, and 30 percent had recurrent OME (Stool, Berg, 
Berman et al., 1994). 
 NAMCS also stratified data by specific physician type.  From 1975 to 1990, the percent of 
office visits with a principal diagnosis of otitis media increased for pediatricians from 8.1 
percent to 14.3 percent, for general practitioners and family physicians from 1.3 percent to 3.5 
percent, and for otolaryngologists from 12.8 percent to 20.2 percent.   
 Data for 1975 to 1990 were also stratified by age.  In 1990, the number of visits with a 
principal diagnosis of otitis media per 100 persons per year among children younger than 2 years 
was 62.9 for pediatricians, 24.0 for general practitioners and family physicians, and 9.1 for 
otolaryngologists.  In 1990, the number of visits with a principal diagnosis of otitis media per 
100 persons per year among children 2 to 5 years old was 29.0 for pediatricians, 11.4 for general 
practitioners and family physicians, and 6.6 for otolaryngologists (Schappert, 1992). 
 The reports on the NAMCS data for 1993 to 1996 did not stratify by age (Schappert, 1996; 
Woodwell, 1997a; Woodwell, 1997b; Woodwell and Schappert, 1995).  However, if the 1993 to 
1996 data were similar to that in 1975 to 1990, it would be reasonable to conclude that the 
majority of these patients were younger than 15 years of age.   
 NAMCS office visit data for 1993 to 1996 generally support earlier data. Suppurative and 
unspecified otitis media was the third most frequently listed principal diagnosis in 1993, the 
sixth most frequent in 1994, the fourth most frequent in 1995, and the seventh most frequent in 
1996 for ambulatory care visits to physician offices, hospital outpatient departments, and 
emergency departments (Schappert, 1996; Woodwell, 1997a; Woodwell, 1997b; Woodwell and 
Schappert, 1995).  In 1996, visits for a principal diagnosis of otitis media and eustachian tube 
disorders occurred 82.8 percent of the time in physician offices, 5.3 percent in hospital outpatient 
departments, and 11.9 percent in emergency departments (Woodwell, 1997a). 
 The NAMCS also provided data on the duration of office visits for otitis media.  The percent 
of visits for otitis media of duration 6-15 minutes increased between 1975 to 1990 from 64 
percent to 78 percent and was associated with a decrease in visits less than six minutes from 24 
percent to 13 percent (Schappert, 1992).  In terms of surgical procedures, the rate of ambulatory 
surgery visits per 10,000 population for those younger than 15 years of age for otitis media and 
eustachian tube disorders was 86.9 in 1994 and 83.9 in 1995, based on 498,000 and 484,000 
visits respectively (Hall and Lawrence, 1997; Kozak, Hall, Pokras et al., 1997).  In 1995, the 
number of myringotomy with tympanostomy tube placements reported by NAMCS was 521,000 
for a rate of 90.2 such procedures per 10,000 children less than 15 years of age (Hall and 
Lawrence, 1997). 
 In general, the NAMCS data demonstrated the significance of otitis media—and by 
implication OME—based on the prevalence and incidence of the disease and the frequency and 
duration of visits and surgical interventions. 
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Burden of Illness Due to Otitis Media with Effusion 
  
 The treatment, complications and sequelae, and adverse effects of otitis media, including 
OME, are a substantial financial burden to the nation.  Three estimates of the cost of otitis media 
(OM) are found in the literature (Gates, 1996b; Stool and Field, 1989; Stool, Berg, Berman et al., 
1994).  A fourth study reported the cost per episode of “persistent middle ear infection” 
(Berman, Roark, and Luckey, 1994).  We have assessed the strengths and weaknesses of these 
four studies and presented our own estimate of otitis media costs in a previous evidence-based 
analysis (Takata, Chan, Shekelle, et al., in press). 
 Gates (1996b) placed the annual national total cost of acute otitis media at $3.15 billion for 
the 0- to 4-year old age group in an unspecified date in the early or mid-1990’s and placed the 
cost of treatment of chronic otitis media with effusion at $1.854 billion dollars per year (Gates, 
1996).  Stool and Field (1989) put the national cost of otitis media at $2.4-3.4 billion in the 0- to 
6-year old age group in an unspecified year presumably in the middle or late 1980’s.  Both Gates 
(1996b) and Stool and Field (1989) assumed prevalences of otitis media that were at variance 
with the only available national data on the utilization of care visits for otitis media.  Stool, Berg, 
Berman, et al. (1994) presented the only estimate of the national cost of otitis media using a 
data-based estimate of costs per case.  Using claims data from more than 100 health insurers, 
they estimated the overall average cost of treating a 2-year old child with OME in 1991 to be 
$1,330 and the national total cost of OME in 1991 to be $1.09 billion.  Berman, Roark, and 
Luckey (1994) estimated the cost of treating persistent middle ear effusion in a 13-month old boy 
at $720-$1,372 under Colorado Medicaid reimbursement levels in 1992 and $1,265-$2,588 
under private practice reimbursement rates.  Not all these studies included the indirect cost of 
family caregiving services required due to a child having otitis media. 
 An attempt to provide an updated estimate on the cost of otitis media included insights into 
the cost of OME and chronic middle ear infection (Takata, Chan, Shekelle, et al., in press).  This 
estimate was derived for the year 1995, referred to children under 18 years of age, and was based 
on reports of national, rather than regional, utilization for otitis media such as the National 
Ambulatory Medical Care Survey and the National Health Interview Survey.  Using these 
national data sets, it was estimated that 2.22 million episodes of OME or chronic middle ear 
infection occurred in 1995.  It was assumed that eighty percent of these episodes were unrelated 
to acute otitis media. Data from three sources (Stool, Berg, Berman et al., 1994; Berman, 
Rourke, and Lucky, 1994; and the U.S. Bureau of the Census, 1992,1996) were used to estimate 
direct, indirect, and total costs of $1,321, $490.25, and $1,811 for treatment of an episode of 
OME or chronic middle ear infection.  For 1995, the total national cost of treating OME or 
chronic middle ear infection would stand at $4.02 billion. 
 Whether based on the four prior estimates of otitis media or OME cost or the more recent 
estimate, the economic burden of OME on the nation is large.  Any effort to improve cost-
effective care of OME will result in significant savings in national medical expenditures as well 
as improved quality of care provided to children with OME. 
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Chapter 2.  Methodology 
 
