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Introduction: Parapneumonic pleural empyema (PPE) is common in children, however, the most appropriate treat-
ment is not established. We aimed to analyse and compare treatments for PPE and its outcomes.

Methods: Single-centre retrospective analysis of PPE cases from 2012-2024, concerning demographics, times until 
treatment and resolution, failure, alternative treatments, complications and follow-up. Lung necrosis contraindicated fibrinoly-
sis; simple effusions and bilateral pneumonias were excluded. Time until treatment was considered after the diagnosis of PPE. 

Results: 77 cases were identified with a median age of 5 years. The most common initial treatment was intrapleural 
fibrinolysis (58%), followed by thoracoscopic decortication (29%) and simple drainage (13%). Failure happened after all (10/10) 
drainages, 22% (10/45) of fibrinolysis and 9% (2/22) of thoracoscopies. Compared to thoracoscopy, fibrinolysis had no differ-
ence in failure (p=0.310) but had a longer treatment duration (17 versus 13 days, p=0.004). Excluding failures, no difference 
was found in treatment duration, postoperative fever and complications. 

Conclusion: While simple drainage of PPE should not be attempted, thoracoscopic decortication and fibrinolysis seem 
equally effective. There was a shorter treatment duration with thoracoscopic decortication and no increase in complications, 
so the authors recommend it should be employed promptly when fibrinolysis is contraindicated, as in necrotizing pneumonia.
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Abstract

ORIGINAL ARTICLE

COMPARING TREATMENT 
MODALITIES FOR PARAPNEUMONIC 

PLEURAL EMPYEMA IN CHILDREN: 
WHAT TO CHOOSE AND WHEN, A 

RETROSPECTIVE STUDY

INTRODUCTION

Parapneumonic pleural effusion and empyema 
(PPE) is a common condition in children, with an increasing 
frequency over the last years1. Its estimated incidence is 
3.3 per 100,000 in recent publications1,2. It is estimated 
that empyema can affect 0.6% to 2% of all community 
acquired pneumonias, and up to 53% among children 
hospitalised with pneumonia3,4. Pneumonia is one of the 
most common pathologies that can be complicated with 
a pleural effusion, evolving in three stages: exudative 
phase, with accumulation of free fluid in the pleural space, 
not loculated; fibrinopurulent phase, with suspension of 
fibrinolytic activity, leading to fibrin accumulation and 
loculation of the fluid; and organisation phase, with 
further deposition of fibrin creating a fibrous rind that 

ultimately encases the lung, leading to restriction of its 
expansion and limitation of the chest wall movement2,5,6.

In the second and third stages of PPE, treatment 
modalities to evacuate the loculated fluid from the 
pleural space and to free the lung and restore the 
normal expansion of the chest wall are necessary, both 
to resolve the infection and prevent further ventilatory 
compromise. The classical technique of pleural 
decortication is, in the later years, being systematically 
substituted for minimally invasive techniques that present 
equivalent efficacy and lower morbidity5. The most 
common options are intrapleural fibrinolysis (IPF) and 
thoracoscopic decortication (TD). The first one consists 
in the administration of a fibrinolytic agent through the 
chest drain according to an established protocol7; the 
second is the use of thoracoscopy to directly remove 
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the fluid and debris from the pleural cavity, thus freeing 
the lung and allowing lung re-expansion. Although 
increasing interest has developed around the IPF for 
its simplicity and no requirement of special equipment 
or techniques, recent publications have enhanced the 
benefit of TD, stating that it provides a better and faster 
recovery without an increase of complication rates1,2,8. 
Necrotizing pneumonia, in particular, poses difficulty 
among paediatric surgeons: with lung necrosis, IPF is 
generally partially contraindicated in most protocols due 
to a risk of bleeding and bronchopleural fistula6; on the 
other hand, TD is seen as an aggressive treatment that 
can lead to bleeding or persistent air fistula9.

Previous studies showed that both IPF and TD 
were superior to chest drainage alone, but it is unclear 
which offers the best results, the lowest morbidity and 
the fastest recovery1,3,5,10.

With this study we aimed to compare the 
treatments employed for PPE in our department, in order 
to understand its efficacy and failure rates. As secondary 
endpoints we analysed the duration of treatment and 
complications of each treatment.

