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Abstract

Context:Empyema is a respiratory disease that has increased seriously in the past two decades. The usual treatments for stage III patients 
include thoracotomy and video-assisted thoracoscopic surgery. Hence, a systematic review of the literature was conducted to investigate 
the effectiveness and safety of the two procedures.
Methods:Electronic databases of PubMed, Cochrane Library, Scopus, NIHR HTA, Embase, Magiran, and SID were searched from 1990 until 
the end of June 2018. We used the Critical Appraisal Skills Programme (CASP) checklist for quality assessment. Data analysis was performed 
in Stata software. The pooled effectiveness results were demonstrated in Forest plats.
Results:Among 2,228 records initially retrieved, four studies entered the final stage of review, among which three were included in the 
meta-analysis. The findings showed no significant difference between the two methods of thoracoscopic surgery and thoracotomy in 
the treatment of organizational empyema in terms of duration of surgical operation (MD = 1.33, %95 CI: -0.66 - 3.31, P = 0.18). Postoperative 
hospital stay was not statistically different between the two surgical methods (MD = 1.68, %95 CI: -0.20 - 3.56, P = 0.08). In terms of safety, there 
was no particular risk for patients across the surgeries.
Conclusions:There is no statistically significant difference between video-assisted thoracoscopic surgery and thoracotomy in terms of 
effectiveness and safety. Nevertheless, the results should be considered cautiously due to the little number of included studies.
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1. Context
According to the World Health Organization, lung and 

respiratory diseases will be among the top three causes 
of mortality in the world by 2030 (1, 2). Empyema is one 
of the respiratory diseases that has increased seriously 
in the past two decades, according to epidemiological 
studies (3). Empyema is the infection of the pleural space, 
which is located between the lungs and the chest wall 
(4). Significant causes of empyema include pulmonary 
infections, surgical infections, trauma, spontaneous 
pneumothorax, sub-diaphragmatic infection, and esoph-
ageal perforation (5). Most cases of empyema are caused 
by pneumonia (4). Clinically, empyema is classified into 
three stages. The first stage or acute phase is exudative 
effusion, which is usually uncomplicated. The second 
stage is fibrinopurulent effusion, characterized by the ac-
cumulation of thick pus and highly sticky fibers and an 
abundance of cells. Finally, the third stage is the phase 

of chronic fibrosis or organizational phase in which the 
thickening of the peel and the limitation of the lung 
space occur (4, 6-8).

Therefore, empyema is one of the diseases of the pleu-
ral space that may lead to severe and debilitating com-
plications (6). Its incidence is increasing throughout the 
world (9-13), especially in children, representing a severe 
illness with high mortality and chronic complications 
(14). Despite advances in medical care and availability of 
effective antibiotics, the disease is associated with high 
mortality (12, 13, 15-22). The high prevalence can be due 
to increased antibiotic-resistant infections, increased 
frequency of pneumonia, or weakened immune systems 
(15). There is also an increase in hospital costs due to ill-
ness (8) and delays in referral and surgical interventions, 
which can increase mortality rates (11).

The purpose of empyema treatment is to restore the lung 
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to normal functioning (23). During the triple stages of em-
pyema, surgical treatments are usually performed in the 
third stage, in which there are chronic and debilitating 
complications, and there is no response to normal thera-
pies (6). The choice of therapeutic methods in empyema 
depends on several factors, including the stage of disease, 
the patient’s physical and clinical condition, the presence 
or absence of complications, and so on. Two basic steps 
must be taken in each method: Effective antibiotics and 
full fluid drainage of the pleural space. Several methods 
have been used to empty the pleural space (6), one of which 
is thoracotomy surgery. Postoperative complications are 
bleeding, large surgical wounds, wound infections, pro-
longed anesthesia, and hospital stay, diseases associated 
with thoracotomy wounds, high postoperativee pain, and 
a long period of post-surgical repair in open thoracotomy 
(4, 23-25). The success rate of thoracotomy therapy is more 
than 90%, but its high mortality rate is doubtful (6).

