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Abstract

BACKGROUND—Official recommendations differ regarding tympanostomy-tube placement for
children with recurrent acute otitis media.

METHODS—We randomly assigned children 6 to 35 months of age who had had at least three
episodes of acute otitis media within 6 months, or at least four episodes within 12 months with at
least one episode within the preceding 6 months, to either undergo tympanostomy-tube placement
or receive medical management involving episodic antimicrobial treatment. The primary outcome
was the mean number of episodes of acute otitis media per child-year (rate) during a 2-year period.

RESULTS—In our main, intention-to-treat analysis, the rate (+SE) of episodes of acute otitis
media per child-year during a 2-year period was 1.48+0.08 in the tympanostomy-tube group

and 1.56+0.08 in the medical-management group (P = 0.66). Because 10% of the children

in the tympanostomy-tube group did not undergo tympanostomy-tube placement and 16% of

the children in the medical-management group underwent tympanostomy-tube placement at
parental request, we conducted a per-protocol analysis, which gave corresponding episode rates of
1.47+0.08 and 1.72+0.11, respectively. Among secondary outcomes in the main analysis, results
were mixed. Favoring tympanostomy-tube placement were the time to a first episode of acute otitis
media, various episode-related clinical findings, and the percentage of children meeting specified
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criteria for treatment failure. Favoring medical management was children’s cumulative number of
days with otorrhea. Outcomes that did not show substantial differences included the frequency
distribution of episodes of acute otitis media, the percentage of episodes considered to be severe,
and antimicrobial resistance among respiratory isolates. Trial-related adverse events were limited
to those included among the secondary outcomes of the trial.

CONCLUSIONS—Among children 6 to 35 months of age with recurrent acute otitis media,

the rate of episodes of acute otitis media during a 2-year period was not significantly lower

with tympanostomy-tube placement than with medical management. (Funded by the National
Institute on Deafness and Other Communication Disorders and others; ClinicalTrials.gov number,
NCT02567825.)

NEXT TO THE COMMON COLD, ACUTE otitis media is the most frequently diagnosed
illness in children in the United States. Caused predominantly by Streptococcus pneumoniae
and nontypeable Haemophilus influenzae, acute otitis media is also the leading indication
for antimicrobial treatment in children. Recurrent acute otitis media — conventionally
defined as at least three episodes in 6 months, or at least four episodes in 12 months

with at least one episode within the preceding 6 months? — is the principal indication for
tympanostomy-tube placement, the most frequently performed operation in children after the
newborn period.3 In 2006, the most recent year with available data, 667,000 U.S. children
younger than 15 (and mainly younger than 3) years of age underwent tympanostomy-tube
placement.

Supporting the performance of tympanostomy-tube placement for recurrent acute otitis
media has been the commonplace observation, after surgery, of acute otitis media—

free periods of varying duration. Counterbalancing this view have been the cost of
tympanostomy-tube placement; risks and possible late sequelae of anesthesia in young
children?; the possible occurrence of refractory tube otorrhea, tube blockage, premature
extrusion, or dislocation of the tube into the middle-ear cavity; various structural tympanic-
membrane sequelae®’; and the possible development of mild conductive hearing loss.”
Finally, tempering support for surgery is the progressive reduction in the incidence of acute
otitis media that usually accompanies a child’s increasing age.

Previous trials of tympanostomy-tube placement for recurrent acute otitis media, most
conducted before the introduction of pneumococcal conjugate vaccine, have given mixed
results and were limited, variously, by small sample size, uncertain validity of diagnoses

of acute otitis media determining trial eligibility, short periods of follow-up, and

substantial attrition of participants.8-11 Official recommendations regarding tympanostomy-
tube placement for children with recurrent acute otitis media differ — an otolaryngologic
guideline recommends the procedure for children with recurrent acute otitis media, provided
that middle-ear effusion is present in at least one earl2; a contemporaneous pediatric
guideline discusses tympanostomy-tube placement as an “option [that] clinicians may
offer.”2 Given these uncertainties, we undertook the present trial involving children 6 to

35 months of age who had a history of recurrent acute otitis media? to determine whether
tympanostomy-tube placement, as compared with medical management (comprising
episodic antimicrobial treatment, with the option of tympanostomy-tube placement in the
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event of treatment failure, as defined below), would result in a greater reduction in the
children’s rate of recurrence of acute otitis media during the ensuing 2-year period.

