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ABSTRACT

BACKGROUND. Medical treatment of pediatric empyema consists of appropriate antibiotics, chest tube 
insertion, and intrapleural fibrinolytic drugs to facilitate pleural drainage. There is a lack of consensus about 
the drug of choice for fibrinolytic therapy, so this study was designed to evaluate the safety and efficacy of 
intrapleural alteplase in pediatric empyema.
METHODS. The medical records of all children with empyema treated with intrapleural alteplase at a university 
hospital between January 2016 and December 2020 were retrospectively reviewed. Efficacy outcomes were 
assessed by chest tube output before and after the first dose of alteplase, pleural fluid volume before and after 
therapy, a need for surgical intervention, and length of hospital stay. Safety was assessed by the frequency and 
severity of side effects.
RESULTS. 40 children aged 2 months to 9 years hospitalized with empyema received intrapleural alteplase. 
Thirty patients (75%) experienced full recovery after three doses of intrapleural alteplase. The median length 
of hospital stay was 16 days. Chest tube output increased significantly after the first dose of alteplase. Pleural 
fluid volume decreased significantly after treatment. The most common side effect was pain (30%). Two patients 
experienced severe complications: 1 had a pulmonary hemorrhage and the other experienced a bronchopleural 
fistula. These patients recovered fully spontaneously. 
CONCLUSION. According to our results, the administration of intrapleural alteplase was safe and effective in 
facilitating pleural drainage in pediatric patients with empyema. However, further clinical trials will be needed 
to determine the optimal dose, frequency, and duration of intrapleural alteplase treatment.
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INTRODUCTION

Pneumonia is one of the most important causes  
of morbidity in children in developed countries and 
also one of the most common causes of mortality 
and morbidity in children in developing countries (1). 
This disease is the leading cause of hospitalization of 
children, and its costs are higher than any other diagnosis 
(2, 3). Despite antibiotic therapy for pneumonia, 2 to 
12 percent of children and 28 percent of hospitalized 
children with pneumonia develop complications 

such as empyema and parapneumonic effusion  
(1, 4). Parapneumonic effusion is the accumulation 
of exudative fluid in the pleural space secondary to 
pneumonia (5). Over time, the bacteria infiltrate 
in the pleural fluid, resulting in a complicated 
parapneumonic effusion or empyema, which is 
defined as the presence of purulent fluid in the pleural 
cavity (4, 6). Clinical management of empyema is 
complex, and its duration is often prolonged (7). The 
most common signs and symptoms are persistent 
fever, lethargy, loss of appetite, cough, chest pain, and 
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shortness of breath (4). On the other hand, delayed 
treatment and inadequate drainage of pleural space 
can lead to progressive sepsis, shock, increased 
morbidity, and mortality (8). The goal of treatment is 
to reduce fever, facilitate pleural drainage, and ensure 
full lung expansion and return to normal function (9). 
Treatment of empyema in pediatric patients consists 
of appropriate antibiotics and drainage of the pleural 
space. In addition, video-assisted thoracoscopic 
surgery (VATS) or intrapleural fibrinolytic therapy are 
the other essential treatments for this disease (10, 11). 
Clinical trials have shown that VATS and fibrinolytic 
treatment are equally effective in treating pediatric 
empyema and have similar outcomes, such as length 
of hospital stay and treatment failure index (defined 
as persistent fever ≥ 38.0°C, 4 d after intervention)
(7, 9, 11, 12). However, the only difference between 
these two types of treatment is the higher cost of 
VATS (7, 9, 11). According to the recommendation 
of the American Pediatric Association, intrapleural 
fibrinolysis is preferred for the initial treatment of 
children with empyema, followed by VATS if the 
initial treatment fails (13). Fibrinolytic drugs used to 
treat empyema include urokinase, streptokinase, and 
alteplase. The use of streptokinase is limited due to its 
low efficacy and the development of allergic reactions 
(14). On the other hand, due to the possible problems 
of viral infection with urokinase, the use of alteplase 
as a fibrinolytic drug has been of interest to the 
researchers (15). Alteplase has beneficial properties 
as a fibrinolytic agent, including hybrid binding 
and fibrin affinity, short half-life and high fibrin 
specificity (the enzyme is active only in the presence 
of fibrin) (15). Therefore, its good efficacy and low 
side effects have made it popular as a fibrinolytic drug 
in the treatment of empyema (15, 16). No study has 
been performed to evaluate the efficacy of fibrinolytic 
therapy for pediatric empyema in Iran, so this study 
was conducted to evaluate the efficacy and safety 
of intrapleural alteplase administration in children 
hospitalized with the diagnosis of empyema in Imam 
Hossein Children’s Hospital. 