The technique of video-assisted thoracoscopic surgery 
(VATS) is associated with fewer complications compared 
to thoracotomy (26, 27). Thus, VATS is the most common 
method for empyema. Nevertheless, VATS may turn into 
thoracotomy if necessary (28). Besides, VATS is a surgical 
technique that can be performed by a small camera that 
enters the patient’s chest (4). The use of thoracoscopy be-
gan in the mid-1990s (29), and its success rate varies from 
68 to 93% (30). The advantages of VATS over thoracotomy 
are the reduction of ulcer opening and low risk of infec-
tion. In this method, the recovery time after surgery is 
shorter, and wound healing is also faster. The main ad-
vantage of VATS is that it is associated with open thora-
cotomy, loss of muscle, and bone fracture that is associ-
ated with less pain and a shorter time to return to activity 
(4). However, due to controversial results in the studies 
of effectiveness, safety, and side effects of VATS and tho-
racotomy in the treatment of chronic empyema (4, 25, 31-
38), such as mortality, surgical duration, postoperativee 
bleeding, hospitalization time, chest tube duration, and 
response to antibiotic therapy, there is still no full assur-
ance in the medical community in choosing one of these 
methods as the dominant method. However, some stud-
ies suggest that VATS can be an appropriate alternative 
for the treatment of chronic empyema (25, 31-35). But, in 
contrast to some studies, the superiority of thoracotomy 
to VATS is shown in the treatment of chronic empyema 
(36-38). Thus, it is necessary to choose the most appropri-
ate option for the treatment of the disease. Considering 
the lack of strong evidence, the purpose of this study was 
to compare the effectiveness and safety of VATS with open 
thoracotomy in the treatment of organizational empy-
ema.

2. Methods

2.1. Search Strategy
To determine the effectiveness and safety of VATS, the 

search was conducted in two steps: Electronic and man-
ual search. The databases or major electronic search en-
gines, such as PubMed, Cochrane Library, Scopus, NIHR 
HTA, Embase, Magiran, and SID, were searched from 1990 
until the end of June 2018. The search strategy is attached 
in Appendix 1 in Supplementary File. The keywords in-
cluded thoracotomy, video-assisted thoracoscopic sur-
gery, thoracoscopy, and VATS, along with the most com-
monly used medical synonymous. To ensure that most 
articles are found, the bibliography of the included stud-
ies, along with recent issues of key journals, were hand-
searched. After completing the search, all the articles 
were entered into EndNote X8 software.

2.2. Inclusion and Exclusion Criteria
The research population of the study, which included 

studies of signs and symptoms of chronic empyema, was 
determined without age and gender restriction. Patients 
treated with VATS comprised the intervention group, and 
patients treated with thoracotomy surgery were identi-
fied as the comparison group. Linguistic restrictions 
were applied to select English and Persian studies. In 
terms of method, randomized clinical trials and cohort 
studies were included.

Exclusion criteria included studies without a human 
phase, studies that examined the first and second stages 
of the disease, studies in which the stage of the disease 
was unclear, studies in which VATS was converted to tho-
racotomy, studies with several parallel interventions, and 
studies that did not describe the methodology and out-
comes. Articles in any form of case reports, merely avail-
able as abstracts, as well as conference papers and post-
ers, were excluded from the study.

2.3. Data Extraction
For collecting and summarizing related information, a 

pre-designed preliminary data extraction form was used. 
Two authors independently extracted data from the full 
texts of the included articles. The data extraction form 
included specifying details related to the author’s name, 
the title of the article, year of publication, country of study, 
type of study, sample size, number of men and women, the 
average age of the sample, intervention, mortality rate, 
number of hospital days, duration of antibiotics use, dura-
tion of surgery, air leakage, and postoperativee complica-
tions (wound infection and bleeding). For data synthesis 
and probabilistic sensitivity analysis, more information 
was extracted from the studies. All finally selected studies 
entered the stage of qualitative synthesis. Quality assess-
ment of the studies was conducted by two researchers in-
dependently using the CASP checklist (39), and any dispute 
was resolved through discussion.

