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Background and Objective: Pleural infection is associated with significant mortality and morbidity 
worldwide, with a steadily increasing incidence. We sought to investigate whether video-assisted thoracic 
surgery (VATS) or thoracotomy provides the best outcomes in the treatment of stage II and III pleural 
infection as indications remain controversial.
Methods: Systematic review of relevant articles from the PubMed database.
Key Content and Findings: Nine non-randomized retrospective studies published between 1996 
and 2020 with a total of 2,121 patients were included. Results varied between studies, but overall shorter 
operative and recovery times and greater patient satisfaction were demonstrated using VATS compared with 
thoracotomy.
Conclusions: Although VATS and thoracotomy are viable treatment options for stage II and III pleural 
infection, VATS has potential advantages in terms of decreased operation time, fewer days with tube 
drainage, shorter postoperative hospital stay, reduced postoperative pain, increased patient satisfaction 
with the procedure, and wound appearance. VATS has limitations in the treatment of patients with stage 
III pleural infection, where delayed surgical referral has been shown to increase the risk of intraoperative 
conversion to thoracotomy. The data to date implies that debridement by VATS should be proposed as soon 
as possible in stage II pleural infection and considered in cases of stage III pleural infection.
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Introduction

Pleural infection is associated with significant mortality and 
morbidity worldwide, with a steadily increasing incidence 
(1,2). Classically, pleural infection has been staged based on 
pathophysiological characteristics: an initial exudative phase, 
a fibrinopurulent phase and a final organizing phase (3) as 
used by the American Thoracic Society. Recent clinical 
guidelines [e.g., British Thoracic Society 2010 (4)] divide 
the disease into three stages based on the results of pleural 
fluid aspiration: (I) a simple parapneumonic effusion, stage 
(II) complicated parapneumonic effusion, and (III) pleural 
empyema (4,5). Considering the heterogeneous nature of 
pleural infection over time, treatment varies according to 
stage of disease (6). The aim of treatment is removal of 
infection, prevention of chronic and recurrent disease in the 
pleural space, and avoidance of restrictive lung disease by 
achieving full lung expansion (7).

During the first stage of pleural infection, antibiotics and 
chest tube drainage have been shown to constitute effective 
treatment and are recommended in current guidelines (4,8). 
Stages II and III require invasive intervention with initial 
treatment consisting of surgical or ultrasound-guided 
drainage (4,8,9). Major surgical intervention is reserved 
primarily for cases in which initial medical treatment fails 
and the pleural collection persists, although some data exists 
to support its use as an alternative to initial ultrasound-
guided drainage (10,11). Decortication by thoracotomy 
has been the preferred surgical approach until recently; 
however, many studies have indicated that debridement by 
video-assisted thoracoscopic surgery (VATS) is an adequate 
method for treating empyema (12,13). In addition, VATS 
is established as a standard approach for other thoracic 
procedures, such as lobectomy in early-stage lung cancer, 
where favorable outcomes including reduced postoperative 
pain, postoperative morbidities, complications, and 
mortality have been demonstrated in a randomized 
trial (14). However, in empyema surgery, VATS can be 
technically more challenging and has a high perioperative 
conversion rate to open thoracotomy (13). Thus, the 
indications for VATS as opposed to thoracotomy remain 
controversial, and direct evidence in the literature is not 
clear (13,15,16).

The aim of this study was therefore to investigate which 
surgical approach (VATS or thoracotomy) provided the 
best patient outcome in the treatment of pleural infection 
in stage II (complicated parapneumonic effusion) and stage 
III (pleural empyema) disease assessing clinically important 

outcomes. We present this article in accordance with the 
Narrative Review reporting checklist (available at https://
jtd.amegroups.com/article/view/10.21037/jtd-23-928/rc).

