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Abstract

Obijective: To identify characteristics of acute otitis media (AOM) at primary care
presentation associated with TT placement and outcomes.

Methods: A retrospective cohort study of pediatric patients (birth—12 years old) with
AOM at an academic primary care pediatric practice and affiliated tertiary referral
free-standing Children's hospital from August 1, 2017 to December 31, 2019 was
performed. The outcomes measured were TT placement, postoperative otorrhea,
need for additional tube placement, and other complications (i.e., perforation and/or
granulation).

Results: The 3189 patients were included, 484 of whom were referred to otolaryn-
gology. Multivariate logistic regression analysis revealed that a greater number of
AOM episodes diagnosed at primary care was associated with tube placement
(OR = 1.21; 95% ClI, 1.04-1.41, p = .02). Of the 336 patients who received tubes,
older age at first AOM diagnosis was associated with postoperative otorrhea
(OR = 1.02; 95% Cl, 1.01-1.03; p = .001) and additional tube placement (OR = 1.03;
95% Cl, 1.02-1.04; p < .001). Older age was also associated with other complications
(OR = 1.02; 95% Cl, 1.01-1.03; p = .001) by univariate analysis. Additionally, postop-
erative otorrhea was more common among patients who first received an AOM diag-
nosis at primary care in the spring (OR = 2.69; 95% Cl, 1.37-5.29; p = .004), summer
(OR = 2.88; 95% Cl, 1.46-5.69; p = .002), and fall (OR = 2.18; 95% Cl, 1.20-3.96;
p = .01) seasons.

Conclusions: Clinical data from pediatric primary care visits found older age at first
AOM diagnosis and having a first AOM diagnosis outside of winter to be associated
with a more complicated eventual disease course.

Level of evidence: 3—cohort study.
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1 | INTRODUCTION

Acute otitis media (AOM) is one of the most common reasons for
acute care visits in children and results in approximately $2.88 bil-
lion of additional health care expenses annually.! AOM also remains
the foremost reason children in the United States are prescribed
antibiotics.> Guidelines developed by the American Academy of
Pediatrics endorse treating AOM with antibiotics in children of any
age presenting with severe signs or symptoms (moderate or severe
otalgia or otalgia 248 h or temperature 2 39°C) and in children
younger than 24 months presenting with non-severe, bilateral
AOM.2 If AOM episodes occur recurrently or middle ear effusions
do not resolve over time, patients may be referred to an otolaryngol-
ogist and recommended surgical placement of tympanostomy
tubes (TT).#

TT placement is the most commonly performed surgery on chil-
dren in the United States; one in 15 children has tubes placed by age
three, and 667,000 children have TT placed under the age of 15 every
year.*™® TT are placed in the tympanic membranes to relieve negative
pressure and prevent fluid buildup in the middle ear, and will typically
stay in place for 6-18 months before falling out naturally.*

Clinical guidelines recommend TT placement for patients with
recurrent AOM with effusion and for chronic effusion.* Studies
exploring the outcomes of patients who receive TT have produced
varied results on the effectiveness of TT in preventing recurrent
AOM. These studies are also difficult to pool due to heterogeneity in
reported outcomes.” Although TTs may not decrease the number of
AOM episodes compared to medical management over the ensuing
2 years after placement, they do appear to reduce symptom severity
and the need for oral antibiotics while increasing the time to a first
occurrence of AOM.® Another study found that TT did not decrease
the rate of new AOM episodes but did decrease the percentage of
time with AOM compared to placebo.” Research on the occurrence of
adverse events that may occur after TT placement surgery has also
been challenging to synthesize because highly variable definitions are
often used and follow-up outcomes and duration are different
between different studies, though there is literature exploring some
of the most commonly reported adverse events after TT placement.

Otorrhea is a common occurrence after TT placement.® Van
Dongen et al. found that two-thirds of children with TT experienced
at least one episode of otorrhea in the year following placement.”
They also determined that otorrhea in children with TT could be pre-
dicted by age, a recent history of upper respiratory tract infections,
and the presence of older siblings.” However, these are characteristics
that are determined after TT placement, and there remains a dearth of
research that explores primary care history preoperative predictors.

