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BACKGROUND: In the evaluation of infants with bronchiolitis there is little evidence

to support the use of diagnostic testing, particularly complete blood counts (CBCs).

However, the extent to which CBCs are ordered in the evaluation of infants with

bronchiolitis is unknown.

OBJECTIVES: (1) To determine institutional variability in ordering of initial and

repeat CBCs in infants hospitalized with bronchiolitis; (2) to examine the relation-

ship between proportion of admissions with CBCs and mean hospital charges.

METHODS: We analyzed the Pediatric Health Information System database, which

contains demographic and diagnostic data from 30 U.S. children’s hospitals. We

restricted our analysis to children less than 12 months old with a primary discharge

diagnosis of bronchiolitis and an APR-DRG of bronchiolitis/asthma. We performed

multivariate ANOVA to examine variability in initial and repeat CBC ordering

across hospitals, controlling for potential confounders. We used stratified logistic

regression to determine which factors were associated with repeat CBCs. We

examined the relationship between proportion of admissions with CBCs and mean

hospital charges using t tests.

RESULTS: 17,397 children were included in the analysis, and 48.2% had at least 1

CBC, whereas 7.8% had more than 1 CBC. The proportion of admissions with initial

(23.2%-70.2%) and repeat (0%-18.6%) CBCs varied significantly across hospitals.

Compared to those hospitals with the lowest proportion of admissions with CBCs,

hospitals with higher proportions of CBCs had significantly higher mean hospital

stay charges.

CONCLUSIONS: Given the potential downstream medical and financial conse-

quences associated with CBC ordering in evaluation of infants with bronchiolitis,

explanations for institutional variation warrant exploration. Journal of Hospital

Medicine 2007;2:69 –73. © 2007 Society of Hospital Medicine.

KEYWORDS: bronchiolitis, diagnostic testing, variation in care, complete blood
count (CBC).

Bronchiolitis was the most common primary diagnosis of in-
fants hospitalized in the United States from 2000 to 2001.1

Consequently, much research has focused on the effectiveness of
management2-4 and variation in care, especially the use of un-
proven diagnostic tests such as chest x-rays.5 Such variation may
have substantial financial and medical impact and has been
shown to correlate significantly with hospital costs and length of
stay.6

Because bronchiolitis is primarily a clinical diagnosis,7 there is
no strong evidence to support the role of diagnostic testing, par-
ticularly that of complete blood counts (CBCs).8 Moreover, given
the limited diagnostic utility of a single CBC, the benefit of ob-
taining a second CBC, especially with its associated physical dis-
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comfort and additional financial costs, is question-
able. Yet despite the lack of evidence and rationale
to support initial and repeated ordering of CBCs,
we suspect that this practice may be more wide-
spread and variable than currently appreciated.

Using a national database of children’s hospi-
tals, we sought to determine the frequency with
which CBCs are ordered and repeated during hos-
pitalizations for bronchiolitis, the extent to which
these practices vary across institutions, and the re-
lationship of these practices to average charges for
a hospital stay.

METHODS
Data Source
We analyzed cases of children with bronchiolitis
from the Pediatric Health Information System
(PHIS) database of the Child Health Corporation of
America.9 This database contains inpatient demo-
graphic, administrative, and diagnostic data from
36 freestanding, noncompeting children’s hospitals
in the United States. However, only 30 of the hos-
pitals provided information on diagnostic testing
during the period of our study. To protect the par-
ticipating hospitals, hospitals were deidentified in
this analysis. Diagnoses in the database are pro-
vided in the International Classification of Disease,
9th revision (ICD-9), and the All-Patient Refined
Diagnostic Related Groups (APR-DRGs), version 15
format.

Cases
We included in our sample children who had a
primary ICD-9 discharge code for bronchiolitis
(469.11 or 469.19), an APR-DRG for bronchiolitis/
asthma (141), and a discharge date between Octo-
ber 2001 and September 2003.10 We further re-
stricted cases to children less than 12 months of age
because this is the age group most frequently hos-
pitalized for bronchiolitis. Only the first admission
per child was included in the analysis.

Outcome and Covariates
We identified the number of CBCs ordered using
charge codes in the PHIS data. To avoid double
counting, we required that the CBCs be charged on
different dates of service, and we counted a maxi-
mum of 1 CBC per day per patient. We defined a
child as having a repeated CBC if more than 1 CBC
was charged during the child’s hospital stay. Our
outcome variable of repeat CBCs was measured
dichotomously. We included age, male sex, Medic-

aid status, season of admission, intensive care unit
(ICU) admission, APR-DRG-calculated severity
scores for bronchiolitis/asthma (to adjust for dis-
ease severity), and length of stay as covariates in the
regression and ANOVA analyses. All covariates were
measured dichotomously, except for mean age and
LOS, which were measured continuously.

Statistical Analyses
Bivariate analysis of baseline characteristics were
compared across age groups using �2 tests to com-
pare differences between categorical variables and
the Student t test to compare differences between
continuous variables.