Nomination of Technical Experts 
 
 Eleven organizations were contacted for technical expert and peer reviewer nominations. 
They included the American Academy of Family Physicians (AAFP), the American Academy of 
Pediatrics (AAP), the American Academy of Otolaryngology-Head and Neck Surgery 
Foundation (AAO-HNS), the Ambulatory Pediatric Association (APA), the American Academy 
of Audiology (AAA), the American Speech-Language-Hearing Association (ASHA), the Society 
for Ear Nose and Throat Advances in Children (SENTAC), the National Association of Pediatric 
Nurse Associates and Practitioners (NAPNAP), the American Association of Health Plans 
(AAHP), the Foundation for Accountability (FACCT), and Family Voices.  
 Upon receiving nominations from the agencies, we identified 12 technical experts to serve on 
the panel.  Included were two family physicians, two otolaryngologists, three pediatricians, one 
audiologist, one speech and hearing expert, one managed-care representative, one nurse 
practitioner, and one consumer.  Table 1 lists the membership of the Technical Expert Panel.    

 
Topic Assessment and Refinement 
 
 A draft work plan for the topic assessment and refinement phase was mailed to the technical 
experts and representatives of our partners (the American Academy of Pediatrics, the American 
Academy of Family Practice, and the American Academy of Otolaryngology-Head and Neck 
Surgery) for review and comments together with a preliminary review that provided a summary 
of: 
 

• Incidence and prevalence of otitis media with effusion, treatment and management 
alternatives, the characteristics and size of the affected populations, and the most affected 
practice settings and providers; 

 
• The burden of illness associated with otitis media with effusion, including morbidity and  

mortality. 
 
• Extent to which variation exists in practices associated with the prevention, diagnosis, 

treatment, or diagnosis and treatment of otitis media with effusion. 
 

 We reviewed and compiled four previously conducted evidence-based analyses on otitis 
media with effusion.  Particular attention was given to the report of The Otitis Media Guideline 
Panel on “Managing Otitis Media with Effusion in Young Children” (Stool, Berg, Berman et al., 
1994) We distributed these reports to the panel of technical experts for review and for 
preparation of the initial telephone conference call during which assessment and refinement of 
the topics wereassessed and refined. 
   
 
Identification of Key Questions   
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 Prior to the first conference call, we asked each technical expert to submit questions for 
consideration in the evidence report.  The project team organized the responses and compiled an 
initial list of 20 key questions from the original task order and the letters from the nominating 
agencies (Table 2).  This document was distributed to the technical experts after the first 
conference call, together with a polling form requesting the ranking of the top 10 key questions.  
The technical experts were asked to rank 10 of the 20 questions from 10 to 1, using 10 as the 
most important and 1 as the least important.  The criteria for ranking were:  
 

1) importance, which included  
a) potential impact on OME outcomes and  
b) b) potential impact on development of future OME guidelines by the partner    

organizations; and  
 

2) feasibility, which included  
a) possibility of conducting a literature search, review, and data synthesis in 6 months,  
b) availability of sufficient information (data) in the literature to answer the question, 

and  
c) if applicable, sufficient new information (data) available to affect the results of the 

last systematic review of the question significantly.  
 

 The polling results are tabulated in Table 3 and the comments are included in Table 4.  The 
results were distributed to the experts for discussion during the second conference call. 
 The four top ranking key questions were selected for consideration in the evidence report.  
After several revisions at the suggestions of the technical experts, the wordings of the four top 
ranking (key) questions are as follows: 

 
Key question 1: On Natural History 
 
 What is the natural history (spontaneous resolution rate over time without treatment) for: 
 
Á OME persisting after a discrete episode of acute otitis media, 
 
Á newly diagnosed OME of unknown duration (unilateral or bilateral), 

 
Á OME persisting for weeks or months (unilateral or bilateral), 

 
Á unilateral OME lasting 3 months or longer, 

 
Á bilateral OME lasting 3 months or longer? 

 
 
 
Key question 2: On Speech and Language Development 
 

a) Do infants and preschool children with longer duration early-life OME  have greater 
delays in speech and language development (receptive or expressive) later in life as 
compared to those with shorter duration OME?  One specific formulation of this question 
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is: Is OME-associated conductive hearing loss in the first 3 years of life a risk factor for 
speech and language developmental delays?  

 
b) What are the risk factors that modulate the effect of OME on speech and language 

development in infants and preschool children? 
 
Key question 3: On Hearing Decrease     
 

a) Do infants and preschool children with longer duration early-life OME as compared to 
those with shorter duration OME have permanent (or sensorineural) hearing loss later in 
life?  One specific formulation of this question is: Is OME-associated conductive hearing 
loss in the first 3 years of life a risk factor for permanent (or sensorineural) hearing loss 
later in life? 

 
b) What are the risk factors that interact with the effect of OME on hearing later in life 

(unilateral or bilateral) in infants and preschool children?  
 
Key question 4: On Diagnostic Methods 
 
 What are the sensitivity, specificity, and predictive values for alternative methods of 
diagnosing OME compared with one of the reference standards?  
 
 These methods include, but are not limited to: 
 

• signs/symptoms 
 
• non-pneumatic otoscopy 
 
• pneumatic otoscopy, validated or un-validated examiner 
 
• binocular micro-tympanoscopy 
 
• portable tympanometer 
 
• professional tympanometer 
 
• quantitative tympanometry 
 
• acoustic reflectometry (specify model and year) 
 
• otoacoustic emissions 
 
• audiometry, air or. bone conduction thresholds. 
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 The reference standards to be used in evaluating these diagnostic tests will include 
tympanocentesis, sedated or non-sedated; MRI; myringotomy, sedated or non-sedated; validated 
pneumatic otoscopy; and CT Scan. 
 