2.4. Statistical Analysis
The final studies that entered the meta-analysis were 
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used in the quantitative synthesis step, and a meta-anal-
ysis was performed to integrate the results and evaluate 
the effectiveness of the measurements of operating time 
and postoperative hospital stay using STATA software. 
Also, the I2 index was used quantitatively to examine 
heterogeneity. Due to the heterogeneity of the random 
model, a meta-analysis was used. A p value of less than 
0.05 was considered significant. Safety-related informa-
tion from the final studies was extracted and reported in 
the text.

3. Results
Based on PICO, inclusion and exclusion criteria, and 

search strategy, a total of 2,221 records were found, and 
seven records were added to the findings from the man-
ual searching of journals and the search for sources of 

studies. Then, all records entered EndNote X8 software. A 
total of 2,228 records were obtained based on the search.

First, 893 duplicate articles were deleted, and then ar-
ticles that were unrelated to the title of the study were 
deleted, with 886 articles removed at this stage. The ab-
stracts of the remaining articles were reviewed, and 359 
unrelated articles were removed. In the next step, the 
full texts of the articles were reviewed to match the PICO 
index and inclusion and exclusion criteria, and 86 ar-
ticles were deleted at this stage. Finally, four articles by 
Reichert et al. (40), Waller et al. (25), Kadkhodaei et al. (4), 
and Shahin et al. (24) entered the final phase of quality as-
sessment, among which three were included in the meta-
analysis, and one article was reported due to the impos-
sibility of combining and meta-analysis. The screening 
process and the choice of studies are shown according to 
the PRISMA standard (Figure 1).

Figure 1. Process of screening articles according to the PRISMA standard

The characteristics of the included studies are summa-
rized in Table 1. Studies were published between 2001 and 

2018. The most recent study was Reichert et al.’s study from 
Germany (40) The studies by Waller et al. (25) and Shahin 
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et al. (24) were from the UK, and Kadkhodaei et al.’s study 
(4) was done in Iran. The total number of participants was 
367, of whom 285 were men and 82 were women. The largest 
sample of 217 patients was in Reichert’s study, and the low-

est number of patients was 48 in Waller’s study. A total of 167 
patients were surgically treated with thoracotomy and 199 
patients with VATS. In the VATS group, 166 patients had suc-
cessful surgery, and 33 patients converted to thoracotomy.

Table 1. Characteristics of the Articles Entering the Study

Author Name Reichert et al. (40) Waller et al. (25) Kadkhodaei et al. (4) Shahin et al. (24)

Country of study Germany UK Iran UK

Publication year 2018 2001 2013 2010

Name of the 
journal

Surgical Endoscopy and 
Other Interventional 
Techniques

Annals of Thoracic 
Surgery

Razi Journal of Medical 
Sciences

Interactive Cardiovascu-
lar and Thoracic Surgery

Type of study Retrospective cohort 
study

Prospective cohort 
study

Retrospective cross-sec-
tional study

Retrospective

Sample size (Exit) 217 (5) 48 (15) 50 52 (1)

Men/Women 170/47 34/14 43/7 38/14

Age 54.2 ± 15.9 thoracotomy; 
61.3 ± 15.6 VATS

43.5 ± 4.1 thoracotomy; 
45.4 ± 4.1 VATS

37.6 52

Thoracotomy 107 12 29 19

VATS 110 36 21 32

Conversion to 
thoracotomy

5 15 7 6

Outcomes exam-
ined

Duration of surgery, 
duration of hospitaliza-
tion, use of chest tube, 
duration of antibiotic 
use, mortality, bleeding, 
air leak

Duration of surgery, 
duration of hospi-
talization, mortality, 
re-surgery

Duration of surgery, dura-
tion of hospitalization, 
use of chest tube, dura-
tion of antibiotic use, 
mortality, re-surgery

Duration of hospitaliza-
tion, mortality, bleeding, 
air leakage, wound infec-
tion, persistent space

Conclusion VATS in late-stage (III) 
pleural empyema is safe 
and feasible. The decrease 
in postoperativee hospi-
talization demonstrated 
by adjusted multiple 
regression analysis may 
indicate the minimally-
invasive approach being 
safe and more effective 
for patients.