MATERIALS AND METHODS

In this retrospective cross-sectional study 
conducted at Imam Hossein Children’s Hospital of 
Isfahan University of Medical Sciences, the medical 
records of all children hospitalized between January 1, 
2016, and December 31, 2020 were reviewed. Patients 
who had a diagnosis documented in the medical record 
of empyema secondary to pneumonia treated with 
intrapleural alteplase were included. 

The diagnosis of empyema was based on a pus 
discharge from the pleural space, positive smear or 

culture of the pleural fluid, or presence of loculation 
on pleural ultrasound. Patients with incomplete files or 
non-bacterial pulmonary effusions (due to malignancy 
or trauma) were excluded from the study. All patients 
received intrapleural alteplase via chest tube at a dose 
of 0.1 mg/kg/dose (maximum 4 mg) diluted in 10-
20 ml normal saline every 24 hours for three days. 
Demographic and clinical data including age, sex, 
length of hospital stay, chest tube output before and 
after the first dose of alteplase, outcome (death, need 
for surgery or complete recovery), pleural fluid culture, 
and complications were used to evaluate differences 
between patients who responded to fibrinolytic therapy 
and those who did not respond.

Descriptive statistical methods such as mean, 
standard deviation, frequency, and frequency 
percentage were used to analyze the data. Also, Mann-
Whitney tests (due to the abnormality of age variable 
data) and paired sample t-test were used to measure the 
relationship between the variables. Statistical analyses 
were conducted with SPSS v 23.0 (SPSS Inc, Chicago, 
IL). P-value < 0.05 was used as the significance 
threshold.

RESULTS

In this study, the records of 40 patients with 
empyema were evaluated, of which 60% (24) were 
boys, and 40% (16) were girls. The mean duration of 
hospital stay in patients was 16.5 days, ranging from 3 
days to 44 day’s (Table 1). 

The study results showed that 75% of children 
hospitalized with empyema experienced full recovery 
without any serious side effects after administering 
intrapleural alteplase with a dose of 0.1 ml/kg every 
24 hours for three days.

Ten patients (25%) required surgery for pleural 
drainage after fibrinolytic therapy: 8 underwent open 
thoracotomy, and two underwent VATS. None of them 
had any problems during the surgery.

Sixteen children (40%) showed an adverse event 
after alteplase administration. The most common 
complication was pain (n = 12; 30%). Two patients 
experienced bleeding: 1 had a pulmonary hemorrhage, 
and 1 had small bleeding at the chest tube insertion site. 
These patients recovered fully spontaneously. A 1-year-
old female patient experienced a bronchopleural fistula 
that was resolved spontaneously after one week.

DISCUSSION

Due to the high efficacy and low side effects 
of alteplase in treating pediatric empyema, most 
guidelines recommend alteplase as an option for the 
treatment of complicated pediatric empyema. 

A retrospective study to evaluate the safety and efficacy of intrapleural alteplase in pediatric empyema
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In our study, 75% of children hospitalized with 
empyema experienced full recovery without any 
serious side effects after administering intrapleural 
alteplase. This result is similar to other studies. In the 
study of Alemán et al., the success rate was 85% (17), 
in the Ben-or et al. study, it was 78% (14), and in the 
study of Thommi et al. 85% (15).

Pediatric dosing regimens of intrapleural alteplase 
are varied in the literature. These regimens administer 
2 to 5 mg/dose alteplase diluted in 20 to 250 mL of 
normal saline given every 8 to 24 hours. The current 
study protocol is similar to Islam et al. and Wells et 
al.’s study (13, 18).

