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Abstract
Background: Bacterial pneumonia leading to pleural empyema is the primary reason for pleural effusion in children. If
antibiotic treatment is unsuccessful, the preferred treatment options are intercostal chest tube drainage and thoracotomy
decortication.

Objectives: The present study aimed to compare outcomes of different treatment methods: Antibiotics only, chest tubes
without fibrinolytic, chest tubes with fibrinolytic administration, and surgery (VATS or open thoracotomy).

Methods: This was a retrospective observational study conducted in a tertiary referral center in Tehran, Iran. Ninety-seven
children (aged 1 month to 18 years) with parapneumonic pleural effusion (PPE) and empyema admitted to the Mofid Pediatric
Hospital from March 2016 to February 2022 were included in this study. Patients were divided into four groups based on the
initial treatment within the first week of admission. Remission rate after initial treatment, mortality rate, complications,
readmission within two weeks of discharge, length of hospital stay (LOS), and length of fever (LOF) after admission were
compared between these four groups. Additionally, the outcomes were compared between patients with and without
comorbidities.

Results: Among the 97 included patients, 50 were male and 47 were female. The median age was 5.48 *3.79 years. Fever, cough,
and gastrointestinal (GI) symptoms were the most common symptoms. The pleural fluid culture was negative among 78.4% of
the participants. The initial treatment included antibiotics alone (group 1) in 14 patients (14.4%); chest tube placement (group 2)
in 38 patients (39.2%); chest tube with fibrinolytic administration (group 3) in 28 patients (28.9%); and thoracotomy in 9 patients
(9.3%) or video-assisted thoracoscopic surgery (VATS) (group 4) in 8 patients (8.2%). Remission after initial treatment was
significantly different between groups (P = 0.011). The surgery group had the highest remission rate (94.1%). Differences in LOS,
LOF, mortality, complications, and readmission rate by initial treatment method were not significant. Comorbidity prevalence
among groups was not significantly different, and the outcome of patients with comorbidity was similar to those without
comorbidity.

Conclusions: Surgical interventions have been associated with a greater remission rate. This study’s findings have clinical
implications by aiding in designing standard protocols for the proper management of empyema.
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1. Background 10% of patients, it can be severe and require hospital

admission (1). Lower age, prolonged fever before

Pneumonia is one of the most important causes of  admission, HIV infection, malnutrition, varicella

mortality in children less than five years of age and the infection, cyanosis, and grunting are factors that
leading cause of death after the neonatal period. Among increase the risk of pneumonia complications (2, 3).
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Parapneumonic pleural effusion (PPE) is the most
common complication of pneumonia that may progress
to empyema. Other complications of pneumonia
include  pneumothorax, lung  abscess, and
pneumatocele (4). Empyema is the accumulation of
thick fluid and pus within the pleural space and mostly
occurs as a consequence of pneumonia (5). Indeed,
empyema occurs in 0.6% of children admitted to the
hospital with pneumonia and increases the length of
hospital stay (LOS), requiring intensive care unit
admission (6). Empyema should be suspected if the
fever does not subside after 48 hours of antibiotic
therapy for a patient with pneumonia (7). Streptococcus
pneumoniae is the most common cause of pediatric
empyema, and Staphylococcus aureus is the second most
common cause, being more prevalent in Africa and Asia
(3).

The PPE progression to empyema includes three
continuous stages. The first stage, or exudative stage,
involves the accumulation of culture-negative fluid in
the pleural space. If appropriate treatment is not
received, it progresses to the subsequent stage, which is
the fibrinopurulent stage. In this stage, the fluid
becomes suppurative and advances to a loculated fluid.
In the third stage, fibroblasts infiltrate the pleura,
increasing their thickness, and subsequently, fibrous
formation occurs, causing lung dysfunction (5). Severe
malnutrition, immune deficiency, poverty, and
incomplete vaccination are among the factors
associated with empyema, but empyema mostly occurs
secondary to delayed or inappropriate treatment (8).
Early diagnosis and treatment of empyema are very
important to prevent complications such as
bronchopleural fistula and lung dysfunction (9).

There are several different treatment approaches for
pediatric empyema. However, their cost-benefits are yet
to be determined and compared. For example, antibiotic
therapy without fluid drainage is effective and safe in
the early stages of PPE, but about 10% of patients require
drainage of the effusion. Chest tube placement with or
without fibrinolytic administration is the most
common technique for drainage. Patients without
improvement with these common treatments require
surgical ~ techniques, including  video-assisted
thoracoscopic surgery (VATS) and open thoracotomy (5).
Despite the increasing incidence of empyema in some
studies, research is limited in the pediatric group, and
there is a lack of agreement on the best approach to
pediatric empyema (7, 10).

