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Abstract
Background—Substantial care variation occurs in a number of pediatric diseases.

Methods—We evaluated the variability in health care resource utilization and its association
with clinical outcomes among children, aged 1–18 years, hospitalized with community acquired
pneumonia (CAP). Each of 29 children’s hospitals contributing data to the Pediatric Hospital
Information System was ranked based on the proportion of CAP patients receiving each of 8
diagnostic tests. Primary outcome variable was length of stay (LOS), re-visit to the ED or
readmission within 14 days of discharge.

Results—Of 21,213 children hospitalized with non-severe CAP, median age was 3 years
(interquartile range [IQR], 1–6 years). Laboratory testing and antibiotic usage varied widely
across hospitals; cephalosporins were the most commonly prescribed antibiotic. There were large
differences in the processes of care by age categories. The median LOS was 2 days (IQR, 1–3
days) and differed across hospitals; 25% of hospitals had median LOS >= 3 days. Hospital-level
variation occurred in 14-day ED visits and 14-day readmission, ranging from 0.9 to 4.9% and
1.5% to 4.4%, respectively. Increased utilization of diagnostic testing was associated with longer
hospital LOS (p=0.036) but not with probability of 14-day readmission (Spearman’s ρ = 0.234;
p=0.225). There was an inverse correlation between LOS and 14-day revisit to the ED (ρ=−0.48,
p=0.013).
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Conclusions—Wide variability occurred in diagnostic testing for children hospitalized with
CAP. Increased diagnostic testing was associated with a longer LOS. Earlier hospital discharge
did not correlate with increased 14-day readmission. The precise interaction of increased
utilization with longer LOS remains unclear.

Keywords
pneumonia; bacterial pneumonia; disease management; epidemiology; evidence-based medicine

INTRODUCTION
The national emphasis on value-driven healthcare (i.e., how can we achieve better quality
outcomes per dollar spent)1 has important implications for the care of hospitalized children.
Studies have documented substantial care variation among children hospitalized with a
number of acute illnesses.2–7 Although patient- and disease-level characteristics influence
management and outcomes, hospital-level factors may also contribute to variation in care.
For example, institutional variation contributed to increased costs as well as increased length
of stay (LOS) for children hospitalized with lower respiratory tract infections, even after
controlling for sociodemographic variables and illness severity.2 This finding suggests that
institutional culture both influences and contributes to unnecessary care variation, and thus
represents a key potential target for improving the efficiency and quality of care delivered to
children hospitalized for management of common illnesses. Reducing unwanted variation
may also lead to improved outcomes and reduce costs.2,4,8

Community-acquired pneumonia (CAP), a common and potentially serious infection in
childhood, affects approximately 3 million children and accounts for >200,000
hospitalizations each year in the United States.9–13 Despite decades of research and the
enormous burden of CAP, there is a lack of consensus regarding optimal management
strategies for pediatric CAP. Due in large part to the lack of sufficiently sensitive and
specific diagnostic tests, a range of studies—including bacterial cultures, viral testing,
laboratory inflammatory markers and other indices, and radiographic investigations—are
variably employed in an effort to inform decision-making, and ultimately, improve
outcomes. Few studies, however, have detailed the influence of variations in care utilization
on outcomes for children hospitalized with CAP. Precise knowledge of care processes which
improve outcomes for pediatric CAP, and conversely those which serve only to increase
costs without clear benefits, is essential for developing evidence-based practice guidelines,
establishing quality benchmarks, and improving children’s care.

Using a national, multi-institutional retrospective cohort of children hospitalized with CAP,
we sought to describe the variability in health care resource utilization and determine its
association with outcomes among children hospitalized with CAP.