In literature, the most common outcomes used to 
evaluate alteplase efficacy were the length of hospital 
stay, chest tube output, pleural fluid volume in 
ultrasound study, and need for surgical intervention. 
In the current study, the median length of patients’ 
hospital stay was 16.5 days which is comparable with 
the results of other studies (17, 19, 20). The chest tube 
output increased significantly after administering the 
first dose of alteplase (p<0.01). Other studies have 
noted significant chest tube output after alteplase 
administration.

In this study, pain due to chest tube insertion was 
the most common adverse event. According to our 
results, administration of intrapleural alteplase was 
safe and no allergic reactions were reported. Except 
for one case of pulmonary hemorrhage and one 
bronchopulmonary fistula spontaneously recovered, 
no serious complications were reported. A systematic 
review showed that the use of an intrapleural 

fibrinolytic drug in children was safe in seven studies, 
and none of the pediatric studies reported serious side 
effects (21).

In two other studies, Thommi et al. (8), and Ben-Or 
S et al. (14), only 2 (6.25%) patients had a pulmonary 
hemorrhage. But, in the study of Alemán et al., 
a significant number of patients treated with alteplase 
experienced pulmonary hemorrhage, and fibrinolytic 
therapy was stopped.

In our study, ten patients (25%) required surgery for 
pleural drainage after fibrinolytic therapy: 8 underwent 
open thoracotomy, and 2 underwent VATS. In the 
study of Peter et al., after fibrinolysis three patients 
required surgery, none of whom had any problems 
during the surgery (7). In another study by Taylor et 
al., 25% of patients (18/72) required surgery for pleural 
drainage: 12 underwent VATS, and 6 underwent open 
thoracotomy (23).

According to our results, pleural fluid volume 
decreases significantly after three doses of alteplase. 
In 75% of patients, residual pleural fluid volume was 
less than 10 ml. According to the study of Thommi et 
al., residual pleural fluid is as common as postoperative 
changes, but they resolve within six to eight weeks and 
should not be considered as alteplase insufficiency (8).

A study by Alemán et al. showed that the volume 
of pleural fluid emptied by alteplase was significantly 
higher than the volume of pleural fluid emptied by 
urokinase (17). Also, a study by Hanson et al. showed 
that patients treated with intrapleural alteplase 
significantly reduced pleural fluid volume more 
than normal saline (18). Baram et al. in their study 

Table 1. Distribution of patient characteristics 

Variable Component Value p-value

Gender (person)
boys 24

-
girls 16

Pleural cultures (positive)
boys 7

-
girls 2

Microorganisms cultured

Streptococcus pneumoniae 4

-
Staphylococcus aureus 3

Acinetobacter 1
Pseudomonas 1

Age, mean (SD)
boys 3.60 (2.66)

0.76 
girls 3.47 (2.81)

pleural fluid volume (ml) mean (SD)
before 303.4 (160.59)

0.0001
after 53.72 (30.74)

the chest tube output (ml/hr) mean (SD) 
before 12.7 (4.5)

0.01
after the first dose 28.5 (8.6)

Fever (C) before alteplase mean(SD) 38.1 (0.7)
Hospital stay in days, (range) 16.5 (3-44)

SD – standard deviation
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showed that intrapleural thrombolytics in complicated 
pediatric thoracic empyema leads to brilliant outcome 
and should be encouraged, particularly in countries 
with inadequate resources (24).

CONCLUSION

In this study, we found that intrapleural fibrinolytic 
therapy was effective and safe in children with 
empyema. However, further clinical trials will be 
needed to determine the optimal dose, frequency, and 
duration of intrapleural alteplase treatment.

Conflict of Interest
None.

Source of Funding
This study was supported financially by the Child 
Growth and Development Research Center, Isfahan 
University of Medical Sciences, Isfahan, Iran.

