National Trends in Visit Rates and Antibiotic
Prescribing for Children With Acute Sinusitis

WHAT’S KNOWN ON THIS SUBJECT: Streptococcus pneumoniae\
is a common cause of acute sinusitis and otitis media, and
American Academy of Pediatrics guidelines recommend

amoxicillin as the first-line antibiotic therapy. Amoxicillin use for
otitis media increased after guideline publication, and visits
decreased after vaccine introduction.

WHAT THIS STUDY ADDS: Office and emergency department
visits for acute sinusitis remained stable after vaccine
introduction, whereas amoxicillin use increased substantially, in
accordance with the guidelines. Despite the increase in
amoxicillin use, prescriptions for broad-spectrum agents,
especially macrolides, remain common and unnecessary.
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OBJECTIVE: The heptavalent pneumococcal conjugate vaccine contrib-
uted to a substantial decrease in the number of ambulatory visits
attributable to acute otitis media (AOM) and amoxicillin use for AOM
increased after publication of American Academy of Pediatrics guide-
lines regarding AOM. Our objective was to determine whether similar
trends occurred for children with acute sinusitis.

METHODS: We analyzed data from the National Ambulatory Medical
Care Survey and National Hospital Ambulatory Medical Care Survey
(1998—-2007), which are nationally representative surveys of office and
emergency department visits. For children younger than 18 years with
diagnosed acute sinusitis (N = 538), we examined time trends in visit
rates and antibiotic prescribing. Multivariate logistic regression anal-
yses were used to identify factors associated with narrow-spectrum
antibiotic prescribing.

RESULTS: Between 1998 and 2007, the annual visit rate for acute sinus-
itis remained stable, ranging from 11 to 14 visits per 1000 children
(P= 67).No change occurred inthe proportion of visits with receipt of
an antibiotic (82%; P = .71); however, the proportion with receipt of
amoxicillin increased from 19% to 58% during the study period (P <
.01). Prescriptions for broader-spectrum agents, especially macro-
lides (18% overall), remained common.

CONCLUSIONS: Unlike the visit rate for AOM, the visit rate for acute
sinusitis among children did not decrease after introduction of the
pneumococcal conjugate vaccine. Although prescriptions for amoxicil-
linincreased in accordance with the guidelines, reducing unnecessary
prescriptions for macrolides remains an important target for cam-

paigns promoting judicious antibiotic use. Pediatrics 2011;127:28-34
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Acute sinusitis is a common condition
in ambulatory care, accounting for >3
million visits to ambulatory care set-
tings per year among patients of all
ages.! Because physicians routinely
prescribe antibiotics for patients with
acute sinusitis, it is an important
source of antibiotic consumption,
some of which may be unnecessary.™

Streptococcus pneumoniae is a com-
mon bacterial cause of both acute si-
nusitis and acute otitis media (AOM)
Accordingly, the American Academy
of Pediatrics (AAP) clinical practice
guidelines for acute sinusitis (2001)
and AOM (2004) recommend amoxicil-
lin as the first-line antibiotic for both
infections. Amoxicillin-clavulanate and
cephalosporins, which are broader-
spectrum agents, are recommended
only for selected patients (eg, in se-
vere cases or cases with previous
treatment failure), whereas macro-
lides are not routinely recommended
for acute sinusitis.>8

During the past decade, the incidence
and antibiotic treatment of AOM have
changed considerably. Introduction of
the heptavalent pneumococcal conju-
gate vaccine (PCV7) in 2000 has con-
tributed to a substantial decrease in
the rate of ambulatory visits attribut-
able to AOM378 In addition, use of
guideline-recommended  amoxicillin
increased after publication of AAP
practice guidelines for AOM in 2004,°
reversing an earliertrend of increased
use of broad-spectrum antibiotics for
AQM.10

Because of the similarities between
acute sinusitis and AOM in terms of
bacterial causes and treatment rec-
ommendations, we hypothesized that,
after introduction of PCV7 in 2000 and
publication of clinical practice guide-
lines for acute sinusitis in 2001, trends
invisit rates and antibiotic prescribing
for acute sinusitis would be similar to
those observed for AOM.
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METHODS

