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Associations Between Quality Measures and
Outcomes for Children Hospitalized With
Bronchiolitis
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OBJECTIVES: To use adherence to the Pediatric Respiratory Illness Measurement System (PRIMES)
indicators to evaluate the strength of associations for individual indicators with length of stay (LOS)
and cost for bronchiolitis.

ABSTRACT

METHODS: We prospectively enrolled children with bronchiolitis at 5 children’s hospitals between
July 1, 2014, and June 30, 2016. We examined associations between adherence to each individual
PRIMES indicator for bronchiolitis and LOS and cost. Sixteen indicators were included, 9 “overuse”
indicators for care that should not occur and 7 “underuse” indicators for care that should occur. We
performed mixed effects linear regression to examine the association between adherence to each
individual indicator and LOS (hours) and cost (dollars). All models controlled for patient
demographics, patient complexity, and hospital.
RESULTS: We enrolled 699 participants. The mean age was 8 months; 56% were male, 38% were
white, and 63% had public insurance. Three indicators were signiﬁcantly associated with shorter
LOS and lower cost. All 3 indicators were overuse indicators and related to laboratory testing: no
blood cultures (adjusted mean difference in LOS: 224.3 hours; adjusted mean cost difference:
2$731, P , .001), no complete blood cell counts (LOS: 217.8 hours; cost: 2$399, P , .05),
and no respiratory syncytial virus testing (LOS: 216.6 hours; cost: 2$272, P , .05). Two underuse
indicators were associated with higher cost: documentation of oral intake at discharge ($671,
P , .01) and documentation of hospital follow-up ($538, P , .05).
CONCLUSIONS: A subset of PRIMES quality indicators for bronchiolitis are strongly associated with
improved outcomes and can serve as important measures for future quality improvement efforts.
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Bronchiolitis is the leading cause of infant
hospitalization in the United States, with
direct medical costs .$700 million
annually.1–5 Bronchiolitis care is primarily
supportive; in existing evidence, it is
suggested that additional testing such as
chest radiographs and viral testing is
unnecessary and that multiple therapies,
including bronchodilators, corticosteroids,
and antibiotics, do not improve
outcomes.1,6–10 Despite the publication of
national evidence-based guidelines11 and the
widespread existence of local clinical
pathways and practice guidelines, use of
unnecessary treatments for children
hospitalized with bronchiolitis still
exists.12–17
Quality improvement efforts focused on
bronchiolitis have been effective at
decreasing unnecessary care in hospitalbased settings and have predominately
focused on reducing laboratory testing,
chest radiographs, and albuterol use.18–22
There has been less focus in quality
improvement on the recommendations for
what care should be provided on the basis
of the American Academy of Pediatrics
Clinical Practice Guidelines for bronchiolitis,
such as documentation of key historical
features and parent education.11
Additionally, few researchers have examined
the success of decreasing unnecessary care
and implementation of American Academy
of Pediatrics recommendations on
outcomes for bronchiolitis such as length of
stay (LOS) and cost.19,21,23
The Pediatric Respiratory Illness
Measurement System (PRIMES) was created
as a tool to measure the quality of
emergency department (ED) and inpatient
care provided to children with respiratory
illnesses.24 PRIMES contains a subset of
detailed quality indicators speciﬁcally for
bronchiolitis that were developed on the
basis of national evidence-based guidelines
and expert opinion. The PRIMES tool,
developed in conjunction with the PRIMES
quality indicators, measures adherence to
these quality indicators on the basis of
individual patient-level data from medical
records. This validated system allows for
detailed evidence-based evaluation of the
quality of care for children admitted with

bronchiolitis to different hospitals. It
includes the opportunity to evaluate
additional processes of care beyond
laboratory testing and medication use,
ranging from obtaining and documenting
key historical features to discharge
education. Importantly, adherence to the
PRIMES indicators for bronchiolitis is
associated with improved outcomes,
primarily shorter LOS and lower cost,
both in a single center and a multicenter
study.25,26
The previous association between PRIMES
scores and outcomes has used the PRIMES
score as a composite measure that
combined adherence to multiple quality
indicators.24–26 Because the composite
measure consists of many different
indicators, a more in-depth examination of
PRIMES at the indicator-level may identify
speciﬁc indicators most closely correlated
with favorable outcomes, namely shorter
LOS and lower cost.27,28 Understanding which
PRIMES quality indicators are most strongly
associated with outcomes could inform
future targeted quality improvement
efforts to improve outcomes for children
hospitalized with bronchiolitis. Our primary
objective with this study was to examine the
strength of association between the
individual quality indicators in PRIMES for
LOS and cost among children hospitalized
for bronchiolitis.