MATERIALS AND METHODS
Data Source

Data for this multicenter retrospective cohort study were obtained from the Pediatric Health
Information System (PHIS), which contains resource utilization data from 40 freestanding
tertiary children’s hospitals with emergency departments (ED). Participating hospitals are
located in non-competing markets of 27 states plus the District of Columbia and account for
15% of all pediatric hospitalizations in the United States in 2009 (677,291 of 4,508,323
admissions).14, 15 These hospitals provide discharge data including patient demographics,
diagnoses, and procedures. Billing data detail all drugs, radiologic imaging studies,
laboratory tests, and supplies charged to each patient. Data are de-identified prior to
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inclusion in the database, however encrypted medical record numbers allow for tracking
individual patients across admissions. The Child Health Corporation of America (Shawnee
Mission, KS) and participating hospitals jointly assure data quality as described
previously.6,16 In accordance with the Common Rule (45 CFR 46.102(f)) and the policies of
The Children’s Hospital of Philadelphia Institutional Review Board, this research, using a
de-identified dataset, was not considered human subjects research.

Patients
Children aged 1–18 years hospitalized for CAP were eligible for this study if they were
discharged from participating hospitals between July 1, 2005 and June 30, 2010. Subjects
were included if they satisfied one of the following International Classification of Diseases,
9th Revision (ICD-9) discharge diagnosis code criteria: 1) Primary diagnosis of pneumonia
(481–483.8, 485–486); 2) Primary diagnosis of a pneumonia-related symptom (780.6 or
786.00–786.52 [except 786.1] anda secondary diagnosis of pneumonia, empyema (510.0,
510.9), or pleurisy (511.0, 511.1, 511.9); or 3) Primary diagnosis of empyema or pleurisy
and a secondary diagnosis of pneumonia.

For consistency, only the 29 (73%) hospitals that had complete data for the entire study
period were included. Children were excluded for the following reasons: 1) inter-hospital
transfer, 2) chronic comorbid condition predisposing to severe, recurrent, or healthcare-
associated pneumonia (e.g., cystic fibrosis, malignancy, sickle cell disease) as defined by a
previously reported classification scheme, 17 and 3) no antibiotic therapy on the first
calendar day of hospitalization, suggesting that pneumonia was not present or diagnosed at
the time of admission. Additional exclusion criteria were applied to create a cohort of
children presenting with non-severe CAP. Thus, further exclusion criteria aimed at limiting
the degree of illness included any of the following if they occurred on the first calendar day
of hospitalization, suggesting more severe illness at initial presentation: intensive care unit
admission, pleural drainage, or death. We did not exclude children who worsened during the
hospitalization as this decline may reflect differences in treatment rather than in baseline
disease severity.

Study Definitions
Patients with chronic comorbid conditions were identified using a previously reported
classification scheme.17 Pleural drainage procedures were identified using ICD-9 procedure
codes for thoracentesis (34.91), chest tube placement (34.04), video-assisted thoracoscopic
surgery (VATS; 34.21), and thoracotomy (34.02 or 34.09). Billing data were used to classify
receipt of medications, including antibiotics.

Measured Exposures
The primary exposure of interest was hospital-level initial resource utilization. Initial
resource utilization was determined by ranking each hospital from 1 (lowest) to 29 (highest)
based on the proportion of patients with CAP receiving each of the following on the first day
of hospitalization, (including testing performed in the emergency department): arterial blood
gas measurement, blood culture, C-reactive protein, erythrocyte sedimentation rate,
complete blood count, serum electrolytes, chest radiographs, and virus detection studies.
These 8 ranks were then summed by hospital to provide a hospital-level utilization score
with a minimum of 8 and a maximum of 232.

Measured Outcomes
The primary outcome was hospital length of stay (LOS) in days. Readmission within 14
days of index discharge was a secondary outcome measure.
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Statistical Analysis
Hospital level covariates were summarized using median, inter-quartile range (IQR), and
range values for continuous variables, and frequencies and percentages for categorical
variables. We stratified processes of care, treatment, and outcomes by age groups (1–5, 6–12
and 13–18 years) and compared categorical and continuous variables across these groups
using chi-square and Kruskal-Wallis tests, respectively.