Identification and Refinement of Causal Pathways, Study 
Populations, Practice Settings, and Target Audience   
 
 The project staff developed a causal pathway and a scope for each of the key questions.  We 
distributed these documents  to the panel of technical experts for review and for preparation for 
the initial telephone conference call.  During this call, we assessed and refined the topics and 
discussed the proposed key questions, target condition, patient populations, clinical context, 
interventions, and outcomes of interest. The following characteristics of outcomes were 
proposed: 1) outcomes would be divided into short term and long term; 2) long term outcomes 
would consist of percent time with effusion, frequency of acute otitis media, hearing loss, speech 
and language performance, cognition, academic achievement, and other developmental 
outcomes; 3) duration of short term outcomes would be defined as four weeks or less or eight 
weeks or less; and 4) duration of long term outcomes would be defined as greater than one year.   
 During this first conference call, the Technical Expert Panel decided to use the OME 
Guideline  definition of OME:  “fluid in the middle ear without signs or symptoms of ear 
infection”. (Stool, Berg, Berman et al., 1994)  Though the technical experts agreed on the 
definition of OME they could not agree on which signs or symptoms should be absent, i.e. what 
signs or symptoms differentiated OME from acute otitis media. During the first conference call, 
the technical experts advised us to avoid the use of the terms ‘acute’, ‘subacute’, or ‘chronic’ as 
descriptors of OME.  Instead we should use the duration of OME, such as “under 3 months” 
versus “greater than or equal to 3 months” as descriptors.  
  Before the second conference call, the project team developed a draft of the conceptual 
framework for the proposed key questions.  During the second conference call, the framework 
was discussed and the inputs of the experts were incorporated into the revised overall causal 
pathway (Table 5) from which the causal pathways of the final four key questions were 
developed.  The causal pathways were distributed to the technical experts for further review and 
comment.  The final version causal pathways for the four key questions are presented in Tables 
6 through 9. 
 Based on the causal pathways and the discussions during the two conference calls, we 
developed the scope for each of the four key questions.  The scope specifically defined the 
disease entity, study population, practice settings (including provider type), time period in 
practice setting, exclusion factors, interventions, influencing factors, outcome measures, 
literature sources, language, and study design for each key question to be included in the 
evidence report.  We conducted a second poll of the technical experts on each of these domains 
in which we sought their approval, disapproval, or recommendations for revision on each 
domain.  Appendix B presents the version of the scope distributed to the technical experts for 
polling of their comments and approval.  Appendix C presents the results of the polling of the 
experts’ comments on the scope.  In response to these comments, we further revised the key 
questions, causal pathways, and the various domains of the scope. We incorporated comments 
from technical experts to the extent possible, except those related  to other domains, those that 
were obvious misunderstandings or misinterpretations, or those suggestions for deletions or 
additions that could be handled during the analysis phase of the project.  Specifically, the project 
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team retained several influencing factors recommended for deletion by some experts. The project 
team took note of the deletions and would later stratify the analysis, if possible, by the group of 
factors unanimously recommended by the experts versus those that were not.   Such stratified 
analysis would depend on the number of studies that specifically address these factors.  We 
revised the key questions according to experts’ suggestions.  We further revised the scope and 
reworded the key questions according to the final round of comments: the final version of the 
scope is included in Appendix D. 
 In preparation for supplemental analysis, we took polls to solicit the technical experts’ 
opinion on the importance of the risk factors identified in the analytical framework.   
Specifically, we asked the experts the following questions for each factor:  
 

a) Regarding Key Question 1: “Does this factor influence the natural history of OME?” 
 
b) Regarding Key Question 2: “Does this factor have an independent effect on speech and 

language development separate from its effects on OME or unspecified OM?” 
 

c) Regarding Key Question 3: “Does this factor have an independent effect on long-term 
hearing separate from its effects on OME or unspecified OM?” 

 
d) Regarding Key Question 4: “Does this factor have an independent effect on the accuracy 

of a diagnostic method separate from its effects on OME or unspecified OM?” 
 
 The experts had a choice of responding “yes”, “no”, or “don’t know.”  For each such 
opinion, the experts were asked to indicate the basis of their opinion by choosing one or more of 
the following: “Judgment/Experience,” “Theoretical Construct,” or “Literature”.   
 The questionnaire for the two polls is included in Appendix E and the responses of the 12 
technical experts are presented in Appendix F.  A summary of the risk factors ranked by the 
importance assigned by the technical experts is presented in Table 10.  