The aim of this study was to utilize data collected from a large pri-
mary care pediatric practice to identify factors that are associated
with TT placement, as well as to identify factors that are associated
with postoperative disease course. We hypothesized that those with
more involved cases of AOM, such as concurrent infectious diagno-
ses, would be more likely to receive TT and experience a more com-
plex postoperative disease course.

2 | MATERIALS AND METHODS

After receiving approval from the institutional review board at Chil-
dren's National Hospital, we reviewed all cases of AOM diagnosed at
the two sites of our affiliated primary care practice, Children's
National Pediatricians & Associates (CNPA)-Foggy Bottom and Capi-
tol Hill, from August 2017 to July 2019. Patients aged birth to 12 were
included if they presented with a diagnosis of AOM and were seen by
an otolaryngologist at Children's National Hospital for an ear-related
concern. Patients with incomplete preoperative and operative data or
immunosuppressive states who are particularly susceptible to AOM
were excluded.

Patients were identified using International Classification of Dis-
eases 10th Revision (ICD-10) codes for AOM. Patient charts were
reviewed for biological sex, age at first CNPA visit with AOM diagno-
sis, season of first CNPA visit with AOM diagnosis, number of AOM
diagnoses at CNPA, number of intramuscular ceftriaxone treatments
at CNPA, number of concurrent conjunctivitis diagnoses at CNPA,
number of concurrent respiratory diagnoses at CNPA, provider type
at CNPA (nurse practitioner, resident physician, attending physician),
and insurance status (public vs private). The seasons were defined as
winter (December 31-March 20), spring (March 21-June 20), summer
(June 21-September 20), and fall (September 21-December 20).
Patient charts for those seen by a pediatric otolaryngologist at Chil-
dren's National Hospital were all reviewed, and those seen for an ear-
related concern were additionally reviewed for possible TT placement,
adenoidectomy at the time of TT placement, age at TT placement, sur-
geon, number of postoperative otorrhea episodes, number of addi-
tional TT placement, and occurrence of other complications
(i.e., perforation and/or granulation). The number of postoperative
otorrhea episodes was determined from narrative reports by patients
recorded by otolaryngologists during follow-up visits following TT
placement, and the number of other complications was determined
from diagnoses made by an otolaryngologist. Importantly, beyond
referral notes, surgeons did not have access to the full electronic
record from the primary care office, as the electronic records between
the specialty and primary clinics are completely independent.

TABLE 1 Summary of participants
Number of
patients (%)
Total 3189
Had an ear-related visit at Children's 484 (15.2%)

National Hospital ENT Clinic
336 (336/484, 69.4%)
44 (44/336, 13.1%)

Had TT placement

Had adenoidectomy at time of TT
placement

179 (179/336, 53.3%)
26 (26/336, 7.7%)

Had postoperative otorrhea

Had other complications (i.e., perforation,
granulation)

Had additional TT placement 51(51/336, 15.2%)
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TABLE 5 Factors associated with other complications in univariate analysis
No other
Entire Other complications Odds ratio p
cohort (N = 336) complications (N = 26) (N =310) (95% ClI) values

Sex, n (%)

Male 199 (59.2%) 12 (46.2%) 187 (60.3%) (Reference)

Female 137 (40.8%) 14 (53.8%) 123 (39.7%) 1.77 (0.79-3.96) 16
Age at first CNPA AOM diagnosis, mean in 24.95 (24.35) 40.69 (33.61) 23.63(22.99) 1.02 (1.01-1.03) .001

months (SD)
Season

Winter 90 (26.8%) 5(19.2%) 85 (27.4%) (Reference)

