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Abstract

Introduction:Community-acquired pneumonia(CAP) in children has tended to decrease in recent years with effective vaccina-
tion and treatments.However,the frequency of complicated community-acquired pneumonia (CCAP) is gradually increasing.By
determining risk factors for the development of CCAP,new approaches for early diagnosis and effective treatment can be deter-
mined. Method: Records of 113 patients who were hospitalized due to CAP and CCAP between January 2017 and December
2017 were examined.Demographic characteristics of the patients,comorbid diseases,admission symptoms,physical examination
findings,laboratory and imaging results, treatments, hospital stay and treatment response were recorded. Pleural effusion,if
empyema developed in patients with CCAP,thoracentesis and/or chest tube insertion,fibrinolytic therapy,and the need for ad-
ditional surgical intervention were investigated. Results:Our patients had a mean age of 3.6 ± 2.2, 60(53%) were female and
53(47%) were male.93 (82.3%) of the patients were diagnosed with CAP and 18(15.9%) were diagnosed with CCAP.Detection
of pleural effusion at the admission of patients in multivariate logistic regression[(OR (95% CI),4.24 (1.77-10.16), p <0.001)]
respiratory distress(tachypnea and retraction)[(OR (95% CI) 3.04 (1.30-7.130) ),p <0.001)] and hypoxia (92% and less saO2
measured by pulse oximeter) at admission [(OR (95% CI),: 5.247 (1.58-9.46),p <0.001)] were identified as independent risk
factors for diagnosis of CCAP. Discussion:Hypoxia,respiratory distress and imaging pleural effusion are important distinguis-
hing findings for development of complications in patients admitted for CAP. Determining the etiology of CCAPs and early
diagnosis and treatment approaches can be established, and protection measures can be taken. With future prospective studies,
the causes of CCAP can be determined and preventive measures and new treatment approaches can be developed

INTRODUCTION:

The incidence of community-acquired pneumonia (CAP) is gradually decreasing due to appropriate antibiotic
therapy, vaccination, and improvements in community health services1. CAP is one of the most important
causes of morbidity and mortality particularly in children aged below 5 years2. The hospitalization rate
of children with CAP is between 9.5% and 42%, and the average hospitalization duration is 9 days3. In
10% of hospitalized patients, CAP is accompanied by simple parapneumonic effusion (PPE) ([?]10 mm,
without fibrous septation4,5. Regardless of the need for hospitalization, CAPs are associated with compli-
cated community-acquired pneumonia (CCAP) with local complications, such as PPE, empyema (EMP),
necrotizing pneumonia (NP), lung abscess (LA), and bronchopleural fistula (BPF)4 In approximately 7% of
patients, CAP progresses to NP, characterized by consolidation and parenchymal necrosis6. Then, NP may
rapidly worsen to cavitation (pneumatocele) with peripheral and single lobe involvement and BPF when the
pleural space is affected; therefore, patients should be closely monitored for complications7.

CCAP causes include immune deficiencies, malnutrition, congenital cystic lung malformations, and foreign
body aspiration (FBA). However, it is also observed in previously healthy children8. CCAP risk factors
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include prolonged fever before hospitalization; antipyretic, acetaminophen, and ibuprofen use; age <2 years;
asymmetric chest pain during the initial admission; high acute phase reactant levels; leukopenia; and iron
deficiency anemia9-11.

CAP and CCAP patients present with consolidation, atelectasis, cavitation, and effusion are observed on
chest radiography (CXR). Hence, imaging can provide important information. However, consolidation may
not be clearly observed on CXR during the early stages of NP7,. Nevertheless, thoracic USG is performed to
assess low-volume effusions that are overlooked on CXR. Therefore, it can be used as a guide during thora-
centesis and GT insertion12. Thoracic computed tomography (CT) scan is conducted to obtain differential
diagnosis including tumor and congenital airway malformations and to facilitate surgical planning for large
pneumatoceles that are unresponsive to treatment,13. In addition, by appropriately identifying CT, LA, and
NP, the duration, content and treatment type can be modified13.

BPF should be considered in NP patients who had persistent (>24 h) air leakage during follow-up14,15.
LA is characterized by subfebrile fever and chest pain. Further, it has a less noisy clinic than NP and may
cause pneumothorax similar to NP and BPF. However, mediastinal shift is rarely observed. NP and/or LA
patients subsequently experience clinical and radiological improvements. In addition, surgical intervention is
commonly required due to complications such as pneumothorax, BPF, and pneumatocele14-16.

