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BACKGROUND: Pediatric community-acquired complicated pneumonia (PCACP) is charac-
terized by a prolonged clinical course, but this may be highly variable.

METHODS: A multicenter observational study was conducted to develop and validate a clinical
prediction tool for prolonged hospitalizations in PCACP. The derivation and validation
cohorts consisted of 144 and 169 patients with PCACP, respectively, hospitalized between the
years 1997 and 2017 in three tertiary care hospitals. Logistic regression analyses were used to
identify parameters associated with a prolonged hospitalization and to develop and validate a
prediction model for constructing a useful clinical tool.

RESULTS: Higher levels of lactate dehydrogenase (LDH) (P < .026) and lower levels of glucose
(P ¼ .018) in pleural fluid were significantly associated with prolonged hospitalization. A
predictive stepwise logistic regression model was developed and applied to the validation
cohort. The area under the receiver operating characteristic curve (AUROC) constructed
indicated that the model retained good predictive value (AUROC for the derivation
vs validation data, [0.77 (95% CI, 0.66-0.87) vs 0.82 (95% CI, 0.72-0.91)], respectively). From
these data, a clinical tool was derived; the combination of pleural LDH >1,000 units/L and
pleural glucose levels < 1 mmol/L or pleural LDH levels > 2,000 units/L and pleural glucose
levels < 2 mmol/L or pleural LDH levels > 3,000 units/L and pleural glucose < 3 mmol/L
predict prolonged hospitalization with positive and negative predictive values of
78% (95% CI, 0.71-0.85) and 73% (95% CI, 0.59-0.85), respectively.

CONCLUSIONS: In children, pleural fluid LDH and glucose levels are useful parameters for
assessing the severity of PCACP. The model developed in this study accurately predicts
patients who will have prolonged hospitalization. CHEST 2018; 153(1):172-180
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Complications of community-acquired pneumonia
(CAP) in children include parapneumonic pleural
effusion, empyema, necrotizing pneumonia (NP),
and lung abscess, which together are referred to as
complicated pneumonia.1,2 Streptococcus pneumonia
is the most common bacterial pathogen causing
pediatric CAP and its complications.3-6 Pediatric
community-acquired complicated pneumonia
(PCACP) is a major cause of morbidity in children
worldwide,7 and its incidence is increasing despite
adequate antibiotic treatment and the introduction of
early antipneumococcal vaccination.1,2,8-11

In adults, complicated pneumonia is associated with
high rates of mortality and severe morbidity.12-14

However, in children who were previously healthy,
complete recovery is usually expected without long-term
sequelae.15-17 Despite this favorable prognosis, PCACP
may have a protracted clinical course requiring
prolonged hospitalization,2,15,18 but this is highly
variable, and some children recover within a few
days.19,20 Currently, objective clinical criteria that allow
PCACP outcome prediction are not available. In adults,
pleural effusion characteristics such as WBC count,
lactic dehydrogenase (LDH) and glucose levels, and
fluid acidity have been used to guide clinical decisions
regarding invasive treatment.12,21-24 However, in
children, as stated in clinical guidelines, these pleural
chestjournal.org
effusion characteristics have not been adequately
studied.3,6,25 Thus, this variable clinical course and lack
of indices that predict outcome may cause difficulty in
clinical decision-making regarding invasive and
fibrinolytic therapy.

At present there is no consensus on the optimal
management of PCACP, and guidelines are based on
expert opinion and not evidence-based data.15,25 Some
authors advocate conservative therapy, whereas others
recommend the early use of invasive chest drains and
surgical procedures despite the risk of complications
and the overall favorable prognosis.26

Early identification of pediatric patients with
complicated pneumonia expected to have a prolonged
clinical course will offer physicians the opportunity to
discuss the expected clinical course of disease with the
parents and make informed decisions on treatment
options. Finally, this may assist in standardizing
patient groups in clinical trials.

We have previously reported data collected on all
children with PCACP hospitalized in Jerusalem
between the years 2000 and 2010.15 The purpose of
this study was to develop a clinical tool for the
prediction of prolonged hospitalization in PCACP
and subsequently validate it on a second cohort of
patients.
Methods
Study Population

An observational cohort study in the three major Medical Centers in
Jerusalem (Hadassah Ein Kerem, Hadassah Mount Scopus, and
Shaare Zedek) was conducted. Included in the study were previously
healthy children with complicated pneumonia.

