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Parapneumonic effusions (PPE) may progress from anechoic fluid loculations (stage I) to 
hyperechoic collection containing septa (stage II) or to loculations with or without ac-
companying pleural thickening (stage III) (1). There is currently no standardized treatment 

protocol. Management may vary among centers (1–8). Surgical tube thoracostomy remains 
a common drainage method for PPE despite its high failure rates (9–11). Nevertheless, imag-
ing-guided catheter placement has been reported to be a safe and effective method of choice 
in complicated PPE and empyema (6, 12). To our knowledge, there is no study in the literature 
evaluating the role of percutaneous catheter placement with fibrinolytic therapy as a salvage 
treatment in case of surgical tube thoracostomy failure in childhood PPE and empyema.

In this study, we evaluated the results of percutaneous management of complicated 
parapneumonic effusions and empyema after surgical tube thoracostomy failure in pedi-
atric age group. 

Methods
Study design

Between 2004 and 2019, 84 children with PPE refractory to surgical tube thoracostomy 
were included to this retrospective study. Clinical and radiological data were recorded for 

PURPOSE 
We aimed to evaluate the results of percutaneous management of complicated parapneumonic 
effusions (PPE) and empyema after surgical tube thoracostomy failure in children.  

METHODS
A total of 84 children treated percutaneously after surgical tube thoracostomy failure between 
2004 and 2019 were included to this retrospective study. Technical success was defined as appro-
priate placement of the drainage catheter. Clinical success was defined as complete resolution 
of infection both clinically and radiologically. Management protocol included imaging-guided 
pigtail catheter insertion, fibrinolytic therapy, serial ultrasonographic evaluation, catheter ma-
nipulations as necessary (revision, exchange, or upsizing), and appropriate antibiotherapy. All 
patients were followed up at least 6 months. 

RESULTS
Technical success rate was 100%. Unilateral single, unilateral double, and bilateral catheter inser-
tions were performed in 73, 9, and 2 patients, respectively. Inserted catheter sizes ranged from 
8 F to 16 F. Streptokinase, urokinase, and tissue plasminogen activator were used as fibrinolytic 
agent in 29 (34%), 14 (17%), and 41 (49%) patients, respectively. In order to maintain effective 
drainage, 42 additional procedures (catheter exchange, revision, reposition, or additional catheter 
placement) were performed in 20 patients (24%). Clinical success was achieved in 83 of 84 patients 
(99%). Median catheter duration was 8 days (4–32 days). Median hospital stay during percutaneous 
management was 11.5 days (7–45 days). Factors affecting the median catheter duration were the 
presence of necrotizing pneumonia (p < 0.001) and bronchopleural fistulae (p < 0.001).

CONCLUSION
Percutaneous imaging-guided catheterization with fibrinolytic therapy should be the method 
of choice in pediatric complicated PPE and empyema patients with surgical tube thoracostomy 
failure. Percutaneous treatment is useful in avoiding more aggressive surgical options. 

https://orcid.org/0000-0002-1284-859X
https://orcid.org/0000-0002-8189-4688
https://orcid.org/0000-0002-1520-2487
https://orcid.org/0000-0002-9617-136X
https://orcid.org/0000-0003-4462-5953
https://orcid.org/0000-0002-6864-0229


402 • May–June 2021 • Diagnostic and Interventional Radiology Ciftci et al.

each patient. To assess long-term success, 
6-month post-treatment chest radiographs 
were compared with pre-treatment chest 
radiographs with sonographic evaluation 
of pleural thickness. Institutional review 
board approval was obtained for the study 
(B.30.2.HAC.0.70.00.01/431.10-414).

Inclusion and exclusion criteria
Pediatric patients (≤16 years old) who 

underwent surgical tube thoracostomy due 
to parapneumonic effusion and failed to 
demonstrate clinical and radiological im-
provement on follow-up were included in 
the study. 