NG AND ORGANIZATION

We conducted this trial between December 2015 and March 2020 at UPMC Children’s
Hospital of Pittsburgh and affiliated practices; Children’s National Medical Center in
Washington, D.C.; and Kentucky Pediatric and Adult Research in Bardstown, Kentucky.
The protocol, available with the full text of this article at NEJM.org, was approved by the
institutional review board at each site; written informed consent was obtained from a parent
of each enrolled child.

The authors vouch for the completeness and accuracy of the data. The trial entailed no
agreements with outside entities. All the authors attest that the trial was performed in
accordance with the final versions of the protocol and the statistical analysis plan (available
with the protocol).

PARTICIPANTS

Children 6 to 35 months of age were eligible to participate if they met specified criteria

for having had recurrent acute otitis media, as described above,? and provided that at least
one of the qualifying episodes of acute otitis media had been confirmed by a trial clinician.
After the children’s enrollment, to authenticate episodes of acute otitis media evaluated by
trial clinicians, we required a history of acute symptoms that parents rated with a score of

2 or higher on the five-item Acute Otitis Media Severity of Symptom (AOM-SOS) scale,
version 4.0 (with scores ranging from 0 to 10 and higher scores indicating greater severity
of symptoms),13 and the presence of either middle-ear effusion with specified combinations
of otalgia, tympanic-membrane bulging, and tympanic-membrane erythema or purulent
otorrhea. For episodes managed by nontrial clinicians, we required documentation of at
least one AOM-SOS scale symptom and findings of either tympanic-membrane bulging or
purulent otorrhea. We excluded children who had undergone tympanostomy-tube placement,
adenoidectomy, or tonsillectomy or who had a chronic illness, a congenital anomaly that
increased the risk of otitis media (e.g., cleft palate), otitis media with effusion in both ears of
at least 3 months’ duration, or sensorineural hearing loss.

RANDOMIZATION

We stratified children according to age (6 to 11 months, 12 to 23 months, or 24 to 35
months) and according to their exposure or nonexposure to at least three children for at least
10 hours per week. At each trial site, within each stratum, we randomly assigned children

in blocks of four to either undergo tympanostomy-tube placement or receive nonsurgical
medical management, with the option of tympanostomy-tube placement in the event of
treatment failure. Assignments were conducted at a University of Pittsburgh data center and
were revealed after enrollment, owing to the impossibility of blinding. Tympanostomy-tube
placement was usually performed within 2 weeks; Teflon Armstrong-type tympanostomy
tubes were inserted in both ears.’
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After randomization, we scheduled children’s assessments at 8-week intervals. We asked
parents to bring children for evaluation if the children had any respiratory symptoms for at
least 5 days and to bring children within 48 hours if they had any symptom suggestive of
acute otitis media or had received a diagnosis of acute otitis media at a nontrial site.