VATS is a feasible new 
technique to achieve 
lung re-expansion in 
chronic post-pneumon-
ic pleural empyema 
and has perioperative 
benefits over thora-
cotomy.

The therapeutic value of 
VATS and thoracotomy is 
the same in the treatment 
of organizational phase 
of empyema. However, a 
multicentric-randomized 
trial should be performed 
before VATS becomes 
the gold standard for 
the treatment of pleural 
empyema.

Patients treated with 
VATS spent less time 
in hospital and the 
conversion rate to open 
procedure for stage III 
empyema was only 19%, 
which encourages us to 
consider VATS as the first 
treatment choice.

Given that the selected studies were of a cohort type, 
based on the CASP checklist, two researchers indepen-
dently evaluated them for quality assessment (39), and 
any dispute was resolved through discussion. The CASP 
checklist has no quantitative value, and we qualitatively 
completed it for each study. All studies received the grade 
of CASP initial questions. According to the approximate 
quality assessment, high to low-quality studies were 
Reichert et al. (40), Kadkhodaei et al. (4), Waller et al. (25), 
and Shahin et al. (24), respectively.

A meta-analysis was used to integrate the results of stud-
ies and evaluate the effectiveness of VATS. At this stage, 
three studies had the meta-analysis entry conditions, 

and the study by Shahin did not have the conditions for 
entering the meta-analysis due to the report on the me-
dian duration of hospitalization and a failure to report 
the surgical time. The meta-analysis results are as follows.

There was no significant difference between the two 
methods of VATS and thoracotomy in the treatment of 
organizational empyema in terms of operating time (MD 
= 1.33, %95 CI: -0.66 - 3.31, P = 0.18). On the other hand, con-
sidering that P = 0.00 is less than 0.1, the heterogeneity 
was statistically significant. The I2 coefficient for the sur-
gical duration was 97.1%, which indicated a high degree 
of heterogeneity. Figure 2 shows the meta-analysis results 
for the operating time.
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Figure 2. Meta-analysis of operating time in two methods of VATS and thoracotomy

There was no significant difference in terms of postop-
erative hospital stay between VATS and thoracotomy in 
the treatment of chronic empyema (MD = 1.68, %95 CI: 
-0.20 - 3.56, P = 0.08). The heterogeneity and I2 coefficient 
were 96.9% for the postoperative hospital stay. The result 

of P value showed heterogeneity in the postoperative 
hospital stay, and its value was statistically significant (P 
= 0.00), and due to the amount of I2, there was signifi-
cant heterogeneity. Figure 3 shows the meta-analysis re-
sults for the duration of postoperative hospital stay.

Figure 3. Meta-analysis of postoperative hospital stay in VATS and thoracotomy
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In the study by Reichert et al. (40) with a sample of 217 
persons, 107 patients were treated surgically with tho-
racotomy, and 110 patients were treated surgically with 
VATS. Among the VATS group, five patients converted to 
the thoracotomy method and were excluded from the 
study when evaluating the results. In the group con-
verted to thoracotomy, only was surgical time reported 
as 241.8 ± 41.3 min, and we did not enter them into the 
meta-analysis. According to the results, the surgical time 
was shorter in the VATS group than in the thoracotomy 
group, and the longest duration in patients was when 
they turned from thoracoscopy to thoracotomy. The rea-
son for the change was the lack of surgery progression in 
three cases and pulmonary artery bleeding in two cases. 
The duration of the chest tube was 6.6 ± 3.4 days in the 
thoracotomy group and 6.8 ± 4.2 days in the VATS group. 
The use of chest tube was after seven days of surgery in 
the thoracotomy group of 39 persons and in the VATS 
group was 37 persons and also the use of chest tube that 
is more than ten days, 16 in thoracotomy group and 18 in 
VATS group.