To examine variability across hospitals in the
initial and repeat ordering of CBCs, we performed
multivariate ANOVA (MANOVA) controlling for age,
sex, Medicaid status, illness severity, season of ad-
mission, ICU admission, and length of stay (LOS).
Because the factors associated with repeat CBCs are
not readily apparent, we performed logistic regres-
sion to determine which of these factors were sig-
nificantly associated (P � .05) with having repeat
CBCs performed. To account for the influence of
age on the management and epidemiology of chil-
dren with respiratory distress, we stratified
MANOVA and regression analyses by age (� 3
months and � 3 months. We clustered our regres-
sion analysis by hospital to determine whether
there was hospital-specific variation in repeating
CBCs.

We performed post hoc analysis after noting
additional variable relationships in our results. To
determine whether CBC-ordering patterns differed
by severity, we stratified the analysis of repeat CBCs
in both the bivariate and multivariate model by
disease severity and ICU admission, respectively.

To determine if the number of CBCs ordered
was related to admission charges, we categorized
hospitals into tertiles (lowest, intermediate, high-
est) according to the proportion of admissions in
which CBCs were ordered. We then calculated av-
erage admission hospital stay charges for each hos-
pital. We used Student t tests to examine the rela-
tionship between the charges for admissions in
hospitals with the intermediate and highest propor-
tion of admissions with CBCs compared with those
hospitals with the lowest proportion of admissions
with CBCs.

We used Stata 8.0 to conduct our analyses.11

The Children’s Hospital and Regional Medical Cen-
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ter Institutional Review Board (Seattle, WA) ap-
proved the analysis of the data for this study.

RESULTS
A total of 17,397 children met the inclusion criteria.
Children under 3 months were more likely to be
covered by Medicaid, be admitted to the ICU, have
a longer length of stay, and have at least 1 CBC
(Table 1). Of all children hospitalized, 48.2% had at
least 1 CBC, and 7.8% had more than 1 CBC per-
formed during their hospital stay. Notably, the pro-
portion of all admissions with at least 1 CBC varied
from 23.2% to 79.2% (Fig. 1), and those with repeat
CBCs varied from 0% to 18.6% across hospitals (Fig.
2). This variation was significant when stratified by
age and adjusted for covariates, which included
length of stay and severity of illness (P � .001). In
additional post hoc analyses we found differences
in ordering pattern by disease severity that should
be noted. The proportion of admissions with repeat
CBCs varied significantly across severity groups
(mild 3.9%, moderate 10.3%, and severe 21.3%, P
� .001) and ICU admission status (ICU admission
5.5%, no ICU admission 23%, P �.001). Stratified
analyses indicated an interaction between ICU uti-
lization and disease severity, but neither covariate
showed significant interactions with other variables
in the model (data not shown).

With respect to repeat CBCs, for children at
least 3 months old, the strongest predictor was ICU
admission (odds ratio [OR] 2.53, 95% CI: 1.69-3.77),

followed by a “severe or extreme” APR-DRG sever-
ity score (OR 1.75, 95% CI: 1.23-2.49) and LOS (OR
1.22, 95% CI: 1.15-1.28). For children less than 3
months old, some of these associations strength-
ened ICU admission (OR 2.58, 95% CI: 1.84-3.61),
followed by a “severe or extreme” APR-DRG sever-
ity score (OR 2.31, 95% CI: 1.64-3.24) and LOS (OR
1.24, 95% CI: 1.16-1.32). Additional predictors for
this age group were a “moderate” severity score (OR
1.67, 95% CI: 1.29-2.16) and Medicaid status (OR
1.20, 95% CI: 1.0-1.43) (Table 2).

Compared with hospitals that had the lowest

TABLE 1
Characteristics of Study Population

< 3 Months of Age 3-11 Months of Age

Sample size 7336 10,061
Mean age (months) 1.4 5.8
Male (%) 58.3 59.3
Medicaid (%) 56.0* 53.8
Admission Season

October-February (%) 71.0 70.4
APG-DRG severity score

Mild 63.0 63.4
Moderate 22.4 22.7
Severe 14.6 13.8

ICU admission (%) 15.7† 11.2
Mean length of stay (days) 3.1† 2.8
Received � 1 CBC 53.8† 44.1
Received � 1 CBC 9.2† 6.8

*Differences between groups are statistically significant (P � .01).
†Differences between groups are statistically significant (P � .001).
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FIGURE 1. Variation in proportion of admissions with initial CBCs across

hospitals.
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FIGURE 2. Variation in proportion of admissions with repeat CBCs across

hospitals
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proportion of admissions in which CBCs were or-
dered, hospitals with higher proportions of CBCs
ordered had significantly higher mean charges per
hospital stay (Table 3).

