
Trends in Bronchiolitis Hospitalizations in the United
States, 2000–2009

WHAT’S KNOWN ON THIS SUBJECT: Bronchiolitis is often cited as
the leading cause of hospitalization for young children in the
United States Previous studies reported increases in bronchiolitis
hospitalizations through the 1990s. There are no recent efforts to
assess national trends in bronchiolitis incidence and health care
utilization.

WHAT THIS STUDY ADDS: Between 2000 and 2009, we found
a significant decline in bronchiolitis hospitalizations among US
children. By contrast, use of mechanical ventilation and hospital
charges for bronchiolitis significantly increased over this same
period.

abstract
OBJECTIVE: To examine temporal trend in the national incidence of
bronchiolitis hospitalizations, use of mechanical ventilation, and hos-
pital charges between 2000 and 2009.

METHODS:We performed a serial, cross-sectional analysis of a nationally
representative sample of children hospitalized with bronchiolitis. The Kids
Inpatient Database was used to identify children ,2 years of age with
bronchiolitis by International Classification of Diseases, Ninth Revision,
Clinical Modification code 466.1. Primary outcome measures were
incidence of bronchiolitis hospitalizations, mechanical ventilation
(noninvasive or invasive) use, and hospital charges. Temporal trends
were evaluated accounting for sampling weights.

RESULTS: The 4 separated years (2000, 2003, 2006, and 2009) of na-
tional discharge data included 544 828 weighted discharges with
bronchiolitis. Between 2000 and 2009, the incidence of bronchiolitis
hospitalization decreased from 17.9 to 14.9 per 1000 person-years
among all US children aged ,2 years (17% decrease; Ptrend , .001).
By contrast, there was an increase in children with high-risk medical
conditions (5.9%–7.9%; 34% increase; Ptrend , .001) and use of
mechanical ventilation (1.9%–2.3%; 21% increase; Ptrend = .008).
Nationwide hospital charges increased from $1.34 billion to $1.73
billion (30% increase; Ptrend , .001); this increase was driven by
a rise in the geometric mean of hospital charges per case from
$6380 to $8530 (34% increase; Ptrend , .001).

CONCLUSIONS: Between 2000 and 2009, we found a significant decline
in bronchiolitis hospitalizations among US children. By contrast, use of
mechanical ventilation and hospital charges for bronchiolitis signifi-
cantly increased over this same period. Pediatrics 2013;132:28–36
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Bronchiolitis is often cited as the
leading cause of hospitalization for
infants, accounting for 18% of all hos-
pitalizations, in the United States.1–5

Yearly, up to 3% of US infants are
hospitalized with bronchiolitis, with
reports of increasing hospitalization
rates between 1980 and 1996.1 More
recent US national estimates were
∼150 000 bronchiolitis hospitalizations
annually, with total hospital charges of
$1.4 billion in 2002.6

Although its public health burden is sig-
nificant, previous research on bronchio-
litis hospitalizations mainly focused
on respiratory syncytial virus (RSV)
bronchiolitis instead of bronchiolitis
as a clinical diagnosis.7–13 RSV is the
most common cause of bronchiolitis;
however, many other infectious agents
are associated with bronchiolitis.3,14,15

Therefore, estimates derived from sam-
ples of RSV bronchiolitis would under-
estimate hospitalization incidence and
health care utilization.6 Furthermore,
despite its significant public health
burden, there have been no recent ef-
forts to assess temporal trends in in-
cidence, use of mechanical ventilation,
and hospital charges of bronchiolitis
hospitalizations among US children.

We therefore aimed to examine tem-
poral trends in bronchiolitis hospi-
talizations between 2000 and 2009
by using a nationally representative
sample.

METHODS

Study Design and Setting

We performed a serial cross-sectional
analysis of pediatric hospitalizations
in 2000, 2003, 2006, and 2009, by using
the Healthcare Cost and Utilization
Project’s (HCUP) Kids’ Inpatient Data-
base (KID), compiled by the Agency for
Healthcare Research and Quality.16–19

The KID was designed to report hospi-
tal use and outcomes for children and
is the only all-payer inpatient care da-
tabase for children in the United States.