Data Source and Design

We analyzed data from the National Am-
bulatory Medical Care Survey (NAMCS)
and the National Hospital Ambulatory
Medical Care Survey (NHAMGS) for a 10-
year period between 1998 and 2007, to
estimate time trends in visit rates and
antibiotic prescribing for acute sinusitis
in children. This period encompassed
the introduction of PCV7 and publication
of AAP guidelines regarding acute sinus-
itis. These cross-sectional surveys are
conducted annually by the National Cen-
ter for Health Statistics (NCHS) and
provide nationally representative data
on patient visits to offices, hospital out-
patient departments, and emergency
departments. From the surveys, the
NCHS compiles physician-level data, in-
cluding specialty, practice location,
and setting, as well as patient-level in-
formation such as demographic fea-
tures, diagnoses (on the basis of Inter-
national Classification of Diseases,
Ninth Revision, Clinical Modification,
codes), and medications prescribed."

Data from the NAMCS represent pa-
tient visits to physicians’ offices. This
survey uses a 3-stage design consist-
ing of 112 geographic primary sam-
pling units, physician practices
within primary sampling units, and
patient visits within physician prac-
tices. Data from the NHAMCS repre-
sent patient visits to hospital outpa-
tient departments and emergency
departments. The NHAMCS uses a
4-stage design consisting of geo-
graphic primary sampling units, hos-
pitals within primary sampling units,
clinics and emergency service areas
within hospitals, and patient visits
within clinics or emergency service
areas. The NCHS provides patient
visit weights for the purpose of gen-
erating national estimates of visits
and associated characteristics.'
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Visits Attributable to Acute
Sinusitis

In our analysis of visits attributable to
acute sinusitis, our primary outcome
measure was the estimated annual
number of visits per 1000 children. We
estimated the number of visits for pa-
tients <18 years of age, as well as for
subpopulations consisting of children
0to 5years, 6to 11 years, and 12to 18
years of age. A diagnosis of acute si-
nusitis was designated for visits in
which any of 3 diagnosis fields con-
tained the International Classification
of Diseases, Ninth Revision, Clinical
Modification code for acute sinusitis
(code 461.x). Concomitant diagnoses
that could potentially warrant antibiot-
ics (eg, pharyngitis, otitis media, pneu-
monia, skin and soft-tissue infections,
and urinary tract infections) ac-
counted for small proportions of visits.
Exclusion of those visits did not signif-
icantly change the overall estimates of
office visit rates; therefore, we in-
cluded them to maximize sample size.

Antibiotic Prescribing

In our analysis of antibiotic selection,
to increase our certainty that the anti-
biotic prescription was intended to
treat acute sinusitis, we applied more-
stringent criteria and restricted our
sample to visits for which acute sinus-
itis was the primary diagnosis (ie, ap-
pearing in the first diagnosis field of
the NAMCS or NHAMCS data entry
form). In this analysis, our primary
outcome measures were (1) the pro-
portion of visits attributable to acute
sinusitis in which any antibiotic was
prescribed (antibiotic visits) and (2)
the proportion of antibiotic visits in
which amoxicillin (the recommended
first-line antibiotic, according to AAP
guidelines) was prescribed. We identi-
fied antibiotics on the basis of the fol-
lowing medication names and antibi-
otic classes (nomenclature adopted from
the National Drug Gode Directory and the
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Multum Classification'): first,, second-,
andthird-generation cephalosporins, mac-
rolides, amoxicillin-clavulanate, amoxicil-
lin, quinolones, and sulfonamides. One pa-
tient diagnosed as having acute sinusitis
received penicillin, which was included in
the amoxicillin  category. A secondary
outcome was the proportion of visits
attributable to acute sinusitis in which
broader-spectrum antibiotics were pre-
scribed; these broader-spectrum agents
included amoxicillin-clavulanate, second-
and third-generation cephalosporins, and
macrolides.

Because the unit of observation in both
surveys is the visit, we combined esti-
mates of visit rates with US Census de-
nominators to generate population-
adjusted estimates of visit rates. In
these analyses, census denominators
reflect the US resident population as of
July 1 in the relevant year. For years
before 2000, intercensal estimates
were used.™

Statistical Analyses

All statistical analyses were per-
formed by using Stata 11 (Stata Corp,
College Station, TX) and accounted for
the components of the complex survey
design, including patient visit weights,
strata, and primary sampling unit de-
sign variables. For trends in visit rates,
antibiotic visits, and amoxicillin pre-
scribing, we grouped the survey data
and census denominators into five
2-year intervals (1998—-1999, 2000—2001,
2002—-2003, 2004 —2005, and 2006 —2007),
as recommended by the NCHS. For
estimates of the use of other agents
(amoxicillin-clavulanate, cephalosporins,
and macrolides), we examined prescrib-
ing during the entire study period and
in the years after AAP guideline publi-
cation (2002—-2007). Trends in visit
rates were assessed by using linear
tests for trend. Trends in antibiotic se-
lection were assessed by using logistic
regression analyses. Sample-size limi-
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tations precluded analyses of time
trends for age-based subpopulations.