 
Literature Search 
 
 The Technical Expert Panel and project staff developed a literature search strategy. The 
literature search included the search of three databases: MEDLINE (1966-January2000), the 
Cochrane Library (through January 2000), and EMBASE (1980-January 2000). We identified 
additional articles by review of reference lists in proceedings, published articles, reports, and 
guidelines. 
 The project librarian developed an overall search strategy for MEDLINE (Appendix G) that 
incorporated the input from the technical experts and followed the scope of the project. The 
MEDLINE database is produced by the U.S. National Library of Medicine and is widely 
recognized as the premier source for bibliographic coverage of biomedical literature.  It 
encompasses information from Index Medicus, Index to Dental Literature, and International 
Nursing, as well as other sources of coverage in the areas of allied health, biological and physical 
sciences, humanities, and information science as they relate to medicine and health care, 
communication disorders, population biology, and reproductive biology.  We searched the 
MEDLINE database for publications dating back to 1966.  Further, we included articles in the 
English language only for the following reasons.  First, our experience with our evidence 
assessment of the management of acute otitis media (Takata, Chan, Shekelle et al., in press; 
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Chan, Takata, Shekelle et al., in press) demonstrated a low yield from non-English language 
publications (only two studies accepted out of 97 reviewed and both of theses were also 
published in English).   Second, we needed to balance limited resources between reviewing non-
English language literature and answering additional key questions.   Since empiric evidence of 
the need to include non-English language literature in meta-analyses was mixed (Moher, Pham, 
Klassen et al., 2000) and reviewing non-English literature would be resource intensive, we chose 
to limit our scope to English language literature only. 
 The MEDLINE search strategy used both controlled vocabulary terms and keywords.  The 
strategy was organized into modules or clusters of search statements.  The main groupings 
included:  otitis media with effusion (OME), mastoid, otitis media; natural history; speech and 
language; hearing; and diagnosis.  These groupings corresponded to the key questions.   
 For the “otitis media with effusion” concept, both the controlled vocabulary term otitis media 
with effusion and text word were used.  A variety of additional terms were used; such as allergic 
otitis media, fluid ear, glue ear, middle ear effusion, mucoid otitis media, nonsuppurative otitis 
media, secretory otitis media, and serous otitis media.   For the “mastoid” concept, both the 
controlled vocabulary and the text word were used.  The otitis media module included what is 
referred to as an “explode” of otitis media, which included the controlled vocabulary headings 
“otitis media”, “otitis media with effusion”, and “otitis media, suppurative.” 
 The “natural history” module combined “OME” or “mastoid” with a combination of text 
words and controlled vocabulary terms for natural history including “natural course”, “natural 
history”, “placebo”, “placebos”, “resolution”, “self limited”, “self limiting”, “untreated”, and a 
variety of terms for spontaneous resolution. 
 Both the “speech and language” module and the “hearing” module combined OME, or 
mastoid, or an explode of “otitis media” with the speech, language, and hearing concepts. The 
speech and language component used the controlled vocabulary terms for speech and language, 
speech and language disorders, child language, communication, communication disorders, 
language development and tests, voice, and voice disorders.  In addition, the text words “speech” 
and “language” were added. The hearing module used the controlled vocabulary terms for 
hearing and hearing disorders and hearing aids and tests, as well as the text word “hearing”. 
 The “diagnosis” module combined OME or mastoid with a combination of text words and 
controlled vocabulary terms for diagnosis.  In addition to the controlled vocabulary terms for 
diagnosis and diagnostic techniques and procedures, a number of text words were added for 
audiometry, diagnosis, diagnostic, otoscopy, and tympanometry. 
 We customized the search strategy initially developed for MEDLINE for EMBASE. 
EMBASE, the Excerpta Medica database, produced by Elsevier Science, is a major biomedical 
and pharmaceutical database that indexes over 3,800 international journals.  EMBASE is one of 
the most widely used biomedical and pharmaceutical databases.  The database currently contains 
over 6 million records, with more than 400,000 citations and abstracts added yearly.  We 
searched the EMBASE database for citations dating back to 1980.  For the search in the 
Cochrane Library, we used “otitis media” as the search term. The Cochrane Library contains 
several databases: (1) The Cochrane Database of Systematic Reviews, which contains Cochrane 
reviews published by the Cochrane Collaboration, an international organization dedicated to 
applying evidence-based-medicine principles to the review of important clinical topics; (2) The 
Cochrane Controlled Trials Register which is a bibliographic database of controlled trials; (3) 
The Database of Abstracts of Reviews of Effectiveness (DARE), which includes structured 
abstracts of systematic reviews that have been critically appraised by reviewers at the NHS 
Centre for Reviews and Dissemination in York and by other experts, for example from the 
American College of Physicians' Journal Club and the journal Evidence-Based Medicine; and (4)  
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The Cochrane Review Methodology Database which is a bibliography of articles on the science 
of research synthesis.   
 The Cochrane Library search yielded 666 titles/abstracts.  The MEDLINE search resulted in 
2,379 titles/abstracts.  After eliminating duplicates, we retained 2,207 titles/abstracts for 
screening. The EMBASE search retrieved 1980 citations.   After eliminating duplicates, we 
retained 327 for screening.   
 We conducted all searches in January 2000 and subjected a total of 3,200 titles/abstracts to 
screening by two physician reviewers. By merging and eliminating duplicates from the 
titles/abstracts from the three databases, we created a database of titles and abstracts.  
 EndNote software (EndNote Windows Version 3.0, 1st Edition.  Niles Software Inc., 
Berkeley, CA) was used to keep a complete record of all titles/abstracts and identify 
duplications. This software stores, organizes, and tracks references by source (e.g. identified in 
MEDLINE), search strategy (date of search, index code specifying search criteria used), and a 
unique identification (UI) code for each article (assigned by the source used to find article). 
Electronic removal of duplicate citations was supplemented by manual cross-checking. In the 
event an article was identified by an expert panel member or through reference checking, the title 
and author of the reference were entered into MEDLINE through the Ovid search system (Ovid 
Technologies, Inc. 1998, Version: 7.8 Millennium source ID 1.3932.1.156.1.7, Revision: 
1.303.2.8) to determine the UI.  If a UI could not be found for the article, an alternate 
identification code was assigned.    
 EndNote assigned a record number to each new reference added to the master file.  This 
number would not change once an article was added to the list and was used, in addition to the 
UI, to sort references for article retrieval and review.     
 Upon completing the literature search and duplicate checking, we exported the master list 
generated from EndNote to a Microsoft Excel spreadsheet for data export and analysis.  We 
added codes including status of article retrieval, reviewer, and the results of the review.  

   
Review of Retrieved Titles/Abstracts Against Screening Criteria  
 
 After retrieving of titles and abstracts from the literature search, two physician reviewers 
reviewed the abstracts against the inclusion/exclusion criteria to determine eligibility for 
inclusion in the evidence synthesis as defined in the scope and key questions.  Titles/abstracts  
were not masked prior to review. A pre-designed screening form was used to record the reviews.  
A meeting was held to review the instructions for screening (Appendix H), including the use of 
the computerized data forms.  The reviewers entered the screening results directly into the 
computer and forwarded the results electronically to our data analyst for processing.  The 
screening results for each title/abstract were matched between the two reviewers, and 
discrepancies on inclusion or exclusion were resolved in conference calls among the two 
reviewers and the task order coordinator.  The data analyst generated summary reports indicating 
those abstracts that passed the screening criteria and those that failed and the reasons for failure.  
 We completed screening of the 3,200 titles/abstracts from the Cochrane Library, MEDLINE, 
and EMBASE.  After resolution of 376 discrepant citations, 2230 (70%) were rejected and 970 
were accepted for full article review.  The reasons for rejection of the 2230 citations are 
presented in Table 11.  We also screened the database provided to us by the American Academy 
of Pediatrics (AAP) from its recent review of the topic. Of a total of 1918 titles/abstracts 
screened against our database, we identified 477 duplicates from our ENDNOTE database, 
leaving 1441 records from the AAP files that required further screening by the two reviewers.  
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The screening of the 1441 citations from AAP files identified 32 additional citations that 
required full article review. 
 The third source of reference material was the six proceedings of the International 
Symposium on Recent Advances in Otitis Media with Effusion from which we identified 159 
additional citations for full article review.   
 The fourth source consisted of references in books and articles from which we identified 31 
full articles for further review.  
 