The KID is a stratified sample of all
pediatric discharges, defined as age
#20 years, from states that participate
in HCUP. States that participate in HCUP
provide discharge-level data on all
inpatient discharges from all “com-
munity” hospitals (ie, nonfederal, short-
term, general, and specialty hospitals)
in that state. KID contains a 10% strat-
ified sample of uncomplicated in-
hospital births and an 80% stratified
sample of other pediatric cases. In
2009, the KID contained information for
7.4 million weighted discharges from
4121 hospitals in 44 states. The KID has
been used study temporal trends in
many populations and has been vali-
dated against the National Hospital
Discharge Survey.20–22 Additional details
of the KID can be found elsewhere.23 The
institutional review board of Massa-
chusetts General Hospital approved this
analysis.

Identification of Sample

Pediatric discharges for patients age
,2 years who had an International
Classification of Diseases, Ninth Re-
vision, Clinical Modification (ICD-9-CM)
code for bronchiolitis (466.1) in the
primary or secondary diagnosis fields
were eligible for our analysis. Bron-
chiolitis is a clinical diagnosis, with
recognized challenges, including po-
tential difficulty distinguishing between
bronchiolitis and early asthma in chil-
dren aged ,2 years and potential
overlap with pneumonia.24 In addition,
to minimize the potential mis-
classification of transient tachypnea of
the newborn or respiratory distress
syndrome, hospitalizations for routine
births identified using Clinical Classi-
fications Software (CCS) code 218 in
the first field were excluded.

Measurements

The KID contains information on patient
characteristics, such as age, gender,
race/ethnicity, primary insurance type

(payer), admission day, discharge di-
agnoses and procedures, total charge
for inpatient services, hospital length of
stay, and disposition. To describe the
socioeconomic status and burden of
health care utilization, primary payer
was included. Primary payer was
grouped into public sources (Medicaid
and Medicare), private payers, and
other types. Additionally, race/ethnicity
was categorized into non-Hispanic
white, non-Hispanic black, Hispanic,
and other. Diagnoses and procedures
were available using ICD-9-CM and CCS,
a methodology developed by the
Agency for Healthcare Research and
Quality to group ICD-9-CM codes into
clinically sensible and mutually exclu-
sive categories. High-risk medical
condition was defined as history of
prematurity (ie,#36 weeks’ gestation)
or $1 complex medical condition,
previously defined by using ICD-9-CM
codes in 9 categories of illness (eg,
neuromuscular, cardiovascular, and
respiratory).25

Hospital characteristics include US
region, urban-rural status, teaching
status, and designation as a children’s
hospital. Geographic regions (North-
east, South, Midwest, and West) were
defined according to Census Bureau
boundaries.26 Children’s hospital des-
ignation was determined from the
National Association of Children’s Hos-
pitals and Related Institutions classi-
fication criteria: non–children’s hospital
and children’s hospital (children’s gen-
eral hospital, children’s specialty hos-
pital, and children’s unit in general
hospital).27

Outcome Measures

The primary outcome measures were
incidence of bronchiolitis hospitali-
zation, use of mechanical ventilation
(invasive or noninvasive ventilation,
including bilevel/continuous positive
airway pressure ventilation), and hos-
pital charges. Other outcomes of
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interest included in-hospital manage-
ment such as intravenous antibiotics
and chest radiographs; length of stay;
in-hospital mortality; and direct med-
ical cost. Use of mechanical ventilation
was identified by CCS code 216. Total
hospital charges reflected the total
facility fees reported for each discharge
record. We identified in-hospital use
of intravenous antibiotics (ICD-9-CM
code 00.14, 99.21, and 99.22) and chest
radiographs (ICD-9-CM code 87.44 and
87.49). In-hospital mortality was defined
as the number of deaths divided by total
number of bronchiolitis discharges. Be-
cause cost data were not available in
the early part of the study period, we
calculated direct medical costs by using
hospital-specific cost-charge ratios for
2009 hospitalizations. Cost information
was obtained from the hospital ac-
counting reports collectedby the Centers
for Medicare and Medicaid Services.
Because of incomplete hospital cost-
charge ratio data, cases without hospital-
specific cost-charge ratios were excluded,
and data were appropriately reweighted
to analyzed cost according to the HCUP
recommendations.19

Statistical Analysis

All analyses used SAS-callable SUDAAN,
version 11.0 (Research Triangle In-
stitute, Research Triangle Park, NC) to
obtain proper variance estimations
that accounted for the complex sam-
pling design.