2. Objectives

The pediatric population is an age group in which
empyema is associated with relatively high mortality
rates. Therefore, it is crucial to produce more evidence
on the costs and benefits of different therapeutic
measures to establish precise and targeted treatment
guidelines for pediatric empyema. However, limited
studies have been conducted in this regard in Iran, and
among previous ones, none have compared multiple
treatment options. Hence, the present study aimed to
compare the effectiveness and outcomes of different
treatment methods for pediatric empyema in addition
to evaluating demographic, clinical, and paraclinical
findings in children with PPE and empyema.

3. Methods

In this retrospective cross-sectional study, 97 patients
were included. The inclusion criteria were the age range
of 1 month to 18 years, diagnosed with PPE or empyema,
and admitted to the pediatric surgery, pulmonary, and
infectious disease departments in the Mofid tertiary
referral pediatric hospital (Tehran, Iran) from March
2016 to February 2022. The exclusion criterion was
having an empyema secondary to causes other than
pneumonia. Data collected included age, gender,
comorbidity, length of symptoms before admission,
prehospital antibiotic therapy, clinical symptoms and
signs, laboratory findings [complete blood count and
differentiation (CBC-diff), erythrocyte sedimentation
rate (ESR), Creactive protein (CRP), pleural fluid
culture], imaging findings, antibiotic therapy during
hospitalization, and initial treatment within the first
seven days of admission and their outcomes.

Regarding comorbidities, without stratifying the
findings based on them, only the presence of one or
more conditions, including cystic fibrosis, prematurity,
seizure, immune deficiency, and asthma, was
considered a positive comorbid finding in the patient
history. Patients were divided into four groups based on
the initial treatment done within the first week of
admission. Antibiotic therapy was initiated for all
patients. This was obtained from a pooled dataset, but it
was evident that the patients received their treatments
based on disease severity and initial physician
preferences. In brief, the general approach was that
patients not responding to more conservative
treatments underwent less conservative treatments in
the next steps. The groups were defined as follows: The
first group, patients who received antibiotics only; the
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second group, patients who had chest tubes without
fibrinolytic; the third group, patients who had chest
tubes with fibrinolytic administration; and the fourth
group, the surgery group (VATS or open thoracotomy).

Outcome measures, including remission after initial
treatment, LOS (4), length of fever (LOF) during
hospitalization, complications, readmission, and
mortality rate, were compared between groups.
Statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS) version 25. Categorical
variables were reported in frequencies and percentages,
and continuous variables were summarized using
means and standard deviations. The LOS and LOF
frequencies were compared using the Kruskal-Wallis
and Mann-Whitney tests among patients with and
without comorbidity. The Kruskal-Wallis and Mann-
Whitney tests were chosen because the data did not
meet the assumptions of normality and homogeneity of
variances required for parametric tests. The Kruskal-
Wallis test, a non-parametric method, is used for
comparing more than two independent groups, making
it suitable for analyzing the differences in LOS and LOF
across multiple patient groups. The Mann-Whitney test
is another non-parametric test appropriate for
comparing two independent groups, thus aiding in the
comparison of LOS and LOF between patients with and
without comorbidities. A chi-squared test was
performed to compare categorical variable frequencies
among the four study groups. The chi-squared test was
chosen because it is specifically designed to examine the
association between categorical variables in different
groups, allowing us to determine if there are
statistically significant differences in the frequencies of
categorical variables among the study groups. A P-value
of <0.05 was considered statistically significant.

4.Results

4.1. Patients’ Conditions Before Admission

Among the 97 patients included in this study, 50 were
male and 47 were female. The mean age was 5.48 * 3.79
years (ranging from 1 month to 17.25 years). Among
them, 26 (26.8%) patients had comorbid conditions, with
a history of seizure being the most common
comorbidity (i.e., four children). The mean length of
symptoms before admission was 13.14 * 8.77 days. The
most common signs at admission were decreased
breathing sounds in 79 (81.4%), crackles in 42 (43.3%), and
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tachypnea in 35 (36.1%) patients. Fever in 91 (93.8%) and
cough in 84 (86.6%) patients were the most common
symptoms. Some patients had received antibiotics
before  admission, with vancomycin (25.8%),
azithromycin (24.7%), and ceftriaxone (15.5%) being the
most commonly administered antibiotics. Blood and
pleural fluid samples were collected from the patients at
the time of admission. Laboratory findings showed
leukocytosis and increased inflammatory markers in
patients’ blood samples (Table 1). The pleural fluid
culture was negative in most samples (78.4%), and
among the culture-positive samples, the most common
isolated microorganisms were S. pneumoniae (3.1%) and
Acinetobacter species (3.1%) (Table 2). Regarding chest
involvement assessed by chest X-ray, all participants
(100%) had pleural effusion, with the right side of the
chest involved in 43 (44.3%) patients, the left side in 42
(43.3%) patients, and bilateral chest involvement in 12
(12.4%) patients (Table 2). Additionally, atelectasis,
alveolar infiltration, and loculated fluid were seen in
70.1%, 69.1%, and 67% of the patients, respectively.