 
METHODS

A retrospective study was conducted analysing 
all the cases of PPE in our tertiary centre department 
of paediatric surgery from 2012 to 2024. The research 
was conducted using the International Classification of 
Diseases codes (ICD) for PPE: ICD-9 codes 510, 511.1 and 
ICD-10 codes J86.0, J86.9, J90 and J9111,12.

The collected data included: demographic data, 
time from symptoms to first treatment, time from 
symptoms to pleural intervention, time from pleural 
intervention to resolution, time from pleural intervention 
to end of the treatment, interventions performed, 
laboratory exam results, radiology exam results, follow-
up data.

Exclusion criteria were: simple pleural effusion; 
previous thoracic surgery; other aetiology besides 
pneumonia; bilateral pneumonia.

“Duration of symptoms” was defined as the time 
between the beginning of symptoms and the beginning 
of treatment for pneumonia. “Time until intervention” 
was defined as time between the diagnosis of PPE 
and the application of a pleural treatment. “Time until 
resolution” of PPE was defined as the time between 
pleural intervention and drain removal.

The treatments considered were: simple chest 
drainage (SCD), intrapleural fibrinolysis (IPF), thoracoscopic 
decortication (TD), classic decortication (CD). IPF was 
performed according to our hospital protocol, with a daily 
dose of 0.1mg/kg of alteplase administered through the 
chest tube for three days, leaving the chest tube clamped 
for one hour and with free drainage for the next 24 
hours. Although necrotizing pneumonia contraindicated 

IPF, sometimes it was discovered only after the beginning 
of the procedure. TD was performed either with a single-
port of 10mm or two-port of 5mm technique, with 
aspiration of the effusion, freeing of the lung and fissures 
in all of its extension and removal of the fibrin from the 
chest wall and lung. There were no ethical implications, 
and procedures were performed according to relevant 
guidelines.

The statistical analysis was conducted using the 
IBM SPSS Statistics 20 software. The level of significance 
used was p 0.05 two-sided. The continuous variables were 
expressed as median (interquartile range, IQR) and were 
compared using Kruskal-Wallis or Mann-Whitney test, as 
appropriate. The categorical variables were described by 
absolute and relative frequency and were compared using 
Fisher’s exact test (if any expected n < 5) or Chi-square 
tests (χ2). 

RESULTS

During the study period, 77 cases of PPE were 
treated in our department. The median age of the 
patients was 5 years, with a minimum of 8 months and 
a maximum of 18 years. Patients were females in 39% 
of cases (n=30). There were no statistically significant 
differences between the groups regarding patient age 
and sex. The pneumonia was on the right side in 53% 
of cases (n=41). Median follow-up was six months (IQR 
1-11.75). Further patient characteristics can be seen in 
Table 1, and microbiological isolates in Table 2.

When considering the first treatment employed, 
10 cases (13%) were submitted to SCD, 45 cases (58%) to 
IPF and 22 cases (29%) were submitted to TD. There were 
no significant differences in the time from symptom onset 
until diagnosis between the three treatment groups, as 
in Table 3. Failure of the initial treatment occurred in all 
cases of SCD. There was no statistical difference between 
failures rates when comparing IPF and TD (p=0.310).

The second and third treatments employed after 
previous treatment failure can be seen in Figure 1. Only 
one patient needed a tertiary intervention by CD after 
failure of both a primary IPF and a secondary TD.

After primary intervention, total duration of 
hospitalisation was significantly longer after IPF than 
after TD (p=0.004, 17 days versus 13 days) (table 4). 
There were no significant differences between these 
two treatments regarding the time until resolution of 
the empyema and the time until apyrexia. There was, 
however, a trend towards a lower time until resolution of 
the empyema after TD versus IPF (p=0.059). 

When excluded from the analysis the cases with 
failure of the primary treatment, IPF had a longer duration 
of hospitaliation (p=0.007) but not until resolution of the 
empyema (p=0.124) (Table 5). There were no differences 
between IPF and TD in terms of time until apyrexia 
(p=0.570).
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Secondary treatments employed after failure. Data displayed as absolute count (percentage).Figure 1

There were no differences in terms of complications 
in any of the groups. Complications can be seen on Table 6.

DISCUSSION

The optimal treatment for PPE is a clinical difficulty 
most paediatric surgeons encounter regularly, and its 
apparently growing incidence has made this question 
even more pertinent nowadays1.