We described changes in the weighted
estimate of all outcomes in 2000, 2003,
2006, and 2009. To obtain incidence
rates of bronchiolitis hospitalization,
the annual number of estimated bron-
chiolitis hospitalizations were divided
by population estimates from the US
Census Bureau.28 Additionally, to ad-
dress a possibility that diagnostic
substitution may partially explain the
temporal trend in bronchiolitis hospi-
talization rates, we examined temporal
trends for pneumonia and asthma by

using CCS codes 122 and 128 in the
primary or secondary diagnosis field,
respectively. Poisson regression was
used to assess for temporal trend in
incidence rates.

To examine temporal trends in use of
mechanical ventilation and in-hospital
mortality, we fit 2 analytical models.
First,wedevelopedanunadjustedmodel
that included only calendar year as the
independent variable. Second, we ex-
amined the independent association
between calendar year and each out-
come by using multivariable logistic
regression.Weadjustedforbothpatient-
level variables (ie, age, gender, race/
ethnicity, primary payer, admission
day, and high-risk medical conditions)
and hospital-level characteristics (re-
gion, urban and rural distinction, hos-
pital teaching status, and children’s
hospital designation).

To facilitate direct comparisons be-
tween years for hospital charges, we
convertedall charges to2009USdollars
by using themedical care component of
the Consumer Price Index.29 Because
hospital charges were not normally
distributed, we calculated the weighted
geometric mean and median of
charges.30 The geometric mean is the
average of the logarithmic values of
a data set, which is then converted back
to a base-10 number; it is less influ-
enced by extreme values than the
arithmetic mean. We estimated total
charges as a weighted sum of case-level
charges. We performed linear re-
gression for models of log-transformed
charges to test temporal trends.

We then conducted a series of sensitivity
analyses to assess the consistency of
temporal trend ineachprimaryoutcome
and in-hospital mortality among di-
agnostic subgroups. First, to minimize
the potential misclassification of
asthma, we repeated the analysis in
cases with bronchiolitis as the primary
diagnosis and in children ,1 year of
age. Second, we conducted the analysis

excluding cases with high-risk medi-
cal conditions. Third, we repeated
analytical models for cases with both
primary diagnosis of bronchiolitis
aged ,1 year and no high-risk condi-
tions. Two-sided P, .05 was considered
statistically significant; all data were
reported with 95% confidence intervals
(CIs).

RESULTS

Temporal Trends in Incidence of
Bronchiolitis

We identified 325 494 patient dis-
charges of bronchiolitis in the United
States, corresponding to a weighted
estimate of 544 828 discharges in the 4
data sets (2000, 2003, 2006, and 2009).
This accounted for 16.2% (95% CI:
15.7%–16.6%) of all hospitalizations for
children aged ,2 years and 18.1%
(95% CI: 17.5%–18.5%) for those ,1
year after excluding all routine births.

Between 2000 and 2009, the annual
proportion of bronchiolitis hospital-
izations among the total hospital-
izations was relatively constant (Ptrend
= .48; Table 1) for children aged ,2
years and decreasing (5% decrease;
Ptrend = .02) for those ,1 year after
excluding all routine births. Overall,
there was a decrease in the incidence
rate of bronchiolitis hospitalization,
from 17.9 (95% CI: 16.9–19.1) to 14.9
(95% CI: 14.1–15.8) per 1000 person-
years (17% decrease; Ptrend , .001;
Fig 1). This finding was due largely to
a decline in the incidence among
infants (21% decrease; Ptrend , .001).
Similarly, the decreasing temporal
trends in bronchiolitis hospitalizations
persisted across all subgroups (Ptrend
, .001) except for children aged from
12months to 23 months (13% increase;
Ptrend , .001).

To determine whether a shift in di-
agnostic preference could have played
a role in the increase in bronchiolitis
hospitalizations, pneumonia and asth-
ma hospitalizations were examined.
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Between 2000 and 2009, the observed
decline in overall bronchiolitis hospital-
ization rate was mirrored by decreases
in that for pneumonia and asthma (all
Ptrend , .001; Supplemental Fig 3).