To assess the relationship between utilization and outcomes, we fit linear regression models
treating the study outcome as the response and the hospital-level utilization score as the
predictor. Since this was a hospital-level analysis, we only had 29 data points, and
scrutinized each data point as an outlier based on the following four diagnostics: residuals,
the Studentized residuals, the leverage plot, and Cook’s D.18 We removed a data point only
if all 4 methods agreed that the point was an outlier. After removing outliers, we fit the
linear regression and plotted the relationship with the 95% confidence limits. To further
minimize the impact of potential outliers, we repeated the analysis while excluding hospitals
identified as outliers by any one of the 4 methods.

Because early discharge (i.e., a shorter LOS) could lead to readmission, we examined the
association between LOS and 14-day readmission and between LOS and 14-day revisit to
the ED: Spearman’s rank correlation coefficient was used. All statistical analyses were
performed using the statistical software SAS (version 9.1, SAS Institute, Inc, Cary, NC), and
p-values < 0.05 were considered statistically significant.

RESULTS
Cohort Assembly

During the study period, 43,819 children were hospitalized with a diagnosis of CAP. After
selection criteria were applied excluding children transferred from other institutions,
children with chronic comorbid conditions, children who received antibiotics, ICU
admission or pleural drainage on the first day and those who died on the first day (Fig.,
Supplemental Digital Content 1, http://links.lww.com/INF/B259), the final cohort included
21,213 children classified as having non-severe CAP.

Patient Characteristics
The median age was 3 years (IQR, 1–6 years). Most children (72%) were between 1–5 five
years of age; children aged 6–12 and 13–18 years accounted for 22% and 5% of CAP,
respectively. Approximately 53% of patients were male. Patient race included non-Hispanic
Whites (40%), non-Hispanic Blacks (22%), Hispanics (29%), Asian (3%), and other races
(6%). Hospitalizations were most common in the winter (38%).

Process of Care Measures and Antibiotic Treatment
Patient-Level Variation—Overall and age-stratified processes of care are shown in Table
1. Most of the differences in the performance of these measures across age categories,
though statistically significant, were relatively minor with the exception of serum
electrolytes and non-specific markers of inflammation (i.e., C-reactive protein, erythrocyte
sedimentation rate). Each of these tests was more commonly performed in older children.
The rate of blood cultures remained fairly stable across age groups. Antibiotic prescribing
also differed by age. Cephalosporins used as single-agent therapy were the most common
antibiotic regimen, although the use of this treatment strategy decreased with increasing age.
The most common cephalosporins used were ceftriaxone (56%), cefuroxime (22%) and
cefotaxime (19). Combination antibiotic therapy was also common; co-administration of a
cephalosporin with a macrolide antibiotic was the most frequent combination (21% overall),
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and this treatment strategy increased with increasing age. Antimicrobial agents with
expected activity against methicillin-resistant Staphylococcus aureus (vancomycin/
clindamycin) were administered in combination with cephalosporins or macrolides to
approximately 20% of children.

Hospital-Level Variation—There was marked variability in laboratory testing across
hospitals (Table 2). The large variability occurred in almost every laboratory test evaluated
(Figure 1). For example, complete blood counts (CBC) and blood cultures were virtually
always obtained at some hospitals and almost never at other hospitals. Although specific
antibiotic use varied across institutions, cephalosporins were the most common antibiotic
prescribed, either as a single agent or in combination, accounting for over 80% of all
antibiotic use (Fig., Supplemental Digital Content 2, http://links.lww.com/INF/B260).
Penicillins or aminopenicillins were rarely used.

Outcomes
Patient-Level Variation—The overall median LOS was 2 days (IQR, 1–3 days). Twenty-
five percent of children aged < 12 years were hospitalized >= 3 days, and 25% of children
aged 13–18 years were hospitalized >= 4 days. Overall, 491 (2.3%) patients required
readmission within 14 days of index discharge. This proportion was higher for children aged
13–18 years (4.9%) compared with children aged 1–5 (2.2%) and 6–12 (2.1%) years
(p=0.004).