Several authors have been addressing this 
question, without a definitive answer. The present 
study couldn’t, also, indicate what is the best option 
for treatment, as both intrapleural fibrinolysis and 
thoracoscopic decortication had no statistical difference 
in terms of efficacy and failure rates. This is according 
to the published literature, where fibrinolysis was 
considered comparable to thoracoscopic decortication13. 
What we found from analysing our data, however, is a 

proportion of patients in which only chest drainage was 
employed due to a contraindication in the employment 
of fibrinolysis. In all these patients a secondary procedure 
was necessary, leading to higher times until resolution. 
This reinforces previous reports on the literature that 
show that both fibrinolysis and thoracoscopy showed 
better results than drainage alone3. It has also been 
described that a delay in adequate treatment is associated 
with worse outcomes, with better recovery and shorter 
hospitalisation and intensive care unit stay in the groups 
where an early intervention is performed2,14. In these 
studies, an early approach is defined as the one that takes 
place in the first five days after diagnosis2,14.

According to our protocol, lung necrosis generally 
contraindicates intrapleural fibrinolysis, especially if the 
necrosis is peripheral in the lung, due to a higher risk of 
haemorrhage and bronchopleural fistula. Nevertheless, 
recent data showed that fibrinolysis might be used in 
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Simple Chest 
Drainage (n=10)

Intrapleural  
Fibrinolysis (n=45)

Thoracoscopic 
Decortication 

(n=22)
p

Age, years (median, IQR) 4.5 (3.8-12.3) 5 (2-9.5) 5 (3-13) 0.587

Female, No. (%) 6 (60) 17 (37.8) 7 (31.8) 0.307

Left-sided pneumonia, No. (%) 8 (80) 21 (46.7) 7 (31.8) 0.041

Necrotizing pneumonia, No. (%) 5 (50) 6 (13.3) 6 (27.3) -

Vaccinated for Pneumococci, No. (%) 7 (70) 31 (68.9) 15 (68.2) -

Unvaccinated for Pneumococci, No. (%) No data 3 (6.7) 1 (4.5) -

Simple Chest 
Drainage (n=10)

Intrapleural  
Fibrinolysis (n=45)

Thoracoscopic 
Decortication 

(n=22)
No isolate, No. (%) 2 (20) 20 (44.4) 11 (50)

Streptococcus pneumoniae, No. (%) 6 (60) 12 (26.7) 9 (40.9)

Streptococcus pyogenes, No. (%) 1 (10) 6 (13.3) 0 (0)

Staphylococcus aureus, No. (%) 0 (0) 1 (2.2) 1 (4.5)

Other, No. (%) 1 (10) 6 (13.3) 1 (4.5)

Table 1

Table 2

Patients’ demographics and clinical characteristics. 
IQR, interquartile range. No, absolute number.

Microbiological isolates. No, absolute number

Simple Chest 
Drainage (n=10)

Intrapleural  
Fibrinolysis (n=45)

Thoracoscopic 
Decortication 

(n=22)

IPF vs TD 
(p value)

Duration of symptoms, days (IQR) 6 (2.8-10) 4 (2-6) 4 (2-7) 0.215

Time until intervention, days (IQR) 0.5 (0-5.25) 0 (0-1) 1 (0-2.25) 0.01

Failure of initial treatment, No. (%) 10 (100) 10 (22) 2 (9) 0.310

Table 3
Duration of symptoms, time until intervention and failure of initial treatment.  
IPF, intrapleural fibrinolysis. IQR, interquartile range. No, absolute number.  
TD, thoracoscopic decortication

Intrapleural  
Fibrinolysis

Thoracoscopic 
Decortication

IPF vs TD 
(p value)

Duration of symptoms, days (IQR) 4 (2-6) 4 (2-7) 0.215

Time until intervention, days (IQR) 0 (0-1) 1 (0-2.25) 0.01

Time until resolution of PPE, days (IQR) 6 (4-11.5) 4.5 (3-6) 0.059

Time until apyrexia, days (IQR) 2 (0-3) 2 (1-4.3) 0.2

Total duration of hospitalisation, days (IQR) 17 (14-19) 13 (11.8-16.5) 0.004

Failure of initial treatment, No. (%) 10 (22) 2 (9) 0.310

Table 4
Comparison between primary IPF and TD. IPF, intrapleural fibrinolysis. IQR, 
interquartile range. No, absolute number. TD, thoracoscopic decortication.
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Intrapleural  
Fibrinolysis