Derivative cohort: We analyzed data from a registry of 144 previously
reported patients hospitalized with PCACP between the years 2001 and
2010.15 Clinical and laboratory parameters were evaluated from this
derivative group for the development of a model for prediction of a
prolonged length of stay (LOS).

Validation cohort: Due to the relatively low incidence of PCACP and
to allow broader assessment of the derived prediction model, data
from two different study groups were analyzed for validation.
Validation group A consisted of 64 previously healthy children with
PCACP hospitalized between 2011 and 2016 in Hadassah Ein
Kerem and Mount Scopus medical centers. Data on validation group
B was extracted from a previously reported registry of 120 children
with PCACP admitted to Shaare Zedek between the years 1997 and
2006.27

An overlap existed between validation group B and the derivation
cohort in 15 patients from Shaare Zedek; these patients were
excluded from validation group B. Both validation groups were
combined into one validation cohort for assessment of the derived
model.
Data Sources
Clinical data as available in the registry of the derivation group and
validation group B were assessed and analyzed. All patients included
in these registries were included in the study; no additional data
were extracted from medical files or institutional computerized
databases. Patients for whom data in the registry were missing were
excluded from the final analysis.

For validation group A, clinical records of pediatric patients (< 18
years of age) hospitalized with an International Classification of
Diseases, ninth revision diagnosis of NP, empyema (EMP),
complicated pneumonia, pleural effusion, need for a chest drain,
lung abscess, bacterial pneumonia, and pneumococcal pneumonia
between the years 2011 and 2017 were retrieved from the hospitals’
records and reviewed for the presence of complicated pneumonia.
Patients with a previous history of chronic illness (chronic lung or
heart disease, chronic neurologic impairment, immunodeficiency,
cancer, or postcancer chemotherapy) were excluded from the study.

Definitions

For the purpose of this study, complicated pneumonia was defined as
clinical pneumonia and the presence of a pleural effusion, EMP, or
parapneumonic effusion (PPE) and/or NP, as recorded in patient
files or registries, or both.

A hospitalization of 10 days or less was considered a standard length of
hospitalization, whereas a hospitalization of 11 days or more was
considered a prolonged LOS. We decided on the 10-day LOS cutoff
173
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in view of the population size in the derivation cohort and the
percentage of children hospitalized > or < 10 days. The median
LOS in the derivation group was 13 days (range, 3-59 days;
interquartile range, 7); thus, 30% of patients had a LOS < 10 days.

Predictor Variables

Candidate variables were selected from the derivation group registry
based on their ability to reflect a prolonged LOS. Specifically, we
explored demographic factors, clinical factors (duration of fever and
cough prior to admission [days], antibiotic treatment prior to
admission [yes/no] and, vital signs), laboratory test results (WBC
count, polymorphonuclears, hemoglobin [Hb], platelets [PLTs], and
C-reactive protein levels at admission and maximal or minimal
values, and blood culture results), pleural fluid parameters (glucose
levels [mmol/L], pH, LDH levels [units/L], protein [g/L], amount of
fluid drained, and pleural fluid culture results).

Statistical Analysis and Model Development

Demographic, clinical, and laboratory variables were summarized by
standard descriptive statistics. Bivariate comparisons in the derivative
group between patients with prolonged LOS and those with short LOS
used the t test in the case of normal distributions and the
Mann-Whitney test in the case of nonnormal distributions for
continuous variables. For nominal variables, the Wald c2 test or the
Fisher exact test was used as necessary. Values were expressed as means
� SD for continuous variables or as percentages for nominal variables.
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Variables associated with a prolonged LOS in the univariate analysis
(P < .05) were included in a logistic regression model, and a
backward stepwise multivariate approach was used to identify
independent predictors of a prolonged LOS (explanatory variables).
A prediction model based on the logistic regression equation was
calculated. Predicted values of $ 0.5 were considered true or false
for prediction of a prolonged LOS, respectively, as is customary.

The discriminatory power of the model in the derivation group was
assessed by calculating the area under the receiver operating
characteristic curve (AUROC). The sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV) of the
prediction rule were calculated using the Fisher exact test. The
Cox-Snell R2 and the Nagelkerke R2 were used to assess the
goodness of fit of the derived model.