With appropriate antibiotic therapy and supportive treatments, simple pleural effusion can improve in CAPs
patients15 Due to local and systemic complications and surgical interventions (mainly NP and LA), CCAP
patients require long-term antibiotic treatment15,17. NPs and LAs are managed with similar antibiotic pro-
tocols; however, as the healing process in LA is slow, it requires longer antibiotic treatment18.

Chest tube drainage is the primary approach for symptomatic patients, even in those with small pleural
effusion and loculations18,19. If adequate pleural fluid drainage cannot be achieved with GT in septal pleural
effusion and EMP patients, the hospitalization duration is shortened using fibrinolytics20. Video-assisted
thoracic surgery (VATS) can be performed when adequate drainage cannot be achieved with CDF21. Since
there is a BPF risk during CDF, particularly when accompanied by NP and LA, treatment should be
discontinued immediately22. VATS in the early period is associated with a lower BPF risk in NPs with EMP
and septal pleural effusion23,24. Aspiration and drainage can be applied if there is no clinical improvement
with antibiotic therapy and if complications including mediastinal shift develop in LA patients. The risk
of fistulation into the pleural space after drainage is lower than that of NPs24. However, advanced surgical
intervention should be considered in large pneumatoceles that do not respond to conservative treatment for
severe BPF6,25,26.

The current study aimed to examine the CCAP progression risk factors by assessing the clinical and labora-
tory characteristics of children with CAP and the treatment strategies used for managing complications in
patients who are unresponsive to treatment.

METHOD:

Pneumonia was diagnosed based on clinical, laboratory, and radiological data. Its severity and the diagnosis
of complicated pneumonia were confirmed via radiological examination. In the presence of PPE, NP, EMP,
and LA, CCAP is considered. Simple pleural effusion accompanied by CAPs was treated, and thoracic USG
was performed to assess effusion ([?]10 mm, without septations).

Patient data :

Data about demographic characteristics such as age and sex; admission symptoms; physical examination
findings; laboratory and imaging results; treatment information in the file records of 113 patients aged bet-
ween 1 month and 18 years who were hospitalized in our hospital’s pediatric wards between January 01,
2017, and December 31, 2017, due to CAP and CCAP; and treatment response were obtained. Moreover,
information regarding comorbidities (such as asthma, immunodeficiency, and congenital heart disease) and
treatments was investigated. Medical history, duration of fever, and antibiotic therapy history was noted.
In patients diagnosed with CCAP who developed PPE and EMP, data about medical procedures such
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as thoracentesis and/or chest tube insertion, pleural fluid examination, microbiological analysis, and ad-
ditional imaging; surgical intervention (thoracentesis, GT, and VATS), and hospitalization duration were
investigated. Patients with an underlying chronic lung disease (including cystic fibrosis and bronchiectasis),
hospital-acquired/ventilator-associated pneumonia, primary or secondary immunodeficiency, and swallowing
dysfunction were excluded from the study. Patients were divided into two groups (those without pulmonary
complications and those without). Then, the two groups were compared using the abovementioned variables.

Statistical Analysis And Ethics

The Statistical Package for the Social Sciences software version 25.0 (IBM Corp., Armonk, NY, the USA) was
used for data analysis. Variables were expressed as mean ± standard deviation, percentage, and frequency.
Categorical data were analyzed using the Fisher’s exact test and the chi-square test. P<0.05 and <0.01 were
acceptable. The possible risk factors identified in the univariate analyses were further used in the multivariate
analysis to determine the independent predictors of CCAP. For subgroup analyses, unadjusted odds ratio
(OR) and relative 95% confidence interval (CI) were used, and a p[?]0.005 was considered significant.

Ethics approval:

The local institutional review board approved this study (2019-179).