Patient and Hospital
Characteristics

Thepatientandhospital characteristics
of the population of children with
bronchiolitis in the four 1-year periods

are shown in Table 1. Children with
bronchiolitis in more recent years
were less likely to be aged,1 year and
male and more likely to have high-risk
medical conditions (from 5.9% in 2000
to 7.9% in 2009; 34% increase; Ptrend ,
.001). Over the study period, patients
with bronchiolitis also had a higher
frequency of admission to children’s
hospitals (27.7% in 2000 to 36.1% in
2009; 30% increase; Ptrend , .001).

Temporal Trends in Health Care
Utilization and In-hospital Mortality

Between 2000 and 2009, the rate of
children with bronchiolitis who under-
went mechanical ventilation increased
significantly from 1.9% in 2000 to 2.3% in
2009 (unadjusted odds ratio [OR] for
comparison of 2009 with 2000, 1.21; 95%
CI: 1.04–1.41; P = .01; Fig 2 and Supple-
mental Table 4). By contrast, the tempo-
ral trend became nonsignificant after
adjustment for covariates (adjusted OR
for comparison of 2009 with 2000, 0.98;
95% CI: 0.84–1.15; P = .92; Supplemental
Table 5). Use of mechanical ventilation
was associated with younger age (in-
fant), white race, Medicaid or Medicare
insurance, hospitalization during week-
ends, presence of high-risk medical
conditions, and admission to urban
hospitals and children’s hospitals. The
in-hospital use of intravenous antibiotics
and chest radiograph declined signifi-
cantly over the study period (both Ptrend
# .01; Fig 2). The length of stay remained
relatively unchanged for bronchiolitis
during the study period, or, if anything,
slightly decreased (2.5 days in 2000 and
2.4 days in 2009; Ptrend = .10).

Between 2000 to 2009, unadjusted in-
hospital mortality did not change sig-
nificantly (0.06% in 2000 to 0.03% in
2009; OR for comparison of 2009 with
2000, 0.56; 95% CI: 0.31–1.03; P = .06). In
contrast, multivariable-adjusted mor-
tality declined significantly (adjusted
OR, 0.38; 95% CI: 0.20–0.72; P = .003;
Table 2). Similarly, we observed a con-
sistent, significant decline in adjusted
mortality across all subgroups. For
example, the adjusted OR for death in
children ,1 year of age, without high-
risk conditions, and who had primary
diagnosis of bronchiolitis was 0.25
(95% CI: 0.07–0.88; P = .003).

Temporal Trends in Hospital
Charges for Bronchiolitis

Between 2000 and 2009, the total
hospital charges for bronchiolitis

TABLE 1 Patient and Hospital Characteristics of US Children ,2 Years With Bronchiolitis, 2000–
2009a

Variables 2000 2003 2006 2009 P for Trend

Age 0–23.9 mo
Weighted sample, n 136 769 142 118 137 777 128 164
% of total hospitalizationsb 16 (16–17) 16 (16–17) 16 (15–16) 16 (16–17) .48

Age 0–11.9 mo
Weighted sample, n 118 910 121 411 116 200 104 985
% of total hospitalizationsc 19 (18–19) 18 (17–18) 18 (17–18) 18 (17–18) .02

Patient
Age ,.001
0–11.9 mo 87 (84–86) 86 (85–86) 85 (84–85) 82 (81–83)
12–23.9 mo 13 (12–14) 14 (14–15) 15 (15–16) 18 (17–19)
Male gender 59 (59–60) 59 (59–60) 58 (58–59) 59 (58–59) .03
Race or ethnic group
Non-Hispanic white 42 (39–45) 34 (32–36) 35 (32–37) 38 (36–41) .05
Non-Hispanic black 13 (12–15) 12 (11–13) 11 (10–12) 14 (12–16) .57
Hispanic 21 (19–24) 20 (18–23) 22 (19–25) 25 (22–27) .01
Other or unknown 24 (21–26) 34 (31–37) 33 (29–36) 23 (20–26) .74

Type of health insurance
Public 53 (51–55) 57 (56–59) 60 (58–61) 63 (62–65) ,.001
Private 41 (39–43) 37 (35–39) 34 (33–38) 31 (30–33) ,.001
Other 6 (6–7) 6 (5–2) 6 (5–7) 6 (5–7) .74

