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A BS TR AC T

BACKGROUND

Developmental impairments in children have been attributed to persistent middle-ear 
effusion in their early years of life. Previously, we reported that among children young-
er than 3 years of age with persistent middle-ear effusion, prompt as compared with 
delayed insertion of tympanostomy tubes did not result in improved cognitive, lan-
guage, speech, or psychosocial development at 3, 4, or 6 years of age. However, other 
important components of development could not be assessed until the children were 
older.

METHODS

We enrolled 6350 infants soon after birth and evaluated them regularly for middle-
ear effusion. Before 3 years of age, 429 children with persistent effusion were ran-
domly assigned to undergo the insertion of tympanostomy tubes either promptly or 
up to 9 months later if effusion persisted. We assessed literacy, attention, social skills, 
and academic achievement in 391 of these children at 9 to 11 years of age.

RESULTS

Mean (±SD) scores on 48 developmental measures in the group of children who were 
assigned to undergo early insertion of tympanostomy tubes did not differ significantly 
from the scores in the group that was assigned to undergo delayed insertion. These 
measures included the Passage Comprehension subtest of the Woodcock Reading 
Mastery Tests (mean score, 98±12 in the early-treatment group and 99±12 in the de-
layed-treatment group); the Spelling, Writing Samples, and Calculation subtests of 
the Woodcock–Johnson III Tests of Achievement (96±13 and 97±16; 104±14 and 
105±15; and 99±13 and 99±13, respectively); and inattention ratings on visual and 
auditory continuous performance tests.

CONCLUSIONS

In otherwise healthy young children who have persistent middle-ear effusion, as 
defined in our study, prompt insertion of tympanostomy tubes does not improve 
developmental outcomes up to 9 to 11 years of age. (ClinicalTrials.gov number, 
NCT00365092.)
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During the past four decades, in-
vestigators have reported that conductive 
hearing loss associated with persistent oti-

tis media in young children can result in long-term 
impairment of their development.1,2 To prevent 
or minimize developmental impairment, official 
guidelines have until recently recommended that 
young children in whom middle-ear effusion has 
persisted for as long as 3 months3 or 4 months4 
undergo myringotomy with insertion of tympanos-
tomy tubes in order to clear the effusion and re-
store hearing acuity to a normal level.

In 1991, because evidence regarding the devel-
opmental effects of otitis media early in life was 
inconclusive,2 and because of the lack of evidence 
that insertion of tympanostomy tubes in children 
with persistent middle-ear effusion affects their 
development favorably, we began a study to ad-
dress those issues. Previously, we reported that 
prompt as compared with delayed insertion of 
tympanostomy tubes before 3 years of age in study 
participants who had persistent effusion did not 
have a favorable effect on their cognitive, language, 
speech, or psychosocial development at 3, 4, or 
6 years of age5-7; on their phonological memory at 
4 or 6 years of age6,7; or on their auditory process-
ing skills at 6 years of age.7 However, it remained 
uncertain whether developmental effects that were 
not present or could not be measured reliably by 
6 years of age might emerge or become discern-
ible as the children grew older. Of particular in-
terest were domains of development previously 
reported by others to be unfavorably affected by 
persistent otitis media early in life — literacy,8-11 
attention,11-16 and academic achievement.14,17 

On what basis might adverse outcomes in those 
domains be expected? To develop literacy, children 
must learn to isolate phonemes within words and 
match them to letter sounds to form representa-
tions of written words, tasks that may require 
finer discrimination among speech sounds than 
does the development of oral language. Accord-
ingly, it seems possible that children who had 
prolonged periods of hearing loss early in life but 
whose oral language development remained un-
affected would nonetheless encounter difficulty 
later with reading or spelling. That difficulty 
might contribute to other learning difficulties, and 
those in turn, to problems in behavior. Similarly, 
if children had been receiving decreased, distort-
ed, or inconsistent auditory signals when they were 
younger, they might have tuned out sound and 

become inattentive and distractible, and these ef-
fects might first come into play in the classroom 
and first be measurable objectively as the children 
grew older. Finally, both learning difficulties and 
impaired attention would be likely to limit chil-
dren’s academic achievement. We describe here our 
findings concerning literacy, auditory processing, 
attention, behavior, social skills, and academic 
achievement in the children in our study at 9 to 
11 years of age.