Exclusion criteria were >16 years of age, 
imaging-guided catheter placement as 
first-line treatment, pleural effusion due to 
noninfectious causes, and <6 months of fol-
low-up.

Patient preparation and procedure
Patient position and the number / size of 

the drainage catheters were planned based 
on ultrasonography (US) and previously ob-
tained imaging findings. Computed tomog-
raphy (CT) was not routinely performed ex-
cept for suspected necrotizing pneumonia 
(NP), parenchymal abscesses, bronchopleu-
ral fistulae (BF), or malignancy. 

Patients fasted at least 4–6 hours before 
the procedure. Preprocedural laboratory 
evaluations were determined. Any coagu-
lopathy (platelet <50  000/mm3, INR >1.5) 
was corrected before the procedure. Antibi-
otic prophylaxis was not applied since pa-
tients were already having broad-spectrum 
antibiotics. Surgically placed, nonfunction-
ing chest tubes were removed by pediatric 
surgeons before or after the procedures. All 
patients were treated as inpatient. Informed 
consent was obtained from patients’ par-
ents/guardians. 

Procedures were performed by one of 3 
interventional radiologists (D.A., T.C., E.U., 
having 20, 14, and 5 years of experience, 
respectively) in an interventional radiology 
unit equipped with fluoroscopy and US. Pro-
cedures were performed with intravenous 
sedation. For sedation, propofol (1 mg/kg) 
and fentanyl (1  µg/kg) were administered 
by an anesthesiologist. The puncture side 
was chosen to enable the catheter to tra-
verse as much septa as possible. An 18  G 
Chiba needle was inserted from the lowest 
part of the effusion, thereafter it was care-
fully advanced to superior or posterior part 
depending on the location of fluid with US 
guidance (Supplemental video). Following 
coiling of 0.035-inch stiff guidewire (Am-
platz Super Stiff, Boston Scientific) into 
the cavity, the tract was dilated and drain-
age catheter (Skater, Angiotech or Flexima 
APDL Boston Scientific) was placed and 
connected to an underwater seal drainage 
system. If required, final catheter position 
was confirmed by short-time fluoroscopy. 

Postprocedural care 
Catheter outputs, clinical and laborato-

ry signs were recorded for each patient. 
Patients were routinely evaluated with US 
in the interventional radiology unit. For 
loculations that could not be drained with 
single catheter, additional catheters were 
placed under US guidance. Fluoroscopy 
was predominantly used for exchanging 
or upsizing of occluded catheters. Chest ra-
diographs were obtained in case of clinical 
worsening or prior to catheter removal to 
evaluate lung expansion. Following clini-
cal and radiological improvement, if daily 
drainage was below 10  mL/24  h, drainage 
catheters were removed. 

Fibrinolytic therapy
Urokinase (UK) and streptokinase (STK) 

were used in 2005–2013 and tissue plas-
minogen activator (t-PA) was used in 
2013–2019 depending on the availability of 
fibrinolytic agents. STK was administered at 
12 000 U/kg, UK at 40 000 units to children 
aged >1 year and at 10 000 units to infants 
<1 year, t-PA at 0.1 mg/kg (maximum 6 mg) 
daily according to international guidelines 
and previous studies (2–8, 13). The volume 
of mixture of the fibrinolytic agent and iso-
tonic saline (5–20 cc) is based on the esti-
mated amount of the pleural loculation. 
In small loculations, installation of large 
amount of fibrinolytic agent was avoided 
to prevent overdistension. First session of 

fibrinolytic agent injections at the time of 
catheter placement were performed under 
US guidance to ensure effective distribu-
tion of agent into fluid loculation. Follow-
ing injection, the catheter was clamped for 
2 hours. Afterwards drainage resumed. No 
special position was required during fibri-
nolytic agent administration. Fibrinolytic 
treatments were continued once a day de-
pending on US findings. Presence of residu-
al pleural fluid despite appropriate catheter 
position was the main indication for fibrino-
lytic treatment. 