The discriminative ability of the model to predict a prolonged LOS in
the validation cohort was assessed using ROC curve analysis and by
calculating the sensitivity, specificity, PPV and NPV of the
prediction rule, as previously described.

All statistical analyses were performed using SPSS, version 22 (IBM
Corp) and GraphPad Prism 6 (GraphPad). All tests applied were
two-tailed, and a P value of 5% or less was considered statistically
significant. This research was approved by our institutional review
board (HMO-0390-11), and informed consent was waived because of
the retrospective observational nature of the study.
Results
Three hundred thirteen patients with PCACP were
included in the study. Table 1 describes the distribution
of patients and their clinical characteristics.

Construction of the Predictive Model

Patients from the derivation cohort were stratified into
one of two groups according to hospital LOS: standard
LOS (n ¼ 44) and prolonged LOS (n ¼ 100).
Univariate analysis identified that the following
variables are associated with a prolonged LOS: low
pleural fluid glucose levels, high pleural fluid LDH
levels, total amount of pleural fluid drained (mL),
relative amount of fluid drained (mL/kg), total IV
treatment (days), minimal Hb value, maximal PLT
value, and bacterial growth on blood culture results
(Table 2).

After multivariate analysis, only high pleural fluid LDH
levels (units/L) and low pleural fluid glucose levels
(mmol/L) were still significantly associated with a
prolonged LOS (Table 2) and regarded as explanatory
variables for construction of the predictive model;
combined data for pleural glucose and LDH levels were
available for 104 patients in the derivative cohort. The
logistic regression equation derived coefficients for
pleural fluid LDH and pleural fluid glucose levels
(0.000034 units/L and –0.524 mmol/L, respectively). The
final logistic regression formula for a subject’s risk for a
prolonged LOS based on pleural fluid LDH and glucose
values is given by:

P ¼ ez

1þ ez

where

z ¼ 1.033 þ 0.000034 � LDH – 0.524 � glucose
P ¼ predicted risk for a prolonged LOS

Model Assessment and Validation

The AUROC for data from the derivation cohort was
0.77 (95% CI, 0.66-0.87; P < .0001), indicating that the
model is a good predictor of a prolonged LOS (Fig 1)
(n ¼ 104 with available data for analysis). The P ¼ .5
cutoff displayed a PPV of 80% (95% CI, 0.7-0.88),
NPV of 68% (95% CI, 0.41-0.88), sensitivity of
93% (95% CI, 0.84-0.97), and specificity of
41% (95% CI, 0.22-0.61) (P ¼ .002). The Cox-Snell R2

and the Nagelkerke R2 were 19% and 28%,
respectively.

The prediction model also provided good discrimination
in the validation cohort, as demonstrated by
AUROC ¼ 0.82 (95% CI, 0.72-0.91; P < .0001) (Fig 2);
combined data for pleural glucose and LDH levels were
available for 87 patients in the validation cohort. The
PPV, NPV, sensitivity, and specificity were
80% (95% CI, 0.66-0.89), 70% (95% CI, 0.51-0.84),
81% (95% CI, 0.68-0.91), and 67% (95% CI, 0.49-0.83),
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TABLE 1 ] Patient Characteristics in the Derivation and Validation Cohorts

Variable

Derivation Cohort
(2000-2010)
n ¼ 144

Validation Group A
(2011-2016)
n ¼ 64

Validation Group B
(1997-2006)
n ¼ 120

Age, mo 55.6 (41.96) 70.35 (56.74) 43.44 (28.92)

Sex, male 94 (65) 40 (62) 77 (64)

WBC, 109/L 17.8 (9.8) 19.66 (8.5) 19.17 (11.1)

Hb, g % 11.23 (1.6) 11.16 (1.8) 10.95 (1.4)

PLTs (109/L) 390 (197) 362.24 (155) 425 (216)

PMN leukocytes, % 75 (14) 75 (13) NA

CRP, mg % 24.9 (15.1) 23.4 (40.4) NA

Days of fever prior to admission 4.71 (2.43) 4.68 (2.11) 4.9 (2.75)

Antibiotic treatment prior to
admission

70 (48.61) 34 (53.12) 48 (40)

Initial empirical antibiotic treatment

Penicillin 37 (25) 23 (35) 0 (0)