RESULTS:

Demographic and clinical findings:

In total, 60 (53%) patients were women and 53 (47%) men. The mean age of the participants was 3.6
+- 1.2 years (range: 3 months to 18 years). Thirty (26.5%) patients had a body weight below the 10th
percentile for age. Moreover, 93 (82.3%) were diagnosed with CAP and 18 (15.9%) with CCAP. There was
no significant difference in sex between the two groups. In total, 15 (13%) patients had a history of previous
CAP. Further, during admission, 105 (92.9%) had cough; 91 (80.5%), fever; and 8 (7.07%), chest pain. Then,
43 (38.05%) patients received peroral antibiotic–antiviral therapy (n=12, amoxicillin–clavulanic acid; n=8,
cephalosporins; n=14, macrolides; n=7, amoxicillin–clavulanic and macrolides; and n=2, oseltamivir) before
admission. Antibiotic use before admission and history of pneumonia did not significantly differ between
the CAP and CCAP groups (p=0.250, 0.223, 0.324, 0.659, 0.253, and 0.546, respectively). The average
CCAP patients’ age was 4.2+-3.3 years. The age of CAP patients was greater than the mean age (2.8+-2.1
years) (p=0.012). In our study, none of the patients presented with severe malnutrition. Although patients
diagnosed with CCAP commonly have a body weight below the 10th percentile for age, the 2 groups did not
significantly differ (p=0.024). Respiratory distress (tachypnea and retraction) and hypoxia (SaO2 <92%)
were significantly more common in patients diagnosed with CCAP at presentation than in those diagnosed
with CAP (p<0.001 and<0.001, respectively) (Table-1). None of the CAP and CCAP patients died due to
local and systemic complications during hospitalization (Table-1).

Hospitalization and supportive treatments

In total, 16 (14.1%) patients required follow-up in the pediatric intensive care unit (PICU). Moreover, 56
(49.5%) received oxygen therapy via nasal cannula (NC), and 18 (15.9%) via high-frequency nasal cannula
(HFNC). Thirteen (11.5%) patients were treated with noninvasive mechanical ventilation (NIMV) and 2
(1.8%) with invasive mechanical ventilation (IMV). In the CCAP group, hypoxia upon admission and the
need for inhaled oxygen via NC during hospitalization were more common in the CCAP group than in
the CAP group (p<0.001 and <0.001, respectively). CCAP patients commonly required HFNC (p=0.01).
Admission at PICU and need for NIMV were more common in CCAP patients than in CAP patients (p<0.001
and <0.001, respectively). Meanwhile, the mean hospitalization durations in CAP and CCAP patients were
6.35+-2.41 and 19.71+-15.60 days, respectively. Therefore, the two groups significantly differed in terms of
hospitalization duration (p<0.001) (Table-2). No patient developed systemic complications including sepsis,
shock, and multiple organ failure.

Comorbidities:

3



P
os

te
d

on
A

ut
ho

re
a

11
M

ay
20

21
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
62

07
65

22
.2

81
21

77
0/

v1
|T

hi
s

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
re

vi
ew

ed
.

D
at

a
m

ay
be

pr
el

im
in

ar
y.

Fifteen (13%) patients diagnosed with asthma/wheezing were previously followed-up. Of 113 patients, 2
were followed-up for prematurity, 1 for congenital hypothyroidism, and 1 for gastroesophageal reflux disease
(GERD). During hospitalization, three (2.7%) patients were diagnosed with selective IgA deficiency (n=1,
CCAP and n=2, CAP), and one (0.9%) of three children presented with transient hypogammaglobulinemia.
One patient presented with ASD on echocardiogram (ECHO) and one with PDA based on the presence of
heart murmur. Hence, comorbidities are not significant risk factors for the development of CCAP (p=0.243)
(Table-1).

Due to secondary pulmonary hypertension (PHT) on ECHO, inhaled iloprost was administered to one pa-
tient who received IMV in the PICU due to CCAP and who was followed-up. With appropriate antibiotic
therapy and respiratory support, PHT improved; thus, treatment with inhaled iloprost was discontinued.
Two patients were diagnosed with GERD during hospitalization based on clinical and radiological findings,
and their complaints improved with appropriate treatment during follow-up. One patient with FBA who
was followed-up for CCAP and whose anamnesis was suspicious underwent rigid bronchoscopy, and YC was
removed. One patient with GT implantation who received TPA due to PPE and NO developed pneuma-
tocele. However, the condition improved with appropriate antibiotic therapy during follow-up. One patient
who received treatment for LA presented with BPF, and surgery was performed because the patient was
symptomatic. Nevertheless, none of the patients underwent lobectomy.