Retrieval and Review of Full Articles  
 
 The titles/abstracts identified for further review were forwarded to the library for full article 
retrieval.  Libraries at both the Los Angeles County - University of Southern California Medical 
Center and the University of Southern California Health Sciences Campus were the primary 
sources of the articles.  Those not found were retrieved through the Inter-Library Loan Program. 
 Because a large number of titles/abstracts had inadequate information for full evaluation, a 
secondary screening  of full articles was conducted.  Two physicians or a physician and a health 
services researcher reviewed each article.  Articles were not masked prior to review.  
Discrepancies on inclusion/exclusion were resolved between the reviewers.  
 Of the 1,250 full length articles to be retrieved, 3 were irretrievable due to incorrect  citation 
information.  Secondary review of the remaining 1,247 full length articles from the various 
sources resulted in the rejection of 798 articles and acceptance of 449 articles: 141 for question 
1, 112 for question 2, 186 for question 3 and 75 for question 4.  Table 12 provides the reasons 
for rejection of the 798 articles and Table 13 summarizes the number of articles accepted during 
the secondary review process.  During the fourth conference call, the experts raised the age limit 
to 22 for the responses to questions 2 and 3 to allow for detection of speech, language, and 
hearing problems past age 12, the original upper age limit.  As a result, we revisited all 
titles/abstracts and articles that had been rejected because of the age limit, and four previously 
rejected articles were accepted from our original databases.   
 After establishing the analytical plan and before data abstraction, a physician and one health 
services researcher carried out a tertiary review of the 449 articles according to a set of 
established criteria for each key question.  During this tertiary review, study design and quality 
were also evaluated.  
 For Question 1, we used three criteria for tertiary screening: 1) was the study a prospective 
cohort(s) study or a randomized control trial (RCT), 2) whether the control group in the RCT 
used the other ear as the ‘unit of control’ or not, and 3) were the outcome data abstractable?   
  
 
  
 For Questions 2 and 3, we established 5 criteria for tertiary screening:  
 

1) Was the degree of OME determined for the first 3 years of life, and could the OM 
degree for the period before 3 years of age be linked to a specific outcome?  If a study 
began at age 3, the study was not considered to fulfill this criterion. 

 
2) Was the upper age limit 22 years of age?  If a study included subjects older than 22 

years, this criterion could be fulfilled only if outcomes for the 22 years of age and under 
was reported.   
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3) Was the degree of OM graded in some way, such as total time with OM, some measure 

of OM persistence, OM recurrence, or some measure of OM severity, and could the OM 
degree grade be linked to a specific outcome?   

 
4) Was the study prospective?  A study is considered prospective if the outcomes were 

measured prospectively.  Cross-sectional and case-control studies were specifically 
excluded.  A study that followed subjects prospectively for both OM history and 
outcome measures was considered a prospective cohort study.  Studies that followed 
subjects prospectively for outcome measures (i.e. over a period of time) but 
retrospectively for OM history were considered to be retrospective-prospective studies 
and were accepted for inclusion.  Studies that collected data on the outcome measures at 
one point in time, were considered  retrospective cohort studies regardless of whether 
OM history was collected prospectively or retrospectively and were excluded.  Studies 
that presented a cross-sectional analysis of prospectively collected data were not 
considered prospective and were excluded.  Randomized controlled studies of an 
intervention with longitudinally measured outcomes were considered prospective and 
were included.  

 
5) Was the outcome measured when the child was older than 3 years of age? 

 
 For Question 4, we established 3 criteria for inclusion during tertiary review:  1) Were the 
diagnostic procedure of interest and the reference standard performed within 24 hours of each 
other? 2) Is the diagnostic procedure not an algorithm or combination of multiple diagnostic 
procedures, 3) Are the reference standards one of those specified in the scope 
(tympanocentesis, MRI, myringotomy, validated pneumatic otoscopy, or CT scan), and 4) Are 
the data abstractable. 
 After tertiary review and data abstraction, a total of 114 articles were included in this 
evidence report, five of which addressed more than one key question:  
 

• 38 cohort studies for question 1, the natural history question;  
 
• 21 studies for question 2, the speech and language question;  

 
• 8 studies for question 3, the hearing question; and  
 
• 52 studies for question 4, the diagnostic method question.   

 
Table 14 presents the results of tertiary review of the 449 articles.    
 
Review and Assessment of Study Quality  
 
 We established criteria used for the assessment of study quality prior to the review of 
articles.  Only prospective cohort studies were reviewed for Questions 1, 2 and 3 because of 
concerns about the validity of case-control, cross-sectional, and retrospective cohort studies.  
Diagnostic studies were reviewed for Question 4.  The criteria used to evaluate the quality of 
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both types of studies were modified from the work by the McMaster University Group 
(Jaeschke, Guyatt, and Sackett, 1994; Sackett, 1981; Trout, 1981; Tugwell, 1981).   
 The quality of natural history studies was evaluated against the following criteria:  
 

1)   Was the study a prospective cohort study?   
 
2)   Was the outcome(s) of the study clearly defined?   

 
3)   Was the outcome(s) measured at a clearly defined timepoint(s)?   
 
4)   Was the cohort of subjects followed without any intervention?   
 
6) Was there blinded assessment of the outcome(s) of the study?   

 
7) Were point estimates and measures of variability provided for the main adverse outcomes 
       measured? 

 
 The quality of prospective cohort studies was evaluated against eight components:  
 

1)   Was the study cohort(s) clearly defined, with clearly spelled out inclusion and exclusion             
criteria?   

 
2)   Was the study cohort(s) assembled at a uniform point in the course of the child’s illness?   
 
3)   Were the pathways by which patients entered the study clearly described?   
 
4)   Was complete follow-up achieved?   
 
5)   Were withdrawals and drop-outs described?   
 
6)   Were objective outcome criteria developed and used?   
 
7)   Was the outcome assessment “blind”?   
 
8)   Was adjustment for extraneous factors carried out?   
 

 The quality of diagnostic studies was evaluated against six components:  
 
 1)   Was the reference standard appropriate?  