Cephalosporin 102 (70) 34 (53) 120 (100)

Other 5 (3) 4 (6) 0 (0)

Chest tube insertion 109 (75) 26 (40) 80 (66)

Use of fibrinolysis 30 (20) 5 (7) 30 (37)

Positive bacterial culture result 30 (20) 2 (3) 26 (21)

Positive pleural fluid culture result 50 (34) 9 (14) 33 (27)

LOS, d 14.43 (2.12) 9.66 (5.81) 11.5 (4.9)

Data presented as mean (SD) or No. (%). CRP ¼ C-reactive protein; Hb ¼ hemoglobin; LOS ¼ length of stay; NA ¼ not available, PLTs ¼ platelets;
PMN ¼ polymorphonuclear.
respectively (P < .0001). The correlation between
hospital LOS and the prediction model result is
presented in Figure 3. Figure 4 provides a flowchart for
inclusion of patients and available data for analysis.
TABLE 2 ] Clinical Variables Associated With a Prolonged L

Variable Short LOS (n

Pleural effusion glucose level,a mmol/L
(n ¼ 105)

2.47 (1.8
n ¼ 27

Pleural effusion LDH level,a units/L
(n ¼ 104)

15,410 (16,2
n ¼ 27

Total amount of pleural fluid drained, mL
(n ¼ 71)

115.73 (11
n ¼ 19

Relative amount of pleural fluid drained,
mL/kg (n ¼ 52)

5.97 (9.3
n ¼ 12

Hb minimal value,b g % (n ¼ 127) 10.39 (1.
n ¼ 39

PLT maximal value,b 109/L (n ¼ 125) 605 (25
n ¼ 39

Total IV treatment, d (n ¼ 144) 7.66 (1.8
n ¼ 44

Identification of bacteria in blood
cultures, no/yes (n ¼ 141)

35.1/13
n ¼ 43

Data presented as mean (SD) or %. LDH ¼ lactate dehydrogenase. See Table 1
aBoldface values remained significant after multivariate analysis.
bMaximal or minimal values during hospitalization.

chestjournal.org
Construction of a Useful Clinical Tool

Analyzing all numerical data associated with a model
prediction score $ 0.5 and its association with a short or
prolonged LOS easily derived a simple clinical tool
OS as Assessed in the Derivation Cohort

¼ 44) Prolonged LOS (n ¼ 100) P Value

8) 1.33 (0.98)
n ¼ 78

.005

.018a

82.56) 33,228.06 (26,371.41)
n ¼ 77

< .001
.026a

9.81) 333.55 (412.25)
n ¼ 52

.001

5) 17.26 (19.14)
n ¼ 40

.055

51) 9.31 (1.67)
n ¼ 88

.001

2) 846 (320)
n ¼ 86

< .001

3) 16.22 (7.24)
n ¼ 100

< .01

.3 64.9/86.7
n ¼ 98

.046

legend for expansion of abbreviations.

175

http://chestjournal.org


0
0.0

10

0.2

20

0.4

30

0.6 0.8

40
A B

C D

1.0

L
O

S

Model prediction - P

P = .5
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Figure 1 – Receiver operator characteristic curves (ROCs) of the pre-
diction model for the derivative cohort (n ¼ 104). Area under the ROC
curve ¼ 0.77 (95% CI, 0.66-0.87).
representative of the validated model. The clinical tool
uses a combined assessment of pleural fluid LDH and
glucose levels for predicting prolonged LOS: pleural
LDH level > 1,000 units/L and pleural glucose
level < 1 mmol/L or pleural LDH level > 2,000 units/L
and pleural glucose level < 2 mmol/L or pleural LDH
level > 3,000 units/L and pleural glucose
level < 3 mmol/L (Table 3) predicts a prolonged LOS
with a PPV, NPV, sensitivity, and specificity of
78% (95% CI, 0.71-0.85), 73% (95% CI, 0.59-0.85),
90% (95% CI, 0.84-0.95), and 52% (95% CI, 0.40-0.64),
respectively (P < .0001). A 98% agreement exists
between the validated model and this clinical tool, that
is, the clinical tool underlines the importance of a
combined assessment of both pleural fluid LDH and
glucose levels for predicting a prolonged LOS. In a
patient with very low pleural glucose levels, only
moderate increased pleural LDH levels are required, and
0
0

20

20

40

40

60

60

80

80

100

100

T
ru

e
-p

o
s
it

iv
e

 r
a

te
 (

s
e

n
s
it

iv
it

y
 %

)

False-positive rate (100%; specificity %)

Figure 2 – Receiver operator characteristic curves (ROCs) of the pre-
diction model in the validation cohort (n ¼ 87). Area under the ROC
curve ¼ 0.82 (95% CI, 0.72-0.91).
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in a patient with markedly elevated pleural fluid LDH
levels, only modest decreased pleural glucose levels are
required.