The duration of antibiotic use after thoracotomy and 
thoracoscopy was 10.2 ± 14.6 and 15.5 ± 28.8 days, respec-
tively. The duration of postoperativee antibiotic treat-
ment was significantly longer in the VATS group than in 
the thoracotomy group. The total duration of hospitaliza-
tion was 28.6 ± 25.5 days in the thoracotomy group and 
28.1 ± 30.7 days in the VATS group. The duration of inten-
sive care unit stay after surgery was 114.6 ± 241.0 hours in 
the thoracotomy group and 238.4 ± 660.2 hours in the 
thoracoscopy group, which was considerably longer in 
the thoracoscopy group.

In the study by Waller et al. (25), 12 patients performed 
thoracotomy, and 36 patients performed VATS, of whom 
21 patients were successfully treated and 15 patients con-
verted to thoracotomy. The main reason for the conver-
sion was the lack of access to the cavity. The results of this 
study were reported separately for 15 patients for whom 
the surgical time was 119.6 ± 13.5 min, and the duration 
of hospitalization was 8.5 ± 1.3 days, and none of the 
above-mentioned cases entered the meta-analysis. Sur-
gical time and hospital stay were significantly longer in 
the thoracotomy group than in the VATS group. The Lung 
expansion after surgery was 98.8 ± 0.6% for the thoracot-
omy group, 98.6 ± 0.7% for the VATS group, and 98.5 ± 0.7% 
for the group turning into thoracotomy.

In the study by Kadkhodaie et al. (4), 29 patients were 
treated surgically with thoracotomy and 21 patients with 
VATS. Fourteen patients successfully completed VATS, and 
four patients converted to thoracotomy. The duration of 
chest tube use after surgery in the thoracotomy and VATS 
groups was 28 ± 8.6 and 20 ± 5.3 days, respectively, which 
was shorter in the thoracoscopy group. The duration of 
antibiotic use after thoracotomy and VATS was 27 ± 8.3 
and 20 ± 51 days, respectively, which was shorter in the 
VATS group. The duration of antibiotic use and the need 
for drainage through the chest tube before and after op-

eration was more in the thoracotomy group than in the 
VATS group, and the success rate in the two groups did 
not have a significant difference.

In the study by Shahin et al. (24), 19 patients had thora-
cotomy, and 32 patients had VATS, among whom six VATS 
patients converted to thoracotomy. The duration of hos-
pitalization was eight and five days for the thoracotomy 
and VATS groups, respectively, indicating a shorter time 
of hospitalization in VATS. As the above cases were report-
ed as median, it was not possible to combine them with 
other study results.

The safety results of VATS in comparison with thoracot-
omy are as follows. In the study by Reichert et al. (40), five 
cases of the VATS group converted to thoracotomy. Total 
complications were reported for 61 cases in the thoracot-
omy group and 55 cases in the VATS group. In the thora-
cotomy group, there were seven cases of mortality, and 
there were 10 cases in the VATS group. Three and five cases 
of recurrence and seven and 12 cases of air leak were re-
ported, respectively. Mechanical ventilation was reported 
in 62 patients of the thoracotomy group for 71.4 ± 216.9 
hours and 31 patients of the VATS group for 371.0 ± 1025 
hours. The amounts of lost blood during surgery in the 
thoracotomy and thoracoscopy groups were reported 
to be 779.9 ± 837.4 and 494.3 ± 477.2 ml, respectively. Five 
cases in the thoracotomy group and six cases in the tho-
racoscopy group had bleeding. The total blood transfu-
sion was 53 cases in the thoracotomy group and 46 cases 
in the VATS group. Antibiotic treatment after surgery 
was performed in 78 patients of the thoracotomy group 
and 86 patients of the thoracoscopy group. Two patients 
in the thoracotomy group and two patients in the VATS 
group had gastrointestinal infection and 13 and eight 
cases had pneumonia, respectively. Long-term drainage 
by chest tube after surgery lasting for more than 10 days 
was reported in 21 cases of the thoracotomy group and 
20 patients of the thoracoscopy group. Re-drain occurred 
in 12 and eight people, respectively. Acute respiratory 
failure was reported in six patients of the thoracotomy 
group, and two patients of the VATS group and chronic 
respiratory failure was reported in nine and 12 patients 
and acute renal failure in three and four cases, respec-
tively (40).