4.2. Treatments and Outcomes

The initial treatment included antibiotics alone in 14
(14.4%) patients (i.e., group 1); chest tube placement in 38
(39.2%) patients (i.e, group 2); chest tube with
fibrinolytic administration in 28 (28.9%) patients (i.e.,
group 3); open thoracotomy in 9 (9.3%) patients; and
VATS in 8 (8.2%) patients (i.e, group 4). Among
antibiotics, vancomycin (89.7%), meropenem (74.2%),
and ceftriaxone (49.5%) were the most commonly
administered during hospitalization for all patients
(Figure 1). Remission after initial treatment was
significantly different between the study groups (P =
0.011). The surgical group (group 4) had the highest rate
of remission (94.1%), and the chest tube group (group 2)
had the lowest rate of remission (52.6%). Among all
study populations, 67 (69.1%) patients improved with
initial treatment, and 30 (30.9%) patients eventually
required surgery. There was no significant difference in
mortality rate, complications, and readmission rates
between groups, with subcutaneous emphysema being
the most common complication (Table 3). Three patients
expired secondary to severe sepsis and systemic
complications, and three patients were readmitted
within two weeks of discharge. However, these patients
improved with antibiotic therapy at the second
admission. The LOS and LOF during admission were also
not significantly different between groups (Table 3).
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Table 1. Distribution of Some of Complete Blood Count Lab Test Findings Among the Study Population

Variables Range Mean +SD
ESR (mm/h) 2.00-124.00 68.01+27.73
CRP (mg/dL) 5.00-177.00 64.36 £34.47
WBC (per pL) 2300.00 -31400.00 14634.02+5790.29
Neutrophil % 8.00-94.00 71.03£15.96

Hb (g/dL) 5.50-14.90 10.06 +1.65

PLT (per pL) 26000.00 -1431000.00 451752.57 + 271888.19

Abbreviations: ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.

Table 2. Paraclinical Findings and Complications’ Frequencies Among the Study Population

Chest Imaging Findings No. (%)
Pleural effusion 97(100)
Atelectasis 68(70.1)
Alveolar infiltration 67(69.1)
Loculated effusion 65 (67)
Peri bronchial infiltration 54(55.7)
Thickened pleura 46 (47.4)
Cavitation (necrotizing pneumonia) 36(37.1)
Pneumothorax 34(35.1)
Air bronchogram 20(20.6)
Para-tracheal lymphadenopathy 19 (19.6)
Reticulonodular infiltration 7(7.2)
Lung abscess 6(6.2)
Tracheal/mediastinal shifting 3(31)
Microorganism
Negative 76 (78.4)
Pneumococcus 3(31)
Acinetobacter baumannii 3(3.1)
Coagulase-negative staphylococci 2(2.1)
Pseudomonas 2(21)
Staphylococcus aureus 1(1)
Mycobacterium tuberculosis 1(1)
Klebsiella 1(1)
Nocardia 1(1)
Escherichia coli 1(1)
Not done 6(6.2)
Complications
Subcutaneous emphysema 27(27.8)
Bronchopleural fistula 4(441)
Pneumothorax 4(441)
Surgical site infection 1(1)
Pneumatocele 1(1)

4.3. The Impact of Comorbidities

In this study, post-treatment outcomes were
compared between patients with and without

comorbidity among the study groups. Notably, the
prevalence of comorbidity was not significantly
different between groups (P = 0.187) (Figure 2). The study
results demonstrated that patients with comorbidity
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Figure 1. The frequency (percentage) of various antibiotics and antivirals administered during admission among the study population
Table 3. The Comparison of Outcomes of Patients with Empyema Thoracic Among Study Groups Stratified by Initial Treatment
Interventions
Variables Group1(n=14): Antibiotic Group 2 (n =38): Chest Group 3 (n =28): Chest Tube with Group 4 (n=17): P-
Alone Tube Fibrinolytic Surgery Value
Remission after initial b
treatment 9(643) 20(52.6) 22(78.6) 16 (94.1) o.01
Mortality 0(0) 2(53) 0(0) 1(5.9) 0.498
Complication 1(7.1) 13(34.2) 12 (42.9) 6(35.3) 0.137
Readmission within two
weeks 0(0) 1(2.6) 2(7.) 0(0) 0.467
LOF after admission 6.50+4.11° 8.50+1.09 11.50 £1.24 6+230 0.602
LOS 1450+ 416 °€ 17.00 £1.37 19.00 £1.15 14.00 £2.29 0.193

Abbreviations: LOS, length of hospital stay; LOF, length of fever.
@Values are expressed as No. (%) or mean + SD.
b A P-value < 0.05 is considered statistically significant.

€ P-values are obtained from the chi-squared test for categorical, and the Kruskal-Wallis and Mann-Whitney tests for continuous variables (i.e., LOF and LOS).

had longer LOF during admission, 14.5 £ 2.40 vs. 8 + 0.80, 5. Discussion
but this difference was not statistically significant (P =
0.058). Additionally, remission after initial treatment,
LOS, and readmission rates were not significantly
different between patients with and without
comorbidity.