Definitions and outcome measures 
Technical success was defined as appro-

priate drainage catheter placement within 
the pleural collection. Clinical success was 
defined as complete recovery of clinicora-
diological findings within 6 months of fol-
low-up. Failure was defined as (i) need for 
surgery or (ii) development of recurrence 
within 6 months of follow-up. Complica-
tions were classified according to the CIRSE 
classification system (14). Secondary inter-
ventions (revision, exchange, catheter up-
size or inserting a new catheter) and side 
effects directly attributable to fibrinolytic 
agents were evaluated separately. The du-
ration of catheter stay and length of hospi-
tal stay were also recorded.

Statistical analysis
Statistical analysis was conducted by 

SPSS 24 for Windows (IBM SPSS Statistics). 
The variables were investigated using visual 
(histograms, probability plots) and analyti-
cal methods (Kolmogorov–Smirnov) to de-
termine whether they are normally distrib-
uted. Mann–Whitney U and Kruskal–Wallis 
tests were conducted to compare non-nor-
mally distributed continuous values. The 
chi–square test or Fisher’s exact test was 
used to compare nominal variables. De-
scriptive analyses were presented using 
tables of frequencies for nominal variables, 
median and minimum-maximum values 
for non-normally distributed numeric vari-
ables, mean and standard deviation for the 
normally distributed numeric variables. An 
overall 5% type-1 error level was used to in-
fer statistical significance. 

Results 
A total of 84 children (52 boys, 62%) with 

a median age of 6 years (range, 1–16 years), 
underwent percutaneous imaging-guided 
management of PPE refractory to surgical 

Main points

• Surgical tube thoracostomy has high failure 
rates due to the blind nonguided nature of 
the  technique and structure of the placed 
tube itself. 

• Imaging-guided catheter placement is a safe 
and effective method in complicated parap-
neumonic effusion. 

• Percutaneous imaging-guided catheterization 
with fibrinolytic therapy should be the meth-
od of choice in complicated childhood parap-
neumonic effusions nonresponsive to surgical 
chest tube placement.



tube thoracostomy. Age distribution of 
patients is presented in Fig. 1. Presence of 
associated comorbidities and results of lab-
oratory analyses are summarized in Table 1. 
Stage II and III empyema were evident in 59 
(70%) and 25 (30%) of the patients, respec-
tively.

Previously inserted failed surgical chest 
tube sizes varied between 14 F and 28 F. 
The median duration of surgical chest tubes 
was 9 days (range, 3–19 days). The majority 
of these chest tubes (65%) had been placed 
under general anesthesia. Unilateral single, 
unilateral double, and bilateral tubes had 

been placed surgically in 70, 9, and 5 pa-
tients, respectively. Fifty-six patients (67%) 
had already received one or more sessions 
of fibrinolytic agents during the previous 
treatment period. The causes of previous 
treatment failure were malpositioned or 
kinked tube, tube blockage due to fibrin 
formation, presence of additional fluid loc-
ulation in pleural cavity, superinfection or a 
combination of these factors. 

Overall, 73 patients (87%) had clinically 
and radiologically confirmed active pneu-
monia. At least one symptom, such as chest 
pain (70%, n=59), fever (82%, n=69), cough 
(71%, n=60), tachypnea (49%, n=41), hy-
potension together with tachycardia (38%, 
n=32), or respiratory distress (27%, n=23) 
was present. 

Sixteen patients had undergone CT ex-
amination before percutaneous treatment. 
In 8 patients, CT was performed due to 
unstable clinical status detected during 
the percutaneous treatment. Necrotizing 
pneumonia, lung abscess and BF were de-
tected in 14 (17%), 3 (4%) and 6 (7%) of the 
patients, respectively. Lymphoma was diag-
nosed in one patient.