Methods

Literature search

The search strategy summary is shown in Table 1.
A literature search of the PubMed database was 

conducted  us ing  the  fo l lowing  search  s t ra tegy : 
((“Empyema”[MeSH Terms] OR “Empyema”[All Fields] 
OR “empyemas”[All Fields]) AND (“thoracic surgery, 
video assisted”[MeSH Terms] OR (“thoracic”[All Fields] 
AND “surgery”[All Fields] AND “video assisted”[All 
Fields]) OR “video-assisted thoracic surgery”[All Fields] 
OR (“video”[All Fields] AND “assisted”[All Fields] 
AND “thoracoscopic”[All Fields] AND “surgery”[All 
Fields]) OR “video assisted thoracoscopic surgery”[All 
Fields])  AND (“thoracotomy”[MeSH Terms]  OR 
“thoracotomy”[All Fields] OR “thoracotomies”[All Fields]) 
AND (“adult”[MeSH Terms] OR “adult”[All Fields] OR 
“adults”[All Fields] OR “adult s”[All Fields])). Original 
articles were selected based on titles and abstracts relevant 
to the topic. In addition, relevant articles were identified by 
reviewing references in key publications. The concluding 
search was conducted on March 14th, 2023, with no 
restrictions on the date of publication.

Eligibility criteria

Eligible studies included observational and randomized 
studies published in English that compared VATS and 
thoracotomy in the treatment of pleural empyema of all 
etiologies. Study characteristics included the requirement 
for participants >16 years of age on the day of hospital 
admission who were diagnosed with stage II or III pleural 
infection. All case reports were excluded regardless of 
relevance, and an assessment of quality was applied to all 
studies.

Screening and assessment of study eligibility

All papers identified through the literature search were 
screened for study inclusion by reviewing titles and abstracts 
(if available). Five articles were subsequently acquired 
from included references. A total of 154 articles were 
screened, of which 18 full articles were retrieved. Screening 

https://jtd.amegroups.com/article/view/10.21037/jtd-23-928/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-23-928/rc


Journal of Thoracic Disease, Vol 15, No 11 November 2023 6325

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2023;15(11):6323-6332 | https://dx.doi.org/10.21037/jtd-23-928

and assessment of study eligibility, performed using the 
predefined criteria described in detail above, was performed 
by two reviewers (Steen K and Sørensen J), as well as data 
extraction and analysis.

Data extraction

The following information was extracted from the 
included studies: authors, journal name, publication 
year, country of origin, study design, number of patients, 
mean age, sex distribution, surgical procedure performed, 
stage of empyema, and treatment response, including 
patient outcome in terms of operative time, duration of 
chest drainage, hospital stay before and after surgery, 
postoperative pain, patient satisfaction, mortality rate, and 

conversion rate.

Quality assessment

Each study was assessed for quality using the Quality 
Assessment Tool for Observational Cohort and Cross-
sectional studies (17) from the National Heart, Lung, and 
Blood Institute, USA.

Quality assessment was conducted in relation to 
relevance and clarity of the research question, specification 
and definition of the study population, and the validity, 
reliability, and consistency of outcome measures. Studies 
were required to assess a number of exposures in relation to 
outcomes, and key potential confounding variables were to 
be measured and statistically adjusted for their influence on 

Table 1 The search strategy summary

Items Specification

Date of search March 14th, 2023

Databases and other sources searched PubMed

Search terms used ((“Empyema”[MeSH Terms] OR “Empyema”[All Fields] OR “empyemas”[All Fields]) AND 
(“thoracic surgery, video assisted”[MeSH Terms] OR (“thoracic”[All Fields] AND “surgery”[All 
Fields] AND “video assisted”[All Fields]) OR “video-assisted thoracic surgery”[All Fields] OR 
(“video”[All Fields] AND “assisted”[All Fields] AND “thoracoscopic”[All Fields] AND “surgery”[All 
Fields]) OR “video assisted thoracoscopic surgery”[All Fields]) AND (“thoracotomy”[MeSH 
Terms] OR “thoracotomy”[All Fields] OR “thoracotomies”[All Fields]) AND (“adult”[MeSH 
Terms] OR “adult”[All Fields] OR “adults”[All Fields] OR “adult s”[All Fields]))

Timeframe Published on or before March 14th, 2023

Inclusion and exclusion criteria Inclusion: eligible studies included observational and randomized studies published in English 
that compared VATS and thoracotomy in the treatment of pleural empyema of all etiologies. 
Study characteristics included the requirement for participants >16 years of age on the day of 
hospital admission who were diagnosed with stage II or III pleural infection