In the study by Waller et al. (25), there was no death in 
the thoracotomy group. One case of death was reported 
in the VATS group and one case of death in the converted 
group. There was no recurrence in any of the groups (25).

In the study by Kadkhodaei et al. (4), there were three 
cases of mortality in the thoracotomy group and two cas-
es in the VATS group. Overall mortality was 6.5%, which 
was higher in the thoracotomy group than in the VATS 
group. The need for re-surgical treatment was reported 
in four cases of thoracotomy and four cases of VATS. The 
longer the hospital stay before surgery and the later the 
surgery, the lower the success rate and the higher the 
need for re-surgery and mortality (4).

In the study by Shahin et al. (24), there was no death 
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in any of the groups. There were three cases of air leak 
in the thoracotomy group. One case of wound infection 
was reported in the thoracotomy group and one case of 
bleeding in the VATS group. There was one case of persis-
tent space in the thoracotomy group and two cases in the 
VATS group (24).

 Most complications were reported in Reichert et al.’s ar-
ticle (40), which was due to the high number of patients 
and the study of various complications. The most com-
mon side effects were mortality that was reported in four 
studies.

4. Discussion
According to the World Health Organization, lung and 

respiratory diseases will be among the top three causes 
of mortality in the world by 2030 (1, 2). The fifth cause of 
death in Iran is now respiratory illness (41). Empyema is 
one of the respiratory diseases that has increased signifi-
cantly in the past two decades, according to epidemio-
logical studies (3). On the other hand, there is a need for 
significant resources for management and treatment 
(42), and rapid treatment reduces hospital costs, deaths, 
and side effects (42). Appropriate treatment of pleural 
empyema depends on the disease stage (43). It is unde-
niable that stage 3 empyema requires surgery to control 
disease; however, the choice of the most appropriate sur-
gical method is still debatable (40).

With the introduction of video-assisted thoracoscopic 
surgery in the early 1990s, a less invasive alternative for 
decortication was proposed (44). Of course, the current 
standard surgical procedure is open thoracotomy. How-
ever, with the increasing experience with VATS, the man-
agement of the last stage of empyema is possible with 
minimally invasive surgery (43). Making decisions to 
choose a surgical procedure for treating these patients 
involves lightweight and heavyweight benefits and dis-
advantages of each method. In this secondary research 
(systematic review and meta-analysis), an analytical 
descriptive study with a health technology assessment 
approach was done to assess VATS in terms of effective-
ness and safety compared with thoracotomy. It was given 
to provide sufficient information for decision making 
about choosing the most appropriate surgical method to 
use by policy makers and planners.

The systematic review and meta-analysis of the three 
studies to compare VATS and thoracotomy surgery in the 
treatment of organizational phase of empyema showed 
no significant differences in terms of the duration of 
postoperativee hospital stay and operating time, sug-
gesting that VATS does not reduce the duration of surgery 
and hospitalization compared to thoracotomy. This can 
be due to the difference in experience and the use of VATS 
by surgeons. The main limitation of VATS is that it heav-
ily depends on the surgeon’s skill (45); however, in the 
meta-analysis performed by Pan et al. (46), the surgical 
duration of VATS was shorter than that of thoracotomy. 

This may be due to the reporting of the results as a com-
bination of stages two and three of the disease, without 
splitting the two stages.

On the other hand, there was heterogeneity among the 
results of studies concerning the amount of postoperati-
vee hospital stay and operating time, which may be due 
to the small number of articles obtained and samples in 
the study. This was due to the elimination of several stud-
ies because of a failure to identify the stage of the disease 
or reporting its outcomes as a combination of stages 
two and three, without splitting the two stages. Also, 
the duration of surgery was not precisely calculated in 
Kadkhodaei et al.’s study (4), and was reported to be ap-
proximate, which reduced the accuracy of the duration 
of surgery. However, the effectiveness of the VATS method 
in terms of mortality rate, survival rate, quality of life, 
duration of admission, duration of intensive care unit 
stay, duration of chest tube use, and the use of antibiot-
ics after surgery is not known due to lack of evidence and 
studies in this field.