For percutaneous drainage, US, US + flu-
oroscopy, and CT guidance were used in 74, 
9, and 1 patients, respectively. CT guidance 
was required due to presence of BF which 
prevented US evaluation. Unilateral single, 
unilateral double, and bilateral catheteriza-
tion was performed in 73, 9, and 2 patients, 
respectively. Unilateral double catheters 
were placed in case of multiple loculations 
that could not be drained with one cathe-
ter. Inserted catheter sizes ranged as 8–16 F 
with the majority being at 10 F (n=37). 

Technical success rate was 100%. Six 
patients (7%) had 8 cases of grade 3 com-
plications such as catheter dislodgement, 
kinking, and obstruction, all managed by 
catheter exchange. In order to maintain ef-
fective drainage, 42 additional procedures 
were performed (Table 2). 

STK, UK, and t-PA were used as fibrinolyt-
ic agent in 29, 14, and 41 patients, respec-
tively. Thirty-two patients (38%) received 3 
sessions, 15 patients (18%) received 4 ses-
sions, 8 patients (10%) received 5 sessions 
and 29 patients (34%) received more than 
5 sessions of fibrinolytic therapy (Table 3). 

There was no evidence of systemic ef-
fects of fibrinolytic treatment. Minor side ef-
fects were recorded in 37 patients (44%) in 
the form of mild chest pain and discomfort 
(n=3), transient fever (n=27), minor bleed-
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Figure 1. Bar chart represents the age distribution of patients.

Table 1. Associated comorbidities, biochemistry, microbiological and pleural fluid characteristics of 
patients

Associated comorbidities n (%)

None 67 (80)

Measles, mumps, or rubella 3 (4)

Chiari malformation, renal failure, Down syndrome, cerebral palsy 2 each (10)

Epilepsy, hyper IgE syndrome, neuroblastoma, retinitis pigmentosa, ALL,  
neuroblastoma

1 each (6)

Causative agent

   Streptococcus pneumonia 12 (14)

   Staphylococcus aureus 3 (4)

   Streptococcus pyogenes 2 (2)

Biochemistry

   WBC (×103µL), mean±SD 12.6±5.4

   CRP (mg/L), median (min–max) 100 (34–460)

Pleural fluid analyses

Pleural fluid LDH (IU/L), median (min–max) 1804 (394–9000)

Pleural-serum LDH ratio, median (min–max) 4 (1–11)

Pleural-serum protein ratio, median (min–max) 3 (1–30)

Pleural pH, median (min–max) 7 (6.75–7.4)

Pleural fluid glucose (mg/dL), median (min–max) 10 (0–45)

WBC, white blood cell; CRP, C-reactive protein; LDH, lactate dehydrogenase; ALL, acute lymphoblastic leukemia; 
SD, standard deviation.
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ing in drained fluid (n=14), coughing and 
mild respiratory distress (n=2). Some pa-
tients had more than one side effects. Rates 
of side effects and clinical success did not 
differ among fibrinolytic agents (p > 0.05). 

Clinical success was achieved in 83 of 84 
patients (99%) (Fig. 2). Mortality or grade 
4/5 complication were not seen during 
treatment or follow-up period. Median 
catheter duration was 8 days (4–32 days). 
Median hospital stay during percutaneous 
management was 11.5 days (7–45 days). 
The median hospital stay from the onset 
of pulmonary infectious symptoms to dis-
charge was 24 days (16–41 days). Presence 
of necrotizing pneumonia and BF statis-
tically significantly prolonged the dura-
tion of catheterization and hospitalization 
(p < 0.001, p = 0.007) (Table 4). Presence of 
lung abscess statistically significantly pro-
longed duration of catheter stay (p = 0.036). 
The factors affecting catheter duration and 
hospital stay are summarized in Table 4.