We also performed a multivariate lo-
gistic regression analysis to deter-
mine which patient- and physician-
level factors were associated with
amoxicillin prescribing, as recom-
mended by current clinical guidelines.®
Inthis analysis, we restricted our sam-
ple to antibiotic visits attributable to
acute sinusitis. Patient- and physician-
level factors considered were time pe-
riod (2-year intervals between 1998—
1999 and 2006—-2007), race (white or
nonwhite), gender, region (Northeast,
Midwest, South, or West), insurance
type (private, public, or self-pay/
other), setting type (office, outpatient
clinic, or emergency department), age
(0-5,6—11, or 12—17 years), and physi-
cian specialty (pediatrics, family practice,
or emergency medicine/other). In the lo-
gistic regression model, we included as in-
dependent variables only the patient- and
physician-level factors that were at least
nominally associated (P < 2) with
amoxicillin prescribing. Because there
was a high degree of colinearity be-
tween patient age and physician spe-
cialty (visits made by younger children
were more likely to be to pediatricians,
whereas visits made by older children
were more likely to be to family prac-
tice physicians), we examined models
in which age was included and spe-
cialty excluded and vice versa.

RESULTS

Visits Attributable to Acute
Sinusitis

During the 10-year period between
1998 and 2007, there were an esti-
mated 8 950 000 visits (95% confidence
interval [CI]: 6 820 000—11 090 000 vis-
its) among children with acute sinus-
itis. This reflects an average of 895 000
visits (95% Cl: 682 000—1 110 000 vis-
its) per year or 0.4% (95% Cl: 0.3%—
0.5%) of all ambulatory visits among
children during this period. These esti-

TABLE 1 Characteristics of Acute Sinusitis
Visits Among Children Younger Than
18 Years in 1998—-2007 (N = 538)

Characteristic Proportion
of Acute
Sinusitis
Visits, %
Age
0-5y 34
6-11y 24
12-17y 42
Gender
Female 47
Male 53
Race
White 83
Nonwhite 17
Physician specialty
Pediatrics 45
Family practice 36
Emergency medicine/other 20
Insurance type
Private 75
Medicare or Medicaid 21
Self-pay/other 4
Region
Northeast 8
Midwest 25
South 50
West 16
Setting type
Physician’s office 83
Hospital outpatient department 10
Emergency medicine department 7

mates were derived from 538 sampled
visits in the NAMCS and NHAMCS data
sets. Characteristics of visits attribut-
able to acute sinusitis are shown in
Table 1.

The annual visit rate for acute sinusitis
during this period was stable, ranging
from 11 visits (95% Cl: 6—15 visits) to
14 visits (95% Cl: 9—19 visits) per 1000
population <18 years of age (Fig 1).
There was no time trend in this
population-adjusted visit rate (P =
.67). The visit rates averaged 13 visits
(95% Cl: 10—16 visits) per 1000 chil-
dren 0 to 5 years of age, 9 visits (95%
Cl: 512 visits) per 1000 children 6 to
11 years of age, and 15 visits (95% Cl:
10—20 visits) per 1000 children 12 to
17 years of age.
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Population-adjusted visit rates (estimates and 95% Cls) for acute sinusitis among children in 1998 —