Thoracoscopic 
Decortication

IPF vs TD 
(p value)

Duration of symptoms, days (IQR) 4 (2-6) 4 (2-7) 0.949

Time until intervention, days (IQR) 0 (0-1) 1.5 (0-2.75) 0.05

Time until resolution of empyema, days (IQR) 5 (4-7) 4 (3-5.8) 0.124

Time until apyrexia, days (IQR) 2 (0-3) 2 (1-4.3) 0.570

Total duration of hospitalisation, days (IQR) 16 (13-19) 13 (11.3-15.8) 0.007

SCD IPF TD Total count

No complications, No. (%) 6 (60) 37 (82.2) 19 (86.4) 62 (80.5)

Drain related complications, No. (%) 1 (10) 5 (11.1) 0 (0) 6 (7.8)

Wound infection, No. (%) 2 (20) 0 1 (4.5) 3 (3.9)
Prolonged bronchopleural fistula  
(post-procedure), No. (%)

0 (0) 1 (2.2) 1 (4.5) 2 (2.6)

Haemorrhage, No. (%) 0 (0) 2 (4.4) 0 (0) 2 (2.6)

Other, No. (%) 1 (10) 0 1 (10) 2 (2.6)

Total, No. (%) 10 (100) 45 (100) 22 (100) 77 (100)

Table 5

Table 6

Comparative analysis between IPF and TD when excluding the cases with 
subsequent failure. IPF, intrapleural fibrinolysis. IQR, interquartile range. 
No, absolute number. TD, thoracoscopic decortication

Complications reported in the clinical information. IPF, intrapleural 
fibrinolysis. No, absolute number. SCD, simple chest drainage.  
TD, thoracoscopic decortication

cases of lung necrosis and is probably not associated with 
a higher risk of bronchopleural fistula when compared 
to surgical treatment6. Still, other conditions can 
contraindicate fibrinolysis, like coagulation disorders.

In our series, the use of intrapleural fibrinolysis 
showed a higher failure rate than thoracoscopic 
decortication (22% versus 9%), a longer time until 
the resolution of the empyema and higher length of 
hospitalisation (17 versus 13 days); even when excluding 
ǵroup, there was a higher length of hospitalisation. 

These results are in accordance with previous studies in 
the literature, that show a higher percentage of failures 
with fibrinolysis and generally a longer hospitalisation 
time5,10,15. This, however, is not supported by a systematic 
review and meta-analysis by Elviro et al., that reviewed 
eleven trials and found that, although fibrinolytics, 
thoracoscopy and thoracotomy were superior to chest 
drainage alone, there was no difference between them 
in the other outcomes3. They also described a cost 
benefit advocating for fibrinolysis, although this was not 
confirmed by some other authors2. Our study also didn't 
find differences in the postoperative fever between the 
groups, a factor that has been described by some authors 
as a predictor of failure and need for reintervention15.

In a paediatric setting, chest drainage is performed 
under anaesthesia, thus requiring admission to the 

operating room. As in our series there was no increase 
in complications with thoracoscopic decortication, we 
believe that the employment of this technique in an 
early manner could decrease the length of treatment, 
the length of hospitalisation and the time with the chest 
drain. Could this, considering the higher failures in the 
fibrinolysis group, prevent another anaesthesia?

This subject takes more importance when 
necrotizing pneumonia is considered. The incidence of 
necrotizing pneumonia has been increasingly recognised 
and it is associated with empyema in up to 64% of the 
cases6. In our series, thoracoscopic decortication was 
the choice for necrotizing pneumonia in 27% of the 
cases, compared to 13% in the case of fibrinolysis and 
50% in the case of chest drainage. Previously associated 
by other authors with an increased length of stay, more 
complications and a higher need for reintervention, 
necrotizing pneumonia has been considered a predictor 
of poorer outcomes and poses the question on what 
treatment to choose6,16. Other authors describe good 
outcomes of thoracoscopic decorticatio1eewwwvn for 
necrotizing pneumonia-related empyema, with 88% 
efficacy rate and resolution in 7-9 days17. We believe that 
an early thoracoscopy could be favourable in cases of 
necrosis, precluding the eminent failure of isolated chest 
drainage and avoiding the theoretical risk of fibrinolysis, 
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