Imaging:

All patients underwent CXR during hospitalization. The incidence of consolidation on CXR was similar in
the CCAP and CAP groups. However, effusion was more common in CCAP patients than in CAP patients
(p<0.001). CCAP patients often present with atelectasis (p=0.027) and pneumothorax (p=0.01). Simple
pleural effusion was observed on CXR, and three (3.22%) CAP patients underwent thoracic USG. Moreover,
13 (72.2%) CCAP patients with suspicious CXR and other findings upon admission underwent CT scan
because sufficient information could not be obtained via thoracic USG. Then, 3 (3.22%) of 93 CAP patients
were followed-up for persistent fever and CCAP.

Of 18 patients diagnosed with CCAP, 8 (44.43%) presented with PPE, 7 (38.88%) with EMP, 2 (11.1%)
with NP, and 1 (5.55%) with LA. One patient who was followed-up due to CCAP presented with Morgagni
hernia on CT scan, and surgical consultation was then requested. One patient with NP had pneumatocele.
In addition, another patient who was followed-up for LA had BPF (Table-3).

Microbiological analysis:

The hemoglobin level, thrombocyte and leukocyte count, CRP level, and erythrocyte sedimentation rate
(ESR) were examined upon admission, and there was no significant difference in terms of these factors
between the CCAP and CAP groups. CCAP patients had a significantly higher CRP level than CAP
patients (10.06+-7.55 vs 4.43+-3.37 g/L, p=0.007) (Table-1). No pathological growth was observed in the
samples in one patient who underwent sputum culture and in 15 patients who underwent thoracentesis.
In 3 (4.4%) of 68 patients who underwent blood culture, growth was observed. In two patients who were
followed-up for CAP, growth in the blood culture during follow-up (n=1, Staphylococcus SPP and n=1,
Streptococcus acidominimus ) was considered contamination, and there was no growth in the control blood
cultures. Moreover, clinical and radiological improvements were observed in these patients without changing
the current therapy. Pseudomonas aeruginosa growth was observed in the blood culture of a patient who
was followed for CCAP and pneumatocele after NP, and treatment was modified accordingly (Table-4).

In total, 22 (19.46%) patients underwent respiratory viral DNA polymerase chain reaction (PCR) amplifi-
cation, and microorganisms were not detected via PCR in 8 patients. In total, 14 (63.6%) patients (n=6,
respiratory syncytial virus [RSV]; n=3, adenovirus; n=2, influenza type A; n=1, coronavirus; n=1, metap-
neumovirus; and n=1, bocavirus) had positive PCR results. Not all patients can undergo respiratory viral
PCR amplification due to technical problems. Hence, RSV and other viral agents identified via viral PCR
amplification were not significant risk factors for CCAP development (Table-4).
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Treatments:

In total, 66 (70.6%) of 93 hospitalized CAP patients received intravenous sulbactam ampicillin (SAM). Of
these patients, 24 (25.8%) were treated with simultaneous peroral macrolide. Further, of 18 CCAP patients,
16 (88.8%) received intravenous vancomycin and cefotaxime; 6 (33.3%), clindamycin; and 3 (16.66%), peroral
macrolide. Three (3.22%) CAP patients underwent CT scan in addition to thoracic USG due to fever lasting
>3 days and clinical deterioration. Then, treatment was modified in CCAP patients. The initial treatment
protocols significantly differed between the two groups (p<0.001) (Table-4).

Procedures:

In total, 11 of 15 PPE and EMP patients underwent thoracentesis. Two patients had pleural glucose levels
<40 mg/dL. The mean pleural lactate dehydrogenase level was 1825.48+-1484.00 U/L. A chest tube (GT)
was inserted in 9 (50%) patients. Moreover, 4 (26.66%) patients who had fibrous septations on thoracic
USG received TPA at an average of 2.60+-1.14 times. The mean chest tube duration was 9.10+-6.3 days.
One patient with a GT inserted in another hospital who did not have enough pleural fluid during follow-up
but who had septal effusion with intense content on thoracic USG was treated with VATS. Further, he was
followed-up 5 days after surgery and was discharged on the 10th day of admission.

Independent variables:

In the multivariate logistic regression analysis, pleural effusion, respiratory distress (tachypnea and retrac-
tion), and hypoxia at presentation were considered independent risk factors for CCAP (Table-5).

