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Abstract

INTRODUCTION—AIthough pneumonia is a common reason for pediatric hospitalization
among children with complex chronic conditions (CCC), treatment and outcomes have not been
well-described. We characterized the presentation, management and outcomes of pneumonia in
children with and without CCC and described how antibiotic management and outcomes vary
among subgroups of children with CCC.

METHODS—We conducted a cohort study of children <18 years with pneumonia across a large
sample of US hospitals. Children were grouped according to CCC subgroups. Differences in
disease management and outcomes were assessed using multivariable regression.

RESULTS—Of the 31,684 children in our cohort, 11.9% had CCC. Children with CCC were
more likely to receive intensive investigations and therapies, were less likely to receive
aminopenicillins or third generation cephalosporins and were more likely to receive antibiotics
against methicillin-resistant Staphylococcus aureus, Pseudomonas aeruginosa and anaerobes.
Compared with children without these conditions, children with CCC had significantly increased
length of stay [relative risk 1.43, 95% confidence interval (ClI) 1.39-1.48] and hospital costs
(relative risk 1.38, 95% CI 1.33-1.43), with increased odds of antibiotic escalation (odds ratio
1.51, 95% CI 1.35-1.70), pneumonia complications (odds ratio 1.47, 95% CI 1.24-1.75) and
readmission (odds ratio 4.0, 95% CI 3.2-5.0).
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DISCUSSION—Children with CCC comprise a significant proportion of children hospitalized
for pneumonia and are at substantially increased risk of adverse outcomes. They have high rates of
treatment with broad spectrum antibiotics, both at the time of hospitalization and subsequently.
Research is needed to inform decision-making and guideline development, with goals of reducing
adverse outcomes and unnecessary variation in management among children with CCC.
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Introduction

Methods

Children with complex chronic medical conditions (CCC) have frequent encounters with
healthcare providers in both inpatient and outpatient settings, accounting for approximately
one-quarter of pediatric hospital days and more than one-third of hospital charges. These
numbers represent an increasing proportion of pediatric hospitalizations and healthcare costs
and highlight the importance of optimizing systems of care for children with these
conditions. While recent surgical and medical advances have reduced pediatric mortality
and contributed to increased survival of children with many CCC, this population remains at
high risk for frequent and recurrent hospitalizations, with pneumonia being among the most
common reasons for admission.2—%

The management of pneumonia among previously well children has been the focus of
several recent studies exploring the comparative effectiveness of antibiotics and adjunctive
therapies for disease management.’~12 However, considerably less is known about
pneumonia treatment and outcomes among children with CCC despite their high burden of
respiratory disease. Pneumonia etiology and subsequent management among children with
CCC may be influenced by technology dependence, functional limitations, and frequent
hospitalizations that often occur in this population. Despite this, patterns of antibiotic
management are poorly understood.

The objectives of this study were to characterize the presentation, management and
outcomes of pneumonia among children with CCC and to compare these to children without
CCC in a large sample of US hospitals. Given the heterogeneous nature of pediatric complex
conditions, we also examined antibiotic management and outcomes among subgroups of
children with CCC.

Study Design & Eligibility Criteria

We conducted a retrospective cohort study of children less than 18 years of age admitted to
hospitals that contribute data to the Perspective Data Warehouse (PDW) (Premier
Healthcare Informatics, Charlotte, NC), a highly detailed administrative database that
measures healthcare utilization, between July 1, 2007 and June 30, 2010. Geographically
and structurally diverse hospitals across the United States contribute data to PDW,
representing approximately one-sixth of hospitalizations nationally.13 This database has
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been shown to be sufficiently similar to the Agency for Healthcare Research and Quality
Kids’ Inpatient Database, a nationally representative probablility-based sample of pediatric
hospitalizations, and has been used in several previous studies of pediatric populations.13-16
It contains fully de-identified information including patient demographic characteristics,
length of stay, all International Classification of Disease, 91" Edition, Clinical Modification
(ICD-9-CM) discharge diagnoses and procedures, as well as a date-specific record of all
services and items charged to the patient or insurer, including diagnostic tests, medications
and their associated costs. Approximately 75% of hospitals that participate in PDW submit
information on actual hospital costs, taken from internal cost accounting systems, whereas
the remaining hospitals provide cost estimates based on Medicare cost-to-charge ratios.