Me thods

General Procedures

Our study included two main components. In one 
component, children with persistent middle-ear 
effusion were randomly assigned to undergo either 
prompt insertion of tympanostomy tubes or de-
layed insertion if the effusion persisted. In the oth-
er component, we examined the relationship be-
tween the cumulative duration of effusion and later 
developmental outcomes in a subgroup of children 
who did not meet the randomization criteria re-
garding the persistence of effusion. We have de-
scribed the study procedures in detail previous-
ly.2,5‑7 From June 1991 through December 1995, 
we enrolled 6350 healthy infants who were 2 to 
61 days of age at Children’s Hospital of Pittsburgh, 
Mercy Hospital of Pittsburgh, and six pediatric 
group practices in the Pittsburgh area. The study 
was limited to children whose only household lan-
guage was English. The study was approved by the 
review boards of the two hospitals, and we ob-
tained written informed consent from one or both 
parents or guardians of each enrolled infant. 

We monitored the children’s middle-ear status 
until they were 3 years of age. We used the term 
“middle-ear effusion” to encompass all types of 
otitis media, including acute otitis media and tube 
otorrhea. We estimated the duration of episodes 
of effusion on the basis of diagnoses made at hos-
pital or office visits and interpolations for inter-
vals between visits, and we conducted audiomet-
ric testing frequently. Hearing was abnormal in 
approximately half the children with unilateral 
effusion and in approximately three quarters of 
those with bilateral effusion.5

Eligibility Criteria for Randomization

Children were eligible to participate in the clinical 
trial if, between the ages of 2 months and 3 years, 
they had middle-ear effusion that persisted for 90 
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days in the case of bilateral effusion or 135 days in 
the case of unilateral effusion. Children with in-
termittent effusion for a specified proportion of 
a longer period were also eligible, as described pre-
viously.5 For example, children were eligible if they 
had had bilateral effusion for at least 67% of the 
preceding 180-day period or unilateral effusion 
for at least 67% of the preceding 270-day period. 
A total of 429 children who met one of these crite-
ria and whose parents or guardians gave written 
informed consent were stratified according to prac-
tice site, age (in 6-month categories), and wheth-
er the children met the eligibility criteria on the 
basis of bilateral or unilateral effusion. They were 
then assigned randomly, within those strata and 
in balanced blocks of four children, to undergo in-
sertion of tympanostomy tubes either promptly 
(the early-treatment group) or 6 months later if bi-
lateral effusion persisted or 9 months later if uni-
lateral effusion persisted (the delayed-treatment 
group). Children for whom consent for randomiza-
tion was not obtained were treated according to 
parental choice and followed for the duration of the 
study. During the first 12 months after random-
ization, 45% of the children in the delayed-treat-
ment group had middle-ear effusion for more than 
50% of the days, as compared with 14% of the chil-
dren in the early-treatment group.5

Subgroup of Children Who were Not eligible 
for Randomization

We randomly selected a subgroup of 241 children 
to represent the demographic characteristics of the 
study population as a whole and to represent the 
spectrum of children ranging from those with no 
middle-ear effusion to those with a duration of ef-
fusion that fell just short of meeting the criteria 
for randomization. Our objective was to assess the 
correlations between the duration of effusion in 
these children and their outcomes and to compare 
their outcomes with those of the children who un-
derwent randomization. In this subgroup of chil-
dren, the estimated cumulative duration of middle-
ear effusion (unilateral and bilateral combined) 
ranged from no effusion to 66% of the first year 
of life and to 45% of the first 3 years of life.2

Developmental Tests and Procedures

We assessed development in the children at the ear-
liest mutually convenient date between their 9th 
and 12th birthdays and, if possible, when their 
hearing-level thresholds were 15 dB or less in each 

ear at 1000, 2000, and 4000 Hz. Assessments were 
conducted in a specified order.

