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Abstract 
Introduction: Effective treatment of parapneumonic empyema with multiloculation and septation has been a challenge for clini-
cians for many years. 
Aim: This study compared the clinical outcomes of video-assisted thoracoscopic surgery (VATS) and intrapleural streptokinase 
in patients with stage II empyema.
Material and methods: This is a retrospective study of 46 patients with parapneumonic empyema with multiloculation and 
septation in the pleural cavity treated with VATS or streptokinase in Imam Khomeini Hospital, Tehran University of Medical Sci-
ences, Tehran, Iran, between January 2018 and January 2021. The main outcome measures of this study were hospital stay, febrile 
period, days with drainage, and treatment failure. 
Results: A total of 46 patients were included in this study. Of these, 28 were treated with VATS deloculation, and 18 were treated 
with streptokinase. The average hospital stay was 2.8 ±1.7 days for the VATS group and 7.5 ±3.5 days for the streptokinase group 
(p < 0.001). The average days with fever were 1.9 ±0.7 days for the VATS group and 3.0 ±1.64 days for the streptokinase group  
(p = 0.017). The average days with drainage were 3.0 ±1.6 days for the VATS group and 7.5 ±4.4 days for the streptokinase group 
(p < 0.001). The success rate was 92.9% for the VATS group and 66.7% for the streptokinase group, which was significantly higher 
in the VATS group compared to the streptokinase group (p = 0.042). No cases of perioperative mortality occurred. The frequency 
of adverse events did not differ between study groups (p > 0.05).
Conclusions: Our results demonstrated that treatment of empyema with VATS is superior to streptokinase therapy.
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Introduction
Empyema, which is characterized by the collection of 

pus in the pleural cavity, is a challenging issue in medical 
settings [1]. It is a complex entity with multifactorial patho-
genesis and etiology, while rapid, accurate diagnosis plays 
an important role in the management of the disease and 
survival of the patient [2]. The empyema is divided into 
three stages: stage I  (exudative phase), stage II (fibrino-
purulent phase), and stage III (organizing phase) [1]. Patients 
treated in the early stages have better outcomes. Repeated 
thoracentesis with antibiotic administration, chest tube 
drainage with or without intrapleural fibrinolytic and deoxy-
ribonuclease (DNase), drainage using video-assisted thoracic 
surgery (VATS), and open surgery are treatment options for 
empyema [3–6]. VATS offers a shorter duration of pleural 
drainage and hospital stay and lower rates of mortality and 

morbidity compared to open surgery [7]. On the other hand, 
fibrin deposits may cause septations and multiloculation, 
which will result in longer hospitalization [8, 9]. 

Aim
In this retrospective study, we compare the efficacy of 

VATS and fibrinolytic treatment (streptokinase) in patients 
with stage II empyema.

Material and methods
This is a retrospective study of 46 patients with para-

pneumonic empyema with multiloculation and septation 
in the pleural cavity treated with VATS or streptokinase 
in Imam Khomeini Hospital, Tehran University of Medical 
Sciences, Tehran, Iran, between January 2018 and January 
2021. Inclusion criteria were 1) parapneumonic empyema 
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with multiloculation and septation, 2) positive bacterial 
smear or culture, 3) pH < 7.2, glucose < 60 mg/dl or lactate 
dehydrogenase (LDH) > 1000 U/l. Exclusion criteria were  
1) age less than 16 years, 2) empyema due to trauma, post-
surgery (lung resection, esophageal surgery, etc.), 3) coagu-
lopathy, 4) administration of streptokinase during the last 
2 years, 5) anticoagulant agent administration, 6) pneumo-
thorax before treatment, 7) severe trauma, 8) thrombocy-
topenia. The demographics, clinical, laboratory, treatment 
outcomes and complications of patients were collected via 
the hospital information system.

In the VATS group, under general anesthesia, patients 
were placed in the lateral decubitus position. By means of 
three ports, VATS surgery was implemented and drainage 
of purulent discharge, debridement, septum destruction, 
pleural space washing and if needed decortication were 
conducted. In the streptokinase group, patients received 
streptokinase 250000 U (dissolved in 100 ml normal saline) 
in the pleural space by means of a chest tube. The chest 
tube was clamped for 4 h; then it was connected to the 
suction with a pressure of –20 cm H2O. This procedure was 
carried out for 4 consecutive days.

Illness duration before the intervention was the record-
ed number of days between the symptom presentation and 
chest tube insertion. Antibiotic therapy duration before the 
intervention was determined as the recorded number of 
days between the antibiotic therapy and the operation. 
Chest drainage after the intervention was the interval be-
tween the intervention and chest tube removal. Treatment 
failure refers to the need for decortication via thoracotomy 
due to insufficient pulmonary expansion. 