Empyema is one of the most important
complications of pneumonia that may cause morbidity
and mortality in patients. Treatment includes antibiotic
therapy in addition to different drainage techniques.
Delayed or improper treatment of PPE can lead to the
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Figure 2. Frequency (percentage) of presence of any comorbidities in the four different treatment groups

development of empyema (8). Pediatric empyema
management is usually based on the physician’s
experience and the availability of various surgical
techniques in different settings. There are limited
studies regarding pediatric empyema management, and
no specific approach for treatment exists. In accordance
with previous studies, empyema was more prevalent
among children under five years in this study (11-14). This
finding might be because younger children are more
susceptible to streptococcal and staphylococcal
infections (15). Regarding symptoms, similar to other
studies, fever and cough were the most common
symptoms found in this study (13-16). Some studies
reported dyspnea in more than 50% of patients (12, 15,
16). However, in our study, only 21.6% of patients had a
history of dyspnea, probably because younger children
cannot properly describe dyspnea. Gastrointestinal (GI)
symptoms were also common in our study, but they can
be a rare symptom among empyema patients, as
another study reported GI symptoms in only 7 of 61
patients (11.5%) (15). Therefore, it should be considered
that the presence of GI symptoms without obvious
respiratory symptoms may cause inaccurate diagnosis
and delay in diagnosis and treatment of empyema.

Among 91 patients who underwent pleural fluid
culture, most had negative cultures, and 15 (16.5%)

patients had a positive culture. This number was
identical to the 14.97% reported in another study (17).
However, lower positive culture rates could also be
anticipated (18). The culture result is influenced by the
stage of PPE, and in the early stages, pleural fluid culture
is negative. Therefore, the timing of fluid recruitment
might affect the culture results. In contrast, other
studies have isolated microorganisms in about 40% of
patients (11, 13). In our study, antibiotic administration
before admission might also have affected the results. In
this regard, using the PCR technique increases the
likelihood of organism isolation because it is not
influenced by previous antibiotic administration.
Supporting this justification, a study in Ahvaz, Iran,
isolated organisms in 28.57% with pleural fluid culture
and 77.14% with PCR (19). Streptococcus pneumoniae and
Acinetobacter species were the most commonly isolated
organisms in our patients and in other previous studies
(19-23). On the other hand, some studies reported S.
aureus as the most common isolated organism (13, 14,
24).

Based on our results, surgical interventions provide
higher remission rates for children with empyema.
However, no significant differences were observed
among treatment groups in terms of mortality,
complications, LOS, LOF, and readmission rates. The
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elevated remission rates linked with surgical techniques
can be attributed to the precision of these interventions,
which allow for the direct removal or treatment of the
affected area, resulting in more definitive outcomes.
Additionally, the selection of patients for surgical
interventions may have impacted these higher
remission rates, as these patients might be in better
overall health or have conditions that are more
amenable to surgical treatment. On the other hand, the
lack of significant differences in mortality,
complications, and readmission rates among the
treatment groups could be due to advancements in
medical care and standardized protocols, which help
manage potential complications and improve patient
outcomes. Furthermore, several confounding factors
such as the baseline health status of patients, including
age, comorbidities, and overall physical condition, may
have played a role in these outcomes, leading to similar
rates across different treatment groups.

Overuse or misuse of various surgical techniques in
managing this issue could lead to an increase in
complications and unnecessary diagnostic modalities
by primary care providers. A way to properly manage
children with such diseases is to use guidelines.
Guidelines can help physicians with proper
management. Remission was higher in the fibrinolytic
group compared with the chest tube alone group. Plus,
LOS and LOF were also higher in the fibrinolytic group,
but it was not statistically significant. The efficacy of
fibrinolytic agents has been controversial in previous
studies. For example, in a prospective study by Baram
and Yaldo, 98.9% of patients improved with fibrinolytic
administration, and it has been recommended to treat
patients with fibrinolytic administration through a
chest tube before any surgery (25). However, a
systematic review and meta-analysis have reported VATS
to be superior to fibrinolytic administration in
advanced empyema because patients who underwent
VATS had lower LOS and failure rates (26). In another
study, no significant difference was observed between
VATS and fibrinolytic administration (27), and some
other studies reported no difference in remission rate
between fibrinolytic and placebo administration (28).
Generally, it is believed that the use of fibrinolytic
agents can facilitate drainage of effusion, especially
when there is pus or thick fluid in the pleural space (7).
These discrepancies may be attributed to variations in
study populations, differences in treatment protocols
(including fibrinolytic  agents, dosages, and
administration methods), and heterogeneity in disease
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severity across cohorts. Additionally, retrospective study
designs and differences in follow-up durations may
influence reported outcomes.