METHODS
Study Sample
We conducted a prospective cohort study of
children admitted with bronchiolitis to one
of ﬁve geographically dispersed US
children’s hospitals belonging to the
Pediatric Research in Inpatient Settings
Network between July 1, 2014, and June 30,
2016. Children were eligible for enrollment
if (1) they were admitted with a diagnosis of
bronchiolitis, (2) they were 2 weeks to
2 years old, and (3) their family spoke either
English or Spanish. Children were excluded
if they had any contraindications to routine
care for bronchiolitis, including history of
cardiac disease requiring baseline
medication, anatomic airway abnormalities,
reactive airway disease or asthma at
$12 months of age, developmental delay,
cystic ﬁbrosis, neuromuscular disease,

HOSPITAL PEDIATRICS Volume 10, Issue 11, November 2020

Downloaded from http://publications.aap.org/hospitalpediatrics/article-pdf/10/11/932/812045/hpeds_2020-0175.pdf
by guest

premature birth ,32 weeks,
bronchopulmonary dysplasia, chronic lung
disease, or immunodeﬁciency. Subjects
were excluded if they were admitted to the
ICU at any point during their hospitalization.
We excluded subjects admitted to the ICU to
control for severity of illness so that the
study population represented children
who should receive routine care for
bronchiolitis. If the child’s ﬁnal discharge
diagnosis was not bronchiolitis, the case
was excluded from analyses. Detailed
descriptions of recruitment and enrollment
procedures are included in a previous
publication.24
This study was approved by the institutional
review boards of the participating hospitals
and the Western Institutional Review Board.

Data Collection Procedures
Adherence to the bronchiolitis PRIMES
indicators was determined through medical
record abstraction by two trained research
team members at each hospital using the
previously developed and validated PRIMES
tool.24 For each case, the PRIMES tool was
used to determine if the participant met
eligibility criteria for each PRIMES
bronchiolitis indicator (denominator) and
whether the patient received the indicated
care (numerator). Eligibility criteria varied
by indicator, for example, children
,8 weeks were excluded from indicators
related to complete blood cell (CBC) counts
and blood cultures (Supplemental Table 3),
because evaluation for neonatal fever in this
age group could confound adherence to
these indicators for the child’s bronchiolitis
care.
The tool was used to calculate adherence to
each of the 16 individual PRIMES indicators
for each participant.24 To enable an
assessment of interrater reliability at each
hospital, abstraction was performed on a
10% random sample from the other
abstractor’s cases. Two agreement
measures were used to evaluate interrater
reliability, one for scoring eligibility
(whether a patient was eligible for a
PRIMES indicator) and one of scoring of
the indicator (whether compliance for
the indicator was met). Because of the
low prevalence of indicator ineligibility
(,5% of cases), the prevalence-adjusted,
933

TABLE 1 Demographic Variables and Outcomes of the Study Population
Total Sample (N 5 699)
Mean age in mo (SD)

8.2 (6.2)

Age, n (%)
0–2 mo

141 (19)

2 mo–1 y

405 (54)

1–2 y

203 (27)

Male sex, n (%)

387 (56)

Race, n (%)
White

267 (38)

Black or African American

157 (23)

Hispanic

188 (27)

Other

83 (12)

Missing

4 (1)

PMCA, n (%)
Nonchronic

599 (86)

Noncomplex chronic

91 (13)

Complex chronic

8 (1)

Missing

1 (0)

Caregiver education, n (%)
Less than high school

76 (11)

High school graduate

191 (28)

More than high school

425 (61)

Missing

7 (1)

Insurance, n (%)
Public

438 (63)

Admission season, n (%)
Fall and Winter, November–March

482 (69)

Not Fall or Winter, April–October

217 (31)

Hospital, n (%)
A

139 (20)

B

122 (17)

C

138 (20)

D

145 (21)

E

155 (22)

Mean PRIMES score (SD)

87 (8)

Mean LOS, d (SD)

2.3 (1.6)

Mean cost in 2018 US $ (SD)

5051 (2821)

Percentages may not add up to 100% because of rounding.