EXAMINATION AND ASSESSMENT

Assessments were conducted by trial clinicians who had successfully completed an
otoscopic validation program.14 We categorized episodes of acute otitis media as probably
severe or probably nonsevere on the basis of parents’ reports, as described below.215 When
episodes occurred, we obtained a nasopharyngeal specimen (or in children older than 24
months of age, a throat swab) for culture. We provided parents a text link to an electronic
diary to record on a daily basis their child’s symptoms as specified in the AOM-SOS scale
and also any instance of protocol-defined diarrhea (=3 watery stools on 1 day or =2 watery
stools on 2 consecutive days) or of diaper dermatitis resulting in topical antifungal treatment.
We counted a span of illness as constituting two discrete episodes of acute otitis media if
symptoms and signs persisted for or recurred at least 17 days after the start of antimicrobial
treatment.16

At each visit, we recorded all use of other health care resources. Periodically at nonillness
visits, we obtained nasopharyngeal or throat specimens for culture. We also completed

the Otitis Media—6 Survey,1” which assesses children’s quality of life, and the Caregiver
Impact Questionnaire, which assesses the effect of children’s illness on parents!® (see the
Supplementary Appendix, available at NEJM.org). At the end-of-trial visit, we asked parents
to score their level of satisfaction with their child’s treatment assignment.

TREATMENT

In children with tympanostomy tubes in place, the occurrence of otorrhea accompanied by
at least one AOM-SOS scale symptom (except immediately postoperatively) was considered
to be indicative of acute infection. In those children, we obtained a specimen for culture
from the tube lumen when possible and treated the children with 5 drops of 0.3% ofloxacin
(Floxin) ototopically twice daily for 10 days. When otorrhea persisted beyond 7 days,

we prescribed amoxicillin—clavulanate, as described below for children in the medical-
management group, followed on occasion by alternative, culture-directed antimicrobial
treatment. Tubes that were extruded within 6 months were replaced if the child subsequently
had at least two episodes of acute otitis media within 3 months; beyond 6 months, tubes
were reinserted if, after extrusion, episodes recurred at a rate sufficient to be characterized as
recurrent acute otitis media.

Children in the medical-management group who had episodes of acute otitis media were
treated with oral amoxicillin—clavulanate at a dose of 90 mg of amoxicillin and 6.4 mg of
clavulanate per kilogram of body weight per day for 10 days. When response appeared to be
inadequate, children received ceftriaxone at a dose of 75 mg per kilogram intramuscularly,
repeated in 48 hours.
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OUTCOME MEASURES

All outcome measures were prespecified. The primary measure was the mean number of
episodes of acute otitis media per child-year (rate) during the 2-year follow-up period.
Secondary measures were the percentage of children who had treatment failure, as defined
below; the time to a first episode of acute otitis media; the frequency distribution

of episodes; the percentage of episodes categorized as probably severe?15; cumulative
days per year with tube otorrhea, other symptoms of acute otitis media, or receipt of
systemic antimicrobial treatment; the occurrence of protocol-defined diarrhea or of diaper
dermatitis; antimicrobial resistance in nasopharyngeal and throat isolates obtained during
follow-up; assessments of acute otitis media—related child and parent quality of life; parental
satisfaction with the treatment assignment; and the use of other medical and nonmedical
resources.

TREATMENT FAILURE

We defined treatment failure as the development of any of the following: in children in the
medical-management group, recurrences of acute otitis media at the frequency originally
required for trial entry, thereby resulting in referral for tympanostomy-tube placement,

or receipt of tympanostomy-tube placement at parental request; and in all children, long
cumulative periods of systemic antimicrobial treatment, persistent otorrhea, otitis media
with effusion, tympanic-membrane perforation, or antimicrobial-associated protocol-defined
diarrhea; acute otitis media—related hospitalization; or an untoward reaction to anesthesia.
(Details are provided in the final version of the protocol.)

STATISTICAL ANALYSIS

We estimated that enrolling 240 children would permit detection of a 33% lower rate

of episodes of acute otitis media in the tympanostomy-tube group than in the medical-
management group with a two-sided significance level of 0.05 and a power of at least
90%, assuming a mean rate of 1.5 episodes per year in the medical-management group
and 25% attrition. The main analysis was based on the intention-to-treat principle. As
described below, we also conducted a per-protocol analysis; in this analysis, from the

start we excluded children assigned to undergo tympanostomy-tube placement who never
underwent surgery, and subsequently for children in the medical-management group who
for any reason underwent tympanostomy-tube placement, we censored data from that point
forward. All analyses used two-sided tests and, where appropriate, included adjustment for
trial site and stratification variables.