It is also worth noting that some factors might
interfere with the antibiotic therapy outcomes reported
in this study. In some previous studies, 52% of patients
with empyema improved with antibiotic therapy. ICU
admission and greater effusion size were associated
with the need for a drainage procedure (29, 30);
however, in our study, 14.4% of patients received only
antibiotics, and 64.3% of them improved. This is
probably because of more severe disease and a greater
stage of empyema in our patients. In a study by
Hassanzad et al., patients who were treated medically
without any surgical interventions had lower hospital
stays, but their outcomes were similar to the surgically
treated patients (31). Supporting our findings, Goldin et
al. found that patients undergoing chest tube
placement more commonly required additional
procedures, while patients undergoing initial VATS and
thoracotomy had a higher remission rate (29).
Additionally, a retrospective cohort study showed a
lower failure rate in the VATS group and a higher need
for additional drainage procedures in the chest tube
group, but LOS was not significantly different between
the different drainage procedures (32). Furthermore, a
study by Sehitogullari et al. reported 47% remission after
chest tube placement and 100% after initial surgery (33).
Generally, surgery should not be done for all empyema
patients, but in more advanced stages of empyema and
severe loculation, decisions about the need for surgery
should be made without delay. The antibiotic group had
the lowest complications, probably because they
received less invasive treatment or had less severe
disease. Therefore, patients in the early stages of PPE can
improve with early initiation of appropriate antibiotic
therapy without any complications. Despite their
effectiveness and being less invasive, regarding the
administration of the proper antibiotic, clinicians
would do better to avoid its misuse.

Regarding the possible effect of comorbidities, while
acknowledging no significant difference in the
prevalence of comorbidity between groups, the
remission rate after initial treatment was not influenced
by comorbid conditions. Indeed, the remission rate, LOS,
and readmission rate were not significantly different
between patients with and without comorbidity. The
LOF in patients with comorbidity was more than in
patients without comorbidity. However, the difference
was not statistically significant (P=0.058), but it
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probably indicates that fever resolves later in patients
with comorbidity, while their outcome is similar to
patients without comorbidity.

This study had data limitations because data were
collected retrospectively. Therefore, selection bias may
have occurred, as only individuals with available records
were included. This could lead to an overrepresentation
or underrepresentation of certain  patient
characteristics, potentially influencing the observed
treatment outcomes. Data regarding the follow-up of
the patients and long-term outcomes were also not
available. The absence of long-term follow-up data
restricts our ability to assess the durability of treatment
effects, limiting generalizability to broader patient
populations. Without long-term outcomes, it remains
uncertain whether the reported results fully reflect the
long-term efficacy and safety of the interventions
studied. Another limitation was that our center is a
tertiary referral hospital, and most of the participants
were referred with more severe diseases that had also
received multiple courses of antibiotics. Therefore, the
results should be generalized with caution. Despite
these limitations, the findings still provide valuable
insights into short-term treatment responses within the
study cohort. Future prospective studies with
comprehensive follow-up data would help address these
concerns and enhance generalizability.

More studies with a greater number of cases and
randomized clinical trials are required to determine a
specific approach to empyema thoracic in the pediatric
group. In conclusion, the treatment choice for pediatric
empyema thoracic significantly determines the
remission rate. Accordingly, this study would assist in
designing and implementing standardized treatment
approaches for empyema among pediatric patients
based on the patient’s conditions. Moreover, future
longitudinal and comparative studies with more
detailed patient stratification are required for more
precise empyema management.

Acknowledgements

The authors thank the colleagues at Mofid Children’s
Hospital for their valuable comments.

Footnotes

Authors' Contribution: Study concept and design: S.
A.T. and N. E; Analysis and interpretation of data: Z. A,;

Drafting of the manuscript: Sh. N.; Critical revision of
the manuscript for important intellectual content: S. A.
T, N.F,and M. A. Kh.; Statistical analysis: Z. A.

Conflict of Interests Statement: The authors declare
no conflict of interests.

Data Availability: The dataset presented in the study
is available on request from the corresponding author
during submission or after its publication.

Ethical Approval: The present study was reviewed and
approved by the Ethics Committee of Shahid Beheshti

University of Medical Sciences
(IR.SBMU.RICH.REC.1399.434).

Funding/Support: This study received no specific
grant from any funding agency in the public,
commercial, or not-for-profit sectors.

Informed Consent: The informed consent was
obtained from the patients or their legal guardians with
a personal data confidentiality guarantee before making
any treatment decisions in the hospital.

References

1. Rudan I, Boschi-Pinto C, Biloglav Z, Mulholland K, Campbell H.
Epidemiology and etiology of childhood pneumonia. Bull World
Health Organ. 2008;86(5):408-16. [PubMed ID: 18545744]. [PubMed
Central ID: PMC2647437]. https://doi.org/10.2471/blt.07.048769.

2. Kuti BP, Oyelami OA. Risk factors for parapneumonic effusions
among children admitted with community-acquired pneumonia at
a tertiary hospital in south-west Nigeria. African | Respiratory Med.
2014;10(1).