REFERENCES

1. William J Barson M. Pneumonia in children: 
Epidemiology, pathogenesis, and etiology 
2020 [updated Apr, 14, 2020]. Available from: 
https://www.uptodate.com/contents/pneumonia-
i n - ch i ld ren- epidem iolog y-pat hogenesi s -
and-etiology?search=Pneumonia%20in%20
children:%20Epidemiology,%20pathogenesis,%20
and%20etiology&source=search_result&selected 
Title=1~150&usage_type=default&display _
rank=1 

2. Rudan I, Tomaskovic L, Boschi-Pinto C, Campbell 
H. Global estimate of the incidence of clinical 
pneumonia among children under five years of 
age. Bull World Health Organ. 2004;82:895-903

3. Lichenstein R, Suggs AH, Campbell J. Pediatric 
pneumonia. Emerg Med Clin North Am. 
2003;21(2):437-51.

4. Ibrahim A Janahi M, Khoulood Fakhoury 
M. Epidemiology, clinical presentation, and 
evaluation of parapneumonic effusion and 
empyema in children 2020 [updated Jan, 08, 
2020]. Available from: https://www.uptodate.com/ 
contents/epidemiology-clinical-presentation-
and-evaluation-of-parapneumonic-effusion-and-
empyema-in-children#H2 

5. Generali JA, Cada DJ. Alteplase: pleural effusion 
(parapneumonic) and empyema in children. Hosp 
Pharm. 2013;48(11):912-21

6. Livingston MH, Mahant S, Ratjen F, Connolly 
BL, Thorpe K, Mamdani M, et al. Intrapleural 
Dornase and Tissue Plasminogen Activator in 
pediatric empyema (DTPA): a study protocol for 
a randomized controlled trial. Trials. 2017;18(1):1-11

7. Peter SDS, Tsao K, Harrison C, Jackson MA, Spilde 
TL, Keckler SJ, et al. Thoracoscopic decortication 
vs tube thoracostomy with fibrinolysis for 
empyema in children: a prospective, randomized 
trial. J Pediatr Surg. 2009;44(1):106-11

8. Thommi G, Shehan J, Robison K, Christensen 
M, Backemeyer L, McLeay M. A double blind 
randomized cross over trial comparing rate 
of decortication and efficacy of intrapleural 
instillation of alteplase vs placebo in patients 
with empyemas and complicated parapneumonic 
effusions. Respir Med. 2012;106(5):716-23

9. Sonnappa S, Cohen G, Owens CM, van Doorn 
C, Cairns J, 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

10. Dorman RM, Vali K, Rothstein DH. Trends in 
treatment of infectious parapneumonic effusions 
in US children’s hospitals, 2004–2014. J Pediatr 
Surg. 2016;51(6):885-90

11. Marhuenda C, Barceló C, Fuentes I, Guillén G, 
Cano I, López M, et al. Urokinase versus VATS for 
treatment of empyema: a randomized multicenter 
clinical trial. Pediatrics. 2014;134(5):e1301-e7

12. Cobanoglu U, Sayir F, Bilici S, Melek M. 
Comparison of the methods of fibrinolysis by tube 
thoracostomy and thoracoscopic decortication 
in children with stage II and III empyema: 
a prospective randomized study. Pediatr Rep. 
2011;3(4)

13. Islam S, Calkins CM, Goldin AB, Chen C, 
Downard CD, Huang EY, et al. The diagnosis 
and management of empyema in children: 
a comprehensive review from the APSA Outcomes 
and Clinical Trials Committee. J Pediatr Surg. 
2012;47(11):2101-10

14. Ben-Or S, Feins RH, Veeramachaneni NK, 
Haithcock BE. Effectiveness and risks associated 
with intrapleural alteplase by means of tube 
thoracostomy. The Annals of thoracic surgery. 
2011;91(3):860-4

15. Thommi G, Nair CK, Aronow WS, Shehan 
C, Meyers P, McLeay M. Efficacy and safety 
of intrapleural instillation of alteplase in the 
management of complicated pleural effusion or 
empyema. Am J Ther. 2007;14(4):341-5

16. Thommi G, Shehan C, Bell A, Coughlin N, 
McLeay M. Intrapleural instillation of TPA in 
the management of complicated pleural effusions. 
Chest. 2000;118(4):164S-S

17. Alemán C, Porcel JM, Alegre J, Ruiz E, Bielsa 
S, Andreu J, et al. Intrapleural fibrinolysis 
with urokinase versus alteplase in complicated 
parapneumonic pleural effusions and empyemas: 
a prospective randomized study. Lung. 
2015;193(6):993-1000