DISCUSSION
We found that in a nationwide sample of children
hospitalized with bronchiolitis, 48% had at least 1
CBC and nearly 8% had a repeat CBC ordered dur-
ing their hospital stay. Moreover, even after adjust-
ing for covariates, the proportion of children with
initial and repeat CBCs during a single admission
varied widely and significantly across a nationwide
sample of children’s hospitals.

We can only speculate on the reasons for insti-
tutional variation. Although it is not unusual for
some cases of illness to vary from a standard course
and so trigger initial or repeat evaluations with a
CBC, we do not have any a priori reason to expect
the proportion of unusual cases to vary by institu-
tion in a national cohort of children’s hospitals.

One compelling explanation for this variation is
differing institutional patterns of practice. For ex-
ample, it may be that some institutions have pro-
tocols that require the ordering of a CBC on admis-
sion. This practice could prompt a costly and
unnecessary testing cascade14 generated by an ini-
tially abnormal CBC and so could trigger additional
testing and/or procedures, such as x-rays and pa-
rental antibiotics. Such a cascade of testing and
intervention could conceivably lead to additional,
and dependent, costs not captured by a simple tally
of the costs of individual CBCs. Indeed, in our anal-
ysis we found that those hospitals with higher pro-
portion of admissions in which CBCs were ordered
also had significantly higher admission charges that
exceeded the cost of a CBC. Previous studies sup-
port the finding that institutional variation in care
for viral respiratory illness is significantly correlated
with hospital costs.6

Limitations of this study should be noted. First,
the PHIS database does not provide indications for,
results of, or hospital location of tests, so we cannot
determine whether clinical condition or results
prompted initial and/or repeat testing. However,
because children with “complicated” courses or
“atypical” disease presentations likely have longer
hospital stays, severe disease, or additional diag-
noses, we attempted to control for these factors in
our analysis. Second, although we selected cases
based on a discharge diagnosis of bronchiolitis, it is
possible that admitting physicians obtained an ini-
tial CBC to rule out alternative diagnoses, such as
bacteremia, which can occur but is rare in this
population.12,13 It is plausible that bacteremia is
most likely in children with other comorbidities or
higher disease severity. In additional stratified anal-
yses we did find that the proportion of repeat CBCs
increased with higher disease severity and that
there was an interaction between severe disease
status and ICU admission. However, all participat-
ing institutions are children’s hospitals and so are
likely to treat children with a range of severity of
illness and comorbidities. Finally, as with other
analyses of the PHIS database, we used charges to
identify diagnostic tests.5

Given that more than 120,000 U.S. infants are
hospitalized annually with bronchiolitis,15 the cost
and discomfort associated with unnecessary testing
warrants attention. The issue of cost is particularly
relevant in light of recent research findings of in-
creased costs for admissions at freestanding chil-
dren’s hospitals.16 We found that mean charges per

TABLE 2
Results of Multivariate Logistic Regression for Repeat CBCs

< 3 Months of Age 3-11 Months of Age

Adjusted OR* 95% CI Adjusted OR* 95% CI

Mean Age (months) 1.04 0.84-1.30 0.99 0.96-1.03
Male (%) 1.01 0.85-1.19 0.88 0.74-1.05
Medicaid (%) 1.20 1.00-1.43 0.95 0.79-1.15
Admission Season

October-February Referent Referent
March-September (%) 1.13 0.93-1.37 1.11 0.81-1.53

APG-DRG severity score
Mild Referent Referent
Moderate 1.67 1.29-2.16 1.28 0.94-1.76
Severe 2.31 1.64-3.24 1.75 1.23-2.49

ICU admission (%) 2.58 1.84-3.61 2.53 1.69-3.77
Length of stay (days) 1.24 1.16-1.32 1.22 1.15-1.28

*Adjusted OR when all other variables were included in the model.

TABLE 3
Association of Hospital CBC Levels with Mean Charges for Hospital
Stay

Hospital CBC Levels Patients
Mean Charge
(95% CI)

Mean Difference
(95% CI)

Lowest (23%-40%) 5838 $7293 ($7096-7489) Referent
Middle (41%-59%) 6673 $8099 ($7859-8339) $807* ($491-$1122)
Highest (60%-79%) 4886 $8316 ($8054-8578) $1024* ($702-$1345)

*P � .001 for middle versus lowest and for highest versus lowest.
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hospital stay were significantly higher for hospitals
that had a higher proportion of admissions during
which multiple CBCs were ordered. Although we
cannot exclude illness severity and age as explana-
tions for the higher charges, we have no reason to
believe that one freestanding children’s hospital
would have a sicker and younger population than
another. An alternative and compelling explanation
is that a variation in the standard of care exists
across these hospitals.

The institutional variation in and the limited
evidence for the utility of the ordering of CBCs in
the evaluation of bronchiolitis call into question the
necessity of this testing strategy. Exploration of the
reasons for this institutional variation will help to
create quality initiatives and directed interventions
to improve and standardize care in bronchiolitis.
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