3. Zampoli M, Chaya S, Zar H]. Empyema in Children: Update of
Aetiology, Diagnosis and Management Approaches. Curr Pulmonol
Rep. 2017;6(1):16-25. https:[/doi.org[10.1007/s13665-017-0161-4.

4. Amorim PG, Morcillo AM, Tresoldi AT, Fraga A, Pereira RM, Baracat
ECE. Factors associated with complications of community-acquired
pneumonia in preschool children. | Bras Pneumol. 2015;38(5).
[PubMed ID: 23147054]. https://doi.org[10.1590/s1806-
37132012000500011.

5. Light RW. Parapneumonic effusions and empyema. Proc Am Thorac
Soc. 2006;3(1):75-80. [PubMed ID: 16493154].
https:[/doi.org[10.1513/pats.200510-113JH.

6. Byington CL, Spencer LY, Johnson TA, Pavia AT, Allen D, Mason EO, et
al. An epidemiological investigation of a sustained high rate of
pediatric ~ parapneumonic  empyema: risk factors and

microbiological associations. Clin Infect Dis. 2002;34(4):434-40.
[PubMed ID: 11797168]. https:[/doi.org[10.1086/338460.

7. Balfour-Lynn IM, Abrahamson E, Cohen G, Hartley ], King S, Parikh D,
et al. BTS guidelines for the management of pleural infection in
children. Thorax. 2005;60 Suppl 1(Suppl 1):i1-21. [PubMed ID:
15681514]. [PubMed Central ID: PMC1766040].
https://doi.org[10.1136/thx.2004.030676.

Arch Pediatr Infect Dis. 2026;14(1): 147997


https://brieflands.com/articles/apid-147997
http://www.ncbi.nlm.nih.gov/pubmed/18545744
https://www.ncbi.nlm.nih.gov/pmc/PMC2647437
https://doi.org/10.2471/blt.07.048769
https://doi.org/10.1007/s13665-017-0161-4
http://www.ncbi.nlm.nih.gov/pubmed/23147054
https://doi.org/10.1590/s1806-37132012000500011
https://doi.org/10.1590/s1806-37132012000500011
http://www.ncbi.nlm.nih.gov/pubmed/16493154
https://doi.org/10.1513/pats.200510-113JH
http://www.ncbi.nlm.nih.gov/pubmed/11797168
https://doi.org/10.1086/338460
http://www.ncbi.nlm.nih.gov/pubmed/15681514
https://www.ncbi.nlm.nih.gov/pmc/PMC1766040
https://doi.org/10.1136/thx.2004.030676

Tabatabaii SA et al.

Brieflands

10.

1.

14.

15.

17.

18.

19.

20.

21.

Saleem AF, Shaikh AS, Khan RS, Khan F, Faruque AV, Khan MA.
Empyema thoracis in children: clinical presentation, management
and complications. | Coll Physicians Surg Pak. 2014;24(8):573-6.
[PubMed ID: 25149837].

Bose K, Saha S, Mridha D, Das K, Mondal P, Das 1. Analysis of Outcome
of Intraplueral Streptokinase in Pediatric Empyema Thoracis even in
Advanced Stages: A Prospective Study. Iran J Pediatr. 2015;25(5). e3154.
[PubMed ID: 26495096]. [PubMed Central ID: PMC4610336].
https://doi.org[10.5812[ijp.3154.

Jaffe A, Balfour-Lynn IM. Management of empyema in children.
Pediatr  Pulmonol. 2005;40(2):148-56. [PubMed ID: 15965900].
https://doi.org[10.1002/ppul.20251.

Yl H, M F, Sothee K, A S, Ay K, Basheer A K. Paediatric Empyema
Thoracis: Roles and Outcomes of Surgical Intervention in Advanced
Disease. Int | Respiratory  Pulmonary  Med. 2020;7(1).
https:|/doi.org[10.23937/2378-3516/1410126.

Goyal V, Kumar A, Gupta M, Sandhu HP, Dhir S. Empyema thoracis in
children: Still a challenge in developing countries. Afr | Paediatr Surg.
2014;11(3):206-10. [PubMed ID: 25047309].
https://doi.org[10.4103/0189-6725.137326.

Angurana SK, Kumar R, Singh M, Verma S, Samujh R, Singhi S.
Pediatric empyema thoracis: What has changed over a decade? ] Trop
Pediatr. 2019;65(3):231-9. [PubMed ID: 30053189].
https://doi.org/10.1093/tropej/fmy040.

Prasada Rao M, Chandra P. A study of paediatric empyema thoracis
presentation in a tertiary care hospital in Visakhapatnam, India. Int |
Contemporary Pediatrics. 2018;5(2). https:|/doi.org/10.18203/2349-
3291.ijcp20180557.

Thakkar PK, Shendurnikar N, Desai H, Doshi V. Empyema thoracis in
children: analysis from a tertiary care center. Int | Contemporary
Pediatrics. 2021;8(9). https://doi.org/[10.18203/2349-3291.ijcp20213306.