Spring 68 (20.2%) 9 (34.6%) 59 (19.0%) 2.59(0.83-8.13) .10

Summer 66 (19.6%) 6(23.1%) 60 (19.4%) 1.70 (0.50-5.83) 40

Fall 112 (33.3%) 6(23.1%) 106 (34.2%) 0.96 (0.28-3.26) 95
Number of AOM episodes, mean (SD) 3.08 (1.94) 3.00 (1.96) 3.09 (1.94) 0.98 (0.79-1.20) .82
Ceftriaxone treatment, mean (SD) 0.37 (0.71) 0.35(0.75) 0.37 (0.71) 0.95(0.53-1.71) .86
Concurrent conjunctivitis, mean (SD) 0.30(0.57) 0.50(0.99) 0.28 (0.52) 1.67 (0.97-2.87) .07
Concurrent respiratory diagnoses, mean (SD) 0.86 (1.02) 0.77 (1.03) 0.86 (1.01) 0.91 (0.60-1.38) .65
Insurance

Public 39 (11.6%) 6(23.1%) 33 (10.6%) (Reference)

Private 297 (88.4%) 20 (76.9%) 277 (89.4%) 0.40 (0.15-1.06) .07
CNPA provider type

Nurse practitioner 49 43 (Reference)

Resident physician 86 4 82 0.35(0.09-1.31) 12

Attending physician 201 16 185 0.62(0.23-1.68) .35

Unigue AOM episodes were defined as new onset of symptoms
more than 17 days after a previous AOM encounter.'® This cut-off
derived from previous studies demonstrating that if AOM recurred
>17 days after start of treatment for a preceding episode, then it was
likely a new episode since episodes would have been treated with an
antimicrobial for 10 days, and most AOM episodes occurring 27 days
after completion of therapy were found to be new infections with dif-
ferent pathogens rather than bacteriologic relapses.'®

Patients diagnosed with AOM and conjunctivitis or respiratory
infections at the same visit were considered to have concurrent diag-
noses. A concurrent respiratory diagnosis included any diagnosis with
an ICD-19 code JO0-J99 in the “Diseases of the Respiratory System”
chapter. For example, this includes cough and bronchitis/bronchioli-
tis/wheezing but does not include nasal allergies or primary nasal
symptoms only. Concurrent conjunctivitis was also included in the
analysis as a separate diagnosis to determine whether patients with
concurrent conjunctivitis (conjunctivitis-otitis syndrome, typically
associated with Haemophilus influenzae) were more likely to require
ceftriaxone treatment compared to patients with only AOM. Unique
postoperative otorrhea episodes were defined as separated by at least
17 days. Perforations of the tympanic membrane, granulations, or
both were considered other complications and grouped together for
analysis due to the limited number of occurrences.

For multivariate analyses, logistic regression was performed with
effect sizes reported as odds ratios with corresponding 95% confi-
dence intervals. Univariate numerical variables were evaluated with
Mann-Whitney tests. Chi-squared tests were used for categorical var-
iables. Analyses were conducted using Statal7 from StataCorp. A p-
value of less than .05 was considered to be statistically significant.

3 | RESULTS
The 3189 children <12 years old who presented to the practice
between August 1, 2017 and December 31, 2019 with a diagnosis of
AOM were included in this study. The 484 (15.2%) of these children
were seen by an otolaryngologist at Children's National Hospital for
an ear-related concern. Of these patients, 336 (69.4%) had surgical TT
placed. The 44 of the 336 patients (13.1%) underwent an adenoidect-
omy at the time of TT placement. After TT placement, 179 patients
(53.3%) reported at least one episode of otorrhea, and 26 patients
(7.7%) experienced at least one other complication of perforation
and/or granulation. The 51 patients (15.2%) had at least one addi-
tional set of TT placed (Table 1).

Multivariate logistic regression analysis of independent variables

potentially impacting TT placement among children seen by Children's
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National Hospital's pediatric otolaryngology service with a history of
recurrent AOM was performed and is summarized in Table 2. Overall,
there was a significant association between the number of AOM epi-
sodes that were diagnosed at CNPA and TT placement with an odds
ratio (OR) of 1.21 (95% Cl, 1.04-1.41, p = .02). Patients with AOM
diagnosed and referred by resident and attending physicians at CNPA
had higher rates of eventual TT placement: 57.0% of the patients
diagnosed and referred by nurse practitioners at CNPA eventually had
TT placement compared to 72.3% and 71.8% of patients diagnosed
and referred by resident physicians and attending physicians respec-
tively at CNPA. In other words, in our study, the odds of having TT
placement are 88% (OR = 1.88; 95% Cl, 1.02-3.48; p = .04) and 84%
(OR = 1.84; 95% Cl, 1.10-3.08; p = .02) higher if the patient were
diagnosed and referred by resident physicians and attending
physicians.