bias-adjusted k statistic29 was used to
determine level of agreement for scoring
eligibility, which was 0.98 (95% conﬁdence
interval: 0.96 to 0.99). For indicator scoring,
the interrater agreement was 88%, with a
Cohen k30 of 0.53 (95% conﬁdence interval:
0.49 to 0.57), representing a moderate level
of agreement.
During development, each PRIMES indicator
was classiﬁed by its function related to

patient care (diagnosis, treatment, and
follow-up) and by the modality by which
care is delivered (eg, laboratory,
medication, referrals).24 Each of the
16 indicators was assigned a single function
and a single modality. The three functions
were diagnosis (8 indicators), treatment
(7 indicators), and follow-up (1 indicator).
The ﬁve modalities included history
(2 indicators), physical examination
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(3 indicators), laboratory and radiology
(4 indicators), medication (5 indicators),
ancillary therapy (1 indicator), and referral
(1 indicator).24 For this study, we also
classiﬁed the PRIMES indicators into
“overuse” and “underuse” indicators. The
overuse indicators were 9 indicators for
care that should not be routinely provided
(eg, chest radiographs for bronchiolitis).
Underuse indicators were the indicators for
care that should be provided in most cases
(eg, supplemental ﬂuids for children who
had difﬁculty feeding safely) and included
7 indicators26 (Supplemental Table 3).

Outcomes
LOS was calculated in hours by using
admission and discharge times from the
medical records for each hospital. Cost of
care was obtained from the Children’s
Hospital Association Pediatric Health
Information System (PHIS) database. The
PHIS database contains total charges for
each child in the study. Charges were
converted to costs by using institutional
cost-to-charge ratios, and inﬂation was
adjusted to 2018 dollars by using the
medical care services component of the
Consumer Price Index.28 Costs were
winsorized at the ﬁfth and 95th percentile to
reduce the skewness in the cost distribution
and to minimize the impact of extreme cost
outliers on estimation.31
Covariates
Demographic data collected from the PHIS
included child age, child sex, level of
medical complexity, insurance type, admit
season, and hospital. Level of medical
complexity was determined by using the
Pediatric Medical Complexity Algorithm
(PMCA) to classify children into 3 categories
of medical complexity: (1) without chronic
disease, (2) noncomplex chronic disease, or
(3) complex chronic disease.32 We conducted
a medical record review of all subjects who
were classiﬁed as PMCA 3 (complex chronic
disease) to ensure that they met inclusion
criteria. Admission season was deﬁned as
fall and winter if the child was admitted
between November and March. Additional
demographics data were collected through
parent questionnaires completed at the
time of hospitalization and included race
and ethnicity and caregiver education level.
BRYAN et al

TABLE 2 Adjusted Mean Differences in LOS and Cost for Subjects Who Were Adherent Versus Those Who Were Nonadherent to Each Individual
PRIMES Indicator
Indicatora

Adjusted Mean Difference in LOS (95% Conﬁdence
Interval)

1: History

20.1 (26.8 to 6.7)

2: Physical examination

24.4 (212.4 to 3.6)

Adjusted Mean Difference in Cost (95% Conﬁdence
Interval)
213 (2227 to 201)
25 (2258 to 248)

3: Blood culturesb

224.3 (237.3 to 211.4)***

2731 (21157 to 2305)***

5: CBC countb

217.8 (229.7 to 25.8)**

2399 (2795 to 23)*

6: RSV testingb

216.6 (224.4 to 28.8)***

2272 (2535 to 210)*

7: Chest radiographb

217.0 (225.9 to 28.1)***

2208 (2493 to 78)

21.4 (214.8 to 12.0)

9: Bronchodilatorsb
10: Antibiotics

219.0 (238.7 to 0.8)

11: Corticosteroidsb

211.9 (228.1 to 4.3)

b

12: Supplemental ﬂuids
13: Other medicationsb
b

14: Cool mist

11.7 (251.3 to 74.6)
220.3 (241.3 to 0.7)

2392 (2869 to 85)
530 (2176 to 1237)
280 (2661 to 500)
956 (2448 to 2359)
445 (2308 to 1198)

220.9 (266.0 to 24.2)

2813 (22425 to 798)

20.6 (23.0 to 44.3)

2169 (21006 to 669)

23.3 (215.7 to 9.1)

214 (2456 to 428)

15: Assessmentsb
16: Discharge work of breathing
17: Discharge oral intake

0.4 (213.0 to 13.7)
20.1 (212.5 to 12.3)

18: Follow-up

671 (197 to 1146)**
538 (98 to 979)*

All models are adjusted for child age, child sex, child race and ethnicity, PMCA category, caregiver education, insurance type, admission season, and hospital site.
Cost models were additionally adjusted for LOS.
a
For a full description of each indicator, please see Supplemental Table 3.
b
Indicators for which the a priori hypothesis was that adherence to the indicator would be associated with shorter LOS and lower cost, except indicator 15, which
was hypothesized to be associated with shorter LOS only.
* P , .05; ** P , .01; *** P , .001.