Exclusion: all case reports were excluded regardless of relevance, and an assessment of 
quality was applied to all studies

Selection process All papers identified through the literature search were screened for study inclusion by 
reviewing titles and abstracts (if available). Five articles were subsequently acquired from 
included references. A total of 154 articles were screened, of which 18 full articles were 
retrieved. Screening and assessment of study eligibility, performed using the predefined 
criteria described in detail above, was performed by two reviewers (Steen K and Sørensen J), 
as well as data extraction and analysis

Additional  considerations Each study was assessed for quality using the Quality Assessment Tool for Observational 
Cohort and Cross-sectional studies from the National Heart, Lung, and Blood Institute, 
USA. Quality assessment was conducted in relation to relevance and clarity of the research 
question, specification and definition of the study population, and the validity, reliability, and 
consistency of outcome measures. Studies were required to assess a number of exposures 
in relation to outcomes, and key potential confounding variables were to be measured and 
statistically adjusted for their influence on the association between exposure and outcome

VATS, video-assisted thoracic surgery. 
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the association between exposure and outcome.

Patients and public involvement

No patients were involved due to the nature of the paper.

Results

Included studies

Nine studies with a total of 2,121 patients were included. 
The screening process for inclusion and exclusion is 
illustrated in Figure 1. Table 2 provides an overview of the 
included studies. All selected studies were non-randomized 
retrospective studies published between 1996 and 2020. 
The mean age ranged from 37 to 57 (±12.9) years, with a 
significant overrepresentation of men (51.4% to 94.4%). 
Two studies were conducted in Asia (12,22), two in the 
Americas (15,18), and the remainder in Europe.

Causes of pleural infection

The included studies differed in etiology of pleural infection. 
Several studies only included patients diagnosed with 
postpneumonic pleural infection (18,19,21), with one study 
excluding human immunodeficiency virus (HIV)-positive 

patients (19). Another study (12) included all causes of 
pleural infection, except malignancy. The remaining studies 
(1,11,12,15,20,22) did not exclude patients based on etiology. 
Two studies included a minority of patients with fungal 
pleural infection [0.7% (22) and 2.2% (1) respectively].

Staging system

One of the included studies staged pleural infection based 
on clinical features (11), whereas all remaining studies 
staged using the American Thoracic Society staging system 
(1,12,15,18-22).

Surgical approach

A comparison between the surgical treatment of empyema 
with thoracotomy and VATS is presented in Table 3. The 
study size ranged from 12 to 650 patients treated with 
thoracotomy and 16 to 185 with VATS. Operative time was 
higher for thoracotomy compared with VATS in four of the 
included studies (11,12,15,19).

Intraoperative conversions from VATS to open surgery

The conversion rate from VATS to thoracotomy varied 

Records identified through search of the 
PubMed database (n=149)

Additional records identified from lists of 
references (n=5)

Records after duplicates removed (n=154)

Records screened by headings and abstract

Full-text articles assessed for eligibility (n=18)

Studies included (n=9)

Records excluded (n=136)
•	 Other diseases (n=61)
•	 Other focus (n=32)
•	 Pregnancy (n=1)
•	 Awake VATS (n=3)
•	 Not available (n=18)
•	 Children (n=5)
•	 Case reports (n=16)

Records excluded (n=9)
•	 Overlapping study population (n=4)
•	 Did not meet inclusion criteria (n=5)

Figure 1 Process of study inclusion/exclusion for the search conducted. VATS, video-assisted thoracic surgery. 



Journal of Thoracic Disease, Vol 15, No 11 November 2023 6327

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2023;15(11):6323-6332 | https://dx.doi.org/10.21037/jtd-23-928

from 0% to 44% [mean: 17.3%, 95% confidence interval 
(CI): 7.8% to 26.9%] as presented in Figure 2. A total of  
805 patients underwent VATS, and of these 155 were 
converted to thoracotomy, of which 135 (87%) were stage 
III (pleural empyema). Studies with high conversion rates 
demonstrated gram-negative microorganisms (P<0.01) and 
delayed referral (P<0.0001) were statistically significant 
predictors of conversion to thoracotomy at stage II 
(complicated parapneumonic effusion) (11,20).