Informed consent was obtained from all patients. The 
protocol of this study was in accordance with the ethical 
principles laid down in the Declaration of Helsinki and 
its later amendments. The protocol for this study was ap-
proved by the institutional review board and the ethics 
committee of Tehran University of Medical Sciences. 

Statistical analysis
SPSS version 23 (IBM Corp., USA) was used to ana-

lyze the variables. Continuous variables are presented as 
mean (standard deviation) or median (IQR), and categorical 
variables are shown as frequency (percentage). Student’s  
t-test (two-tailed) or the Mann-Whitney U test was used to 

compare continuous variables between study groups. The 
categorical variables were compared using the c2 test or 
Fisher’s exact test. A p-value of < 0.05 was considered sta-
tistically significant. 

Results
Baseline characteristics of patients with 
empyema 
A  total of 46 patients with parapneumonic empyema 

with multiloculation and septation were included in this 
study. Of these, 28 were treated with VATS deloculation, 
and 18 were treated with streptokinase. Baseline character-
istics of participants are detailed in Table I. The two study 
groups were comparable in terms of age, sex, and past 
medical history. 

Laboratory and clinical parameters before 
intervention
The groups did not differ significantly in terms of com-

position and bacteriology of pleural fluid, duration of symp-
toms, and duration of antibiotic therapy before interven-
tion (Tables II and III).

Clinical outcome after intervention 
The average hospital stay was 2.8 ±1.7 days for the VATS 

group and 7.5 ±3.5 days for the streptokinase group. Hospi-

Table I. Baseline characteristics of patients in VATS and strepto-
kinase groups

Variable VATS group
(n = 28)

Streptokinase group 
(n = 18)

P-value

Age [years] 
mean ± SD

45.6 ±10.6 47.1 ±11.3 0.666a

Sex, n (%): 0.949b

Male 22 (78.6) 14 (77.8)

Female 6 (21.4) 4 (22.2)

Past medical history, n (%): 0.974b

HTN 3 (10.7) 3 (16.7)

DM 4 (14.3) 3 (16.7)

COPD 2 (7.1) 1 (5.6)

IHD 4 (14.3) 2 (11.1)

P-value of < 0.05 was considered statistically significant. SD – standard 
deviation, aStudent t-test, bc2 test.

Table II. Comparison of laboratory findings before intervention between VATS and streptokinase groups

Variable VATS group
(n = 28)

Streptokinase group
(n = 18)

P-value

Gram staining, n (%): 0.813a

Positive 13 (46.4) 9 (50)

Negative 15 (53.6) 9 (50)

Serum ESR [mm/h] median [IQR] 40 [25–52] 32.5 [18–45.2] 0.102b

Serum WBC [n/mm3] median [IQR] 15317 [8206–17779] 12029 [7676–14198] 0.132b

Pleural LDH [U/l] median [IQR] 716 [361–876] 533 [264–1045] 0.736b

Pleural glucose [mg/dl] median [IQR] 57 [45–112] 86.5 [54.25–96.7] 0.727b

P-value of < 0.05 was considered statistically significant. ac2 test, bMann-Whitney U test.
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tal stay was significantly shorter in the VATS compared to 
the streptokinase group (p < 0.001). 

The average number of days with fever was 1.9 ±0.7 for 
the VATS group and 3.0 ±1.6 for the streptokinase group. 
Days with fever were significantly fewer in the VATS com-
pared to the streptokinase group (p = 0.017). 

The average number of days with drainage was 3.0 ±1.6 
for the VATS group and 7.5 ±4.4 days for the streptokinase 
group. Days with drainage were significantly fewer in the 
VATS compared to the streptokinase group (p < 0.001). 

Finally, the success rate was 92.9% for the VATS group 
and 66.7% for the streptokinase group, which was signifi-
cantly higher in the VATS compared to the streptokinase 
group (p = 0.042).

Adverse events after intervention 
No cases of perioperative mortality occurred. Two pa-

tients in the VATS and 1 patient in the streptokinase group 
developed an air leak, which were discharged with a Heim-

lich bag. The frequency of adverse events, including wound 
infection, bleeding, and emphysema, did not differ between 
study groups (p > 0.05) (Table IV).

Discussion
In this study, we compared the outcomes of VATS vs. 

streptokinase treatment for patients with parapneumonic 
empyema with multiloculation and septation. Our results 
demonstrated that treatment of empyema with VATS is 
superior to streptokinase therapy. In more detail, our ex-
perience from the minimally invasive treatment of parap-
neumonic empyema with multiloculation and septation 
showed that compared to fibrinolytic treatment (strepto-
kinase), VATS is associated with a  shorter hospital stay, 
shorter febrile period, and lower need for drainage. More 
importantly, VATS was associated with a  lower need for 
decortication via thoracotomy and thus a greater success 
rate. Moreover, the complications of these two treatments 
showed no significant difference. 