Analytic Methods
A priori, we generated hypotheses as to
whether each individual indicator would be
associated with decreased LOS and
decreased cost (Supplemental Table 3). We
examined univariate descriptive statistics
for all predictor and outcome variables. We
applied mixed effects linear regression
models to examine the association between
adherence to each individual indicator and
each independent outcomes (LOS and cost).
We calculated the adjusted mean difference
between participants who received care
that was adherent versus nonadherent to
each individual indicator. For LOS, the
adjusted mean difference was calculated in
hours, and for cost, it was calculated in
2018 dollars. We included a priori identiﬁed
covariates (child age, child sex, child race
and ethnicity, PMCA category, caregiver
education, insurance type, admission
season, and hospital site) in the adjusted
model. Cost models were additionally
adjusted for LOS, which is usually the
strongest driver for cost. All models
adjusted for within-hospital clustering by

including a hospital-speciﬁc random effect.
Last, we plotted the adjusted mean
differences for LOS and cost for each
indicator to identify which indicators were
associated with both shorter LOS and lower
cost of care.
All analyses were conducted by using R
3.5.0.33

RESULTS
There were 699 participants enrolled in this
study. The mean age of participants was
8.2 months (SD: 6.2). Fifty-six percent of the
sample was male, 38% was white, and 63%
had public insurance. The mean PRIMES
score for all participants was 87 (SD: 8)
(Table 1). Individual PRIMES scores ranged
from 57 to 103. The mean LOS was 2.3
days (SD: 1.6) and the mean cost per
hospitalization was $5051 (SD: $2821).
There were four indicators for which
adherence to the indicator was associated
with a signiﬁcantly shorter adjusted mean
LOS (Table 2, Fig 1). These four indicators
were indicator 3: children with bronchiolitis
should not have blood cultures performed;
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indicator 5: children with bronchiolitis should
not have a CBC count performed; indicator 6:
children with bronchiolitis should not have a
test performed for respiratory syncytial virus
(RSV); and indicator 7: children with
bronchiolitis should not have a chest
radiograph performed. All 4 of these
indicators were in the overuse category, had
a function for diagnosis, and were included
in the modality “laboratory and radiology”
(Supplemental Table 3). None of the PRIMES
indicators were associated with a
signiﬁcantly longer LOS.
There were 5 indicators for which
adherence to the indicator was associated
with a signiﬁcantly different adjusted mean
cost after controlling for LOS (Table 2, Fig 2).
Three indicators that were associated with
shorter adjusted LOS were also
independently associated with a lower
adjusted mean cost: indicator 3: children
with bronchiolitis should not have blood
cultures performed; indicator 5: children
with bronchiolitis should not have a CBC
count performed; and indicator 6: children
with bronchiolitis should not have a test
935

children did not receive tests that are
generally unnecessary in bronchiolitis:
blood cultures, CBC counts, and RSV testing.
With these ﬁndings, we highlight the
importance that decreasing overuse in
inpatient care for bronchiolitis can have on
outcomes.19,22,34–36

FIGURE 1 Adjusted mean difference in LOS (in hours) by indicator.

performed for RSV (Fig 3). Adherence to
2 indicators was associated with a higher
adjusted mean cost adjusted for LOS:
indicator 17: children admitted with
bronchiolitis should have discharge criteria
documented on feedings at a level to
prevent dehydration; and indicator 18:
parents of children admitted with
bronchiolitis should be instructed to
schedule a follow-up appointment with the
child’s primary care provider. Both of these
indicators were in the underuse category
(Supplemental Table 3).