Postoperative complications

The postoperative chest tube period was significantly 
higher with thoracotomy in three studies (15,18,19), 
and postoperative hospital stay was significantly higher 

with thoracotomy in five studies (1,11,18,21,22). In 
studies reporting patient satisfaction, VATS was found 
to be superior to thoracotomy (12,18,19), with reduced 
postoperative pain (12,19).

Mortality

Mortality rates in thoracotomy ranged from 0–6.7% (mean 
mortality of 2.0%, 95% CI: 0.7% to 3.4%), and in VATS were 
0–5.7% (mean mortality of 2.2%, 95% CI: 0.6% to 3.8%).

Discussion

Within this systematic review, all nine studies demonstrated 
VATS and thoracotomy to be effective in treatment of stage 

Table 2 Overview of included studies

First author, year, 
reference 

Country of origin 
and time period

Study  
design 

Procedure 
performed

No. of 
patients,  

n 

Age of patients 
(years), mean ± SD/
mean/median [IQR]

Males,  
n [%]

Pleural 
infection stage 

(pathophysiological)

Chan et al.,  
2007, (12)

China (Hong Kong), 
January 2001 to 
December 2005

Retrospective 
cohort study

TH; VATS 36; 41 48.6±16.0;  
46.1±14.7

34 [94.4];  
33 [90.5]

Stage II + III

Podbielski  
et al., 2000, (15)

USA, June 1994  
to April 1997

Retrospective 
cohort study

TH; VATS 14; 16 50.9; 51.6 12 [85.71];  
9 [56.25]

Stage II + III

Angelillo Mackinlay 
et al., 1996, (18)

Argentina,  
1985 to 1994

Retrospective 
cohort study

TH; VATS 33; 31 51.1; 48.9 20 [60.6];  
23 [74.19]

Stage II; 
postpneumonic

Marks et al.,  
2012, (1)

UK, 1999 to 2010 Retrospective 
cohort study

TH; VATS 277; 116 53† 298 [74]† Stage II + III

Cardillo et al., 
2009, (19)

Italy, January 1996 
to December 2006

Retrospective 
cohort study 

TH; VATS 123; 185 57±12.9;  
55.8±10.6

79 [64.2];  
95 [51.4]

Stage II + III 
postpneumonia; 

empyema

Waller et al.,  
2001, (11)

UK, an unspecified 
3-year period

Retrospective 
cohort study

TH; VATS 12; 36 43.5±4.1;  
45±4.1

10 [83.3];  
24 [66.67]

Stage III‡

Lardinois  
et al., 2005, (20)

Switzerland,  
1992 to 2002 

Prospective 
cohort study

TH; VATS 150; 178 55 [18–90]† 227 [69]† Stage II + III 

Shahin et al., 
2010, (21)

UK, August 2005  
to October 2008

Retrospective 
cohort study

Stage II 
debridement: 
TH, VATS; 
stage III 
decortication: 
TH, VATS

1, 8; 20, 32 53†; 52† 20 [69]†,  
38 [73]†

Stage II + III 
postpneumonic

Majeed et al., 
2020, (22)

Pakistan, January 
2006 to March 
2018

Retrospective 
cohort study

TH; VATS 650; 162 37† 537 [66.1]† Stage II + III

†, the study did not distinguish outcomes between VATS and thoracotomy group; ‡, the study used clinical based staging of pleural infection. 
SD, standard deviation; IQR, interquartile range; TH, thoracotomy (open surgical approach); VATS, video-assisted thoracic surgery. 
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Table 3 Comparison between the surgical treatment of pleural infection with thoracotomy and VATS

First author, 
year, reference

Procedure
OP time 
(minutes), 
mean ± SD

Post OP 
chest tube 
time (days), 
mean ± SD

Post OP 
hospital stay 
(days), mean ± 
SD/median

Pre OP 
hospital 
stay (days), 
mean ± SD

Mortality 
(%)

Patient 
satisfaction†

Post OP 
pain‡ 

Conversion 
to TH, n [%]

Chan et al., 
2007, (12)

TH; VATS 228±84; 
150±57.6 
(P<0.001)