2007. P = 67 for trend.

Antibiotic Prescribing

Antibiotic use for treatment of sinus-
itis was analyzed in the subset of the
sampled visits (N = 389) for which the
primary diagnosis was acute sinusitis.
Antibiotics from any class were pre-
scribed in 82% (95% Cl: 74%—88%) of
visits attributable to acute sinusitis be-
tween 1998 and 2007. There was no
change in the overall rate at which an-
tibiotics were prescribed (P = .71),
which ranged from 76% (95% Cl: 54%—
90%) to 90% (95% Cl: 73%—96%) of
acute sinusitis-related visits during
this period (Fig 2); however, we ob-
served changes in the use of amoxicil-
lin over time. The proportion of antibi-
otic visits in which amoxicillin was
prescribed increased from 19% (95%
Cl: 10%—-35%) to 58% (95% Cl:
40%—74%) during the study period
(P<<.01) (Fig 3). Among the antibiotics
prescribed as alternatives to amoxicil-
lin, the most commonly prescribed
were second- and third-generation
cephalosporins (17% of antibiotic
visits), amoxicillin-clavulanate (19%),
and macrolides (22%). From 2002 to
2007, after publication of AAP guide-
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lines, macrolides constituted 18% of
overall antibiotic prescriptions for
acute sinusitis.

Factors Associated With
Amoxicillin Prescribing

Among the variables considered for in-
clusion in the multivariate logistic
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model, time period, gender, race, phy-
sician specialty, and age were at least
nominally associated (P < .2) with the
dependent variable of amoxicillin pre-
scribing. In a model including age and
excluding specialty, time period and
age were each found to be indepen-
dently associated with amoxicillin
prescribing. On average, each 2-year
increase after 1998—-1999 was inde-
pendently associated with a 49% in-
crease in the odds of amoxicillin pre-
scribing (odds ratio [OR] per 2 years:
1.49 [95% Cl: 1.16—1.92]). In addition,
children 0to 5 years of age were more
likely to receive amoxicillin than were
children 12to 17 years of age (OR: 2.51
[95% Cl: 1.15-5.47]). When physician
specialty was included and patient age
excluded, family practitioners were
less likely than pediatricians to pre-
scribe amoxicillin (OR: 0.38 [95% ClI:
0.16—0.88]).

DISCUSSION

In this study, we used a nationally rep-
resentative data set regarding ambu-
latory visits to examine time trends in
visit rates and antibiotic prescribing

1998-1999 2000-2001

FIGURE 2

2002-2003

2004-2005 2006-2007

Proportions (estimates and 95% Cls) of visits attributable to acute sinusitis in which antibiotics were

prescribed in 1998-2007. P = .71 for trend.
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Proportions (estimates and 95% Cls) of antibiotic visits attributable to acute sinusitis in which amoxi-
cillin was prescribed in 1998—-2007. P = .01 for trend.

for children with acute sinusitis. Un-
like the observed decrease in the visit
rate for AOM during the post-PCV7 pe-
riod,® the visit rate for acute sinusitis
among children did not change be-
tween 1998 and 2007. During the same
period, and in accordance with the
publication of AAP clinical practice
guidelines for acute sinusitis in 2001,
use of amoxicillin for acute sinusitis
increased substantially. This change
was similar to the change in prescrib-
ing for AOM after the publication of
guidelines in 2004.° In addition, we
found that pediatric specialty and
younger patient age were associated
with amoxicillin prescribing for acute
sinusitis. Although the increased use
of amoxicillinis consistent with recom-
mendations from AAP guidelines, we
also found that use of macrolides re-
mained common for acute sinusitis.

Our findings with respect to visit rates
for acute sinusitis may be explained by
differences in how physicians diag-
nose acute sinusitis, compared with
AOM. Whereas the diagnosis of AOM in-
volves both clinical history findings
and distinct physical examination find-
ings,% acute sinusitis is frequently di-
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agnosed on the basis of the patient’s
history alone.5815 Furthermore, physi-
cians disagree regarding which symp-
toms define a clinical history suggest-
ing acute sinusitis. In a recent survey
of pediatricians, most respondents
thought that prolonged symptoms rep-
resented an important sign of acute
sinusitis, but they varied in their re-
sponses regarding the importance of
specific symptoms (eg, purulent rhi-
norrhea) or symptom combinations in
establishing a diagnosis.'® The ab-
sence of a reliable, specific, physical
finding that defines acute sinusitis in-
evitably leads to misclassification of
children with viral upper respiratory
tract infections as having acute sinus-
itis. As a result, recent practice guide-
lines and campaigns for judicious
management of respiratory infections
(eg, the Centers for Disease Gontrol
and Prevention Get Smart Campaign'?)
may be more effective in influencing
physicians to diagnose AOM more
stringently (eg, excluding otitis media
with effusion) than is possible for
acute sinusitis. Studies using adminis-
trative data found that, after introduc-
tion of PCV7, the visit rate for AOM de-

creased by an amount that exceeded
the estimated efficacy of the vaccine,
which suggests that changes in how
physicians diagnose AOM may account
for a substantial proportion of the ob-
served decrease in AOM visits.”8