Using both culture-based and molecular 
methods, potential causative organisms 
(Streptococcus pneumoniae, n=12; group A 

streptococcus, n=3; Staphylococcus aureus, 
n=2) could be identified in 17 of 84 patients 
(20%). The median duration of antibiotic 
treatment during percutaneous manage-
ment was 21 days (15–33 days). The antibi-
otics were administered intravenously until 
stable clinical status was achieved and were 
continued orally thereafter (4–6 weeks).

The only patient recorded as failure was a 
10-year-old child with pneumococcal pneu-
monia complicated with stage 3 PPE. Initial 
surgical chest tube was kept for 14 days. A 12 
F pigtail catheter was inserted and drained 
fluid was apparently purulent. He received 
12 sessions of STK therapy. The patient be-
came afebrile 5 days after initiation of fibri-
nolysis. One week after catheter removal he 
developed recurrent effusion and was suc-
cessfully treated percutaneously. After sec-
ond intervention there was no recurrence. 

Discussion
The results of this study demonstrate 

that complicated childhood PPEs nonre-
sponsive to surgical chest tube placement, 
can be treated with percutaneous manage-

ment with a high clinical success rate (99%). 
Thanks to effective use of US (for serial 
evaluation of the pleural space, as a guid-
ance method during the procedure and 
for monitoring the fibrinolytic agent dis-
tribution in the pleural space) and unique 
characteristics of the pigtail catheters, ex-
tremely high success rates can be achieved 
in almost all patients even at the advanced 
stage of the disease. Although surgical tube 
thoracostomy combined with fibrinolytic 
therapy has been shown to have satisfy-
ing success rates, the failure rate remains 
quite high for the initial management of 
childhood PPEs due to the blind nonguid-
ed placement technique and the structure 
of the tube itself (9–11, 15–19). In a review 
of 44 studies on the management of PPEs 
in pediatric population, the failure rate of 
chest tube insertion was 25% (17). Chen et 
al. (10) reported a failure rate of tube tho-
racostomy as high as 56% in the treatment 
of pediatric PPEs. This study showed that 
70% of children with late presenting empy-
ema required surgery which included 54% 
of those who had primary tube thoracosto-
my. Similarly, Jamal et al. (9) reported 43% 
failure rate for surgical tube thoracostomy 
as the first intervention for treatment of 
complicated PPE and empyema in children. 
Huang et al. (11) mentioned a success rate 
of 53% for the drainage of complicated PPE 
and empyema with surgical tube thoracos-
tomy. The most common reason for tube 
thoracostomy failure was pleural adhesions 
and fibrin membranes (20). Even in skilled 
hands, it is challenging to place a thoracos-
tomy tube in accurate position within the 
pleural space. Drainage may also be ham-
pered by fibrinous debris and septations. 
Tube exchange or revision could be more 
challenging with thoracostomy tubes. 

Imaging-guided placement of pigtail 
catheters via Seldinger technique enables 
safe passage through pleural space and 
appropriate drainage of small collections 
where conventional trocar insertion could 
be challenging and hazardous. Although 

Table 2. Summary of secondary interventions after first placement of percutaneous pleural catheter

Cause of secondary intervention Procedure count (n)

Catheter revision in 20 patients 21

Catheter exchange/upsize in 10 patients 11

New catheter placement due to dislodgement in 2 patients 2

Additional catheter placement due to new loculations in 5 patients 5

New catheter placement due to recurrence in 1 patient 1

Additional catheter placement due to broncho-pleural fistula in 2 
patients

2

Guidance n (%)

Ultrasound 27 (64)

Ultrasound + fluoroscopy 14 (34)

CT 1 (2)

Anesthesia

Local anesthesia 21 (50)

Sedation 21 (50)

Table 3. Summary of fibrinolytic therapy

Agent, n (%)

Fibrinolytic therapy sessions
Catheter  

duration (days)

Complications, n (%)