We used the chi-square test for comparisons regarding baseline characteristics of the
children; generalized linear models to compare rates of occurrence of acute otitis media,

to test for interactions between main effects, and to conduct analyses of treatment failure,
side effects, and bacterial colonization; and one minus Kaplan—Meier survival estimates to
plot the percentages of children who had an initial recurrence of acute otitis media over
time. We used the Cox proportional-hazards model to compare hazard functions; generalized
estimating equations to compare characteristics of episodes of acute otitis media, the use

of medical and nonmedical resources, and antimicrobial resistance; and mixed models for
analysis of days with specific outcomes over time, with weighting according to the length
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of follow-up, and for comparisons regarding responses on the Otitis Media—6 Survey and
Caregiver Impact Questionnaire. To address missing data, we used multiple imputation

for the primary outcome and performed sensitivity analyses for secondary outcomes. We
conducted one interim analysis for efficacy after 120 children had completed follow-up; we
conducted testing at two-sided significance levels of 0.005 and 0.048 at the interim and final
analyses, respectively.

TRIAL POPULATION

We screened 1329 children and enrolled 250. All the children had received pneumococcal
conjugate vaccine. Of the 250 children, 229 (92%) completed 1 year of follow-up and
208 (83%) completed 2 years of follow-up; the median duration was 1.96 years in each
treatment group. Of 129 children assigned to the tympanostomy-tube group, 13 (10%) did
not undergo tympanostomy-tube placement; of 121 assigned to the medical-management
group, 54 eventually underwent tympanostomy-tube placement — 35 (29%) according to
the trial protocol because of frequent recurrences of acute otitis media and 19 (16%) at
parental request (Fig. 1). Selected sociodemographic and clinical characteristics of the
enrolled children are shown in Table 1.

PRIMARY AND SECONDARY OUTCOMES

Most results that are presented in this report derive from the main, intention-to-treat
analysis. Because 32 children had deviations from the trial protocol and 35 children in

the medical-management group underwent protocol-directed tympanostomy-tube placement,
we undertook an additional, per-protocol analysis for all outcomes. We report here only key
results from that analysis.

Tables 2 and 3 and Figure 2 summarize findings with respect to the primary and secondary
outcomes of the trial. The rate (xSE) of occurrence of acute otitis media per child-year
during the 2-year follow-up period (primary outcome measure) was 1.48+0.08 in the
tympanostomy-tube group and 1.56+0.08 in the medical-management group (risk ratio,
0.97; 95% confidence interval [CI], 0.84 to 1.12; P = 0.66). In the per-protocol analysis,
corresponding rates were 1.47+0.08 and 1.72+0.11, respectively (risk ratio, 0.82; 95% ClI,
0.69 to 0.97).

In each treatment group, the rate of occurrence of acute otitis media during the first follow-
up year was approximately twice the rate during the second year. In the trial population
overall, the rate among children 6 to 11 months of age at enrollment was 2.63 (95% ClI,

1.79 to 3.88) times the rate among those 24 to 35 months of age at enroliment, and the rate
among children 12 to 23 months of age at enrollment was 1.80 (95% ClI, 1.22 to 2.63) times
the rate among the older children (P<0.001 for the overall comparison). Rates appeared to be
unrelated to the initial estimates of children’s risk of recurrences of acute otitis media (risk
ratio, 1.15; 95% ClI, 0.99 to 1.33), their degree of exposure to other children (risk ratio, 1.00;
95% ClI, 0.82 to 1.20), or whether they had otitis media with effusion at trial entry (risk ratio,
0.98; 95% Cl, 0.84 to 1.14) (data not shown).
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Certain secondary outcome measures — namely, the occurrence of otorrhea, protocol-
defined diarrhea, and medication-related diaper dermatitis — were also considered to