2)   Were the test results and the reference standard assessed independently of each other?   
 
3)   Were the readers of the results of the diagnostic test or the reference standard blinded?   
 
4)   Did the patient sample include an appropriate spectrum of mild and severe, treated and      

untreated patients to whom the diagnostic tests were applied in clinical practice?   
 
5) Were the reproducibility of the test result (precision) and its interpretation (observer 

variation) determined?   
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6)  Were the methods for performing the test described in sufficient detail to permit  

replication?  
 

Articles were not masked prior to review. The Task Order Coordinator resolved minor 
discrepancies between the two reviews of each article.  Conferences were held to resolve 
discrepancies whenever needed.  

 
Data Abstraction 
 
 For the articles deemed eligible for inclusion in the Evidence Report, data abstraction was 
carried out by a two-member team that consisted of a physician reviewer and a health services 
researcher.  One of the two members abstracted the data onto the evidence table, and the other 
member checked the data for accuracy. Data abstracted included parameters necessary to define 
study groups, inclusion/exclusion criteria, influencing factors, and outcome measures to be used 
in analysis.   
 Specific instructions for data abstraction were recorded.   For Question 1, the outcome 
indicators for abstraction included partial OME resolution (resolution in one ear for bilateral 
OME only), complete OME resolution, relapse/recurrence (fluctuation/dynamic course), AOM 
after OME.  For Question 2, the outcome indicators for abstraction were expressive or receptive 
language, expressive or receptive speech, and cognitive verbal intelligence.  For Question 3, the 
outcome indicators for abstraction included conductive or sensorineural hearing loss.  For 
Question 4, the outcome indicators for abstraction were sensitivity, specificity, positive and 
negative predictive values, and prevalence rate.  For all questions, the time or age at which each 
outcome was measured was recorded.   The outcome measures included both continuous and 
categorical measures.  Continuous measurements included mean time or a median time and the 
categorical measures included proportion with resolution at specified times where both 
numerators and denominators were recorded. A key issue was that individual children, not 
populations, must be tracked.  The latter would be acceptable only if we knew for certain that the 
same children were checked at both times.   
 
Procedures to Reduce Bias, Enhance Consistency, and 
Check Accuracy  
 
 To reduce selection bias, we assigned two physician reviewers to screen and review 
titles/abstracts and full articles at every stage of the selection process. We assigned one physician 
and one health services researcher who was familiar with experimental design and biostatistics to 
abstract data.  We assessed completeness of our collection of retrieved articles by cross-checking 
with studies included in other meta-analyses and references listed in review articles. The 
software program EndNote was used to check batches of articles added to the master list  for 
duplicate references by comparing author, year title, and reference type.  Following the 
importation of the first literature search, we used the software program EndNote to check 
subsequent references for duplication prior to their addition to the master list.   After the master 
list was completed, we performed a second, manual, check to ensure no duplication. 
 To assess the extent of publication bias, we searched multiple sources and unpublished 
material identified by the Technical Expert Panel and internal content experts. We also studied 
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funnel plots—scatter plots of sample size versus the estimated effect size from each study. When 
publication bias existed, a portion of points would be missing from the funnel plot, typically at 
the null effect level. Because graphical evaluation can be subjective, we also conducted an 
adjusted rank correlation test (Begg, 1999) and a regression asymmetry test (Egger, Smith, 
Schneider et al., 1997) as formal statistical tests for publication bias.  We conducted these tests 
using the statistical package Stata (StataCorp. 1999). 
 The mechanisms used to enhance consistency in screening and data abstraction include the 
use of pre-designed forms with explicit instructions and continuous and prompt resolution of 
discrepancies.  Data were entered into a Microsoft Excel spreadsheet directly by the screeners or 
data abstractors.  A third project staff cross-checked data for individual studies abstracted by 
each data collector.  We resolved discrepancies by rechecking the article or by consensus via 
conference calls.   

 
Preparation of Evidence Tables  
 
 An evidence table was prepared for each key question.  Each evidence table provides a 
comprehensive tabular display of data abstracted from the literature in response to the question. 
It contains the name of the first author, year of publication, study design and quality score, how 
and by whom  OME diagnosis was done, when and where the study took place, inclusion and 
exclusion criteria, important influencing factors, sample size, outcome measures and their 
definitions, and study findings.   A total of four evidence tables was prepared; they are included 
in the section called Evidence Tables in this report. 
 
Supplemental Analysis 
 
 Based on the discussions of technical experts during the conference calls and the designated 
time frame for the evidence assessment, a supplemental analysis plan was developed for each 
key question to synthesize the data.  
 
Natural History 
 
 Question 1.  What is the natural history (spontaneous resolution rate over time without 
treatment) for the following diagnostic groups: a) OME persisting after a discrete episode of 
acute otitis media, b) newly diagnosed OME of unknown duration (unilateral or bilateral), c) 
OME persisting for weeks or months (unilateral or bilateral), d) unilateral OME lasting 3 months 
or longer, and e) bilateral OME lasting 3 months or longer? 
 The outcome measures for this questions included complete and/or partial resolution rates,  
relapse/recurrence rates, and incidence of AOM after OME.  The scope listed 31 non-treatment 
factors that might affect the course of the illness and confound the outcomes.  They included: 
age, gender, ethnicity/race, socioeconomic status, number of hours in child care center, tobacco 
smoke exposure, season, number of children in household, breast-fed status, barotrauma 
challenges, OME laterality, hearing level, total duration of OME, age at first OM onset age of 
previous OME, number of previous OMEs, family history of OME, otitis prone (AOM), 
allergies, prior tubes, prior adenoidectomy, developmental delay, caregiver preference for 
treatment, caregiver education, examiner skill, examiner type, health care setting, monitoring 
time, monitoring frequency, monitoring personnel, and monitoring method. 
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 Furthermore, the type of study is an important consideration for the assessment of natural 
history.  A stratified random sample of a broad, well-defined population provides evidence of 
good generalizability, but may be restricted in the amount of clinical information on participants.  
A single (untreated) arm from a clinical trial will usually provide much more clinical evidence 
about OME, but this is usually assessed on a very selected group of children, making 
generalizing the results to the general population more difficult. For this evidence assessment we 
used only prospective cohort studies as these came closest to the ideal of enrolling a sample from 
a broad poulation.  
 The first step of the analysis was to obtain a distribution of studies stratified by the 5 
diagnostic groups (namely, OME persisting after a discrete episode of acute otitis media, newly 
diagnosed OME of unknown duration (unilateral or bilateral), OME persisting for weeks or 
months (unilateral or bilateral), unilateral OME lasting 3 months or longer, bilateral OME lasting 
3 months or longer), by type of outcome measures, and by non-treatment factors.  This 
stratification provided us with an overview of the emphasis of past research in this area and an 
opportunity to identify gaps and areas for future research.   
 Using the DerSimonian and Laird random effects model (DerSimonian and Laird 1986) to 
pool rates across studies, we performed a meta-analysis on strata with more than 3 studies for a 
pooled estimate of an outcome with 95% confidence intervals.  This method produces a 
summary measure by weighting each study's measure by the inverse of the sum of the within-
study variance and the between-study variance.  This approach allowed both sampling variation 
and between-study heterogeneity to affect the pooled estimate.   
 In addition to the pooled estimate, we reported the Q statistic and p-value for the Chi-squared 
test of heterogeneity, which tests the null hypothesis that the individual study results are 
homogeneous (Laird and Mosteller 1990).  