Gun F, Salman T, Abbasoglu L, Salman N, Celik A. Early decortication
in childhood empyema thoracis. Acta Chir Belg. 2007;107(2):225-7.
[PubMed ID:17515278].

Agrawal V, Namdeo H, Singh S, Agrawal R, Acharya H, Sharma D.
Pediatric Empyema Thoracis: Jabalpur Image-Based Staging and
Stage-Directed Decision-Making Algorithm. Indian | Surg.
2020;83(4):966-73. https://doi.org/10.1007/s12262-020-02560-w.

Mandal KC, Mandal G, Halder P, Mitra D, Debnath B, Bhattacharya M.
Empyema Thoracis in Children: A 5-Year Experience in a Tertiary Care
Institute. | Indian Assoc Pediatr Surg. 2019;24(3):197-202. [PubMed ID:
31258270]. [PubMed Central ID: PMC6568155].
https://doi.org[10.4103[jiaps.JIAPS_112_18.

Amin M, Yousef Pour S, Navidifar T. Detection of the major bacterial
pathogens among children suffering from empyema in Ahvaz city,
Iran. | Clin Lab Anal. 2019;33(4). e22855. [PubMed ID: 30739335].
[PubMed Central ID: PMC6528561]. https://doi.org[10.1002[jcla.22855.

Griffith D, Boal M, Rogers T. Evolution of practice in the management
of parapneumonic effusion and empyema in children. ] Pediatr Surg.
2018;53(4):644-6. [PubMed ID: 28781127).
https://doi.org[10.1016/j.jpedsurg.2017.07.017.

Langley JM, Kellner ]D, Solomon N, Robinson L, Le Saux N, McDonald
], et al. Empyema associated with community-acquired pneumonia:
a Pediatric Investigator's Collaborative Network on Infections in

Arch Pediatr Infect Dis. 2026;14(1): 147997

22,

23.

24.

25.

26.

27.

28.

20.

30.

31

32.

33.

Canada (PICNIC) study. BMC Infect Dis. 2008;8:129. [PubMed ID:
18816409)]. [PubMed Central ID: PMC2571094].
https://doi.org/10.1186[1471-2334-8-129.

Gonzalez KW, Dalton BG, Myers AL, Newland ]G, St Peter SD. Antibiotic
utilization based on primary treatment of pediatric empyema. J Surg
Res. 2015;196(2):320-4. [PubMed ID: 25824668].
https://doi.org[10.1016j.js5.2015.02.053.

Krenke K, Urbankowska E, Urbankowski T, Lange ], Kulus M. Clinical
characteristics of 323 children with parapneumonic pleural effusion
and pleural empyema due to community acquired pneumonia. |
Infect  Chemother. 2016;22(5):292-7. [PubMed ID: 26919911].
https://doi.org[10.1016/j.jiac.2016.01.016.

Baranwal AK, Singh M, Marwaha RK, Kumar L. Empyema thoracis: a
10-year comparative review of hospitalised children from south Asia.
Arch Dis Child. 2003;88(11):1009-14. [PubMed ID: 14612371]. [PubMed
Central ID: PMC1719356). https://doi.org[10.1136/adc.88.11.1009.

Baram A, Yaldo F. Pediatric Thoracic Empyema-Outcomes of
Intrapleural Thrombolytics: Ten Years of Experience. Glob Pediatr
Health. 2020;7:2333794X20928200. [PubMed ID: 32551331]. [PubMed
Central ID: PMC7281637]. https:|/doi.org[10.1177/2333794X20928200.

Pacilli M, Nataraja RM. Management of paediatric empyema by
video-assisted thoracoscopic surgery (VATS) versus chest drain with
fibrinolysis: Systematic review and meta-analysis. Paediatr Respir Rev.
2019;30:42-8. [PubMed ID: 31130425].
https://doi.org/10.1016/j.prrv.2018.09.001.

Sonnappa S, Cohen G, Owens CM, van Doorn C, Cairns ], Stanojevic S,
et al. Comparison of urokinase and video-assisted thoracoscopic
surgery for treatment of childhood empyema. Am J Respir Crit Care
Med. 2006;174(2):221-7. [PubMed ID: 16675783].
https://doi.org/10.1164/rccm.200601-0270C.

Singh M, Mathew JL, Chandra S, Katariya S, Kumar L. Randomized
controlled trial of intrapleural streptokinase in empyema thoracis in
children. Acta Paediatr. 2004;93(11):1443-5. [PubMed ID: 15513569].
https://doi.org/10.1111/j.1651-2227.2004.tb02626 X.

Goldin AB, Parimi C, LaRiviere C, Garrison MM, Larison CL, Sawin RS.
Outcomes associated with type of intervention and timing in
complex pediatric empyema. Am ] Surg. 2012;203(5):665-73. [PubMed
ID: 22459447]. https:|/doi.org[10.1016/j.amjsurg.2012.01.005.

