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Abstract
Background—To examine temporal trends in emergency departments (ED) visits for
bronchiolitis among US children between 2006 and 2010.

Methods—Serial, cross-sectional analysis of the Nationwide Emergency Department Sample, a
nationally-representative sample of ED patients. We used ICD-9-CM code 466.1 to identify
children <2 years of age with bronchiolitis. Primary outcome measures were rate of bronchiolitis
ED visits, hospital admission rate, and ED charges.

Results—Between 2006 and 2010, weighted national discharge data included 1,435,110 ED
visits with bronchiolitis. There was a modest increase in the rate of bronchiolitis ED visits, from
35.6 to 36.3 per 1000 person-years (2% increase; Ptrend=0.008), due to increases in the ED visit
rate among children from 12 months to 23 months (24% increase; Ptrend<0.001). By contrast, there
was a significant decline in the ED visit rate among infants (4% decrease; Ptrend<0.001) Although
unadjusted admission rate did not change between 2006 and 2010 (26% in both years), admission
rate declined significantly after adjusting for potential patient- and ED-level confounders (adjusted
OR for comparison of 2010 with 2006, 0.84; 95%CI, 0.76-0.93; P<0.001). Nationwide ED charges
for bronchiolitis increased from $337 million to $389 million (16% increase; Ptrend<0.001),
adjusted for inflation. This increase was driven by a rise in geometric mean of ED charges per
case from $887 to $1059 (19% increase; Ptrend<0.001).

Conclusions—Between 2006 and 2010, we found a divergent temporal trend in the rate of
bronchiolitis ED visits by age group. Despite a significant increase in associated ED charges, ED-
associated hospital admission rates for bronchiolitis significantly decreased over this same period.
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Introduction
Bronchiolitis is a major public health problem in the United States. Almost all children are
exposed to respiratory syncytial virus (RSV) and other causes of bronchiolitis1 and
approximately 40% of children develop clinical bronchiolitis during the first two years of
life.2,3 The majority of children with bronchiolitis have mild illness, but some children
present to the emergency department (ED), and others require hospitalization.4,5 In 2009,
bronchiolitis led to approximately 130,000 hospitalizations, with total direct cost of $550
million.6

For the last two decades, ED visit rates in the US have increased by more than a third as
EDs have increasingly served as an acute diagnostic and treatment center, a primary safety
net, and a 24/7 portal for rapid hospital admission.7,8 For children with bronchiolitis, a
previous study estimated a stable temporal trend in national ED visit rates between 1992 and
2000.9 More recent studies demonstrated increasing trends in the early 2000's, however,
within a local population,10 and within patients with RSV only.11 Although RSV is the most
common cause of bronchiolitis, many other infectious agents are associated with
bronchiolitis.12-14 Therefore, estimates derived from samples of RSV bronchiolitis would
underestimate health care utilization and expenditures.15 Since there have been no recent
efforts to assess temporal trends in the rate of bronchiolitis-related ED visits, hospital
admission rate, and ED charges, we used a nationally-representative study to examine
temporal trends in ED visits in children with bronchiolitis between 2006 and 2010,

Materials and Methods
Study design and setting

We conducted a serial cross-sectional analysis of data from the 2006-2010 Nationwide
Emergency Department Sample (NEDS),16 a component of the Healthcare Cost and
Utilization Project (HCUP) sponsored by the Agency for Healthcare Research and Quality
(AHRQ). The HCUP-NEDS is nationally representative of all community hospital-based
EDs in the United States, which is defined by the American Hospital Association as all
nonfederal, short-term, general, and other specialty hospitals.16 The NEDS was constructed
by using administrative records from the HCUP State Emergency Department Databases and
the State Inpatient Databases. The State Emergency Department Databases capture
information on ED visits that do not result in an admission (i.e., treat-and-release visits or
transfers to another hospital); the State Inpatient Databases contain information on patients
initially seen in the ED and then admitted to the same hospital. Taken together, the resulting
NEDS represents all ED visits regardless of disposition and contains information on short-
term outcomes for patients admitted through the ED. The NEDS is the largest all-payer ED
and inpatient database in the United States. The NEDS represents an approximately 20%
stratified sample of US hospital-based EDs, containing more than 28 million records of ED
visits from approximately 1,000 hospitals each year. Weights are available to obtain national
estimates at the ED visit and hospital level, pertaining to nearly 130 million ED visits.
Additional details of the NEDS can be found elsewhere.16 The institutional review board of
Massachusetts General Hospital approved this analysis.
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Study population
ED visits for patients age <2 years who had an International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) code for bronchiolitis (466.1) in the
primary or secondary diagnosis fields were eligible for our analysis. We included children
with bronchiolitis in the secondary diagnosis field to avoid underestimation of this clinical
diagnosis. Prior work shows potential overlap with pneumonia and potential difficulty
distinguishing between bronchiolitis and early asthma in children aged <2 years.17