8.5±4.4; 
7.9±5.7 
(P=0.609)

21±14.2; 
16±6.5 
(P=0.052)

N/A 0; 0 VATS 
superior 
(P=0.006)

VATS with 
less pain 
(P=0.04)

0 

Podbielski  
et al., 2000, (15)

TH; VATS 125±71.7; 
76.2±30.7

8.3±4.6; 
4.7±2.8 
(P=0.01)

10.2±7.2; 
17.6±16.8 
(P=0.26)

16±10.2; 
11.4±6.5

N/A N/A N/A 2 [7]

Angelillo 
Mackinlay  
et al., 1996, (18)

TH; VATS 123±25.8; 
119±32.5  
(P: NS)

6.1±2.3; 
4.3±1.5 
(P=0.02)

11.6±9.1; 
6.7±3.0 
(P=0.007)

17.5±13.7; 
11.4±8.2

3; 3.2 VATS 
superior

N/A 3 [10]

Marks et al., 
2012, (1)

TH; VATS N/A N/A 7; 5 
(P<0.0001)

N/A ca. 5.7; 
ca. 5.7

N/A N/A 17 [14.66]

Cardillo et al., 
2009, (19)

TH; VATS 79.7±6.8; 
70±7.4 
(P<0.0001)

3.9±4.3; 
2.8±2.4 
(P=0.004)

N/A N/A 3.2; 0 VATS 
superior

VATS with 
less pain 
(P<0.0001)

11 [5.9];  
all stage III

Waller et al., 
2001, (11)

TH, VATS; 
conversion

109±5.5, 
78.8±6.5 
(P=0.001); 
119.6±13.5

N/A 8.4±0.7, 
5.5±0.6 
(P=0.004); 
8.5±1.3

28.7±7.1; 
19.1±3.4; 
24.0±2.0

0; 4.8; 
6.7

N/A N/A 15 [42]

Lardinois  
et al., 2005, (20)

TH; VATS N/A N/A N/A N/A 3; 4 N/A N/A 79 [44]

Shahin et al., 
2010, (21)

Decortication: 
TH; VATS

N/A N/A 8; 5 N/A 0; 0 N/A N/A 6 [19]

Majeed et al., 
2020, (22)

TH; VATS N/A N/A 70.8%  
<5 days; 85.1% 
<5 days

N/A 1.3; 0 N/A N/A 22 [13.5]

†, satisfaction with surgical outcome, including cosmesis and acceptance (using an individual score from 1–10, the best being 10); ‡, 
measured on postoperative days 1 and 6 or 7 (using an individual pain score from 1–10, the worst pain scored as 10). VATS, video-
assisted thoracic surgery; OP, operative; SD, standard deviation; TH, thoracotomy (open surgical approach); N/A, not applicable; NS, 
nonsignificant. 

II and III pleural infection (1,11,12,15,18-22). In studies 
that reported outcomes for mixed populations of stage II 
and III treated with VATS or thoracotomy, several outcomes 
suggested advantages of VATS over thoracotomy, including 
reduced operative time, fewer days with tube drainage, and 
shorter hospital stay. In addition, decreased postoperative 
pain and greater patient satisfaction with both wound 
appearance and the procedure were shown with VATS. There 
were no significant differences in mortality rates between 
the two procedures. These findings suggest that treatment 
of pleural infection with VATS appears to be as adequate as 
thoracotomy in a significant proportion of patients, with the 

advantages of a less invasive approach (11,18,21).
Considering that VATS is less invasive than thoracotomy, 

the introduction of VATS as first-line therapy may result 
in less treatment delay and shorter pre- and postoperative 
duration of medical treatment. The reduction in length 
of hospital stays with VATS compared with open surgery 
was demonstrated in most of the reviewed papers 
(1,11,18,19,21,22). The only paper that identified a longer 
average hospital stay (15) included patients considered too 
vulnerable for open surgery in the VATS cohort. Thus, 
the coexisting morbidities often resulted in prolonged 
postoperative hospital stays, even after removal of the 
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chest tube. We postulate that the difference in this study 
was due to inclusion of such patients as Schweigert et al. 
have made the connection in their retrospective study of  
335 surgically treated parapneumonic empyema patients, 
where preexisting comorbidity was shown to have a 
determining influence on adverse outcome (23).