Hospital-Level Variation—LOS differed across hospitals. Though the median of the
median hospital LOS was 2 days, 25% of hospitals had a median LOS ≥3 days. There was
also hospital-level variation in the probability of 14-day readmission, ranging from 1.5% to
4.4% with the probability of a 14-day ED return visit ranging from 0.9% to 4.9%. There was
no correlation between LOS and probability of readmission across hospitals (ρ=0.12,
p=0.549) but there was an inverse correlation between LOS and 14-day revisit to the ED (ρ=
−0.48, p=0.013, Figure 2).

Association of Process Measures and Clinical Outcomes
After identification and removal of outliers based on our four regression diagnostic
strategies, we observed an association between increased resource utilization and duration of
hospitalization; institutions that performed more diagnostic testing had a longer LOS (Figure
3 and Fig., Supplemental Digital Content 3, http://links.lww.com/INF/B261). This
association persisted when outlier removal was based on at least one diagnostic strategy
(p=0.028; six hospitals excluded, not shown). There was no association between the
utilization of diagnostic testing and probability of readmission (Spearman’s ρ= 0.234;
p=0.225).

DISCUSSION
We found substantial variation in hospital-level processes of care, empiric antibiotic
selection, LOS, and 14-day readmission in this multicenter study of children hospitalized
with CAP. Increased utilization of diagnostic testing was associated with a longer hospital
LOS. Hospital-level differences in LOS correlated inversely with 14-day post-discharge ED
visit but despite this there was no association with readmissions. Our findings highlight the
need for strategies to identify the most efficient processes of care for children with CAP and
to determine when children with CAP are sufficiently stable for hospital discharge.

The processes of care evaluated in this study varied widely by institution, raising questions
about the utility of some of these tests. Although we did not apply a measure of severity for
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pneumonia in these children such as the pneumonia severity index used in adults,19 we did
attempt to study a relatively uniform population by including only children admitted
directly, rather than by inter-hospital transfer, to an inpatient ward (rather than an intensive
care unit), who received antibiotics but no pleural drainage procedures and who lacked
underlying chronic comorbid conditions. While the inverse correlation between LOS and
14-day re-visit to the ED is concerning for incompletely resolved illness it certainly does not
support a lesser degree of illness for patients with shorter LOS. Additionally, the absence of
a difference in the rate of 14-day readmission would favor small rather than large
differences in illness severity. Despite this relative homogeneity, certain processes of care
(e.g, CRP) were never or almost never used at some institutions while at other hospitals they
were employed in nearly all patients, even when the median use of the test by institutions
was almost zero (i.e., fewer than 10% of patients). Thus, large differences in patient
population do not appear to account for variation in testing.

Substantial variability also occurred in antibiotic preference in this cohort both by institution
and by age group. Furthermore, the majority of children received broad spectrum antibiotic
therapy although this cohort consisted of patients with uncomplicated, non-severe CAP. This
wide variability in antibiotic preference highlights the lack of clear national standards for the
management of CAP in children. For adults admitted with CAP, the American Thoracic
Society and the Infectious Diseases Society of America guidelines provide principles for
empiric antibiotic therapy.20,21 In a study of adults with CAP, adherence to the American
Thoracic Society/Infectious Diseases Society of America antibiotic therapy
recommendations was associated with improved outcomes compared with non-adherence.22

The recently published guidelines for children with CAP will hopefully improve
standardization of diagnosis and treatment.23

Increased use of some processes of care was associated with a longer LOS. The effect on
LOS may have been magnified by several hospitals at the two extremes of care utilization
that also had large differences in LOS. While evident at the institutional level which were
ranked according to the total number of laboratory tests, the effect of increased utilization
may not hold true for any individual child with CAP or even any individual test. The
American Thoracic Society/Infectious Diseases Society of America guidelines for
hospitalized adults with CAP recommend chest radiographs, complete blood count, blood
cultures, electrolytes and oxygenation assessment. Some diagnostic processes such as
complete blood counts and acute phase reactants (ESR, CRP) have poor sensitivity and
specificity in the diagnosis of bacterial pneumonia in children.24–27 Furthermore, children
who present to EDs have a low rate of bacteremia, and falsely positive blood cultures may
contribute to unnecessary prolonged stay and antibiotic use.28