3 4 5 ≥ 6 Transient fever Mild bleeding in pleural fluid Hemoptysis

Streptokinase, 29 (34) 19 6 4 11 7 (4–14) 11 (38) 7 (24) 1 (3)

t-PA, 41 (49) 8 6 2 10 8 (5–12) 10 (24) 5 (12) 1 (2)

Urokinase, 14 (17) 5 3 2 8 7 (5–9) 6 (43) 2 (14) 0

t-PA, tissue plasminogen activator.



there are no randomized, controlled trials 
comparing surgical and radiological man-
agement, some observational pediatric case 
series show that imaging-guided drainage 
catheter placement is highly effective in the 
treatment of PPE (5–8, 12, 18, 21). Small pig-
tail drains have several advantages: (i) easy 
and less painful procedure, (ii) better toler-
ated once placed, (iii) low placement-related 
complication rates (21, 22). Flexible pigtail 
catheters can change configuration pro-
portional to the size of collection, therefore 
damage to expanding lung or migration into 
fissure in case of established collection drain-
age is less likely compared with conventional 
chest tubes. Pigtail catheters have holes on 
the inside curve of the catheter therefore 
drainage will continue in case of close con-
tact with pleura. Kinking and deformation 
are prevented by the high strength of the 
catheters and their possession of "memory",  
the ability to resume their original configura-
tion after distortion (22). 

Fibrinolytic therapy improves drainage 
without hampering pleural-limiting mem-
branes. Following drainage of the collec-
tion, pleural surfaces adhere and chest tube 
could be away from any residual fluid loc-
ulation. Administration of fibrinolytics via 
conventional chest tubes placed without 
imaging guidance is less likely to be suc-
cessful due to tube malposition. For these 
reasons, we believe that imaging-guided 
catheter management with fibrinolytic 
therapy is the most important factor in 
success. Fibrinolytic therapy should not be 
utilized via a malpositioned tube. Isolated 
pleural loculations distant from the drain-
age site should be treated with additional 
drainage catheters. 

The first-generation fibrinolytics, STK 
and UK, were initially used in this study. 
Both agents have been associated with ad-
verse effects, specifically, immunologic and 
hypersensitivity reactions. Fever after in-
trapleural injection has been reported (1, 2, 

23–25). Antibody-mediated response that 
may decrease effectivity is associated with 
STK use because of its bacteria-based mor-
phology. Minor side effects reported in two 
largest pediatric studies include discomfort 
during administration and transient blood 
staining of fluid (6, 8). No life-threatening 
adverse events were noted. However, t-PA 
is not associated with hypersensitivity re-
actions and retains its effectiveness over 
multiple doses (23–25). Intrapleural t-PA in-
jection was well tolerated with only minor 
adverse effects in our study. Vital signs and 
hematocrit levels remained stable in all pa-
tients. We performed fibrinolytic injections 
under US guidance in the majority of the 
patients to ensure adequate distribution 
of fibrinolytic agent within the collection. 
However, in case of BF, fibrinolytics should 
be used more cautiously to avoid bron-
chial spread which may lead to decreased 
efficacy, pneumonitis, and greater system-
ic absorption. A significant increase in the 
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Figure 2. a–e. A 5-year old boy with complicated parapneumonic effusion following surgical tube thoracostomy failure. The patient was referred for 
percutaneous catheter placement due to ongoing fever, fatigue, and dyspnea. He required oxygen at 6 L/min. Daily drainage with surgical tube was 0–5 cc 
for 48 hours. Chest radiograph (a) demonstrates residual pleural collection (arrows) due to malpositioned chest tube (arrowheads). Gray-scale sonograms (b 
and c) demonstrate needle (arrow, b) and guidewire (arrow, c) insertions through the pleural collection (asterisks). A 10 F pigtail drainage catheter was placed 
under ultrasound guidance. The patient was afebrile on the next day after the procedure and oxygen therapy was reduced to 2 L/min by nasal cannula. He 
received daily fibrinolytic therapy via drainage catheter. Chest radiograph (d) obtained on the 2nd day after the procedure demonstrates significant lung 
expansion compared to baseline radiograph. There was no drainage from the surgical chest tube. The chest tube was withdrawn and pleural drainage was 
established with the drainage catheter. Chest radiograph (e) obtained on follow-up (day 130) shows recovery of the lung expansion. 