DISCUSSION:

In the current study, patients diagnosed with CCAP at presentation were older than those diagnosed with
CCAP. Sex and comorbidities were not significant risk factors for CCAP. Meanwhile, age below 2 years, male
sex, and comorbidities were associated with invasive pneumococcal infections16,27,28. However, age, sex, and
comorbidities were not significant risk factors for pneumococcal pneumonia. In a study conducted in Israel,
there was no significant difference in age between CAP and CCAP patients. Moreover, age <2 years was not
a risk factor for CCAP development29. Immunodeficiencies and suppurative lung diseases may cause CAP.
However, CCAPs are generally observed in children who do not have comorbidities and who were previously
healthy29. In a 540 patient series in the USA in 2002, children diagnosed with EMP were older (mean age
= 6 years, p < 0.001) than those who were followed-up for CAP30. In a study that assessed the 10-year
medical records of patients in Canada and France, CCAP was found to account for 51%–57% of all hospital
admissions among children aged below 5 years28,31 Similar findings were also observed in a study including
767 patients (mean age = 4.1 years, p = 0.02) in France in 2010,31.

In this study, the presence of cough, chest pain, and fever and pre-admission time of these symptoms and
a history of pneumonia were not considered risk factors for CCAP. Respiratory distress (tachypnea and
retraction) and hypoxia were significantly associated with CCAP. Severe CAP is defined as the presence of
fever; capillary filling time >2 s; dehydration; inability to feed; subcostal, nasal, and substernal retraction;
tachypnea (infants, >70 cycles/min and older children, >50 cycles/min); cyanosis; and moaning, according
to the British Thoracic Society 2011 guideline4. Based on these parameters, CCAP is more common in
hospitalized patients diagnosed with severe pneumonia4,5.

In our study, CCAP patients were commonly underweight. Even in the absence of severe malnutrition,
underweight is associated with an increased pneumonia risk32. Wexler ID et al. conducted a study in Israel.
Results showed that CCAP patients were often underweight, and this finding is similar to ours. However,
the condition is not an independent risk factor for CCAP development9.

In our study, CCAP patients had a high CRP level at time of enrollment. Moreover, both groups had a high
ESR and leukocyte and thrombocyte counts during admission. In the study of Huang C-Y et al., elevated
CRP level and leukocyte count upon admission were a significant factor for CCAP development10. In a
multicenter study that retrospectively analyzed 111 pneumonia patients in 2006, significant differences in
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terms of ESR and leukocyte and platelet counts were not observed between CAP and CCAP patients9. In
these patient groups, anemia and leukocyte <15.000 mm3 were associated with prolonged fever and longer
hospitalization duration9.

In our study, no significant growth was observed in the blood cultures of patients hospitalized due to CAP
and CCAP. This was attributed to peroral antibiotic use before hospitalization. Regardless of the presence
of pulmonary complications, the bacteremia incidence is low in patients followed-up for pneumonia, and
a possible pathogen is rarely detected in the blood culture11,33. Neuman MI et al. conducted a study in
the USA in 2017. Results showed that a pathogenic microorganism was detected in the blood culture in
only 65 (2.5%) of 2568 patients hospitalized due to pneumonia33. In this study, empirical antibiotic use
before hospitalization less likely caused growth in the blood culture33. In a retrospective study conducted by
Erlichman I et al., which included 144 children hospitalized due to CCAP, empirical antibiotics use before
hospitalization decreased the growth rate in the blood culture from 63% to 22%. However, the pathogen
proportion detected in pleural cultures was higher34. In a 20-year retrospective study in the USA, the
blood culture growth rate decreased from 67% to 30% with empirical antibiotic use before hospitalization
in 369 patients who had EMP35. In a study examining patients who were followed-up for PPE and EMP
between 2010 and 2017, the pathogen proportion was significantly lower in the blood culture than in pleural
cultures33.

Viral and bacterial PCR amplification of samples collected from the respiratory tract and pleura could not
be obtained from each patient due to technical problems. RSV was the most common viral agent detected.
Within the last 10 years, respiratory and pleural fluid DNA PCR amplification methods, which can yield
faster results than conventional culture and are not affected by empirical antibiotic use, are commonly used
in pathogen identification9,20,36. The DNA PCR of samples collected from pleural fluid can provide more
sensitive results than that of blood culture samples, and the serotyping results can be obtained signifi-
cantly faster36. However, there are limitations in the differentiation of pathogenic microorganisms due to
colonization when nasopharyngeal, oropharyngeal, sputum samples are used37

.