We included children with a principal ICD-9-CM diagnosis of pneumonia using a published
algorithm.1” To ensure that patients were being treated for pneumonia that was present at the
time of admission, we restricted the analysis to those in whom antibiotics were begun on the
first day of hospitalization. Infants born in hospital and resident since birth were excluded.
Patients transferred to or from outside facilities or who left hospital against medical advice
were excluded as we were unable to accurately assess length of hospital stay (LOS) or full
course of hospital treatments. Subjects meeting eligibility criteria were grouped according to
the presence or absence of CCC, defined as, “medical conditions 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” and identified using a
previously established algorithm.18:19 This algorithm categorizes children with CCC into the
following subgroups: (i) neuromuscular disorders, (ii) cardiovascular malformations, (iii)
chronic respiratory conditions, (iv) renal conditions, (v) gastrointestinal conditions, (vi)
hematologic or immunologic conditions, (vii) metabolic conditions, (viii) malignant
neoplasms, and (ix) other congenital or genetic disorders.

Patient and hospital characteristics

Children with CCC were categorized into subgroups representing the three most common
single CCC categories (neuromuscular disorders, cardiovascular malformations, other
congenital or genetic defects), other single CCC, and those with two or more CCC. Subjects
were then characterized on the basis of age, gender, race/ethnicity (as recorded by the staff
of participating hospitals using hospital-defined options), and insurance status. We assessed
the presence of co-morbid conditions that commonly present concurrently with pneumonia
including asthma, influenza, and disorders of fluids and electrolytes. Characteristics of
admitting hospitals included geographic region, bed size, urban/rural location, children’s
hospital versus general community hospital, and teaching status. Children’s hospitals
included both freestanding children’s hospitals and children’s hospitals within larger adult
centers, defined as institutions that had at least ten pediatric subspecialties recorded in the
dataset.

Pneumonia management and outcome variables

We examined detailed billing codes to identify the use of investigations and therapies for
patients with pneumonia, including blood tests, chest imaging, antibiotics, provision of
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inotropes, beta-agonists, oral or intravenous steroids, blood transfusions, mechanical
ventilation, and non-invasive ventilation using billing codes and ICD-9-CM procedure
codes. Intensive chest imaging was defined as chest ultrasound or chest computed
tomography. Initial intensive care was defined as intensive care unit (ICU) charges on the
first day of hospitalization, while ICU transfer was defined as ICU charges on or after the
second day of hospitalization. Antibiotics were categorized as: (i) typical Streptococcus
pneumonaie coverage (parenteral aminopenicillins or third generation cephalosporins); (ii)
coverage for atypical organisms (oral or intravenous macrolides): 20 (iii) coverage for
methicillin-resistant Staphyl ococcus aureus (MRSA) (intravenous clindamycin,
vancomycin, oral or intravenous linezolid);2%-22 (iv) coverage for Pseudomonas aeruginosa
(anti-pseudomonal cephalosporins, anti-pseudomonal carbepenems, anti-pseudomonal beta-
lactam/lactamase inhibitors, or antipseudomonal quinolones);2122 or (v) coverage for
anaerobic organisms (clindamycin, metronidazole, ampicillin/sulbactam, or piperacillin/
tazobactam).22 Antibiotic coverage was categorized as early initiation (defined as initiation
in the emergency department or on the first day of hospitalization) or later initiation (defined
as initiation on or after the second day of hospitalization). Antibiotic escalation was defined
as the addition of any one of the antibiotics listed above on or after the second day of
hospitalization, excluding parenteral ampicillin or a switch from vancomycin to
clindamycin.

Outcome variables included: (i) antibiotic escalation, (ii) pneumonia complications,
including pulmonary, metastatic and systemic complications using a previously established
algorithm (See Table, Supplemental Digital Content 1, illustrating ICD-9-CM codes);20:23
(iii) LOS, in days; (iv) total hospital costs; and (v) and all-cause readmissions within 30
days.

Statistical analysis

We calculated patient-level summary statistics using frequencies and percents for
categorical variables and medians and interquartile ranges for continuous variables. We
assessed differences between children with and without CCC using chi-square tests for
categorical variables and Wilcoxon rank-sum tests for continuous variables, applying a
Bonferroni adjustment for multiple comparisons. Generalized estimating equation models
with a logit link were used to assess odds of antibiotic escalation, pneumonia complications
and readmission, while Poisson regression was used to assess differences in LOS. We used
linear regression of log-transformed total hospital cost to assess differences between the
groups and adjusted all models for within-hospital correlation. Costs were trimmed at 3
standard deviations above the mean. Covariates in the adjusted models included patient age,
gender and payer, hospital region, location (urban/rural), teaching status, and hospital type
(children’s hospital or general community hospital). All analyses were carried out using
SAS 9.3 (Cary, NC: SAS Institute Inc). Because the data do not contain identifiable
information, the Institutional Review Board at Baystate Medical Center determined that this
study did not constitute human subjects research.
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A total of 31684 children meeting eligibility criteria were admitted to 284 hospitals
contributing data to the PDW during the study period. Of these, 11.9 (n=3771) had CCC,
including 22.8% (n= 861) with neuromuscular disorders, 20.8% (n=786) with cardiovascular
malformations, 15.1% (n=570) with chronic respiratory conditions, 2.5% (n= 93) with renal
conditions, 1.7% (n= 63) with gastrointestinal conditions, 19.5% (n= 736) with hematologic
or immunologic conditions, 3.6% (n= 134) with metabolic conditions, 5.9% (n=224) with
malignant neoplasms, and 27.7% (n= 1043) with other congenital or genetic defects. A total
of 16.9% (n=639) had two or more CCCs.