Admission day .001
Weekdayd 78 (77–78) 77 (77–78) 77 (77–78) 77 (76–77)
Weekend 22 (22–23) 23 (22–23) 22 (22–23) 23 (23–24)

Any high-risk conditione 6 (5–6) 6 (5–6) 7 (6–7) 8 (7–8) ,.001
Hospital
Region
Northeast 18 (15–22) 16 (14–18) 17 (15–20) 18 (15–22) .90
Midwest 18 (14–21) 22 (19–25) 23 (19–26) 20 (17–24) .15
South 40 (36–44) 42 (38–45) 39 (36–43) 39 (35–44) .06
West 24 (20–28) 20 (17–24) 21 (17–24) 22 (19–26) .28

Location/teaching status
Rural 20 (18–23) 20 (18–22) 16 (15–18) 17 (15–18) .005
Urban nonteaching 31 (28–35) 33 (30–36) 31 (28–35) 33 (29–36) .82
Urban teaching 48 (44–52) 47 (43–50) 52 (49–56) 51 (47–55) .06

Hospital designation ,.001
Non–children’s hospital 72 (67–77) 72 (70–76) 65 (61–69) 64 (59–68)
Children’s hospital 28 (23–33) 28 (24–32) 35 (31–40) 36 (32–41)

a Data are expressed as % (95% CI) otherwise indicated.
b Annual proportion of bronchiolitis hospitalizations among the total hospitalizations for children aged,2 y, after excluding
routine birth.
c Annual proportion of bronchiolitis hospitalizations among the total hospitalizations for children aged,1 y, after excluding
routine birth.
d Admission on Monday, Tuesday, Wednesday, Thursday, and Friday.
e High-risk medical condition was defined as history of prematurity or$1 complex medical condition, previously defined by
using ICD-9-CM codes in 9 categories of illness (ie, neuromuscular, cardiovascular, respiratory, renal, gastrointestinal,
hematology or immunologic, metabolic, malignancy, and other congenital or genetic defect disorders).
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hospitalization were estimated to have
increased from $1.34 billion (95% CI:
$1.27–$1.41 billion) to $1.73 billion

(95% CI: $1.64–$1.83 billion) nationally,
adjusted for inflation (30% increase;
Ptrend , .001). The geometric mean of

hospital charges per case increased
from $6380 (95% CI: $6140–$6630) to
$8530 (95% CI: $8180–$8890; 34% in-
crease; Ptrend , .001; Fig 2 and Sup-
plemental Table 6).

In 2009, the total direct cost of the
bronchiolitis hospitalization was $545
million (95% CI: $518–$573 million)
nationally (Table 3). Children ,1 year
accounted for most of this annual cost.
By contrast, children with bronchiolitis
who underwent mechanical ventilation
accounted for 2% of all bronchiolitis
hospitalizations and 18% ($100 million,
95% CI: $91–$110 million) of the total
annual cost.

DISCUSSION

By using a large, nationally repre-
sentative database of US pediatric
hospitalizations between 2000 and
2009, we found a significant decline
in bronchiolitis hospitalization inci-
dence and in-hospital mortality. Con-
current with these declines was a
marked increase in use of noninvasive/
invasive mechanical ventilation and

FIGURE 1
Incidence rates of US bronchiolitis hospitalizations per 1000 children according to age group and
different definitions, 2000–2009. Overall, there was a decrease in the incidence rate of bronchiolitis
hospitalization (17% decrease; Ptrend, .001) between 2000 and 2009. Similarly, therewas a decrease in
the incidence rate in children aged ,12 months (21% decrease; Ptrend , .001), cases with primary
diagnosis of bronchiolitis aged,12monthswithout high-risk medical conditions (29% decrease; Ptrend
, .001), cases with bronchiolitis as the primary diagnosis (18% decrease; Ptrend , .001), and cases
with no high-risk medical conditions (24% decrease; Ptrend , .001). By contrast, the incidence rate
among children from 12 months to 23 months increased (13% increase; Ptrend , .001).

FIGURE 2
In-hospital health care utilization and hospital charges for US childrenwith bronchiolitis, 2000–2009. Between 2000 and 2009, therewas a significant decline in
the use of intravenous antibiotics (40% decrease; Ptrend = .009) and chest radiograph (66% decrease; Ptrend = .010), whereas use of mechanical ventilation
increased (21% increase; Ptrend = .008). The geometric mean of hospital charges per case increased significantly (34% increase; Ptrend, .001), adjusted for
inflation.
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hospital charges. Other notable tem-
poral trends during this 10-year period
included increasing comorbidity and
more frequent hospitalization to child-
ren’s hospitals.