 
Effects of Early-Life OM on Long-Term Speech and Language 
Development 
 
 Question 2. Do infants and preschool children with longer duration of early-life OME as 
compared to those with shorter duration OME have greater delays in speech and language 
development (receptive or expressive) later in life?  One specific formulation of this question is: 
Is OME-associated conductive hearing loss in the first 3 years of life a risk factor for speech and 
language developmental delays?  What are the risk factors that interact with the effect of OME 
on speech and language development in infants and preschool children? 
 For the first part of the question, the outcome of interest was speech and language 
developmental delay and the risk factor of interest was OME-associated conductive hearing loss 
and/or long versus short duration of early-life OME.  For this question we included only 
comparative studies.  Further, since prospective comparative cohort studies provide better 
evidence than retrospective comparative cohort studies, we conducted our assessment using only 
prospective comparative cohort studies.  
 The risk factor of interest was whether a child had or did not have OME-associated 
conductive hearing loss in the first 3 years of life, or whether duration of OME during the first 
three years of life was long or short.  For this risk factor, we collected data on five related 
variables: hearing level, total duration of OME≥3 months, number of previous OMEs, duration 
of middle ear effusion (MEE), and repeated or persistent versus infrequent early-life OME.  The 
hearing level was used to determine whether a child had OME-associated conductive hearing 
loss in the first 3 years of life.  The total duration of OME greater or equal to 3 months was used 
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to define length of duration.  We used the repeated or persistent versus infrequent early-life 
OME to define the risk.  If a study did not classify the study subjects this way and (instead) 
reported data by number of previous OMEs and/or duration of MEE’s, we sought the advice of 
the technical experts to stratify the samples based on these variables. 
 The influencing factors of outcome included both treatment and non-treatment factors. Here 
we are using “influencing factors” as a general term including risk factors for OM and/or 
confounding factors for the dependent variables of interest.  The non-treatment factors included: 
age at first OM, gender, ethnicity/race, socioeconomic status, number of hours at a child care 
center, quality of child care, early intervention program, tobacco smoke exposure, number of 
children in household, breast-feeding status, OME laterality, allergies, developmental delay, OM 
complications, e.g. perforated TM, cholesteatoma, chronic illness of any type, caregiver 
education, quality of parent-child interaction, examiner skill, examiner type, health care setting, 
age at rechecks, frequency of rechecks, primary care provider, and type of equipment to measure 
hearing.  Treatment factors included any combination of the following: tympanostomy tubes, 
adenoidectomy, myringotomy, antibiotics, systemic steroids, decongestant, antihistamine, N-
acetyl-cysteine or others. 
 The outcome measures for this question related to speech and language developmental delay.  
These outcomes were measured by different instruments at different times, by different 
professionals, in different settings. In preparation for information synthesis, with the assistance 
of our speech and language technical expert, we classified the tests used in our final set of 
studies into the five outcome categories: expressive language, receptive language, expressive 
speech, receptive speech, and cognitive verbal intelligence. For analysis, we first stratified 
studies by the type of outcome measures, risk factor measures, and treatment or non-treatment 
risk factors.  For any comparison among 3 or more studies, we conducted a meta-analysis.  In 
each meta-analysis, we derived a pooled effect size defined as the proportion of standardized 
difference between the positive and negative otitis media groups.  We pooled across studies the 
standardized mean differences between the groups and divided by a pooled standard deviation.  
We used a random effects model (DerSimonian and Laird, 1986) and the Hedges estimate of the 
pooled standard deviation (Hedges and Olkin, 1985). We used Stata (StatCorp. Stata Statistical 
Software: Release 6.0. College Station, TX: Stata Corporation. 1999) for the analyses.  
 To answer the second part of the question: “What are the risk factors that interact with the 
effect of OME on speech and language development in infants and preschool children?,” we 
planned to conduct meta-regression analysis to identify the risk factors that contribute 
significantly to speech and language delays. For this analysis we would include both 
comparative and single cohort studies.  Many technical issues must be addressed to set up data 
appropriately for meta-regression analysis. Due to restriction of the time frame, this part of the 
question was not included in this assessment but should be an area of future research. 

 
Effects of Early-Life OM on Long-Term Hearing 
 
 Question 3. Do infants and preschool children with longer duration early-life OME as 
compared to those with shorter-duration OME have permanent (or sensorineural) hearing loss 
later in life?  One specific formulation of this question is the following: Is OME-associated 
conductive hearing loss in the first 3 years of life a risk factor for permanent (or sensorineural) 
hearing loss later in life?  What risk factors interact with the effect of OME on hearing loss later 
in life (unilateral or bilateral) in infants and preschool children?  
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 The analysis plan for Question 3 followed that for Question 2. In preparation for information 
synthesis, we sought the assistance of our audiology technical expert, to group the tests used in 
our final set of studies into homogeneous categories.    
 Our audiology expert advised that (1) an acoustic reflex at 500 or 1000 Hz were both 
acceptable for study, (2) the criterion for abnormal reflex threshold would depend on the study, 
whether ipsilateral or contralateral, and on the frequency used for testing, (3) the abnormal reflex 
criteria should be based on normative data, and (4) quantitative tympanometry should be 
classified as: 
 

a. Static Compensated Acoustic Admittance including: peak admittance, peak compensated   
admittance, peak compliance, static compliance, static admittance, and peak compliance. 

  
b. Tympanometric Gradient including: gradient, pressure gradient and tympanometric 

gradient (Madsen compliance was excluded because Madsen compliance units were 
arbitrary units and the  this instrument was from an era in which the units were not on a 
calibrated scale.) 

 
c. Tympanometric Width referring to terms containing the words width, referring to 

tympanometry. 
 