Carter E, Waldhausen |, Zhang W, Hoffman L, Redding G.
Management of children with empyema: Pleural drainage is not
always necessary. Pediatr Pulmonol. 2010;45(5):475-80. [PubMed ID:
20425855]. https:|/doi.org[10.1002/ppul.21200.

Hassanzad M, Khalilzadeh S, Boloursaz M, Riazi Kermany K, Baghaie
N, Tashayoie Nejad S, et al. Surgical and Medical Treatments of
Empyema in Pediatric Patients. | Compr Pediatrics. 2014;5(2).
https://doi.org/10.17795/compreped-18963.

Shah SS, Hall M, Newland ]G, Brogan TV, Farris RW, Williams DJ, et al.
Comparative effectiveness of pleural drainage procedures for the
treatment of complicated pneumonia in childhood. | Hosp Med.
2011;6(5):256-63. [PubMed ID: 21374798]. [PubMed Central ID:
PMC3112472]. https://doi.org/10.1002[jhm.872.

Sehitogullari A, Sayir F, Aydemir Y, Anbar R, Sayhan H. Managing
Postpneumonic Empyema Thoracis in Children: Comparison of
Different Treatment Options. Iran ] Pediatrics. 2019;29(5).
https://doi.org[10.5812[ijp.86897.


https://brieflands.com/articles/apid-147997
http://www.ncbi.nlm.nih.gov/pubmed/25149837
http://www.ncbi.nlm.nih.gov/pubmed/26495096
https://www.ncbi.nlm.nih.gov/pmc/PMC4610336
https://doi.org/10.5812/ijp.3154
http://www.ncbi.nlm.nih.gov/pubmed/15965900
https://doi.org/10.1002/ppul.20251
https://doi.org/10.23937/2378-3516/1410126
http://www.ncbi.nlm.nih.gov/pubmed/25047309
https://doi.org/10.4103/0189-6725.137326
http://www.ncbi.nlm.nih.gov/pubmed/30053189
https://doi.org/10.1093/tropej/fmy040
https://doi.org/10.18203/2349-3291.ijcp20180557
https://doi.org/10.18203/2349-3291.ijcp20180557
https://doi.org/10.18203/2349-3291.ijcp20213306
http://www.ncbi.nlm.nih.gov/pubmed/17515278
https://doi.org/10.1007/s12262-020-02560-w
http://www.ncbi.nlm.nih.gov/pubmed/31258270
https://www.ncbi.nlm.nih.gov/pmc/PMC6568155
https://doi.org/10.4103/jiaps.JIAPS_112_18
http://www.ncbi.nlm.nih.gov/pubmed/30739335
https://www.ncbi.nlm.nih.gov/pmc/PMC6528561
https://doi.org/10.1002/jcla.22855
http://www.ncbi.nlm.nih.gov/pubmed/28781127
https://doi.org/10.1016/j.jpedsurg.2017.07.017
http://www.ncbi.nlm.nih.gov/pubmed/18816409
https://www.ncbi.nlm.nih.gov/pmc/PMC2571094
https://doi.org/10.1186/1471-2334-8-129
http://www.ncbi.nlm.nih.gov/pubmed/18816409
https://www.ncbi.nlm.nih.gov/pmc/PMC2571094
https://doi.org/10.1186/1471-2334-8-129
http://www.ncbi.nlm.nih.gov/pubmed/25824668
https://doi.org/10.1016/j.jss.2015.02.053
http://www.ncbi.nlm.nih.gov/pubmed/26919911
https://doi.org/10.1016/j.jiac.2016.01.016
http://www.ncbi.nlm.nih.gov/pubmed/14612371
https://www.ncbi.nlm.nih.gov/pmc/PMC1719356
https://doi.org/10.1136/adc.88.11.1009
http://www.ncbi.nlm.nih.gov/pubmed/32551331
https://www.ncbi.nlm.nih.gov/pmc/PMC7281637
https://doi.org/10.1177/2333794X20928200
http://www.ncbi.nlm.nih.gov/pubmed/31130425
https://doi.org/10.1016/j.prrv.2018.09.001
http://www.ncbi.nlm.nih.gov/pubmed/16675783
https://doi.org/10.1164/rccm.200601-027OC
http://www.ncbi.nlm.nih.gov/pubmed/15513569
https://doi.org/10.1111/j.1651-2227.2004.tb02626.x
http://www.ncbi.nlm.nih.gov/pubmed/22459447
https://doi.org/10.1016/j.amjsurg.2012.01.005
http://www.ncbi.nlm.nih.gov/pubmed/20425855
https://doi.org/10.1002/ppul.21200
https://doi.org/10.17795/compreped-18963
http://www.ncbi.nlm.nih.gov/pubmed/21374798
https://www.ncbi.nlm.nih.gov/pmc/PMC3112472
https://doi.org/10.1002/jhm.872
https://doi.org/10.5812/ijp.86897