A retrospective study to evaluate the safety and efficacy of intrapleural alteplase in pediatric empyema

https://www.uptodate.com/contents/pneumonia-in-children-epidemiology-pathogenesis-and-etiology?search=Pneumonia%20in%20children:%20Epidemiology,%20pathogenesis,%20and%20etiology&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1
https://www.uptodate.com/contents/pneumonia-in-children-epidemiology-pathogenesis-and-etiology?search=Pneumonia%20in%20children:%20Epidemiology,%20pathogenesis,%20and%20etiology&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1
https://www.uptodate.com/contents/pneumonia-in-children-epidemiology-pathogenesis-and-etiology?search=Pneumonia%20in%20children:%20Epidemiology,%20pathogenesis,%20and%20etiology&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1
https://www.uptodate.com/contents/pneumonia-in-children-epidemiology-pathogenesis-and-etiology?search=Pneumonia%20in%20children:%20Epidemiology,%20pathogenesis,%20and%20etiology&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1
https://www.uptodate.com/contents/pneumonia-in-children-epidemiology-pathogenesis-and-etiology?search=Pneumonia%20in%20children:%20Epidemiology,%20pathogenesis,%20and%20etiology&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1
https://www.uptodate.com/contents/pneumonia-in-children-epidemiology-pathogenesis-and-etiology?search=Pneumonia%20in%20children:%20Epidemiology,%20pathogenesis,%20and%20etiology&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1
https://www.uptodate.com/contents/pneumonia-in-children-epidemiology-pathogenesis-and-etiology?search=Pneumonia%20in%20children:%20Epidemiology,%20pathogenesis,%20and%20etiology&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1


149

Majid Keivanfar, Rasool Kermani, Mehrdad Hosseinpour, Mohsen Reisi, Bahar Poorkaramali, Sam Mirfendereski

18. Hanson SJ, Havens PL, Simpson PM, Nugent 
ML, Wells RG. Intrapleural alteplase decreases 
parapneumonic effusion volume in children 
more than saline irrigation. Pediatr Pulmonol. 
2015;50(12):1328-35

19. Maskell NA, Davies CW, Nunn AJ, Hedley EL, 
Gleeson FV, Miller R, et al. UK controlled trial of 
intrapleural streptokinase for pleural infection. N 
Engl J Med. 2005;352(9):865-74

20. Rahman NM, Maskell NA, West A, Teoh R, 
Arnold A, Mackinlay C, et al. Intrapleural use of 
tissue plasminogen activator and DNase in pleural 
infection. N Engl J Med. 2011;365(6):518-26

21. Ahmed AH, Yacoub TE. Intrapleural therapy 
in management of complicated parapneumonic 
effusions and empyema. Clin Pharmacol. 
2010;2:213

22. Hendaus MA, Abushahin A. Intrapleural 
hemorrhage due to alteplase use in a 6-year-old boy 
with pleural effusion. Int J Gen Med. 2013;6:233

23. Taylor JL, Liu M, Hoff DS. Retrospective 
Analysis of Large-Dose Intrapleural Alteplase for 
Complicated Pediatric Parapneumonic Effusion 

and Empyema. J Pediatr Pharmacol Ther. 2015 
Mar-Apr; 20(2): 128–137

24. Baram A, Yaldo F. Pediatric Thoracic Empyema—
Outcomes of Intrapleural Thrombolytics: Ten 
Years of Experience. Glob Pediatr Health. 
2020;7:2333794X20928200

Received: 19.09.2023
Accepted for publication: 06.05.2024 

Address for correspondence: 
Mohsen Reisi
Department of Pediatric Pulmonology, 
Pediatrics Department 
Emam Hossein Children’s Hospital 
Isfahan University of Medical Sciences, Isfahan, Iran
email: mohsenreisi72@yahoo.com
&
Sam Mirfendereski
Department of Radiology, Isfahan University of 
Medical Sciences, Isfahan, Iran 
email: doctorsam1396@gmail.com

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4418680/