In addition, due to the arbitrary cutoff for a prolonged
LOS of 10 days used in this study, we also tested the
predictive power of the derived clinical tool for
predicting a LOS > 7 days. The tool additionally
provides a PPV, NPV, sensitivity, and specificity of
97% (95% CI, 0.94-0.99), 27% (95% CI, 0.159-0.41),
80% (95% CI, 0.74-0.86), and 76% (95% CI, 0.50-0.93),
respectively (P < .0001 for predicting an LOS > 7 days).
Discussion
We have shown that the combination of lower levels of
pleural fluid glucose and higher levels of pleural fluid
LDH are significantly associated with prolonged
hospitalization in patients with PCACP. The
combination of these variables in a prediction model
creates a useful clinical tool for identifying patients who
are expected to have a more prolonged clinical course
during hospitalization. Early identification of patients at
risk of a prolonged LOS offers physicians the
opportunity to discuss the expected clinical course of
disease with the parents, make informed decisions about
treatment options regarding conservative or early
invasive treatment, and may allow better patient
selection for clinical trials for assessing the optimal
therapeutic approach for PCACP.

Current guidelines from the Pediatric Infectious
Diseases Society and the Infectious Diseases Society of
America recommend assessing the degree of the
[ 1 5 3 # 1 CHES T J A N U A R Y 2 0 1 8 ]



Registry data from
Erlichman et al15

(2001-2010)
n = 144

Registry data from
Picard et al27

(1997-2006)
n = 120

Computerized data
search for PCACP

(2011-2016)
n = 82

Excluded due to
chronic disease

n = 18

Excluded due to
duplicated information

n = 15

Validation group A
n = 64

Validation group B
n = 105

Derivation cohort

n = 144

Validation cohort

n = 169

Data analyzed for constructing a predictive model

Pleural glucose

measurement

n = 105

Pleural LDH

measurement

n = 104

Pleural LDH

measurement

n = 87

Pleural glucose

measurement

n = 103

Total/relative amount
of pleural fluid drained

n = 71/52

Total/relative amount
of pleural fluid drained

n = 18/15

Hb minimal value
n = 127

PLT maximal value
n = 125

PLT maximal value
n = 169

Hb minimal value
n = 169

Total IV treatment
days

n = 125

Total IV treatment
days

n = 167

Blood culture results
n = 141

Blood culture results
n = 166

Figure 4 – Study population. Identification of study population for model construction and validation showing the derivation cohort and validation
groups A and B. LDH ¼ lactate dehydrogenase; Hb ¼ hemoglobin; PLT ¼ platelets.
respiratory compromise and the size of the effusion
when considering invasive treatment.3 Similarly, the
British Thoracic Society guidelines for the management
of pleural infection in children recommend that
effusions that are enlarging or compromising
respiratory function, or both, should not be managed
chestjournal.org
conservatively.6 These recommendations are based on
clinical experience, logic, and retrospective
observational data.25,28 In our study, effusion size as
based on standard effusion size classification criteria
was not available.12,29 Effusion size was assessed by the
total (mL) and the relative (mL/kg) amount of pleural
177
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TABLE 3 ] Prediction of a Prolonged Hospitalization in
Children With Complicated Pneumonia
According to High Pleural Fluid LDH Levels
and Low Pleural Fluid Glucose Levels
Derived From the Validated Prediction Model

