1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Pediatr. Author manuscript; available in PMC 2017 November 01.

-, HHS Public Access
«

Published in final edited form as:
J Pedljatr. 2016 November ; 178: 156-163.e1. doi:10.1016/j.jpeds.2016.07.024.

Diagnostic Testing and Hospital Outcomes of Children with
Neurologic Impairment and Bacterial Pneumonia

Joanna Thomson, MD, MPH1-2, Matt Hall, PhD3, Jay G. Berry, MD, MPH43, Bryan Stone, MD,
MS87, Lilliam Ambroggio, PhD, MPH1.2:8 Rajendu Srivastava, MD, MPH®:2, and Samir S.
Shah, MD, MSCE?.2:10

1Division of Hospital Medicine, Cincinnati Children's Hospital Medical Center, Cincinnati, OH

2Department of Pediatrics, University of Cincinnati College of Medicine, Cincinnati, OH
3Children's Hospital Association, Overland Park, KS

4Division of General Pediatrics, Children's Hospital Boston, Boston, MA

SDepartment of Pediatrics, Harvard Medical School, Boston, MA

8Division of Inpatient Medicine, Primary Children's Medical Center, Intermountain Health Care,
Salt Lake City, UT

"Department of Pediatrics, University of Utah, Salt Lake City, UT

8Division of Biostatistics and Epidemiology, Cincinnati Children's Hospital Medical Center,
Cincinnati, OH

®Institute for Healthcare Delivery Research, Intermountain Healthcare, Salt Lake City, UT

19pivision of Infectious Diseases, Cincinnati Children's Hospital Medical Center, Cincinnati, OH

Abstract

Objective—To assess hospital-level variability in diagnostic testing and outcomes for children
with neurologic impairment hospitalized with pneumonia.

Study design—A retrospective cohort study of 27 455 children ages 1-18 years with neurologic
impairment hospitalized with pneumonia at 39 children's hospitals. K-means clustering was used
to assign each hospital to 1 of 3 groups (termed A, B, and C) based on similar diagnostic testing
patterns. Outcomes of hospital-level median length of stay (LOS), 30-day readmissions, and
pneumonia-associated complications were compared while controlling for patient differences.

Results—Overall, 48.5% had comorbid complex chronic conditions, and 25.4% were assisted
with medical technology. Outcomes and diagnostic testing varied across hospitals: median
hospital-level LOS, 3.2 days (IQR 2.8-3.8); median readmission, 8.4% (IQR 6.8,-10.0); and
median pneumonia-associated complication rate, 23.1% (IQR 18.7-26.8). Despite similar
populations, hospitals in group A tended to perform fewer tests than those in groups B and C.
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Across hospital groups, there was a significant difference in adjusted readmission rates (group A
7.2%, group B 9.0%, group C 7.7%, P=.003). There was no significant difference in adjusted
median LOS (group A 3.4 days, group B 3.2 days, group C 3.3 days, £=.3) or adjusted
pneumonia-associated complication rates (group A 22.5%, group B 22.5%, group C 25.0%, P=.
6).

Conclusions—For children with neurologic impairment hospitalized with pneumonia, across
hospital differences in diagnostic testing were not associated with clinically meaningful
differences in outcomes. High-utilizing hospitals may be able to decrease diagnostic testing for
children with neurologic impairment hospitalized with pneumonia without adversely impacting
outcomes.

Children with neurologic impairment have functional and or intellectual impairments that
result from a variety of neurologic diseases. These children experience frequent, lengthy, and
expensive hospitalizations and account for an increasing and disproportionate amount of
inpatient hospital resources.! Pneumonia is one of the most common reasons for
hospitalization, the most common reason for admission to an intensive care unit (ICU), and
the most common cause of death in this population.14

Unlike pneumonia in otherwise healthy children, sparse evidence exists to guide diagnostic
testing or management for children with neurologic impairment hospitalized with
pneumonia. Clinicians instead use personal experience, local practice culture, and parental
preference to guide their decision-making.® Children with complex chronic conditions
hospitalized with pneumonia receive more intensive management, yet have worse outcomes
compared with otherwise healthy children.® Little is known about current hospital
management and outcomes of pneumonia in the population of children with neurologic
impairment. Prior studies in otherwise healthy children hospitalized with pneumonia have
demonstrated variation in diagnostic testing, treatment, and outcomes across hospitals.”8 In
fact, increased diagnostic testing has been associated with increased hospitalization rates
among those evaluated in the emergency department8 and longer hospital length of stay
(LOS) among those requiring admission.” The objectives in this study of children with
neurologic impairment hospitalized with bacterial pneumonia were to assess the variability
in outcomes and diagnostic testing across hospitals, and to determine the association
between hospital-level diagnostic test utilization and outcomes.