In our study, according to CT scan data, the antibiotic therapy type and duration was modified and more
detailed information could be obtained before the surgical intervention, particularly in our patient with NP
and BPF. If fever does not subside within 72 h and the clinical condition does not improve or worsens
in patients followed-up for CAP, treatment for CCAP should be modified, if necessary, according to the
evaluation results21,38. When CXR and thoracic USG are not effective for the diagnosis of complications,
such as BPF and pneumatocele, particularly in the differentiation of NP and LA, more detailed information
can be obtained via CT scan22,38

In our study, pleural effusion >10 mm during admission is a significant variable for CCAP diagnosis. Similar
studies have shown that the presence of pleural effusion at presentation is associated with CCAP diagnosis9-11.
In patients with unresolved radiological and clinical findings, YCA, tuberculosis-related lymphadenopathy,
and congenital lung malformations may be observed.

In accordance with studies in the literature, our research showed that CCAP patients commonly present
with hypoxia upon admission, and oxygen therapy was required during hospitalization. CCAP patients
have a longer hospitalization duration than CAP patients due to local and systemic complications and the
need for additional interventions (GT, CDF, and VATS) during follow-up39. BPF was observed, with an
incidence rate of 13% in children with NP in the USA and 67% in Brazil12,14. Patients followed-up for
CCAP, particularly NP and BPF with complications, had a longer hospitalization, oxygen therapy, and
fever duration and higher number of PICU and even ECMO follow-ups16,40.

In our study, intravenous SAM and/or peroral macrolide were administered to patients diagnosed with
CAP, and treatment was modified when CCAP was detected. The antibiotic duration and type used before
admission were not significant risk factors for CCAP development. In previous retrospective studies and
a prospective research conducted by Huang CY et al., disease progression was observed regardless of the
empirical antibiotic therapy type provided according to the current treatment guidelines10,15.
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VATS is associated with better outcomes and shorter hospitalization duration compared with pleural drainage
with GT without fibrinolytics20. In 2021, the American Academy of Pediatric Surgery recommended that
VATS should be considered when chemical debridement with CDF cannot be achieved20. In a systematic
review and meta-analysis published in 2018, similar perioperative complications were observed in cases in
which both methods were used. However, patients who received VATS were exposed to less repetitive
interventions and had a shorter hospitalization duration41. Based on these data, in recent years, studies
about early VATS use, instead of CDF, in children have been published in accordance with those in adults42.
When sufficient debridement with GT is not achieved and VATS is performed in the early period before
fibrinolytic use, the hospitalization duration is shortened. Further, the complication incidence is lower in
patients treated with VATS than in those treated with CDF42. Based on these developments, VATS is
preferred instead of CDF when adequate pleural fluid drainage cannot be achieved with thoracentesis and
GT implantation for PPE and EMP treatment in our hospital after 2017, which was the time our study was
conducted.

The surgical intervention timing can affect treatment success43,44. CDF can be used for early-stage disease
management. However, it is not effective for advanced-stage disease, and complication incidence increases
with repeated interventions including CDF. Moreover, hospitalization duration is prolonged43. VATS efficacy
decreases, particularly after 1 month, and decortication may be required in patients who underwent CDF43-46.
In relation to this, the European Association for Cardio-Thoracic Surgery recommends that VATS should
be highly considered in all advanced-stage disease patients at presentation46

The current study had several limitations. That is, the research was retrospective in nature. Hence, an-
tipyretic treatment use, content, and frequency, as well as its effect on CCAP development, could not be
investigated because the patients’ family members did not regularly follow-up for fever. Moreover, our hos-
pital is a tertiary referral center, and most patients had received prior treatment. However, late referrals
could affect outcomes. Although necessary, not all patients could undergo respiratory and pleural DNA PCR
amplification due to technical problems.

In conclusion, pleural effusion, respiratory distress (tachypnea and retraction), and hypoxia at presentation
were found to be independent risk factors for CAP. Therefore, experience in interventional radiology and
pediatric surgery and use of multidisciplinary approaches may be important for the diagnosis and treatment of
children with CCAP admitted in tertiary care centers. However, multicenter, prospective and comparative
studies should be conducted to examine CDF and VATS efficacy in children with early- and late-stage
diseases.
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