Univariate logistic regression analyses of independent variables
potentially impacting postoperative course among patients who
received TT were also performed and are summarized in Tables 3-5.
The postoperative outcomes explored in this study were otorrhea,
additional TT placement, and other complications (i.e., perforation
and/or granulation). Multivariate logistic regression analyses were also
performed for otorrhea and additional TT placement in Tables 3 and
4; due to the limited number of patients who experienced other com-
plications (such as granulation and tympanic perforation), a multivari-
ate logistic regression analysis could not be performed for other
complications. Adenoidectomy at the time of TT placement was not
included as a variable in the analyses to avoid overfitting. The multi-
variate analyses demonstrated that older age at the first CNPA AOM
diagnosis correlated with the occurrence of both otorrhea
(OR = 1.02; 95% Cl, 1.01-1.03; p = .001) and additional TT place-
ment (OR = 1.03; 95% Cl, 1.02-1.04; p < .001). Older age at the first
CNPA AOM diagnosis also correlated with the occurrence of other
complications in the univariate analysis (OR = 1.02; 95% ClI, 1.01-
1.03; p = .001).

Postoperative otorrhea was associated with patients who first
presented at CNPA with an AOM diagnosis in the spring (OR = 2.69;
95% Cl, 1.37-5.29; p = .004), summer (OR = 2.88; 95% Cl, 1.46-
5.69; p = .002), and fall (OR = 2.18; 95% Cl, 1.20-3.96; p = .01) sea-
sons according to the multivariate logistic regression analysis. Postop-
erative otorrhea was also associated with fewer primary care
concurrent respiratory diagnoses in a univariate analysis (OR = 0.79;
95% Cl, 0.63-0.98; p = .03), although this finding was not supported
by the multivariate analysis. However, fewer respiratory diagnoses
were associated with additional TT placement according to both uni-
variate (OR = 0.52; 95% ClI, 0.34-0.79; P = 0.002) and multivariate
analyses (OR = 0.57; 95% Cl, 0.35-0.92; p = .02).

4 | DISCUSSION
As the most common reason for antibiotic prescription at an office
visit among children,? AOM is a prevalent medical condition with

implications for not only the health of individuals, but also of the

larger healthcare system. For patients who have recurrent infections
unresponsive to antibiotics, TT placement is typically the next treat-
ment option in order to avoid any long-term consequences of reduced
hearing from effusions and/or to improve quality of life.* TT place-
ment is the most commonly performed surgery on children in the
United States.* As such, it is critical for healthcare providers to be able
to make informed decisions about recommending TT placement and
anticipating possible postoperative complications before the surgical
procedure. We hypothesized that patients who presented to their pri-
mary care provider with more complex cases of AOM would be more
likely to receive TT and experience postoperative otorrhea and other
complications.

From this study, we observed an expected statistically significant
association between the number of AOM diagnoses at primary care
and the placement of TT, which is consistent with our hypothesis. This
is also consistent with current guidelines for TT placement, which
state TT placement may be warranted in the case of recurrent AOM
with three or more distinct and well-documented episodes within
6 months or four or more episodes within 12 months.*

Patients referred from CNPA by residents or attending physicians
for AOM-related concern had eventual TT placement more often than
referrals where nurse practitioners made the AOM diagnosis.
Whether this had to do with severity of disease or diagnostic accuracy
is unclear. Of note, the otolaryngologist at Children's National Hospi-
tal who decides treatment plan and TT placement is generally
unaware of whom in the primary care practice made the diagnosis and
referral.