Methods

This multicenter, retrospective, cohort study included data from the Pediatric Health
Information System (PHIS), an administrative database of 45 not-for-profit, tertiary care, US
pediatric hospitals affiliated with the Children's Hospital Association (Overland Park,
Kansas). PHIS contains data regarding patient demographics, diagnoses, and procedures
(with /nternational Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-
CM] codes), and daily billed resource utilization, which include laboratory studies and
radiologic imaging. Encrypted medical record numbers permit identification of patients
across multiple visits to the same hospital. Data quality and reliability are assured through
Children's Hospital Association and participating hospitals. The 39 hospitals that provided
data to PHIS throughout the entire study period were included in this study.
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Hospitalizations of children 1-18 years of age who were discharged between July 1, 2007,
and June 30, 2012, were included if they had a neurologic impairment ICD-9-CM diagnosis
codel and a principal discharge diagnosis indicative of bacterial pneumonia.® Neurologic
impairment was defined as functional and/or intellectual impairment resulting from a
neurologic disease (eg, cerebral palsy, epilepsy) using a previously defined set of 606
ICD-9-CM diagnosis codes.! Infants <1 year of age were excluded as many neurologic
impairment diagnoses (eg, cerebral palsy) are not assigned until an older age. As in our prior
work,10 hospitalizations for pneumonia were identified based on previously validated
methods using principal ICD-9-CM diagnosis codes for pneumonia (480.0-2, 480.8-9, 481,
482.0, 482.30-2, 482.41-2, 482.83, 482.89-90, 483.8, 484.3, 485, 486, 487.0) and pulmonary
effusion/empyema (510.0, 510.9, 511.0-1, 511.8-9, 513),° as well as ICD-9-CM codes for
aspiration pneumonia (507.x). For children with multiple hospitalizations, 1 admission was
randomly selected for inclusion to minimize the chance of biasing the findings with a small
group of children who experienced a large number of admissions.

We excluded children who did not receive an antibiatic in the first 2 calendar days of
admission to minimize the likelihood of including children with nonbacterial pneumonia.
This approach also minimized the inclusion of children who were admitted for reasons other
than pneumonia, but then were treated and coded for pneumonia acquired during their
hospitalization. Children transferred in from another hospital were excluded as records from
their initial presentation including testing, treatment, and outcomes were not available in
PHIS. Finally, children with a diagnosis of HIV, Pneumocystis pneumonia, or tuberculosis
and children who received antiretroviral or antituberculosis therapy during hospitalization
were excluded given expected differences in presentation, management, treatment, and
outcomes (Figure 1; available at www.jpeds.com).11

Outcome Measures

Outcome measures in this study were hospital-level LOS measured in hospital days, all-
cause 30-day hospital readmission (ie, readmission for any cause and for any admission
type, including observation),12 and pneumonia-associated complication rate. Pneumonia-
associated complications (local [eg, effusion], systemic [eg, acute respiratory failure], and
meta-static [eg, meningitis]) were examined using previously described ICD-9-CM codes.13

Diagnostic Test Utilization

As we aimed to examine only testing performed in the initial diagnosis and management, we
examined only those tests obtained in the first 2 calendar days of admission. Diagnostic tests
examined include laboratory studies and radiologic imaging, and were based on billing data
in PHIS. Hospital-level diagnostic test utilization was defined as the percent of patients at
each hospital who had each test ordered in the first 2 calendar days of admission. Laboratory
studies included complete blood count (CBC), C-reactive protein, blood gas, blood
chemistry profile, and microbiologic studies of viral testing, blood culture, and respiratory
culture. Imaging studies included chest radiograph.

J Pediiatr. Author manuscript; available in PMC 2017 November 01.


http://www.jpeds.com

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Thomson et al. Page 4

Patient Case-Mix

To compare patient case-mix across hospitals, we examined underlying neurologic disease,
as well as medical comorbidities associated with severity of neurologic impairment and
severity of acute illness. Nine neurologic impairment categories were assessed: (1) static
neurologic disease; (2) progressive neurologic disease; (3) anatomic abnormality; (4)
epilepsy; (5) genetic or metabolic condition; (6) cerebrovascular disease; (7) peripheral
neurologic disease; (8) behavioral; and (9) not otherwise specified/other.110 These
neurologic impairment categories are not mutually exclusive (ie, patients may have
diagnoses in multiple categories). Underlying medical comorbidities included the number of
non-neurologic complex chronic conditions (CCCs)* endured by each patient and
assistance with medical technology. CCCs are “any medical condition that can be reasonably
expected to last at least 12 months (unless death intervenes) and to involve either several
different organ systems or one system severely enough to require specialty pediatric care and
probably some period of hospitalization in a tertiary care center.”® The neurologic and
neuromuscular CCC category was not included in the CCC count as all patients in our
cohort had diagnoses of neurologic impairment. Medical technology assistance (eg,
tracheostomy) was defined using the medical technology or device subcategory within
relevant CCC categories.14 Severity of acute illness was examined by the percent of patients
who required mechanical ventilation, vasopressor use, or ICU admission.