Patient- and ED-level variables
The NEDS contains information on patient demographics, ED visit day, diagnoses and
procedures, total charge for ED and/or inpatient services, ED disposition, and hospital
disposition. Socioeconomic status was estimated using national quartiles for median
household income based on the patient's ZIP code and primary insurance (payer).16 We
grouped primary payer into public sources (Medicaid and Medicare), private payers, self-
pay, and other types. Diagnoses and procedures were available using ICD-9-CM and
Clinical Classifications Software (CCS), a methodology developed by AHRQ to group
ICD-9-CM codes into clinically sensible and mutually exclusive categories. High-risk
medical condition was defined as history of prematurity (i.e., ≤36 weeks of gestation) or at
least 1 complex medical condition, previously defined using ICD-9-CM codes in 9
categories of illness (e.g., neuromuscular, cardiovascular, and respiratory).18

Hospital characteristics include annual visit volume, US region, urban-rural status, and
teaching status. Annual volume of bronchiolitis cases for each ED was calculated; EDs in
the top quartile of bronchiolitis volume were labeled as high-bronchiolitis-volume ED.
Geographic regions (Northeast, South, Midwest, and West) were defined according to
Census Bureau boundaries.19 Urban-rural status of the ED was defined according to the
Urban Influence Codes.20

Outcome measures
The primary outcome measures were rates of bronchiolitis-related ED visits, hospital
admission rates, and charges for ED services. Other outcomes of interest included in-
hospital (ED and inpatient) use of mechanical ventilation, hospital length of stay, and in-
hospital all-cause mortality. Admission rate was defined as proportion of hospital
admissions among all bronchiolitis ED visits. Total ED charges reflected the total facility
fees reported for each discharge record. In-hospital all-cause mortality was defined as the
number of deaths divided by total number of bronchiolitis. Use of mechanical ventilation
(non-invasive or invasive) was identified with CCS code 216.

Statistical analysis
We described changes in the outcomes from 2006 through 2010. We calculated the rate of
ED visits using population estimates obtained from the US Census Bureau.21 ED visit rates
were expressed as the number of estimated ED visits per 1000 children of the corresponding
age group per year. Additionally, to address a possibility that diagnostic transfer may
partially explain the temporal trend in the rate of bronchiolitis ED visits, we also examined
temporal trends for pneumonia and asthma by using CCS code 122 and 128 in the primary
or secondary diagnosis field, respectively. To test for temporal trend in the ED visit rates,
we used Poisson regression models.

To facilitate direct comparisons between years for ED and overall charges, we converted all
charges to 2010 US dollars using the medical care component of the Consumer Price
Index.22 Because charges were not normally distributed, we calculated the weighted
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geometric mean and median of charges.23 The geometric mean is the average of the
logarithmic values of a data set, which is then converted back to a base-ten number; it is less
influenced by extreme values than the arithmetic mean. We estimated total charges as a
weighted sum of case-level charges. We used linear regression models for log-transformed
charges to test for temporal trends.