Children with CCC were more likely to be admitted to large, urban teaching hospitals than
children without CCC. A total of 60.4% (n=2279) children with CCC were admitted to
hospitals with more than 400 beds compared to 41.0% (n=11438) of children without CCC
(p<0.001). More than half of children with CCC were admitted to teaching centers (55.6%,
n=2098) compared with approximately one third of children without CCC (36.1%, n=10075,
p<0.001), and 44.5% (n=1678) of children with CCC were admitted to children’s hospitals
compared with 23.7% (n=6607) of children without CCC (p<0.001). A total of 14.2% of
children with CCC (n=537) received their initial hospital care in the ICU compared to 4.5%
(n=1254) of children without CCC (p<0.001).

Children with CCC were, on average, older and more likely to have public health insurance
than children without CCC (See Table, Supplemental Digital Content 2, illustrating patient
characteristics and initial pneumonia management). Asthma was a frequent comorbid
condition among children with and without CCC, occurring in approximately one third of
children. Children with CCC were significantly more likely to receive diagnostic testing and
were three to nine times more likely to receive intensive therapies including inotropes,
mechanical and non-invasive ventilation, and blood transfusions than children without these
conditions.

Antibiotic usage also differed significantly between children with and without CCC (Figure,
Supplemental Digital Content 3, illustrating antibiotic management). Children in all CCC
subgroups, with the exception of children with cardiovascular malformations, were
significantly less likely to receive typical S. pneumonaie coverage on the first day of
hospitalization. However, again with the exception of children with cardiovascular
malformations, they were two to five times more likely to receive initial antibiotic coverage
against MRSA, anaerobic organisms and Pseudomonas. Children with CCC were also
significantly more likely to have antibiotic coverage expanded on or after the second day of
hospitalization. Children with neuromuscular disorders, other single CCC, and two or more
CCC were most likely to have antibiotic coverage broadened, having a two- to four-fold
increased likelihood of added coverage against MRSA and a three- to eight-fold increased
likelihood of added coverage against Pseudomonas on or after the second hospital day.

In our unadjusted analyses, shown in Table 1, children with CCC were at significantly
increased risk of adverse outcomes. Pneumonia complications occurred in more than 10% of
children with CCC, a rate twice that seen among children without CCC. Length of hospital
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stay was considerably longer among children with CCC, with mean hospital costs that were
twice those observed among children without CCC. Children with CCC had a four-fold
increased likelihood of readmission within 30 days of discharge, with more than half of
these readmissions being pneumonia-related.

Accounting for within-hospital correlation as well as age, gender, payer, hospital region,
teaching status, and hospital type, children with CCC had significantly greater odds of all
outcomes examined (Figure 1), and these differences were consistent across most CCC
subgroups. Children with CCC had a 51% increased odds of antibiotic escalation (adjusted
OR 1.51, 95% CI 1.35-1.70), 47% increased odds of pneumonia complications (adjusted
OR 1.47, 95% CI 1.24-1.75), 43% increased LOS (adjusted RR 1.43 95% CI 1.39-1.48),
38% increased cost (adjusted RR 1.38, 95% CI 1.33-1.43), and four times the odds or
readmission within 30 days (adjusted OR 4.0, 95% CI 3.2-5.0).

Discussion

In this study of children with pneumonia from 284 hospitals in the United States, we found
that children with CCC presented to hospital with greater illness severity and were
considerably more likely to receive intensive diagnostic tests and therapies than children
without CCC. They were significantly more likely to receive broad spectrum antibiotics both
at the time of admission and subsequently. Despite this, their outcomes were consistently
worse, including significantly increased likelihood of pneumonia complications and
readmission, and increased LOS and total hospital costs.

Several recent studies have highlighted the growing proportion of hospital admissions,
readmissions and healthcare costs attributed to children with CCC.1-3:24.25 Using the same
classification scheme applied in previous studies to identify children with CCC, our findings
illustrate that poorer outcomes and increased resource utilization are not limited to
specialized conditions or procedures but extend to this common pediatric infection.
Although previous studies have shown that pneumonia is a common reason for
hospitalization among children with cerebral palsy and other neurological impairments, this
is, to our knowledge, the first study to examine how management patterns and outcomes
differ among children with CCCs. 26:27