Although the correlation of increased utilization of processes of care with longer LOS
occurred in this population, the precise interaction of processes of care with study outcomes
remains unclear. The observed association between use of processes of care and LOS has
two plausible explanations. First, patients at institutions with greater use of processes of care
were indeed sicker and thus the diagnostic testing helped to establish the severity of their
illness. We cannot exclude this possibility but the wide variation in each individual test by
institution in a fairly homogenous population makes differences in illness severity an
unlikely explanation. Second, increased testing may have occurred as a condition of
variation in institutional practice patterns. In this case, certain processes of care may beget
further testing, additional interventions, increased costs and a longer LOS. Previous studies
in children have established diverse practices in other acute illnesses in children which have
resulted in varied costs and outcomes.2–7
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This study had several limitations. First, we applied only one approach to measuring and
ranking utilization of processes of care. In so doing, we may have forced rankings on
hospitals though there may not have been substantial variation in the performance of specific
tests. Second, we considered that children with more severe disease would likely have a
longer LOS, rendering the comparison of processes of care among children with less severe
disease complicated. Thus, by design, our study was restricted to a relatively homogenous
group of patients without evidence of severe or complicated disease such as the presence of
an underlying chronic comorbid condition or admission to the ICU, receipt of antibiotics or
a pleural drainage procedure on the first hospital day. Despite these efforts, we cannot
completely rule out residual confounding by disease severity which is an inherent limitation
of our data source and the lack of standardized severity scale for children with CAP. We
were unable to evaluate the rate of post-discharge physician visit in this population.
However, the fact that children from institutions with shorter length of stay also had higher
rates of 14-day ED re-visit may be explained in many ways such as incomplete resolution of
symptoms or inadequate education of family members on discharge. Yet the higher rate of
14-day ED visits does not support less severe illness in children with shorter LOS and lower
rates of diagnostic testing. Third, our assessment of care processes was limited to diagnostic
testing. Other hospital-level factors may influence hospital LOS. For example, it is possible
that physicians across hospitals used comparable criteria to make discharge decisions but
that hospitals varied in the efficiency with which they could discharge patients, leading us to
falsely identify an association between higher diagnostic test utilization and a longer LOS.
Fourth, variability in outpatient care which we could not measure may have affected
readmission rates. Fifth, if children were readmitted to a hospital that did not contribute to
PHIS we could not track those readmissions. Finally, while we identified an association
between increased utilization of diagnostic testing and longer hospital LOS, we could not
determine which specific tests or whether any specific tests ought to be performed less
frequently.

In conclusion, we demonstrated wide variation in hospital-level processes of care, antibiotic
therapy and outcomes in this study of children hospitalized with non-severe CAP. The
absence of established guidelines during the study years may have contributed to this wide
variability in testing, suggesting an important target for influencing both the efficiency and
quality of pediatric health care. Guidelines of care that promote certain laboratory studies
may need to be evaluated in light of these findings. Reducing practice variability is an
important step in improving quality of care while reducing costs, and the recent publication
of diagnostic and management guidelines for childhood CAP, jointly sponsored by the
Pediatric Infectious Diseases Society and the Infectious Diseases Society of America,23 may
contribute to reduce variability in the care of children with pneumonia.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.

Acknowledgments
Dr. Matthew Hall had full access to the data in the study and takes responsibility for the integrity of the data and the
accuracy of the data analysis.

Sources of support: Dr. Shah received support from the National Institute of Allergy and Infectious Diseases (K01
AI73729) and the Robert Wood Johnson Foundation under its Physician Faculty Scholar program. The content is
solely the responsibility of the authors and does not necessarily represent the official views of the National
Institutes of Health.

Brogan et al. Page 7

Pediatr Infect Dis J. Author manuscript; available in PMC 2013 October 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



REFERENCES
1. Conway PH. Value-driven health care: implications for hospitals and hospitalists. J Hosp Med.