be adverse events (Table 3). No substantial differences were apparent between treatment
groups regarding the frequency distribution of episodes of acute otitis media, the percentage
of episodes categorized as probably severe, the percentage of children who had protocol-
defined diarrhea or medication-related diaper dermatitis, the extent of antimicrobial
resistance among pathogens isolated from the nasopharynx or throat in the course of follow-
up, measures of children’s quality of life and of the effect of children’s illness on parents,
the use of medical and nonmedical resources, or parental satisfaction with the treatment
assignment.

Among other secondary outcomes, the median time to a first occurrence of acute otitis
media was longer in the tympanostomy-tube group than in the medical-management group
(4.34 months vs. 2.33 months; hazard ratio, 0.68; 95% CI, 0.52 to 0.90) (Fig. 2). A smaller
percentage of children in the tympanostomy-tube group than in the medical-management
group met the criteria for treatment failure (45% vs. 62%; risk ratio, 0.73; 95% ClI, 0.58

to 0.92), a difference largely attributable to receipt of tympanostomy-tube placement at
parental request by the 19 children in the medical-management group in whom the episode-
frequency criterion for treatment failure was not met. Children in the tympanostomy-tube
group also had fewer days per year with otitis-related symptoms other than tube otorrhea
than those in the medical-management group (mean, 2.00+0.29 days vs. 8.33+0.59 days),
and they received systemic antimicrobial treatment for fewer days per year (mean, 8.76+0.94
days vs. 12.92+0.90 days). Children in the tympanostomy-tube group, however, had more
days per year with tube otorrhea (mean, 7.96+1.10 days vs. 2.83+0.78 days). Per-protocol
analyses of secondary outcomes yielded generally similar results.

In addition, we compared baseline demographic and clinical characteristics of the 55
children in the medical-management group who met clinical criteria for treatment failure
on the basis of continuing recurrent acute otitis media (regardless of whether they later
underwent tympanostomy-tube placement) with the characteristics of the 46 children in that
group with follow-up data who neither met the criteria nor underwent tympanostomy-tube
placement at parental request. The subgroups differed significantly only with respect to the
age at trial enrollment; the 55 children who eventually met treatment-failure criteria were
generally younger.

BACTERIAL RESISTANCE

Regardless of whether a child’s nasopharynx or throat was colonized at enroliment with

no pathogens, penicillin-susceptible pathogens only, or penicillin-nonsusceptible pathogens,
we found no significant differences between the tympanostomy-tube group and the
medical-management group in the percentage of children colonized with any penicillin-
nonsusceptible pathogen at acute otitis media follow-up or routine follow-up visits. We

also found no significant between-group differences in the percentages of isolates that

were nonsusceptible or in conditional odds ratios (which serve as measures of community-
wide effects of antimicrobial treatment on bacterial resistancel®20) (Table S2 in the
Supplementary Appendix). Per-protocol analysis gave similar results.
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DISCUSSION

In children 6 to 35 months of age with recurrent acute otitis media, we examined the efficacy
of tympanostomy-tube placement as compared with medical management in reducing the
subsequent occurrence of episodes of acute otitis media. In the intention-to-treat analysis of
the trial, we found no significant difference between the tympanostomy-tube group and the
medical-management group in the rate of episodes of acute otitis media during the ensuing
2-year period (primary outcome measure).

With respect to most secondary outcomes, we found no significant between-group
differences. In particular, despite their greater use of antimicrobial treatment, we found

no evidence of increased antimicrobial resistance among the many isolates obtained from the
children in the medical-management group. Differences that we did find favoring children

in the tympanostomy-tube group concerned the time to a first episode of acute otitis

media, various clinical findings related to the occurrence of episodes, and the percentage

of children meeting specified criteria for treatment failure; however, children in the medical-
management group had fewer cumulative days with otorrhea.