Statistical Analyses

Continuous data were described with median and IQR attributable to non-normal
distribution. Categorical data were described with frequencies and percentages. Outcomes of
LOS, 30-day all-cause hospital readmission rate, and pneumonia-associated complication
rate were compared across hospitals. Correlation of LOS and 30-day all-cause hospital
readmission was examined using Spearman rank correlation coefficient. Variation in
diagnostic test utilization across hospitals was examined by calculating and comparing the
rate of subjects at each hospital receiving each test.’:8.16

K-means clustering was used to assign each hospital to 1 of 3 groups based on similar
diagnostic testing habits. K-means clustering was used to partition hospitals into k clusters
(where k represents the number of clusters), such that each hospital belongs to the cluster
with the nearest mean testing pattern for each diagnostic test. Clustering is a methodology
used to identify comparable groupings of observations (eg, hospitals) based on multiple
characteristics (eg, testing patterns). Distinct groups (ie, clusters) are identifiable when there
is significant similarity in the characteristics among observations within a group and
differences across groups. Observations within a group can display variability on a particular
characteristic but should be well grouped across all characteristics included. The number of
clusters (or groups) was determined through examination of the Scree plot. Scree plots
allowed for visual demonstration of the number of factors that explain most of the
variability. In this case, variability in diagnostic testing was explained in 3 factors (ie, 3
hospital groups). Addition of further factors, or groups, explained less and less variability.

Patient case-mix variables, including medical comorbidities associated with neurologic
impairment severity, as well as markers of acute illness severity, were compared across
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hospital groups using the Kruskal-Wallis test. We used generalized linear mixed-effects
models to compare the log transformed LOS, readmission rates, and pneumonia-associated
complication rates across the 3 hospital groups while adjusting for patient case-mix
variables, and accounted for patient clustering within hospitals using a random intercept
term for hospital. Results from the log transformed LOS model were back transformed onto
the original LOS scale.

All analyses were performed with SAS v 9.4 (SAS Institute, Cary, North Carolina), and P
values of <.05 were considered statistically significant. By the policies of the Cincinnati
Children's Hospital Medical Center Institutional Review Board, this research using a
deidentified dataset was not considered human subjects research.

A total of 27 455 patients met eligibility criteria at the 39 hospitals included in this study.
The median age was 4 years (IQR 2-8). Most subjects were male (52.5%), non-Hispanic
white (47.4%), and had a government payor (54.6%). Nearly one-half of patients had
comorbid CCCs (48.5%) with one-quarter of patients assisted by medical technology
(25.4%). ICU admission occurred in 17.3% of patients, with 8.8% receiving mechanical
ventilation and 3.6% receiving vasopressors.

Variation in Outcomes

LOS and hospital readmission rates differed across hospitals (Table | and Figure 2). The
geometric mean LOS by hospital ranged from 1.8 to 5.1 days, with a median of 3.2 days
(IQR 2.7-3.8). Readmission rates ranged from 3.8% to 16.4% across hospitals, with a
median of 8.4% (IQR 6.8-10.0%). There was a statistically significant positive correlation
between LOS and readmission (r = 0.525, Pvalue <.001).

The pneumonia-associated complication rates also varied across hospitals, ranging from
6.4% to 42.0% with a median of 23.1% (IQR 18.7-26.8; Table I).

Variation in Diagnostic Testing

There was marked variability in laboratory testing across hospitals (Figure 3, A). The large
variability occurred in almost every laboratory test evaluated as noted by wide IQRs and
large numbers of outliers (ie, hospitals that performed tests outside 1.5 times the 25th and
75th percentiles for testing). For example, CBCs were almost always obtained at some
hospitals (94.4%) and infrequently at other hospitals (20.1%).