2009; 4:507–511. [PubMed: 19824095]

2. Todd J, Bertoch D, Dolan S. Use of a large national database for comparative evaluation of the
effect of a bronchiolitis/viral pneumonia clinical care guideline on patient outcome and resource
utilization. Arch Pediatr Adolesc Med. 2002; 156:1086–1090. [PubMed: 12413334]

3. Newman K, Ponsky T, Kittle K, et al. Appendicitis 2000: variability in practice, outcomes, and
resource utilization at thirty pediatric hospitals. J Pediatr Surg. 2003; 38:372–379. [PubMed:
12632352]

4. Conway PH, Keren R. Factors associated with variability in outcomes for children hospitalized with
urinary tract infection. J Pediatr. 2009; 154:789–796. [PubMed: 19324369]

5. Willson DF, Horn SD, Hendley JO, Smout R, Gassaway J. Effect of practice variation on resource
utilization in infants hospitalized for viral lower respiratory illness. Pediatrics. 2001; 108:851–855.
[PubMed: 11581435]

6. Shah SS, Hall M, Srivastava R, Subramony A, Levin JE. Intravenous immunoglobulin in children
with streptococcal toxic shock syndrome. Clin Infect Dis. 2009; 49:1369–1376. [PubMed:
19788359]

7. Landrigan CP, Conway PH, Stucky ER, Chiang VW, Ottolini MC. Variation in pediatric
hospitalists' use of proven and unproven therapies: a study from the Pediatric Research in Inpatient
Settings (PRIS) network. J Hosp Med. 2008; 3:292–298. [PubMed: 18698602]

8. Tieder JS, Robertson A, Garrison MM. Pediatric hospital adherence to the standard of care for acute
gastroenteritis. Pediatrics. 2009; 124:e1081–e1087. [PubMed: 19884475]

9. Kronman MP, Hersh AL, Feng R, Huang YS, Lee GE, Shah SS. Ambulatory visit rates and
antibiotic prescribing for children with pneumonia, 1994-2007. Pediatrics. 2011 Mar.12:411–418.
[PubMed: 21321038]

10. Lee GE, Lorch SA, Sheffler-Collins S, Kronman MP, Shah SS. National hospitalization trends for
pediatric pneumonia and associated complications. Pediatrics. 2010; 126:204–213. [PubMed:
20643717]

11. Grijalva CG, Nuorti JP, Arbogast PG, Martin SW, Edwards KM, Griffin MR. Decline in
pneumonia admissions after routine childhood immunisation with pneumococcal conjugate
vaccine in the USA: a time-series analysis. Lancet. 2007; 369(9568):1179–1186. [PubMed:
17416262]

12. Grijalva CG, Nuorti JP, Zhu Y, Griffin MR. Increasing incidence of empyema complicating
childhood community-acquired pneumonia in the United States. Clin Infect Dis. 2010; 50:805–
813. [PubMed: 20166818]

13. Li ST, Gates RL. Primary operative management for pediatric empyema: decreases in hospital
length of stay and charges in a national sample. Arch Pediatr Adolesc Med. 2008; 162:44–48.
[PubMed: 18180411]

14. Owens, PL.; Thompson, J.; Elixhauser, A.; Ryan, K. Fact Book. Rockville, MD: Agency for
Healthcare Research and Quality; 2000.

15. Healthcare Cost and Utilization Project (H-CUP). Overview of the Kids' Inpatient Database (KID).
http://www.hcup-us.ahrq.gov/kidoverview.jsp

16. Mongelluzzo J, Mohamad Z, Ten Have TR, Shah SS. Corticosteroids and mortality in children
with bacterial meningitis. JAMA. 2008 May 7.29:2048–2055. [PubMed: 18460665]

17. Feudtner C, Hays RM, Haynes G, Geyer JR, Neff JM, Koepsell TD. Deaths attributed to pediatric
complex chronic conditions: national trends and implications for supportive care services.
Pediatrics. 2001 Jun.107(6):E99. [PubMed: 11389297]