Children at Risk of a Prolonged LOS

Pleural LDH level > 1,000 units/L and pleural glucose
level < 1 mmol/L

or

Pleural LDH level > 2,000 units/L and pleural glucose
level < 2 mmol/L

or

Pleural LDH level > 3,000 units/L and pleural glucose
level < 3 mmol/L

Sensitivity, 90%; specificity, 52%; positive predictive value, 78%, negative
predictive value, 73%. See Table 1 and 2 legends for expansion of
abbreviations.
fluid drained, and neither were found to predict the
patients’ hospital LOS. Clinical appearance could not
be assessed due to the retrospective nature of our
study. The current British Thoracic Society and
Infectious Diseases Society of America guidelines do
not recommend standard measurements of pleural
fluid LDH and glucose levels due to a lack of sufficient
evidence regarding their usefulness in pediatric
patients, but the guidelines state that the
recommendations are based on very low quality of
evidence.3,6 Several studies have analyzed pleural fluid
indices in PCACP as predictors of a complicated
disease course. In a retrospective series in 81 pediatric
patients, pleural fluid pH < 7.27 correlated with fibrin
septations and the need for interventional therapy.30 In
another retrospective study of 67 children, pH
values < 7.2 on pleural tap fluid, especially if combined
with low pleural glucose levels, were associated with a
higher reintervention rate and the need for pleural
fluid drainage.31 Retrospective data also suggest that
pleural fluid pH, glucose levels, and the LDH pleural to
serum ratio are associated with prolonged fever,
suggesting worse disease.27 Furthermore, data from
studies in adults have also demonstrated that pleural
fluid LDH and glucose levels, but especially pH, have
good diagnostic accuracy for identifying complicated
parapneumonic effusions that require drainage.32,33 In
our analysis, pleural fluid pH was not predictive of a
prolonged LOS. This could be due to the complexity of
correctly measuring pleural fluid pH.34 Despite the
inconsistency regarding pleural fluid pH, the studies in
children mentioned earlier, in accordance with our
178 Original Research
findings and similar to those in adults, present
evidence that pleural fluid biochemical indices predict
outcome in PCACP and thus should be assessed in this
condition. Furthermore, our study has also evaluated
other clinical variables for prediction of a more
complicated course not related to pleural fluid analysis.
No other clinical variable was found on a multivariate
analysis to significantly predict a prolonged LOS. We
have found that only pleural fluid indices (specifically,
glucose and LDH levels) significantly predict a
prolonged LOS, emphasizing the importance of pleural
fluid analysis for treatment guidance in PCACP.
Therefore, we think that pleural fluid analysis should
be considered in most children hospitalized with
PCACP. Still, the observational nature of the study
precludes us from recommending pleural fluid analysis
in patients with mild disease in which overaggressive
diagnosis may not contribute to their management.

Uncertainty still exists regarding the right choice of
treatment in PCACP, especially in view of the overall
favorable outcome expected in previously healthy
children regardless of the type of treatment
approach.3,6,25,28 Due to the favorable outcome in
PCACP, studies that have assessed different treatment
protocols have aimed to show an overall shorter clinical
course as the primary end point. Using a prediction
model, as presented in this study, may assist in patient
selection for clinical trials and thus help resolve
inconsistencies in the management of PCACP.

The main strength of our study lies in the relatively
large number of patients included, the multicenter
design, the multivariate analysis, and the validation of
the identified model, which was performed in two
different cohorts over a wide time range. However, it
has several limitations: The retrospective design may
have resulted in patient selection bias and needs to be
validated in a prospective study. Many variables that
were not assessed in this observation study, such as
treatment modalities and departmental guidelines, can
influence LOS in patients with PCACP. This is probably
the reason that our model provides only a moderate
predictor for a prolonged LOS (AUROC ¼ 0.77).
Furthermore, not all children with PCACP underwent
pleural fluid analysis, and some relevant clinical
information was lacking; therefore, it reduced the
sample study in the derivation and validation cohorts.
We have tried to overcome these limitations by
including a large number of patients and assessing
objective parameters of the disease course.
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Conclusions
The incidence of PCACP has been increasing
worldwide despite treatment protocols and early
immunization. PCACP continues to be an illness with
high morbidity and health expenditures. This study
allowed us to establish a useful clinical tool that can
identify patients expected to have a prolonged disease
chestjournal.org
course. Our model emphasizes the importance of
measuring pleural fluid characteristics in children.
Measurements of pleural LDH and glucose levels were
strongly correlated with a prolonged period of
hospitalization in PCACP and were validated as good
predictors of hospital LOS as an indirect indicator of
disease severity.
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