Previous studies reported increases in
bronchiolitis hospitalizations through
the 1990s in the United States1 and in
the early 2000s within local pop-
ulations.2,31 By contrast, between 2000
and 2009, we found a 17% decrease in
the incidence of bronchiolitis hospital-
izations nationally. The reasons for the
reversal of the upward trend are un-
clear. The decrease in hospitalizations
could reflect decreases in disease in-
cidence and severity. Alternatively,
nonbiological factors may have con-
tributed, such as trends in child care
practice or altered criteria for hospi-
talizations. In particular, one might
surmise that physicians would have

changed coding for hospitalizations
attributable to lower respiratory tract
illnesses. If diagnostic-coding varia-
tions during the study period sub-
stantially influenced the decrease in
bronchiolitis hospitalization rate, we
would expect a compensatory increase
in hospitalization rates for other lower
respiratory tract diseases with clinical
representations similar to bronchioli-
tis. However, hospitalization rates for
pneumonia and asthma also de-
creased between 2000 and 2009.
Therefore, it is difficult to postulate that
diagnostic substitution fully explains
the decrease in bronchiolitis hospital-
ization rates.

We also demonstrated a more than
twofold decrease in adjusted in-
hospital mortality among US children
with bronchiolitis; the mortality finding
occurred despite an increase in chil-

dren with high-risk medical conditions.
The etiology of the mortality decline is
probably multifactorial. The improve-
ment in survival may have been driven
by change in coding practice, with less
severe cases of bronchiolitis being
recognized and coded in more recent
years. However, the incidence of bron-
chiolitis declined and the proportion of
patients with comorbidity increased,
both arguing against this possibility.
The significant reductions in bron-
chiolitis mortality were large and per-
sisted across various subgroups,
including “classic bronchiolitis” (ie,
primary diagnosis of bronchiolitis in
infants without high-risk medical con-
ditions), a finding that further sup-
ports the validity of these findings. The
increase in the use of noninvasive
and invasive mechanical ventilation
raises the possibility that advanced

TABLE 2 Multivariable OR of In-hospital Death in US Children With Bronchiolitis, According to Various Definitions, 2000–2009a

Weighted Sample, n Adjusted OR (95% CI) for In-hospital Mortality

2000 2003 2006 2009

All bronchiolitis 544 828 1.00 (reference) 0.63 (0.36–1.10) 0.56 (0.33–0.96) 0.38 (0.20–0.72)
Sensitivity analyses
Bronchiolitis as primary diagnosis 485 656 1.00 (reference) 0.53 (0.29–0.97) 0.52 (0.30–0.91) 0.31 (0.16–0.63)
Age ,1 y 461 506 1.00 (reference) 0.68 (0.37–1.26) 0.53 (0.28–1.00) 0.37 (0.18–0.78)
No high-risk conditionb 509 127 1.00 (reference) 0.35 (0.13–0.96) 0.31 (0.13–0.76) 0.31 (0.11–0.84)
Bronchiolitis as primary diagnosis, age ,1 y and no

high-risk conditionb
388 559 1.00 (reference) 0.36 (0.12–1.05) 0.16 (0.05–0.55) 0.25 (0.07–0.88)

a Logistic regression adjusting for age, gender, race/ethnicity, primary payer, admission day (weekend versus weekday), comorbidities, US region, hospital location, teaching status, and
children’s hospital designation.
b High-risk medical condition was defined as history of prematurity or$1 complex medical condition, previously defined by using ICD-9-CM codes in 9 categories of illness (ie, neuromuscular,
cardiovascular, respiratory, renal, gastrointestinal, hematology or immunologic, metabolic, malignancy, and other congenital or genetic defect disorders).