18. Weisberg, S. Applied Linear Regression. 2nd ed.. New York: John Wiley & Sons, Inc.; 1985. p.
114-125.

19. Fine MJ, Auble TE, Yealy DM, et al. A prediction rule to identify low-risk patients with
community-acquired pneumonia. N Engl J Med. 1997; 336:243–250. [PubMed: 8995086]

Brogan et al. Page 8

Pediatr Infect Dis J. Author manuscript; available in PMC 2013 October 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

http://www.hcup-us.ahrq.gov/kidoverview.jsp


20. Mandell LA, Wunderink RG, Anzueto A, et al. Infectious Diseases Society of America/American
Thoracic Society consensus guidelines on the management of community-acquired pneumonia in
adults. Clin Infect Dis. 2007; 44(Suppl 2):S27–S72. [PubMed: 17278083]

21. Niederman MS, Mandell LA, Anzueto A, et al. Guidelines for the management of adults with
community-acquired pneumonia. Diagnosis, assessment of severity, antimicrobial therapy, and
prevention. Am J Respir Crit Care Med. 2001; 163:1730–1754. [PubMed: 11401897]

22. Dambrava PG, Torres A, Valles X, et al. Adherence to guidelines' empirical antibiotic
recommendations and community-acquired pneumonia outcome. Eur Respir J. 2008; 32:892–901.
[PubMed: 18550608]

23. Bradley JS, Byington CL, Shah SS, et al. The management of community-acquired pneumonia in
infants and children older than 3 months of age: clinical practice guidelines by the Pediatric
Infectious Diseases Society and the Infectious Diseases Society of America. Clin Infect Dis. 2011;
53:e25–e76. [PubMed: 21880587]

24. Virkki R, Juven T, Rikalainen H, Svedstrom E, Mertsola J, Ruuskanen O. Differentiation of
bacterial and viral pneumonia in children. Thorax. 2002; 57:438–441. [PubMed: 11978922]

25. Toikka P, Irjala K, Juven T, et al. Serum procalcitonin, C-reactive protein and interleukin-6 for
distinguishing bacterial and viral pneumonia in children. Pediatr Infect Dis J. 2000; 19:598–602.
[PubMed: 10917215]

26. Korppi M. Non-specific host response markers in the differentiation between pneumococcal and
viral pneumonia: what is the most accurate combination? Pediatr Int. 2004; 46:545–550. [PubMed:
15491381]

27. Prat C, Dominguez J, Rodrigo C, et al. Procalcitonin, C-reactive protein and leukocyte count in
children with lower respiratory tract infection. Pediatr Infect Dis J. 2003; 22:963–968. [PubMed:
14614368]

28. Shah SS, Dugan MH, Bell LM, et al. Blood Cultures in the Emergency Department Evaluation of
Childhood Pneumonia. Pediatr Infect Dis J. 2011; 30:475–479. [PubMed: 21206393]

Brogan et al. Page 9

Pediatr Infect Dis J. Author manuscript; available in PMC 2013 October 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Figure 1.
Hospital-level variation in selected processes of care among children hospitalized with
community-acquired pneumonia. The line intersecting each box represents the median of the
median proportion of patients at each hospital receiving selected processes of care. The ends
of the box represent the 25th and 75th percentile hospital values, while the “whiskers”
represent values that are 1.5 times the interquartile range. Circles represent extreme outliers.
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Figure 2.
Association of length of hospital stay and 14-day return visit to the ED. Hospital length of
stay was inversely correlated with 14-day return to the ED. Each circle represents data from
one hospital. The solid line represents the linear regression line.
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Figure 3.
Association of process measures and length of hospital stay. Performance of process
measures was associated with a longer hospital length of stay while excluding outliers
detected by all four regression diagnostic strategies methods (p=0.036; 1 hospital excluded).
Each circle represents data from one hospital; excluded hospital data are not shown. The
solid line represents the linear regression line and shaded areas are the 95% confidence
limits.
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Table 1

Patient-level processes of care and empiric antibiotic treatment of children hospitalized with community-
acquired pneumonia.