The overall reduction in hospitalization time in VATS 
compared with thoracotomy-treated patients has been 
demonstrated for both pleural infection stages II and III (1,19).

Chan et al. (12) found that 83.3% of their thoracotomy-
treated patients and 68.3% in the VATS group were stage 
III. All procedures were successful, and there were no 
significant differences in complications between groups, 
suggesting both treatments can yield equally effective results 
in terms of radiographic and functional outcomes in stage 
III pleural infection. These results were further supported 
by Shahin et al. (21), where 97% of VATS debridements 
were successful in the chronic organized phase. In addition, 
successful outcomes were achieved in 62% of patients with 
stage III treated with VATS, where shorter postoperative 
hospital stays and fewer postoperative complications were 
observed in the VATS group. Striffeler et al. (6) stated that 
VATS is an effective procedure for the treatment of stage II 
pleural infection, being superior to thoracotomy in terms of 

postoperative pain and function. However, in contrast to the 
previously presented results, it was suggested that VATS is 
not well-suited for the treatment of late-stage empyema and 
failure to acknowledge the limitations of VATS can result in 
poor outcomes in terms of lung function.

Lardinois et al. (20) found that the interval between the 
onset of pleural effusion symptoms and surgery plays a 
significant role in the development of chronic empyema and 
in predicting treatment failure with VATS. The included stage 
III patients had more than a 3-week history of disease and CT 
images showing thickened pleura with lung restriction, making 
them inaccessible to treatment by VATS. The likelihood 
of conversion to thoracotomy for empyema in a presumed 
fibropurulent phase assessed by VATS was increased when 
there were more than 2 weeks between onset of symptoms 
and surgery. The interval between symptoms and surgery was 
shown to be responsible for VATS accessibility in treatment 
of pleural infection at both stages II and III. Delay between 
diagnosis and treatment, leading to stage progression and 
further organization, has also been found to be a major hurdle 
in the treatment of pleural empyema (15,24).

In contrast, Waller et al. (11) found no significant difference 
in the delay from either start of symptoms or hospital admission 
to surgery between the VATS and thoracotomy group. 

Figure 2 Rates of conversion from VATS to open surgery (1,11,12,15,18-22). Sorted by year of publication (increasingly from left to right). 
VATS, video-assisted thoracic surgery. 
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Conversely, a significantly shorter operative time was found in 
VATS with prolonged delays to surgery. Open decortication may 
be beneficial in developing countries with financial and logistical 
constraints. This is likely due to constraints that lead to late 
referrals and thereby late presentation. Early-stage empyema can 
be treated with VATS, resulting in significantly lower mortality 
compared with thoracotomy, but of the 42 patients with chronic 
empyema treated with VATS by Majeed et al. (22), 52% required 
intraoperative conversion to utility thoracotomy. In total, 156 
of the 805 VATS surgeries were converted to thoracotomy. 
87% of the conversions involved patients who had stage III 
pleural infection. Failure of VATS was attributable to inadequate 
accessibility and visualization of the cavity (11,15,19-22).  
In cases of inadequacy between remaining pleural cavity and 
lung volume, as seen in late-stage pleural infection, an open 
procedure such as thoracoplasty may play a role. Majeed et al. 
utilized the procedure in 43 cases of bronchopleural fistulas 
and simultaneous collapse consolidation (25). Generally, the 
procedure is seldom used, but is a potential option in selected 
cases, especially in empyema after lung resections and other 
etiologies of bronchopleural fistulas (26).

Conversion rates, from VATS to thoracotomy, were shown 
to be as high as 44% in the nine eligible studies, implying 
that VATS has some limitations in the treatment of chronic 
empyema. Other than late referral (P<0.0001), studies with 
high conversion rates attributed the increase to postpneumonic 
etiology and presence of gram-negative organisms (20). In 
contrast, no conversions were reported by Chan et al. (12) 
despite treatment of stage III pleural infection with VATS, 
suggesting that VATS may also be an effective treatment 
for more chronic stages of empyema. In the latter study, the 
procedure was performed by the same experienced surgeon in 
all cases of VATS. Although diverse, the results indicate that 
VATS could be considered first choice in the treatment of both 
stage II and stage III pleural infection when performed by 
experienced surgeons with prompt conversion to thoracotomy 
should the surgeon deem necessary (13).