TABLE 3 Total Cost and Mean Cost for US Bronchiolitis Hospitalizations, According to Various Definitions, 2009

Weighted Sample, n Total Direct Cost (95% CI),
$US (millions)

Cost Per Hospitalization, $US

Geometric mean (95% CI) Median (IQR)

All bronchiolitis 127 877 545 (518–573) 2815 (2720–2910) 2626 (1702–4298)
Sensitivity analyses
Bronchiolitis as primary diagnosis 106 476 444 (420–469) 2756 (2658–2853) 2575 (1672–4201)
Age ,1 y 105 011 463 (439–486) 2868 (2766–2970) 2667 (1719–4409)
No high-risk conditiona 117 968 439 (420–457) 2668 (2583–2753) 2537 (1666–4058)
Bronchiolitis as primary diagnosis, age ,1 y, no

high-risk condition
81 787 305 (291–319) 2656 (2565–2747) 2527 (1652–4065)

Stratification by use of MV
Children without MV 124 990 445 (427–463) 2686 (2601–2771) 2578 (1686–4140)
Children with MV 2887 100 (91–110) 21 323 (19 247–23 400) 23 822 (11 598–40 426)

IQR, interquartile range; MV, mechanical ventilation.
a High-risk medical condition was defined as history of prematurity or$1 complex medical condition, previously defined by using ICD-9-CM codes in 9 categories of illness (ie, neuromuscular,
cardiovascular, respiratory, renal, gastrointestinal, hematology or immunologic, metabolic, malignancy, and other congenital or genetic defect disorders).
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respiratory support is being perfor-
med at an earlier phase on less criti-
cally ill patients with bronchiolitis,32

thereby leading to a reduction in ob-
served mortality rates.

Previous studies that examined tem-
poral trends inbronchiolitis-associated
outcomes have reported a decline33

and no change in mortality.12 These
studies were conducted in the 1990s
and focused on bronchiolitis due to
RSV infections, although approximately
one-third of bronchiolitis hospital-
izations are caused by other infectious
agents.14 In contrast, our findings re-
flect outcomes of bronchiolitis as
a clinical diagnosis from a large num-
ber of discharges drawn from most
recent nationally representative sam-
ples. The observed temporal trend to-
ward improved bronchiolitis-associated
survival over time may be due to
overall improvement in the quality of
health care in US hospitals.34 Addi-
tionally, an increasing proportion of
hospitalizations in children’s hospitals
may reflect an improvement of re-
gional systems of health care for criti-
cally ill children, similar to trauma
care and neonatal intensive care,
contributing to the decline in mortal-
ity through increased coordination of
care.35,36

The apparent decrease in the incidence
of hospitalization and in-hospital mor-
tality contrasts sharply with our find-
ings that national hospital charges
related to bronchiolitis increased over
time, even after adjusting for inflation.
Despite the public health burden of
bronchiolitis, there have beenno recent
studies examining temporal trends in
hospital charges. By using broad defi-
nitions of bronchiolitis, previous stud-
ies estimated national hospital charges
between $430 million and $690 million
in 1998 US dollars,9 and $1.4 billion in
2002 US dollars.6 We observed a 30%
increase in national charges from $1.3
billion in 2000 to $1.7 billion in 2009.

This increase was driven by increases
in the average hospital charge per
case-day because the volume of hos-
pitalizations declined and the length of
stay remained constant (or slightly
declined) during the study period.
However, reasons for increasing hos-
pital charges per case are likely
multifactorial. The population of bron-
chiolitis may be similar in severity, but
their inpatient use may be increasing.
Alternatively, the prevalence of chil-
dren with chronic medical conditions
in the US population may be in-
creasing.25 This potential mechanism
may explain the noticeable rise in the
proportion of bronchiolitis hospital-
izations with high-risk medical con-
ditions, thereby leading to more
intensive resource use, such as non-
invasive and invasive respiratory sup-
port. Indeed, the attenuation of the
temporal trends in mechanical venti-
lation use after adjustment for high-
risk medical conditions suggests an
important contribution of this variable
to more intensive resource use. Addi-
tionally, a lack of consensus among
clinicians as to best practices sug-
gested by a wide variation in diagnosis
and management for bronchiolitis
might, in part, contribute to this phe-
nomenon.24,37,38

Although surveillance data are unable
to explore more granular issues of
clinical care, these results can better
inform a system of care for children
with severe bronchiolitis. At the pop-
ulation or health system level, our ob-
servation should facilitate studies that
evaluate determinants of the rising
hospital charges and seek better sys-
tems of care to achieve high-quality
cost-effective health care to the larg-
est number of sick children.39 At the
individual patient level, evidence to
guide the provision of optimal inpatient
health care for children with bron-
chiolitis remains limited. High-quality
research into the diagnosis, indications

and outcomes of intensive management,
and risk stratification, coupled with
dissemination of these findings, could
substantially improve care for chil-
dren with bronchiolitis requiring
hospitalization.