We used the following measures to assess lit-
eracy: the Woodcock Reading Mastery Tests — 
Revised, normative updated version,18 for reading 
progress; the number of words in a grade-level 
passage read correctly in 1 minute for oral-reading 
fluency19,20; and the Spelling and Writing Samples 
subtests of the Woodcock–Johnson III Tests of 
Achievement, Standard Battery,21 for writing skills. 
To assess phonological awareness, we used the 
Elision and Rapid Letter Naming subtests of the 
Comprehensive Test of Phonological Processing,22 
and to assess auditory processing ability, the chil-
dren’s version of the Hearing in Noise Test.23,24 
To assess attention, impulsivity, and psychosocial 
function, we used the Disruptive Behavior Disor-
ders Rating Scale,25 the Child Behavior Checklist,26 
the Impairment Rating Scales,27 and the Social 
Skills Scale of the Social Skills Rating System,28 
each completed separately by parents and teachers, 
and computer-based visual and auditory continu-
ous performance tests.29,30 To assess intelligence 
and academic achievement, we used the Wechsler 
Abbreviated Scale of Intelligence31 and the Calcu-
lation subtest of the Woodcock–Johnson III Tests 
of Achievement, Standard Battery.21 The individ-
ual assessments are described briefly in Table 1. 
The examiners and analysts were unaware of the 
children’s medical histories and treatment-group 
assignments.

Statistical Analysis

We calculated the duration of middle-ear effusion 
in children beginning from the age of 2 months. 
In the randomized clinical trial, to detect differ-
ences of 0.33 SD or greater on any outcome mea-
sure with a statistical power of 80%, we calculated 
that we would need to enroll 182 children in each 
group. Analyses were performed according to the 
intention-to-treat principle. In the subgroup of 
children who were not eligible for randomization, 
the sample of 241 children was sufficient to detect 
correlations of 0.25, at a power of 91%, between 
scores on developmental tests and the estimated 
cumulative proportion of days with middle-ear ef-
fusion. Because correlations involving days with 
bilateral effusion differed little from correlations 
involving total days with effusion (i.e., bilateral plus 
unilateral), the reported results are for total days 
with any effusion.

All scoring of tests and data entries were dou-
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Table 1. Developmental Tests and Procedures.

Assessment Description

Woodcock Reading Mastery Tests —  
Revised, normative updated version

Word Identification subtest The child identifies words in isolation.
Word Attack subtest The child applies phonic and structural analysis to pronounce pseudowords.
Passage Comprehension subtest The child silently reads one or two sentences with a missing word indicated by a blank 

space and supplies a word that makes sense.
Oral reading fluency test The number of words in each of three grade-level passages that a child reads correctly in  

1 minute is recorded. The median of the three values is the child’s score.
Woodcock-Johnson III Tests of Achievement, 

Standard Battery
Spelling subtest The child spells words from dictation and uses appropriate capitalization and syntax, appropri-

ate plural forms, comparatives, and superlatives.
Writing Samples subtest The child responds to a brief prompt; items begin with one-word responses and progress 

to complete sentences of increasing complexity.
Comprehensive Test of Phonological Processing

Elision subtest The examiner asks the child to say a word (e.g., “Say ‘farm’ ”), and after the child repeats 
the word, he or she is asked to say the word again without a specific phoneme (e.g., 
“Now say ‘farm’ without saying /f/”). A total of 20 such tasks are presented.

Rapid Letter Naming subtest The child is asked to name letters that are randomly arranged on a page, and the examiner 
records the number of seconds required for the child to name all the letters.

Hearing in Noise Test (children’s version) The child repeats a series of seven sentences, one sentence at a time, in a quiet environment 
and with competing noise at a steady loudness of 65 dB presented by means of a speaker 
from the front at 0 degrees, from the right at 90 degrees, and from the left at 90 degrees. 
For each condition, a separate series of sentences is used, and each sentence is presented 
at increasing levels of loudness until the child can hear and repeat it. For each competing-
noise condition, the score is the value obtained by subtracting 65 dB from the average 
loudness in decibels.

Disruptive Behavior Disorder Rating Scale A parent and a teacher independently rate the child on 43 items consisting of symptoms of 
attention deficit–hyperactivity disorder, oppositional defiant disorder, and conduct dis-
order.

Child Behavior Checklist A parent and a teacher independently rate the child’s overall behavioral and emotional 
problems by responding to 120 items and scoring each statement as “not true,” “some-
what or sometimes true,” or “very true or often true.” The  results are organized into eight 
specific scales: Withdrawn, Somatic Complaints, Anxious/Depressed, Social Problems, 
Thought Problems, Attention Problems, Delinquent Behavior, and Aggressive Behavior.