Hospital Clustering Based on Diagnostic Testing Patterns

Using K-means clustering, hospitals were clustered into one of 3 groups (for simplicity
referred to as group A, B, or C) based on similar diagnostic testing patterns. Group A
hospitals tended to perform fewer tests than hospitals in groups B and C (Figure 3, B). For
example, a median of 52% of patients in group A hospitals had a CBC compared with
medians with 70% and 85% in groups B and C hospitals, respectively. Groups B and C
hospitals had similarly high performance of some tests (eg, chest radiograph, blood gas, and
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respiratory culture), but group B hospitals performed fewer tests of some types (eg, CBC,
blood culture, blood chemistry profile).

Patient Case-Mix Across Hospital Groups

Association

We examined patient case-mix across hospital groups to determine whether similarities or
differences in patient populations could account for testing patterns. The only statistically
significant differences in patient-level factors across hospital groups were in respiratory and
neurologic technologies. Group A hospitals had fewer patients assisted by respiratory
technology (median 3%, IQR 1.5-4.2) than hospitals in groups B and C (group B median
8%, IQR 5.8-10.2; group C median 7.2%, IQR 5.4-9.9). Similarly, group A hospitals had
fewer patients assisted by neuromuscular or neurologic technology (median 1.7%, IQR
1.5-3.5) than hospitals in group B or C (group B median 4.4%, IQR 3.0-6.7; group C median
5.2%, IQR 3.7-6.7). Although there were no statistically significant differences in other
factors examined across hospital groups, some of these differences across hospital groups
might be clinically meaningful (Table II). For example, the median of patients requiring
ICU-level care varied from 11.8% in group A hospitals to 20.3% in group B hospitals and
17.0% in group C hospitals. We included all examined markers of acute illness severity as
covariates in models examining the relationship between diagnostic testing and outcomes.

of Diagnostic Testing Patterns and Outcomes

Group A hospitals had a median unadjusted geometric mean LOS of 2.9 days (IQR 2.2-3.2),
a median unadjusted readmission rate of 5% (IQR 4.1-6.7), and a median pneumonia-
associated complication rate of 20.2% (IQR 15.9-27.1%). Group B hospitals had a median
unadjusted geometric mean LOS of 3.3 days (IQR 2.7-3.9), a median unadjusted
readmission rate of 9.0% (IQR 8.3-11.6), and a median pneumonia-associated complication
rate of 23.8% (IQR 18.7-27.2%). Group C hospitals had a median unadjusted geometric
mean LOS of 3.3 days (IQR 3.0-3.7), a median unadjusted readmission rate of 6.9% (IQR
6.6-9.7), and a median pneumonia-associated complication rate of 23.1% (IQR 19.9-24.1%).
In unadjusted analysis, the difference in LOS and pneumonia-associated complication rates
across the 3 hospital groups were not statistically significant, whereas differences in
readmission rates were significant (Table I). After controlling for case-mix, the difference
across hospital groups for LOS and pneumonia-associated complication rates remained
insignificant, and the difference across hospital groups for 30-day readmission rates
remained statistically significant (Table I).

Discussion

We found substantial variability in hospital outcomes and diagnostic testing among children
with neurologic impairment hospitalized with bacterial pneumonia. When examining
difference in outcomes between hospital groups based on diagnostic testing patterns, the
overall adjusted LOS difference of 0.15 days, adjusted readmission difference of 1.83%, and
adjusted pneumonia-associated complication rate difference of 2.33% are unlikely to be
clinically relevant. Hospitals where less diagnostic testing was performed had outcomes
clinically comparable with hospitals where more diagnostic testing was performed,
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regardless of case mix. These findings suggest that high-utilizing hospitals may be able to
decrease diagnostic test utilization without compromising outcomes.

Hospital outcomes varied vastly across hospitals with nearly 2-fold variation in LOS, greater
than 3-fold variation in readmission rates, and greater than 5-fold variation in pneumonia-
associated complication rates. The variation in 30-day all cause readmission in children with
neurologic impairment hospitalized with pneumonia (ranging from 3.8% to 16.4%) is an
exaggeration of the previously described variation in readmission rates across hospitals for
all children admitted with pneumonia (ranging from 5% to 13%).17 This is likely a reflection
of the underlying complexity of children with neurologic impairment who frequently have
multiple chronic, and often complex, conditions beyond their neurologic disease. Although
children with chronic conditions have been found to be more likely to experience
readmission following pneumonia hospitalization, the readmission rate increased with
increasing number of chronic conditions.1” Future work focused on identifying patient and
hospital characteristics associated with readmissions in children with neurologic impairment
hospitalized with pneumonia may allow for the development of interventions to reduce
unnecessary reutilization.