Our study has several potential limi-
tations. First, we used an administra-
tive database of discharge-level data,
without clinical information beyond
that captured in ICD-9-CM and CCS
codes. We might have underestimated
the frequency of bronchiolitis hospi-
talization and misdiagnosed with
pneumonia, asthma, or febrile ill-
ness.24 However, we have conducted
sensitivity analyses to address this
issue, and the results did not materi-
ally change. Similarly, the observed in-
hospital use of antibiotics and chest
radiograph was lower than that of
a previous study in children’s hospi-
tals.38 This discrepancy can be attrib-
uted, at least in part, to the difference
in patient population, potential un-
dercoding of these process measures,
and the absence of information in the
KID database about health care utili-
zation in emergency departments and
clinics before the index hospitaliza-
tion. Interestingly, we observed a sig-
nificant decline in in-hospital use of
antibiotics and chest radiographs
over time despite an increasing use of
electronic health record technology in
the United States that likely would
capture more information from hos-
pitalizations. This observed decline
warrants additional studies. Second,
the KID contains discharge-level re-
cords and not patient-level records.
Lack of patient identifiers precludes
us from examining longer-term out-
comes, such as readmissions. It is
possible that a small proportion of
patients might have been hospitalized
multiple times in the same year. In this
case, because mortality events are
not recurrent, the number of deaths
should not change. Third, as with any
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observational study, the observed decline
in mortality might be confounded by
unmeasured factors, such as favor-
able changes in parental smoking,
household crowding, child care at-
tendance, and immunoprophylaxis
with palivizumab for children at high
risk.40–42 Lastly, hospital billing prac-
tices might change over time, ac-
counting for the reported increase in
mechanical ventilation use and hos-
pital charge for bronchiolitis.

CONCLUSIONS
By using a nationally representative
database of US pediatric hospital-
izations between 2000 and 2009, we
found a significant decline in the in-
cidence of bronchiolitis hospital-
izations and mortality among children
with bronchiolitis. In contrast to these
declines, use of mechanical ventilation
and hospital charges for bronchiolitis
hospitalizations increased markedly.
Although these data suggest a net

improvement in severe bronchiolitis,
continued efforts to evaluate its
determinants and to standardize di-
agnosis and management may yield
additional improvement in clinical
outcomes. For policy makers, because
bronchiolitis continues to be a public
health burden in an already-stressed
health care system, the rising hospi-
tal charges call for the development of
more cost-effective approaches to the
management of severe bronchiolitis.
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IF BAD NEWSTRAVELS FAST, GOOD NEWSTRAVELS FASTER (ON SOCIALMEDIA): If
you read the daily newspaper, online newsfeed, or watch the evening news on
television, going a week without learning about a catastrophic event is unlikely.
“Bad news travels fast” and “if it bleeds, it leads” are old sayings that have guided
the news for decades. However, new research indicates that, when it comes to
social networking, good newsmay spreadmore rapidly. As stated in The New York
Times (Science: March 18, 2013), analysis of emailed articles from the online
edition of The New York Times showed that the content of articles shared online
tends to be awe-inspiring, exciting, humorous, or anger/anxiety-provoking, as
opposed to sad. Articles that provoke positive emotions are most likely to be
shared. In addition, researchers from the University of Michigan and UCLA
demonstrated that individuals enjoy spreading ideas or news most likely to
appeal to others. We tend to use the areas of our brains linked to social cognition
when considering what to share on the World Wide Web. When speaking to
a bigger audience, such as groups of friends in our online social networks, we are
more likely to share positive stories and those most likely to appeal to others. Yet
perusing others’ postings of vacation photographs, family successes, or delicious
dinners on social media websites does hardly anything positive for the viewer. In
fact, for those who spend a great deal of time on social media, all the happy
postings may invoke jealousy. It would appear that balance is necessary – social
media for sending happier messages and mass media for sobering stories.
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