Children with CCCs were considerably more likely to receive broad spectrum coverage
against anaerobes, MRSA and Pseudomonas, with children with neuromuscular disorders
and multiple CCC most likely to receive broad spectrum coverage. These prescribing
patterns may be influenced by perceived differences in disease etiology, perhaps influenced
by aspiration risk, technology dependence, co-morbidities, past reasons for hospitalization,
and other patient- and hospital-associated factors. In 30-40% of cases, children with CCCs
had their antibiotic coverage broadened against these organisms on or after the second day
of hospitalization. These changes in antibiotic coverage may be related to clinical
deterioration, a lack of expected clinical improvement, or changes in providers’ perspectives
regarding optimal antibiotic therapies. These patterns of antibiotic management, taken
together with this cohort’s more severe disease presentation and poorer outcomes, highlight
the need for research to characterize the role of multidrug resistant organisms in pneumonia
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pathogenesis among children with CCC. Research questions that have been addressed
among previously well children, including the comparative effectiveness of antibiotics for
pneumonia management, emerge as questions of significant relevance to children with
CCCs.

Although there is no categorization of adult patients that is directly comparable to
classification schemes applied to identify children with CCCs, the American Thoracic
Society has developed risk criteria to identify and treat adult patients at increased risk of
“healthcare-associated pneumonia” (HCAP), which has an increased likelihood of being
caused by multidrug resistant organisms.2! HCAP is unique from hospital-acquired
pneumonia in that patients need not develop signs and symptoms of pneumonia while in
hospital, but present from community settings with characteristics that may increase their
risk for colonization and infection with multi-drug resistant pathogens.

Analogous to HCAP among adults, children with CCC comprise a diverse population who
have frequent contact with the healthcare system. As a result, they are expected to be at risk
of infection with multi-drug resistant organisms and hence may benefit from tailored
treatment recommendations that recognize how they differ from children without CCC.
Similar to the recently published national guidelines for pneumonia management among
previously well children, guidelines for children with CCC could aid decision-making
regarding diagnostic testing and antibiotic coverage, with goals of reducing adverse
outcomes and unnecessary variation in antibiotic management.20

Our results should be interpreted in light of a number of limitations. We used ICD-9-CM
codes to identify patients with pneumonia, which may have resulted in misclassification. We
attempted to minimize this by using a previously validated ICD-9-CM algorithm!’ and by
limiting our analysis to children who received an antibiotic on the first day of
hospitalization. We used frequently cited antibiotic references to develop our classification
scheme of antibiotic regimens. While this scheme does not reflect all possible antibiotic
combinations and does not take into account local antibiotic sensitivity patterns, potential
misclassification would have influenced all groups similarly. Because our analysis is limited
to highly-detailed administrative data, we are unable to ascertain factors associated with
providers’ management decisions, including antibiotic management as well as use of
adjunctive therapies and tests. We are also unable to distinguish between pneumonia
complications that were present at the time of admission from those that developed during
the hospital stay. Lastly, readmissions to a hospital different from the original admission are
not captured in PDW, which may have resulted in underestimates of readmission rates. In
contrast, study strengths include our large sample size of children with CCC admitted to a
large number of structurally diverse hospitals, allowing us to examine management and
outcomes among CCC subgroups while controlling for patient and hospital factors and
clustering within hospitals.

Our study has important implications for the care of children with CCCs who are admitted to
hospital with pneumonia and establishes several important areas for future studies. Children
with CCC presented to hospital with greater disease severity, were more likely to receive
broad spectrum antibiatics at the time of hospitalization, and had considerably increased
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likelihood of antibiotic escalation during their hospital stay. Research is needed to describe
pneumonia microbiology, ascertain specific risk factors for adverse pneumonia outcomes
among children with CCCs and to inform optimal management strategies to mitigate these.
This research is an essential prerequisite to inform future treatment guidelines to optimize
processes of care and outcomes among this population of children while minimizing
potential adverse effects of unnecessary broad spectrum antibiotic coverage.
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Odds of antibiotic escalation, pneumonia complications and readmission, and rate ratios of
length of stay and total hospital costs among children with complex chronic conditions
relative to those without complex chronic conditions, adjusted for patient and hospital
covariaties and clustering within hospitals.

Footnote:

*CCC - complex chronic conditions
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Unadjusted outcomes among children with and without complex chronic conditions admitted with pneumonia.

Children without Children with
Outcome CCC (n=27913) CCC (n=3771) p-value
Antibiotic escalation, n(%) 4094 (14.7%) 863 (22.9%) <0.001
Pneumonia complications, n (%) 1520 (5.4%) 442 (11.7%) <0.001
Length of stay in days, mean, median [IQR] 2.6,2[2-3] 4.5, 3 [2-5] <0.001
Total hospital costs in USD, mean, median, [IQR] 4379, 3336 [2250-5093] 9168, 5141 [3009-9353]  <0.001
All cause <30 day readmissions 386 (1.4%) 226 (6.0%) <0.001
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