Diagnostic testing examined in this study varied widely by institution; some diagnostic tests
(eg, blood chemistry tests) were almost always performed at some institutions and never
performed at other institutions. In a study examining diagnostic testing in children
hospitalized with pneumonia who were otherwise healthy, similar variability existed in
diagnostic test performance across hospitals.” However, overall testing rates were greater in
our study of children with neurologic impairment. For example, hospital median
performance of viral studies in children with neurologic impairment hospitalized with
pneumonia was 41.4%, but just 22.6% in healthy children hospitalized with pneumonia.”
Similar to diagnostic testing for pneumonia in otherwise healthy children,” we found more
variation in the performance of some diagnostic tests than others. We believe this to be a
reflection of the quality of evidence supporting different tests for the diagnosis of pneumonia
in otherwise healthy children.18 Although there is high-quality evidence to support obtaining
a chest radiograph for diagnosis of pneumonia, the poor specificity of other tests (eg, blood
culture, CBC, erythrocyte sedimentation rate, and C-reactive protein) for a pneumonia
diagnosis may amplify the variation of test performance.19 Indeed, hospitals have drastically
different approaches (algorithms) for clinical decisions of obtaining blood cultures for
otherwise healthy children with pneumonia. Published approaches include aiming for
obtaining blood cultures in 100% of children admitted with community-acquired
pneumonia,?Y as well as obtaining blood cultures only in the subset of patients identified as
high risk for bacteremia.?! Such differences in local practice guidelines certainly affect
variability of test performance.

The underlying medical complexity of these children is likely an important factor in the high
level of diagnostic testing in our cohort. Yet, it is unclear if there is value added in this
additional testing or if this testing impacts the clinical care of these patients.

In our study, hospitals where more diagnostic testing was performed for children with
neurologic impairment hospitalized with pneumonia did not have clinically meaningful
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improvement in hospitalization outcomes of LOS, readmission rates, or pneumonia-
associated complication rates compared with hospitals where less diagnostic testing was
performed. These results indicate that some of the diagnostic testing performed for children
with neurologic impairment hospitalized with pneumonia may be unwarranted.22:23 A
growing body of evidence in health care reveals that more care is not equivalent to better
care.24-26 |n fact, overuse in medical care has been associated with increased cost without
improved outcomes.2’

Our work should be interpreted in the context of several limitations. First, clinical data may
be preferable to administrative data to identify children with neurologic impairment
diagnosed with pneumonia. The use of diagnostic codes to identify children with neurologic
impairment may have resulted in selection bias; it is possible that children with less severe
neurologic impairment may not have had a diagnostic code indicative of their neurologic
impairment diagnosis during an acute hospitalization. As it is unclear how severity of
neurologic impairment may influence diagnostic testing but reasonable to suspect that it
influences outcomes, we controlled for diagnostic categories of neurologic impairment, as
well as medical comorbidities that frequently occur with severe neurologic impairment in
the hospital-level analysis of relationship between diagnostic testing and outcomes.
However, PHIS administrative data are not equipped to distinguish granular grades of
functional status (eg, ability to cough, chest wall strength) that might influence pneumonia
hospitalization outcomes of children with neurologic impairment. We attempted to limit the
inclusion of patients with viral or hospital-acquired pneumonia through adaptation of
validated approaches to identify patients hospitalized with pneumonia and by restricting our
cohort to children who received antibiotics on first 2 calendar days of admission. Second,
our data are limited to the free-standing children's hospitals included in PHIS and may not
reflect the extent of variation occurring in other settings. However, children with neurologic
impairment predominately are cared for at hospitals similar to those included in this study.!
Finally, given the use of administrative data, we were not able to examine system-level
factors (eg, policies regarding management of children with neurologic impairment) that
might influence diagnostics testing and/or outcomes. Future work focused on illuminating
best practices should consider differences in such factors, including presence of inpatient
complex care programs or pneumonia care pathways, as these may have a substantial effect
on the standardization of care at individual institutions.

Our data suggest that hospitals may be able to decrease diagnostic testing without
compromising care. We further believe that this study highlights the need for more clinical
research on the optimal diagnostic and treatment approach for pneumonia in children with
neurologic impairment. Such research may provide evidence for the development of
guidelines and an opportunity to standardize care, reduce unnecessary resource utilization,
and optimize outcomes for children with neurologic impairment hospitalized with
pneumonia.
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Cohort diagram. 785, tuberculosis; PCP, Pneumocystis pneumonia.
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Figure2.
Variation in hospital-level outcomes of LOS and 30-day all-cause readmission rate. Each x

represents data from 1 hospital. The vertical line represents median readmission rate (8.4%),
and the horizontal reference line represents median LOS (3.2 days). There was a statistically
significant positive correlation between LOS and readmission (r = 0.525, Pvalue <.001).
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