Impairment Rating Scales With the use of visual-analogue scales, a parent and a teacher independently rate the 
child’s relationships with parents, peers, siblings, and teachers; the effect of any prob-
lems on the family; classroom behavior; academic functioning; self-esteem; and overall 
functioning by marking an “X” on a line. The line for each domain is divided into seven 
equal parts, and numerical scores (0–6) are assigned to the parent’s and the teacher’s 
ratings. Ratings for the individual items correlate highly with ratings for overall func-
tioning.

Social Skills Scale of the Social Skills  
Rating System

A parent and a teacher independently rate the child on Cooperation, Assertion, and Self-
Control, and the parent also rates the child on Responsibility. Items are rated according 
to perceived frequency (never, sometimes, very often).

Continuous Performance Test Accuracy, reaction time, inattention, and impulsivity are measured. Scores reflect the num-
bers of errors of omission and of commission.

Visual The child watches a computer screen that displays a series of letters. The child presses the 
space bar on the keyboard when the target letter is preceded by the valid cue, and not 
under any other circumstances.

Auditory The child presses the space bar when he or she hears “X” preceded by “A,” and not under 
any other circumstances.

Wechsler Abbreviated Scale of Intelligence
Vocabulary, Block Design, Picture 

Arrangement, and Similarities subtests
For each subtest, the number of correct responses is calculated.

Woodcock–Johnson III Tests of Achievement, 
Standard Battery

Calculation subtest The child writes single numbers and adds, subtracts, multiplies, divides, and performs 
combinations of these basic operations.
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33p9

429 Underwent randomization
159 Consent withheld

by parents or guardians

588 Eligible for
randomization

5762 Ineligible for
randomization

6350 Children enrolled

112 Followed to ≥3 yr of age
241 (Representative subgroup)

followed to ≥3 yr of age

216 Assigned to early
treatment

213 Assigned to delayed
treatment

211 Followed to ≥3 yr of age 198 Followed to ≥3 yr of age

241 Underwent developmental
testing at 3 yr of age

105 Underwent developmental
testing at 3 yr of age

196 Underwent developmental
testing at 3 yr of age

206 Underwent developmental
testing at 3 yr of age

234 Underwent developmen-
tal testing at 4 yr of age

101 Underwent developmen-
tal testing at 4 yr of age

193 Underwent developmen-
tal testing at 4 yr of age

204 Underwent developmen-
tal testing at 4 yr of age

233 Underwent developmen-
tal testing at 6 yr of age

101 Underwent developmental
testing at 6 yr of age

194 Underwent developmental
testing at 6 yr of age

201 Underwent developmental
testing at 6 yr of age

223 Underwent developmen-
tal testing at 9 to 11 yr of age

127 Underwent developmental
testing at 9 to 11 yr of age

196 Underwent developmental
testing at 9 to 11 yr of age

195 Underwent developmental
testing at 9 to 11 yr of age

Tympanostomy tubes inserted:
56 within 30 days after

randomization
122 within 60 days after

randomization
148 within 180 days after

randomization
152 by 3 yr of age
156 by 4 yr of age
158 by 6 yr of age
164 by 9–11 yr of age
31 had not received tubes

by 9–11 yr of age     

Tympanostomy tubes inserted:
4 within 30 days after

randomization
9 within 60 days after

randomization
22 within 180 days after

randomization
65 by 3 yr of age
75 by 4 yr of age
79 by 6 yr of age
88 by 9–11 yr of age

108 had not received tubes
by 9–11 yr of age

Tympanostomy tubes inserted:
19 by 3 yr of age
22 by 4 yr of age
25 by 6 yr of age
28 by 9–11 yr of age
99 had not received tubes

by 9–11 yr of age

Tympanostomy tubes inserted:
5 by 3 yr of age
5 by 4 yr of age
6 by 6 yr of age
8 by 9–11 yr of age

215 had not received tubes
by 9–11 yr of age
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Figure 1. Enrollment, Randomization, and Follow-up of the Children and the Time of Insertion of Tympanostomy Tubes.

Forty-two of the children who returned for developmental evaluation at the age of 9 to 11 years — 3 in the early-
treatment group of the randomized clinical trial, 11 in the delayed-treatment group, and 28 in the group for whom 
consent for randomization was withheld — were lost to follow-up before the age of 3 years or did not undergo one 
or more of the scheduled evaluations at 3, 4, and 6 years of age.
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