To examine temporal trends in admission rate and charges for ED services, we fit two
analytical models. First, we developed an unadjusted model that included only calendar year
as the independent variable. Second, we examined the association between calendar year
and each outcome using multivariable logistic regression. We adjusted for both patient-level
variables (i.e., age, sex, quartiles for median household income, primary payer, admission
day, and high-risk medical conditions) and ED-level (annual volume of bronchiolitis cases,
region, urban and rural distinction, and hospital teaching status). The model was fit by using
generalized estimating equations to account for clustering of discharges within hospitals.
Incorporating sampling weight is generally not advised for multi-level modeling in the
HCUP data because it complicates an already-complicated estimation procedure, possibly
for little or no gain.24 Thus, the unweighted bronchiolitis cohort was analyzed in the
multivariable models.

We then conducted a series of sensitivity analyses to assess the consistency of temporal
trend in each outcome among diagnostic subgroups. First, to minimize the potential
misclassification of asthma, we repeated the analysis in cases with bronchiolitis in children
<12 months of age (infants). Second, we conducted the analysis for cases with both primary
diagnosis of bronchiolitis aged <12 months and no high-risk conditions.

All analyses used SUDAAN version 11.0 (Research Triangle Institute, Research Triangle
Park, NC) to obtain descriptive statistics accounting for the complex sampling design, and
SAS version 9.3 (SAS Institute, Cary, NC) for multi-level modeling. Two-sided P<0.05 was
considered statistically significant.

Results
Patient and ED characteristics

We identified a total of 313,566 ED visits for bronchiolitis in US, corresponding to a
weighted estimate of 1,435,110 ED visits between 2006 and 2010. This accounted for 4.3%
(95% confidence interval [CI], 4.2%-4.5%) of all ED visits for children <2 years. Between
2006 and 2010, the annual proportion of bronchiolitis ED visits among the total ED visits
was relatively constant (Ptrend=0.20).

The patient and ED characteristics of the population of children with bronchiolitis are shown
in Table 1. Infants accounted for three-fourths of bronchiolitis ED visits; most were male.
Patients with the lowest quartile for median household income contributed one-third of ED
visits. In more recent years, children with bronchiolitis were less likely to be age <12
months, and more likely to have a public insurance (both Ptrend ≤0.01). Children with public
insurance contributed two-thirds of bronchiolitis ED visits in 2010.

Temporal trends in rates of bronchiolitis ED visits
Between 2006 and 2010, there was a modest increase in the rate of bronchiolitis ED visits,
from 35.6 (95%CI, 32.9-38.5) to 36.3 (95%CI, 33.3-39.5) per 1000 person-years (2%
increase; Ptrend=0.008; Figure). This finding was due largely to an increase in the ED visit
rate among children from 12 months to 23 months (24% increase; Ptrend<0.001). By
contrast, there was a significant decline in the ED visit rate among infants (4% decrease;
Ptrend<0.001).
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To determine if a shift in diagnostic preference could have played a role in the increase in
bronchiolitis ED visit rate, pneumonia and asthma ED visits were examined. Among
children from 12 months to 23 months, the increase in bronchiolitis ED visit rate was
mirrored by decreases in that for pneumonia and asthma (all Ptrend≤0.01; see Figure,
Supplemental Digital Content 1, http://links.lww.com/INF/B674). By contrast, among
infants, the decrease in bronchiolitis ED visits was paralleled by decreases in that for
pneumonia and asthma (all Ptrend<0.001; see Figure, Supplemental Digital Content 2, http://
links.lww.com/INF/B675).

Temporal trends in hospital admission and clinical outcomes for bronchiolitis
Between 2006 and 2010, the unadjusted hospital admission rate after an ED visit for
bronchiolitis did not change significantly (26% both in 2006 and 2010; odds ratio [OR] for
comparison of 2010 with 2006, 0.98; 95%CI, 0.82-1.17; Table 2 and Table 3). By contrast,
the multivariable-adjusted admission rate declined significantly (adjusted OR for
comparison of 2010 with 2006, 0.84; 95%CI, 0.76-0.93; P<0.001; Table 3). Patient-level
risk factors for hospital admission were younger age, female sex, higher household income,
having public and private insurance (compared to self-pay), ED visits on weekdays, and
presence of high-risk medical conditions; ED-level factors were EDs with high bronchiolitis
volume, in northeast or west regions, and with metropolitan teaching or non-metropolitan
status. Similarly, we observed a consistent, significant decline in adjusted admission rate
across all diagnostic subgroups (Table 4). Use of non-invasive or invasive mechanical
ventilation did not change (Ptrend=0.41; Table 2). Likewise, hospital length of stay and
overall mortality did not change significantly during the study period.