We did not observe any association between the number of cef-
triaxone treatments, concurrent conjunctivitis diagnoses, or concur-
rent respiratory diagnoses with TT placement. These variables had
been included in this analysis because our group has collected unpub-
lished data demonstrating a strong correlation between the presence
of conjunctivitis and receipt of IM ceftriaxone, which highlighted
these variables as possible risk factors.

Among patients who had TT placement, there was a statistically
significant association between older age at the first primary care
AOM diagnosis and postoperative otorrhea. Younger children are
known to have a propensity for AOM due to immature eustachian
tube function; as children grow, their eustachian tube function
improves, decreasing the likelihood of AOM.! Given this, the associa-
tion between older age at first primary care AOM diagnosis and the
occurrence of postoperative otorrhea was an unexpected finding. It is
possible that older patients presenting with AOM needing TT experi-
ence ongoing, unresolved eustachian tube dysfunction or other incit-
ing factors for recurrent AOM, which may influence postoperative
course.

Similarly, AOM is typically more common in the winter months
because of the seasonal incidence of viral upper respiratory infections,
which increase a child's propensity for AOM.1? Although seasonal var-
iations may not be consistently generalizable to all parts of the coun-
try, these trends do hold true to our study site. The data collected
here, however, indicate that patients presenting to CNPA with AOM

in the spring, summer, and fall months were more likely to have
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postoperative otorrhea. This points to an individual patient's predispo-
sition for AOM beyond the expected correlation with winter months,
which may predict a more complicated postoperative course. The asso-
ciation between season at first CNPA AOM diagnosis and postopera-
tive course may also be related to our finding that additional TT
placement was associated with fewer concurrent respiratory diagnoses;
for each additional concurrent respiratory diagnosis at the time of AOM
diagnosis, the odds of having additional TT placed was 57% lower
(OR = 0.57; 95% Cl, 0.35-0.92; p = .02). The presence of a concurrent
respiratory diagnosis may be suggestive of a respiratory virus, which cir-
culate predominantly in the winter. Thus, a less complicated postopera-
tive course (i.e., no postoperative otorrhea or additional TT placement)
appears to be associated with AOM that may be attributable to viral
respiratory infections. Ultimately, the observed association between
older age and spring, summer, and fall AOM with postoperative otor-
rhea may serve to help providers and patients understand potential pre-
dictors for disease course after TT placement.

Limitations of these findings include the retrospective collection
of data, the small sample size of patients who experienced certain
postoperative outcomes, lack of data regarding daycare attendance
and presence of middle ear fluid at the time of TT placement, and a
general loss to follow-up after TT placement; the average length of
time between TT placement and last recorded communication with
otolaryngology was 14.31 months, which included office visits and/or
recorded telephone encounters with questions about or descriptions
of otorrhea or complications. The 45 of the 336 patients had no ENT
communication after TT placement and were effectively considered
as patients with no postoperative complications in the analysis. Addi-
tionally, our analysis does not include children diagnosed by CNPA
who may have sought otolaryngology care outside of Children's
National Hospital. The children included in our analysis of postopera-
tive course were also only those seen by Children's National pediatric
otolaryngology service with a history of recurrent AOM. Future stud-
ies with a larger sample size of patients reporting postoperative
course would provide more reliable results.

The decision for TT placement is one that is made for 667,000
children under the age of 15 every year in the United States.® Consid-
ering the frequency of this procedure and AOM, it is important to fully
understand the factors associated with referral for TT placement and
postoperative course. By recognizing patients who may benefit the
most from TT placement and those who may experience more com-
plex follow-up care, we can implement systems that customize recom-
mendations and care to improve overall outcomes of AOM on

individual families and the healthcare system.

5 | CONCLUSION

Despite the frequency of tympanostomy tube placement, there is little
synthesis of data from pediatric primary care visits that can inform
clinical decision-making and predict postoperative disease course for
patients. This research demonstrates that the number of AOM diag-

noses at primary care, older age at first AOM diagnosis, and having a

first AOM diagnosis in the spring, summer, and fall seasons are some

of the factors that may be relevant for consideration.
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