Although there is mixed evidence re-
garding the effectiveness of antibiotics
for treatment of acute sinusitis in chil-
dren,’®20 physicians routinely pre-
scribe antibiotics for treatment of
acute sinusitis, and this practice has
not changed in the past decade. The
proportion of visits in which an antibi-
otic was prescribed for acute sinusitis
in children alone is similar to the rate
estimated for children and adults com-
bined in a previous study." This is also
similar to the proportion of visits that
result in an antibiotic prescription for
AOM.® for which efforts to reduce anti-
biotic use through observation and de-
layed prescribing seem to have had
limited success.%?' To continue to pro-
mote judicious antibiotic prescribing
forthese infections, novel strategies to
enhance the acceptability of such
practices likely are needed.

Although prescribing of amoxicillin for
acute sinusitis seemed to have begun
to increase even before guideline pub-
lication in 2001, we found that it contin-
ued to increase substantially after the
publication of AAP practice guidelines
in 2001. A similar association between
the timing of guideline publication and
changes in antibiotic selection for AOM
was noted in a recent publication that
used the same administrative data set
as analyzed in this study.® The use of
amoxicillin increased in the 2 years af-
ter publication of the AAP guidelines
for AOM in 2004, reversing an earlier
trend of increased use of broad-
spectrum agents.’0 Guidelines that are
well disseminated, are consistent with
physicians’ beliefs,?? and provide epi-
demiologically sound rationale can be
effective tools in influencing and/or re-



inforcing prescribing behavior, espe-
cially for infectious diseases.”

In separate multivariate models that
included either patient age or physi-
cian specialty among independent
variables, we found that younger pa-
tient age and pediatric specialty were
independently associated with greater
odds of amoxicillin use for acute sinus-
itis. Because colinearity precluded the
simultaneous inclusion of these vari-
ables in a single model, we were un-
able to determine fully the extent to
which either or both of these factors
were associated with amoxicillin use.
It is possible that younger children are
more likely than older children to re-
ceive amoxicillin, independent of spe-
cialty, because of differences in the
clinical presentation of acute sinusitis
between age groups. Younger children
may experience symptoms of acute si-
nusitis that are less specific or less se-
vere than those experienced by older
children, in part because of the exis-
tence of only partially developed fron-
tal sinuses and a higher incidence of
viral infections in this population.2-26
For these reasons, physicians may
base the diagnosis and corresponding
treatment of acute sinusitis in this pa-
tient population on different criteria
than they would use for older chil-
dren.’® Undeveloped frontal sinuses
also make younger children less likely
to develop intracranial complica-
tions,” which perhaps encourages
prescription of a narrow-spectrum
agent such as amoxicillin for this
group. Conversely, pediatricians might
be more likely to prescribe amoxicillin
because of a greater influence of AAP
guidelines on their practices. Notably,
however, a previous study found no dif-
ference between pediatricians and
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increased use of macrolides for chil-
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pediatric upper respiratory tract in-
fections is an important target for im-
provement in antibiotic prescribing.
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ses, some periods have fewer than 30
observations, which may yield unsta-
ble results. However, when combined
into two 5-year periods with larger
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nose acute sinusitis.'® Because we
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able to verify specific symptoms asso-
ciated with our sampled visits and
thus were unable to measure the de-
gree to which these characteristics of
our sample correlate with those out-
lined in published national guidelines.

CONCLUSIONS

Despite these limitations, our findings
have several implications. Although
acute sinusitis and AOM often are con-
sidered similar diseases,® this study
highlights trends in ambulatory visit
rates and antibiotic treatment pat-
terns for acute sinusitis that are differ-
ent from those observed for AOM dur-
ing the post-PCV7 era. Because of the
continued tendency of physicians to
prescribe antibiotics for treatment of
acute sinusitis, this condition remains
an important target for campaigns
promoting judicious antibiotic use.
Our findings also provide support for
continued efforts to develop and to dis-
seminate clinical practice guidelines
as a tool to optimize antibiotic-
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