Diagnostic Methods for OME 
 
 Question 4.  What are the sensitivity, specificity, and predictive values for alternative 
methods of diagnosing OME compared with one of the reference standards?  
 The diagnostic methods to be assessed included: a) signs/symptoms, b) non-pneumatic 
otoscopy, c) pneumatic otoscopy, validated or unvalidated examiner, d) binaural (or bilateral) 
micro-tympanoscopy, e) portable tympanometer, f) professional tympanometer, g) quantitative 
tympanometry, h) acoustic reflectometry, i) otoacoustic emissions, and j) audiometry, air or. 
bone conduction thresholds.  The reference standards used to evaluate the accuracy of the 
diagnostic methods included: a) tympanocentesis, sedated or non-sedated, b) MRI, c) 
myringotomy, sedated or non-sedated, d) validated pneumatic otoscopy, and e) CT Scan.  
 Diagnostic methods based on algorithms, combinations of methods, or combination of 
scores, were not within the scope of this report because the sources of variation of such 
combinational methods would be difficult to detect in published articles and the analysis of them 
would not be feasible within our timeframe.  Also excluded were studies where the experimental 
diagnostic test and the reference standard test were performed more than 24 hours apart.  
 Our strategy for evaluating the diagnostic value of a procedure was to derive pooled 
estimates for sensitivity, specificity, and prevalence rate for each diagnostic procedure and 
reference standard with 3 or more comparison studies.   We used the DerSimonian and Laird 
random effects model (DerSimonian and Laird 1986) to derive random effects estimates and 
95% confidence intervals. We also pooled the prevalence rates to determine the heterogeneity of 
the study populations.   Using the pooled estimates, we plotted the performance of each 
diagnostic test in terms of sensitivity and (1-specificity) and identified the best performer among 
the tests included in the comparison.  We then derived the positive and negative predictive 
values for the best diagnostic test for various prevalence levels. 
 To prepare for a meta-analysis for each comparison, we abstracted data from the evidence 
table; one meta-analysis was performed for sensitivity and specificity,. The following data 
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elements were entered into the SAS program to be converted into a SAS data set: study ID 
number, author and year of publication, number of adverse outcomes in the experimental group, 
total number of patients in the experimental group, number of adverse outcomes in the control 
group, and total number of patients in the control group.   We used a SAS macro software 
program developed by RAND statistical staff to perform all meta-analyses and used the beta-test 
version of the software package “MetaGraphs” (1998, Belmont Research, Inc. 84 Sherman 
Street, Cambridge, MA 02140) for graphing. 
 The following statistics were generated from the SAS macro program: (a) study-level 
statistics (incidence rate, relative risk, risk difference, number needed to treat (NNT), odds ratio, 
and their 95 percent confidence intervals); (b) crude estimates and their 95 percent confidence 
intervals for all studies combined; (c) fixed effects estimates and their 95 percent confidence 
intervals for all studies combined; (d) random effects estimates and their 95 percent confidence 
intervals based on the DerSimonian and Laird method for pooling study results, and Chi-squared 
test of homogeneity; (e) weight for each study for both the fixed effects model and random 
effects model used to calculate of risk difference and relative risk.  
 To use MetaGraph for graphing, we entered the data into ASCII files using the UltraEdit-32 
software.  Funnel plots were produced for the purpose of screening possible publication bias, and 
the shrinkage plots were generated to display the effect size of each study and compare it against 
the overall model estimate, together with the 95 percent confidence limits.  We evaluated the 
funnel plots graphically for asymmetry that resulted from the non-publication of small, negative 
studies.  Because graphical evaluation can be subjective, we also conducted an adjusted rank 
correlation test (Begg, 1999) and a regression asymmetry test (Egger, Smith, Schneider et al., 
1997) as formal statistical tests for publication bias.  We conducted these tests in the statistical 
package Stata (StataCorp. 1999). 

 
Identification of Peer Reviewers 
 
 At the beginning of the project, we requested nominations for technical experts and peer 
reviewers from 12 organizations.  A total of 18 nominations were received for the Peer Review 
Panel.  Experts in systematic reviews and meta-analysis were selected from a pool of experts 
associated with the Southern California Evidence-Based Practice Center but not involved with 
this project.  The Project Staff, in consultation with the Task Order Officer, determined the 
relative mix of reviewers across the three domains (methodology, user, and clinical).  In addition 
to domestic experts, we identified four European experts to serve as peer reviewers.  The Peer 
Review Panel (Table 15) was composed of 18 members including family physicians, 
pediatricians, otolaryngologists, audiologists, speech-language pathologists, nurse practitioners, 
health planners, consumers, systematic review methodologists, statisticians, and non-U.S. 
experts in otitis media.    

  
Peer Review Process 
 
 A copy of the draft evidence report was mailed to each peer reviewer on the panel, along 
with an instruction sheet (Table 16) for reviewing the draft evidence report.  The Peer Review 
Panel was asked to respond within three weeks. Seventeen of the 18 peer reviewers responded 
with comments.  A copy of the draft evidence report was also mailed to the members of the 
Technical Expert Panel and all technical experts responded with comments.  Upon receipt of all 
responses from the peer reviewers and technical experts, the project staff compiled a summary of 
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the comments and changes and revised the draft evidence report.  We forwarded all comments to 
the Task Order Officer for review.  The peer reviewers’ and technical experts’ comments are 
included in Appendix I, together with the corresponding responses or actions taken by project 
staff. 
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