d

a

e

b c
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incidence of BF in association with empy-
ema has been reported from 1% of cases in 
2002–2007 to 33% of cases in 2008–2009, 
with an associated increase in median hos-
pital stay (26). Our data are consistent with 
these reports, and more recently we ob-

served a significant increase in BF frequen-
cy with resultant increased length of hospi-
tal stay. It is postulated that changes in the 
epidemiology of causative pathogens with 
the introduction of pneumococcal conju-
gate vaccines have resulted in increased 

necrotizing or cavitating pneumonias with 
abscess formation and BF (26–28).

The main limitation of our study was its 
retrospective nature.

In conclusion, percutaneous imag-
ing-guided catheterization with fibrinolytic 

Table 4. Catheterization and hospitalization durations among given factors

Catheterization  
duration (days) p

Hospitalization  
duration (days) p

Age (years) 0–2 8 (5–12) 0.332 11 (8–18) 0.427

2–4 6.5 (4–32) 11.5 (7–45)

4–6 8 (6–28) 15 (10–30)

6–8 7.5 (5–12) 11.5 (8–21)

8–10 8 (6–14) 10.5 (10–17)

10–12 9 (6–16) 11.5 (8–19)

12–14 8 (9–16) 11 (10–24)

14–16 7 (4–18) 11 (8–30)

Sex Female 7.5 (4–32) 0.621 11.5 (7–45) 0.897

Male 8 (4–28) 11.5 (7–30)

Comorbid disease Present 8 (5–16) 0.577 12 (7–21) 0.955

Absent 8 (4–32) 11 (7–45)

Sonographic stage Stage 2 8 (4–32) 0.283 11 (7–45) 0.969

Stage 3 8 (4–28) 12 (7–30)

Active pneumonia Present 8 (4–32) 0.274 14 (7–45) 0.121

Absent 8 (6–18) 11 (7–27)

Necrotizing pneumonia Present 16 (5–32) <0.001 19 (9–45) 0.007

Absent 7 (4–14) 11 (7–21)

Lung abscess Present 16 (4–32) 0.036 19 (11–19) 0.196

Absent 8 (9–16) 11 (7–45)

Bronchopleural fistula Present 23 (16–32) <0.001 30 (25–45) <0.001

Absent 7 (4–16) 11 (7–21)

Causative microorganism Present 9 (5–32) 0.108 12 (8–45) 0.660

Absent 8 (4–23) 11 (7–30)

Purulent effusion Present 9 (5–24) 0.861 12 (8–30) 0.946

Absent 7 (4–32) 11 (7–45)

Previous fibrinolytic therapy Present 8 (4–32) 0.852 12 (7–45) 0.585

Absent 8 (5–28) 11 (8–30)

Fibrinolytic agents t-PA 8 (5–32) 0.593 12 (8–45) 0.440

STK 7 (4–18) 11 (7–27)

UK 7 (5–16) 11 (7–30)

Catether bore (French) 8 8 (6–28) 0.211 11 (8–30) 0.952

10 8 (4–32) 12 (8–45)

12 8 (5–18) 11 (7–30)

14 7 (4–10) 11.5 (7–16)

16 7 (4–32) 12 (11–14)

Data are presented as median (min–max).
t-PA, tissue plasminogen activator; STK, streptokinase; UK, urokinase.



therapy should be the method of choice in 
pediatric complicated PPE and empyema 
patients with surgical tube thoracostomy 
failure. Percutaneous treatment is useful in 
avoiding more aggressive surgical options.
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