Age Category (years)

Overall (%) 1–5 (%) 6–12 (%) 13–18 (%)a

N=21,213 N=15,295 N=4,770 N=1,148

Chest Radiograph 15,900 (75.0) 11,588 (75.8) 3,497 (73.3) 815 (71.0)

Laboratory Testing

   Complete blood count 13,030 (61.4) 9,324 (61.0) 2,940 (61.6) 766 (66.7)

   Blood culture 10,356 (48.8) 7,639 (49.9) 2,156 (45.2) 561 (48.9)

   Serum electrolytes 7,016 (33.1) 4,921 (32.2) 1,610 (33.8) 485 (42.3)

   Viral studies 6,042 (28.5) 4,748 (31.0) 1,023 (21.5) 271 (23.6)

   C-reactive protein 4,025 (19.0) 2,797 (18.3) 951 (19.9) 277 (24.1)

   Arterial blood gas 1,569 (7.4) 1,092 (7.1) 358 (7.5) 119 (10.4)

   Erythrocyte sedimentation rate 972 (4.6) 555 (3.6) 285 (6.0) 132 (11.5)

Initial Antibiotic Therapy

   Cephalosporin alone 8,572 (40.4) 7,211 (47.2) 1,189 (24.9) 172 (15.0)

   Cephalosporin + macrolide 4,429 (20.9) 2,704 (17.7) 1,389 (29.1) 336 (29.3)

   Cephalosporin + vancomycin/clindamycin 3,027 (14.3) 2,135 (14.0) 714 (15.0) 178 (15.5)

   Cephalosporin + vancomycin/clindamycin + macrolide 1,396 (6.6) 718 (4.7) 492 (10.3) 186 (16.2)

   Macrolide alone 1,148 (5.4) 637 (4.2) 417 (8.7) 94 (8.2)

   Other 1,124 (5.3) 633 (4.1) 340 (7.1) 151 (13.2)

   Penicillin/aminopenicillin alone 1,033 (4.9) 934 (6.1) 89 (1.9) 10 (0.9)

   Penicillin/aminopenicillin + macrolide 484 (2.3) 323 (2.1) 140 (2.9) 21 (1.8)

a
p-value <0.001 for all comparisons across age categories
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Table 2

Hospital-level processes of care and empiric antibiotic treatment of children hospitalized with community-
acquired pneumonia. Values represent the median, interquartile range, and range of the hospital median
values.

Median Percent
[IQR]

Range

Chest Radiograph 73.8 (68.9–81.0) 54.0–90.1

Laboratory Testing

   Complete blood count 66.5 (52.5–74.0) 29.1–91.7

   Blood culture 51.8 (43.4–64.1) 0–78.7

   Serum electrolytes 32.1 (21.5–38.9) 0–67.6

   Viral studies 22.6 (18.4–39.6) 6.1–64.6

   C-reactive protein 9 (4.9–18.0) 1.3–71.9

   Arterial blood gas 6 (3.5–10.2) 1.3–17.0

   Erythrocyte sedimentation rate 4.8 (3.1–6.3) 1.7–10.1

Antibiotic Therapy

   Cephalosporin alone 43.7 (35.1–47.4) 21.2–62.4

   Cephalosporin + macrolide 19.9 (16.6–25.4) 7.8–41.8

   Cephalosporin + vancomycin/clindamycin 13.7 (9.7–18.5) 4.1–29.5

   Cephalosporin + vancomycin/clindamycin + macrolide 5.8 (4.2–7.9) 1.5–14.0

   Macrolide alone 4.2 (2.4–6.2) 0.5–19.6

   Other 5.6 (3.8–6.0) 2.2–13.3

   Penicillin/aminopenicillin alone 2.5 (1.9–4.9) 0.0–27.7

   Penicillin/aminopenicillin + macrolide 1 (0.5–2.3) 0.0–27.7
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