Pulmonary infection may cause pleural effusion, where-
as complicated parapneumonic effusions are not absorb-
able and need interventions such as drainage [9]. In nearly 
60% of patients with bacterial infection, pleural effusion is 
present, and in nearly 10%, empyema will develop [10]. Ac-
cumulation of fibrin deposits, bacterial and inflammatory 
products are characteristics of empyema, which will lead 
to longer hospitalization stay and a higher risk of mortal-
ity [9]. Fever, pain, allergic reactions, skin rash, and pleural 
hemorrhage could be detected in patients who underwent 
intrapleural fibrinolytic therapy [11, 12].

Several previous studies have investigated the supe-
riority of minimally invasive treatment options for parap-
neumonic empyema. In a previous study, Marhuenda et al. 
randomly assigned children with empyema to two groups: 
thoracotomy and urokinase. Their results showed that me-
dian hospitalization stay and febrile days were not signifi-
cantly different between the two groups. Treatment failure 
was 15% in the first group and 10% in the second group [13]. 
In another study by Cobanoglu et al., 54 cases with stage II 
or III of empyema were treated by fibrinolytic agent appli-
cation or debridement by VATS. Their results showed that 
chest tube removal time, duration of hospitalization, and 
duration of symptoms after intervention were significantly 
higher for the streptokinase group, which is consistent with 
our findings [14]. In the study by Samancilar et al., hospi-
talization stay was significantly higher in the streptoki-
nase group while treatment success was not significantly 
different [15]. Forty patients were enrolled in the Hewidy  
et al. study and 20 were treated with medical thoracoscopy 
and the other group was treated by  intrapleural instilla-
tion of streptokinase. Their results demonstrated that the 
duration of hospitalization was significantly higher in the 
second group while complications and mortality rates were 
similar in both groups [16], which is in accordance with our 
findings. In a randomized clinical trial by Maskell et al., in-
trapleural streptokinase administration was not associated 
with a higher mortality rate and longer hospitalization [17]. 

Table III. Comparison of clinical parameters before and after inter-
vention between VATS and streptokinase groups

Variable VATS 
group

(n = 28)

Streptokinase 
group

(n = 18)

P-value

Before intervention:

Illness duration [days] 
mean ± SD

8.5 ±2.8 8.0 ±2.4 0.514a

AB therapy [days] 
mean ± SD

6.3 ±2.2 7.3 ±2.2 0.140a

After intervention

Hospital stay [days] 
mean ± SD

2.8 ±1.7 7.5 ±3.5 < 0.001a

Days with fever [days] 
mean ± SD

1.9 ±0.7 3.0 ±1.6 0.017a

Days with drainage [days] 
mean ± SD

3.0 ±1.6 7.5 ±4.4 < 0.001a

Outcome, n (%): 0.042b

Success 26 (92.9) 12 (66.7)

Failure 2 (7.1) 6 (33.3)

P-value of < 0.05 was considered statistically significant. aIndependent t test, 
bFisher exact test.

Table IV. Comparison of side effects between VATS and strepto-
kinase groups

Variable VATS
 group
(n = 28)

Streptokinase 
group

(n = 18)

P-value

Air leak, n (%) 2 (7.1) 1 (5.6) 0.999a

Wound infection, n (%) 1 (3.6) 1 (5.6) 0.999a

Bleeding, n (%) 0 (0) 1 (5.6) 0.391a

Emphysema, n (%) 1 (3.6) 2 (11.1) 0.552a

Mortality, n (%) 0 (0) 0 (0) 0.999a

P-value of < 0.05 was considered statistically significant. aFisher exact test.
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Froudarakis et al. found that intrapleural fibrinolytic thera-
py for empyema and pleural effusion was effective in 95% 
[11]. Shrestha et al. recommended VATS therapy for the 
treatment of early or advanced empyema stages [18]. Alto-
gether, the current literature is not consistent regarding the 
effectiveness of VATS and streptokinase, with some stud-
ies showing that VATS is superior and other studies finding 
these two treatment options to be equally effective. Our 
experience is consistent with the narrative supporting the 
superiority of VATS for the treatment of parapneumonic 
empyema with multiloculation and septation. 

This study had some limitations. First, the retrospec-
tive design of the study limits the generalizability of our 
results. Randomized clinical trials are better choices for this 
purpose. Secondly, this study was conducted in a single ter-
tiary center. Thirdly, the sample size was limited, and thus, 
larger, multi-centric studies are recommended.

Conclusions
The results of this study show that treatment of empy-

ema with VATS is superior to streptokinase therapy. VATS 
is associated with a shorter hospital stay, a shorter febrile 
period, and a  lower need for drainage. More importantly, 
VATS was associated with a  lower need for decortication 
via thoracotomy and thus a greater success rate.
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