Temporal trends in ED charges
Between 2006 and 2010, the total national charges for bronchiolitis ED visits increased from
approximately $337 million (95%CI, $315-$358 million) to $389 million (95%CI, $359-
$419 million), adjusted for inflation (16% increase; Ptrend<0.001; Table 2). Infants
accounted for three-fourths of this annual charge ($286 million in 2010; 95%CI, $263-$309
million; Table 4). The geometric mean of ED charges per case increased from $887 (95%CI,
$824-$950) to $1059 (95%CI, $971-$1147; 19% increase; Ptrend<0.001).

Table 3 demonstrates multivariable regression results for predictors of ED charges. In
particular, the mean charge per ED visit was higher for more recent years (25 % higher for
comparison of 2010 with 2006; 95%CI, 20%-29%; P<0.001) and children with public
insurance (25% higher; 95%CI, 20%-29%; P<0.001). By contrast, the mean charge was
lower for patients seen in EDs with high bronchiolitis volume (14% lower; 95%CI,
7%-22%; P<0.001).

Dicussion
In a nationally-representative sample of more than 300,000 actual ED visits by children with
bronchiolitis, we found a divergent temporal trend in the rate of bronchiolitis ED visits
between 2006 and 2010. Concurrent with these trends were a significant decrease in hospital
admission rates and an increase in ED charges. The observed increase in ED charges was
partially explained by differences in comorbidities; however, multivariable analysis
demonstrated that insurance status and several ED characteristics were strong predictors of
ED charges in children with bronchiolitis.

Previous studies reported an increase in rates of bronchiolitis ED visits in the early 2000s
within the Tennessee Medicaid population10 and among patients with RSV infection.11 The
NEDS provides a nationally-representative sample that better addresses the public health
burden of bronchiolitis in US children. Between 2006 and 2010, our study demonstrated an
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increased ED visit rate among children from 12 months to 23 months and a decline among
infants. The reasons for these temporal trends are unclear and likely multifactorial. Changes
in the rate of ED visits could reflect true trends in disease incidence and severity.
Alternatively, non-biological factors may have contributed, such as altered access to primary
care, healthcare-seeking behaviors, and changes in the organization of medical services that
favor rapid diagnostic technologies and early treatment available in the ED. Furthermore,
the observed increase in bronchiolitis ED visit rate among older children was mirrored by
decreases in that for pneumonia and asthma. Therefore, it is possible that diagnostic transfer
explains, at least in part, the increase in bronchiolitis ED visit rates in this subgroup. By
contrast, we found a significant decline in the ED visit rate in infants, paralleled by
decreases in that for pneumonia and asthma. Thus, it is difficult to postulate that diagnostic
transfer fully explains the decrease in infants.

A recent study reported a decrease in the incidence of bronchiolitis hospitalizations through
the 2000s in US.6 Similarly, we found a significant decline in the adjusted hospital
admission rate among US children with bronchiolitis across different definitions of the
disease. This temporal trend occurred without an increase in mortality, and has many
possible contributing factors, including changes in the criteria for hospitalizations,
availability and utilization of healthcare in the community, use of supplemental oxygen at
ED discharge, and severity of disease.25 Additionally, a previous study reported a decrease
in use of chest x-rays for ED patients with the availability of the 2006 American Academy
of Pediatrics practice guidelines,26 which might have led to fewer diagnoses of pneumonia
and hospitalizations. Alternatively, the decline may have been driven by alterations in
coding practice, with less severe cases of bronchiolitis being recognized and coded in more
recent years. However, the concurrent decrease in the rate of ED visits and admission among
infants and patients with “classic” bronchiolitis (i.e., primary diagnosis of bronchiolitis in
infants without high-risk medical conditions) argues against this possibility.