DISCUSSION
In a prospective cohort of children admitted
with bronchiolitis to 5 geographically
diverse children’s hospitals, we identiﬁed
several quality indicators that were strongly
associated with outcomes, LOS, and cost.
Importantly, all 3 quality indicators that
were signiﬁcantly associated with better
outcomes (ie, shorter LOS and lower cost)
were overuse indicators and were within
the modality of laboratory and radiology
testing. To adhere to these indicators,
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Hospital admissions for bronchiolitis
are common and costly, which is why
improving care for bronchiolitis has been a
focus of considerable attention over the
past 20 years.2,3,5,15,19,22,37 Although LOS is the
main contributor to hospital-based costs of
care, this study additionally included cost
as an independent outcome by controlling
for LOS in the regression models. This
strategy allowed us to identify indicators
that were strongly associated with
adjusted cost. Because “less is more” for
bronchiolitis, it follows that adherence to
overuse quality measures related to less
testing is associated with lower cost.11 In
addition to the direct costs from
unnecessary tests contributing to the
association between process measures
and cost outcomes, we hypothesize that
there may be a “cascade of care” that
occurs after unnecessary testing that leads
to higher cost in cases of lower adherence
to the overuse quality measures
identiﬁed.38,39 As deimplementation efforts
continue for bronchiolitis, it is important to
include cost as an outcome, particularly
given our ﬁnding that adherence to two
quality indicators was associated with a
higher cost of care.19,22 It is unclear why
adherence to two of the underuse quality
measures related to documentation at time
of discharge for oral intake and follow-up
was associated with higher cost. We
hypothesize that oral intake and follow-up
may be preferentially documented for
children with a higher severity of illness
and thus associated with a higher cost of
care. Although we adjusted for patient-level
demographic variables, level of medical
complexity using PMCA, and hospital site
and excluded children requiring ICU-level
care, there remains potential for
unmeasured confounding, including
illness severity or unmeasured patient
characteristics contributing to this
relationship. A more in-depth
understanding of the effect of quality
BRYAN et al

associated with a favorable impact on
patient-level outcomes. By longitudinally
evaluating adherence to these quality
indicators over time, a hospital could
measure the association of their quality
improvement efforts using standardized
validated indicators.
Nationally, bronchiolitis remains a key
target for quality improvement by the
Society of Hospital Medicine, which has
focused 4 of its 5 pediatric metrics in the
Choosing Wisely campaign on respiratory
illnesses such as bronchiolitis.40,41 The
strong association of adherence to PRIMES
bronchiolitis quality measures with lower
cost and better health care use outcomes
make them a useful tool for quality
improvement at the hospital level.25 We
demonstrate in this study that hospitals
can use PRIMES as a tool to identify
opportunities for improvement and
measure their progress in meeting these
improvement goals.
There were several limitations to our study.
All of the hospitals in this study were
children’s hospitals. Although geographically
dispersed, they may not be representative
of all children’s hospitals or communitybased settings where many children are
hospitalized for respiratory illnesses.42
Expanding the focus of this research and
the use of quality measures for bronchiolitis
to community-based settings should be a
priority.

FIGURE 2 Adjusted mean difference in cost by indicator (in 2018 US dollars).

improvement efforts on cost will help to
improve delivery of high-value care to
hospitalized children with bronchiolitis.
Unlike previous studies, PRIMES allows for
a more detailed analysis of adherence to
speciﬁc recommendations by using
medical records to identify individual
patient characteristics that may contribute
to appropriate clinical differences in
adherence to quality measures in
bronchiolitis. PRIMES was developed so
that hospitals can have an effective tool to
measure the quality of care provided to

children hospitalized with respiratory
illnesses. This regression analysis has
identiﬁed that there are certain indicators
that are closely associated with favorable
outcomes, including shorter LOS and lower
cost. Importantly, in this study, we also
found that none of the PRIMES indicators
were associated with a signiﬁcantly longer
LOS. An important next step in the use of
PRIMES would be to examine whether
improving adherence to the identiﬁed
quality indicators over time by using
quality improvement methods is
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We examined adherence to the inpatient
quality indicators for children with
bronchiolitis. Previous studies have
revealed signiﬁcant variation in care for
bronchiolitis in ED settings and that
adherence to quality indicators across both
settings is associated with higher value
care.25,43 Further studies should be focused
on quality improvement efforts for
bronchiolitis across health care settings,
including the ED, where recent evidence
examining ED care nationally has revealed
little improvement in the rate of
unnecessary medication use and chest
radiographs for bronchiolitis despite
national guidelines.44,45
Adherence to PRIMES indicators in this
study was determined by using medical
record abstraction. Although this method
937

CONCLUSIONS
We identiﬁed several PRIMES quality
indicators that were strongly associated
with both shorter LOS and cost for children
admitted with bronchiolitis. The three
quality indicators associated with both
favorable outcomes were overuse of
laboratory tests: blood cultures, CBC counts,
and RSV testing. By using quality measures
with strong associations with improved
outcomes as speciﬁc individualized targets
for quality improvement, hospitals can focus
efforts to provide higher value care for
children admitted with bronchiolitis.
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