Our trial has certain strengths: a diverse participant population in the age group most prone
to recurrences of acute otitis media, otoscopic diagnoses by validated otoscopists, pretrial
confirmation in each child of at least one episode of acute otitis media, a standardized
protocol for treating episodes, validated scales for rating the severity of symptoms and
functional outcomes, monitoring for antimicrobial resistance, follow-up of children for 2 full
years, and modest attrition. A trial limitation stems from receipt of tympanostomy tubes,

for differing reasons and at differing times, by certain children in the medical-management
group, thereby complicating the task of analysis.

In this trial involving children 6 to 35 months of age, all of whom had received
pneumococcal conjugate vaccine, we found that tympanostomy-tube placement was not
superior to medical management in reducing the rate of episodes of acute otitis media during
the ensuing 2-year period.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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1329 Children were assessed for eligibility
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246 Were not eligible

84 Had a history of TTP

46 Were not with a parent

29 Were allergic to amoxicillin

24 Had a congenital anomaly

23 Had sensorineural hearing loss

13 Had a chronic illness

11 Were withdrawn by investigator
6 Had a history of adenoidectomy
4 Had a serious medical problem
4 Had other reason
2 Would not be able to complete trial

1083 (81%) Were

potentially eligible

120 (11%6) Had a parent who declined
participation

963 (89%) Cont

inued screening

713 (74%) Were withdrawn
582 Did not meet inclusion criteria for recurrent
acute otitis media

62 Reached 3 yr of age

29 Underwent TTP, adenoidectomy, or both
9 Were withdrawn by parent
4 Were withdrawn by investigator
3 Had otitis media with effusion for >3 mo

24 Had other reason

250 (26%) Were enrolled in the trial
and underwent randomization

'

129 Were assigned to undergo TTP

'

i

121 Were assigned to receive
medical management

t

116 Underwent TTP

13 Did not underge TTP

i

i

13 Were withdrawn or
completed less than
full yr

4 Withdrew during yr 1
9 Withdrew during yr 2
103 Completed trial

& Were withdrawn or
completed less than
full yr

8 Withdrew during yr 1

5 Declined TTP and

completed trial

'

'

67 Received medical

completed less than
full yr
6 Withdrew during yr 1
7 Withdrew during yr 2
54 Completed trial

management only 54 Underwent TTP
13 Were withdrawn or 35 Underwent TTP because

of treatment failure due

to frequent episodes of

acute otitis media

6 Were withdrawn or

completed less than
full yr

2 Withdrew during yr 1

4 Withdrew during yr 2

29 Completed trial

19 Underwent TTP at parental
request
2 Were withdrawn or
completed less than
full yr
1 Withdrew during yr 1
1 Withdrew during yr 2
17 Completed trial

Figure 1. Enroliment, Randomization, and Follow-up of Children in the Trial.
TTP denotes tympanostomy-tube placement.
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100+ g
9 Medical management
3 90— HHH—
<
s 80~ TTP
Q S il
‘2.8 604
w o
Bs 50
v 40
==
$O 304
o 20
S
5 10+
0 | | | | I
0 5 10 15 20 25
Months since Randomization
No. at Risk
Medical 121 36 24 17 12 1
TTP 129 56 38 29 4 | 1
No. of Events
Medical 0 83 95 102 106 106
TTP 0 66 83 91 99 103
No. with Censored Data
Medical 0 2 2 2 3 14
TTP 0 7 8 9 9 25

Figure 2. Timeto First Recurrent Episode of Acute OtitisMedia.

Shown are one minus Kaplan—Meier survival estimates of the cumulative percentage of
children who had a recurrent episode of acute otitis media, according to trial group. The
median time to a first occurrence of acute otitis media was longer in the tympanostomy-tube
group than in the medical-management group (4.34 months vs. 2.33 months; hazard ratio,

0.68; 95% confidence interval, 0.52 to 0.90).
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