We also demonstrated significant contributions of socioeconomic status to hospital
admission rates among US children with bronchiolitis. This finding was consistent with
prior studies reporting higher admission rates associated with Medicaid-insured
patients.27,28 By contrast, and inconsistent with the previous investigations,29-31 we found a
novel association between higher household incomes and higher admission rates.
Furthermore, we believe our study is the first to demonstrate significant variation in hospital
admission rate across US regions. This degree of variation is not unique to bronchiolitis, in
that substantial variation in rates have documented for number of diseases.32,33 The previous
investigations within local populations reported possible contributing factors, such as
differences in environmental factors, physician density, practice patterns, and healthcare
access.30,31,34,35

We are struck by the finding that national ED charges related to bronchiolitis increased over
time, even after adjusting for inflation. Despite the public health burden of bronchiolitis,
there have been no recent studies examining temporal trends in ED charges. Using different
definitions of bronchiolitis (i.e., infants with primary diagnosis of bronchiolitis or
pneumonia), a previous study estimated annual national ED costs of $50 million in 2001 US
dollars, although the ED charges would be considerably larger.28 We observed a 16%
increase in national charges from $337 million in 2006 to $389 million in 2010. This
increase was driven by increases in the average ED charge per case because the volume of
bronchiolitis ED visits remained constant during the study period. The reasons for increasing
charges per case are likely multifactorial. Potential explanations include changes in disease
severity, more ED resource use, overuse of medications and chest x-rays, and changes in
hospital billing practices.36-38 Additionally, a wide variation in diagnosis and management
for bronchiolitis among clinicians might, in part, contribute to this phenomenon.9,17,36,38 In
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our study, the ED charges were partly explained by annual bronchiolitis volume within the
ED after adjusting for case-mix and other ED characteristics. Thus, the association between
the EDs with higher bronchiolitis volume and lower charges might result from the factors
other than patient and ED characteristics, such as greater provider experience and
streamlined systems of care contributing to less routine use of bronchodilators, radiographs,
and laboratory tests.

Potential limitations
These findings should be interpreted in the context of the study design. First, our study was
ED-based and not population-based; many individuals may report to non-ED settings for
bronchiolitis, such as outpatient office visits.10,11 Therefore, our observations do not
represent the true incidence of the disease but rather the incidence of ED visits for
bronchiolitis. Second, we used an administrative database of discharge-level data, without
clinical information beyond that captured in ICD-9-CM codes. We might have
underestimated or overestimated the frequency of bronchiolitis ED-visits due to potential
overlap with pneumonia, and potential difficulty distinguishing between bronchiolitis and
early asthma.17 However, we conducted sensitivity analyses to address this issue. Third, a
lack of patient identifiers precluded us from examining longer-term outcomes, such as return
ED visits. It is possible that a small proportion of patients might have reported to EDs
multiple times in the same year. Lastly, as with any observational study, the observed
decline in hospital admission rate might be confounded by unmeasured factors, such as
disease severity; maternal age and infant birth weight; favorable changes in household
crowding, or parental smoking; and immunoprophylaxis with palivizumab for high-risk
children.39-43
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Figure. Rates of US ED Visits for Bronchiolitis per 1000 Children, According to Age Group and
Different Definitions; 2006-2010
Between 2006 and 2010, there was a significant increase in the overall rate of bronchiolitis
ED visits among children age <2 years (2% increase; Ptrend=0.008), and the subgroup of
children from 12 months to 23 months (24% increase; Ptrend<0.001). By contrast, there was
a significant decline in the rate among children age <12 months (4% decrease; Ptrend<0.001),
and the subgroup of children age <12 month with bronchiolitis as the primary diagnosis and
no high-risk medical conditions (6% decrease; Ptrend<0.001). I bars represent 95%
confidence intervals.
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