In all studies, the performing surgeons decided the 
surgical approach. Furthermore, the indications for 
using either of the two approaches were not standardized 
when comparing studies. This non-randomized design 
introduces a strong selection bias, considering patients 
who underwent VATS may have had a lower stage or less 
complicated empyema (10,12). Ultimately, the choice of 
surgical approach depended on the surgeon’s individual 
preference, abilities, skills, local conditions, and experience 
(e.g., anesthesia, ward) which may account for discrepancies 
in outcomes (10,12). According to recent guidelines (27), 

the efficacy of surgical methods (decortication, drainage or 
debridement) for pleural infections cannot be determined 
based on available evidence.

Comparison of outcomes across the eight studies revealed 
several commonalities with remaining distinguishing factors. 
The study populations were a mixture of stage II and III 
pleural infection with either exclusively pneumonic causes 
(18,19,21,22) or a varying mixture of etiologies for pleural 
infection (1,11,12,15,20,22) and the treatment strategy 
with VATS and thoracotomy varied from debridement to 
decortication. VATS and thoracotomy rates were not equally 
distributed in the eight studies, with VATS predominating 
as the surgical intervention for stage II pleural infection and 
thoracotomy predominating for stage III pleural infections. 
This should be considered a confounding factor, reducing 
the comparison between the two techniques. The staging 
system used varied between papers, with the majority being 
based on pathophysiological characteristics (1,12,15,18-22),  
and the one being based on clinical features (11). The 
two staging systems do not correspond directly, why a 
comparison of outcome of staging based surgical approach 
can potentially be misleading. To make a fair comparison of 
the surgical interventions examined, a consensus in applied 
staging system is needed, as classifications differ significantly 
between papers of both surgical and nonsurgical nature.

The possibility of chronology bias can be profound, as 
the studies were all retrospective in design and the study 
population recruitment time frames varied widely among 
the studies. For example, the reduced operation time 
noted in the studies (11,12,15,19) could be affected by 
medical advancement over time, such as improved surgeon 
experience or better preoperative radiographic imaging. 
Consequently, the possible variations between surgeons and 
individual surgeons’ performance, surgical plan, experience, 
and technical maneuvers could lead to performance bias (28). 
In addition, the retrospective design adds further recall bias 
to the examined studies.

As included studies were characterized by severe 
selection and possibly chronology and recall bias, future 
trials comparing VATS and thoracotomy in the treatment 
of pleural infection stage II and III are necessary to confirm 
our findings of VATS superiority. Included studies varied 
in staging method, surgical method (debridement with or 
without decortication) and thoracotomy technique, why a 
more precise algorithmic systematization of management 
strategy should also be included to further minimize 
selection bias. The predefined criteria should also include 
comorbidities and referral time with consideration to prior 
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interventions (duration of initial chest tube treatment 
and antibiotic failure). Accordingly, future studies should 
be prospective in design with objective decision-making 
criteria or shared datasets.

Since the publication of the nine included studies, British 
Thoracic Society has released new guidelines for managing 
pleural infection (27) and The European Respiratory 
Society and European Society of Thoracic Surgeons (29) 
have published their statement on management of pleural 
infection. A significant update to the publications compared 
to preexisting guidelines, is a recommendation of VATS as 
the optimal surgical approach for managing pleural infection.

Conclusions

We found that both VATS and thoracotomy are viable 
options for the treatment of patients with stage II and III 
pleural infection. However, VATS has potential advantages 
in terms of decreased operation time, fewer days with 
tube drainage, shorter postoperative hospital stay, reduced 
postoperative pain, increased patient satisfaction with the 
procedure, and wound appearance. VATS has its limitations 
in the treatment of patients with stage III pleural infection, 
where delayed surgical referral has been shown to increase 
the risk of intraoperative conversion to thoracotomy. The 
data to date implies that debridement by VATS should be 
proposed as soon as possible in stage II pleural infection and 
considered in cases of stage III pleural infection.
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