Investigating safety studies of the VATS technique 
showed that the complications reported in the studies 
may also occur with thoracotomy surgery, and all four 
studies confirmed the safety of the VATS technique. The 
only case reported with thoracoscopy was conversion to 
thoracotomy during surgery that cannot be due to the 
safety of the procedure. However, there was no specific 
information on the reasons for conversion in studies.

5. Conclusions
This review showed no difference between video-as-

sisted thoracoscopic surgery and open thoracotomy 
in terms of effectiveness and safety. There was no dif-
ference in the operating time and postoperativee hos-
pital stay in meta-analysis although, given the high 
heterogeneity, this cannot be relied upon. There is not 
enough evidence about mortality rate, survival rate, 
quality of life, duration of intensive care unit admis-
sion, duration of chest tube use, and the use of antibi-
otics after surgery. On the other hand, the examination 
of the evidence suggested the safety of video-assisted 
thoracoscopic surgery for patients. It is suggested that 
clinical trials be conducted on patients with organiza-
tional empyema, taking into account the mentioned 
outcomes and without conversion from thoracoscopy 
to thoracotomy to evaluate the effectiveness. Also, 
qualitative studies on patients’ satisfaction with VATS 
and thoracotomy surgery and its role in patients’ qual-
ity of life and ethical, social, organizational, and legal 
aspects of the video-assisted thoracoscopic surgery 
approach are suggested for making comparisons with 
thoracotomy surgery in the treatment of chronic em-
pyema.

Acknowledgments
This study was part of an MSc thesis or dissertation sup-



Irani L et al.

Health Tech Asmnt Act. 2020; 4(3).8

ported by the Iran University of Medical Sciences (grant 
No: iums/shims-97-4-37-13767).

Conflicts of Interest: There are no ethical problems or 
undeclared conflicts of interest.

Funding/Support: This study has been supported by 
the Iran University of Medical Sciences (grant no.: iums/
shims-97-4-37-13767).

References
1.       Amani F, Kazemnejad A, Habibi R, Hajizadeh E. Pattern of mor-

tality trend in Iran during 1970-2009. J Gorgan Univ Med Sci. 
2011;12(4):85-90. 

2.       Azizi F. Prediction of mortality and burden of diseases in Iran 
and the world. Res Med Q J Sch Med Shahid Beheshti Univ Med Sci. 
2009;32(4):259-60. 

3.       Rosenstengel A. Pleural infection-current diagnosis and man-
agement. J Thorac Dis. 2012;4(2):186-93. doi:10.3978/j.issn.2072-
1439.2012.01.12. [PubMed:22833824]. [PMC3378219:PMC3378219]. 

4.       Kadkhodaei HR, Vasigh M. Retrospective study of management 
of chronic organized empyema with thoracoscopy versus thora-
cotomy. Razi J Med Sci. 2013;19(105):1-7. 

5.       Vaziri M, Abed O. Management of thoracic empyema: review of 
112 cases. Acta Med Iran. 2012;50(3):203-7. [PubMed:22418990]. 

6.       Vejdan S, Naseh G, Khosravy M, Khamesan A. Thoracoscopy Vs 
conventional methods in the management of empyema: a pro-
spective study. Tehran Univ Med J. 2010;67(11). 

7.       Hamm H, Light RW. Parapneumonic effusion and empyema. 
Eur Respir J. 1997;10(5):1150-6. doi:10.1183/09031936.97.10051150. 
[PubMed:9163661]. 

8.       Andrews N, Parker E, Shaw R, Wilson N, Webb W. Management 
of non-tuberculous empyema. Am Rev Respir Dis. 1962;85:935-6. 

9.       Tong BC, Hanna J, Toloza EM, Onaitis MW, D’Amico TA, Harpole 
DH, et al. Outcomes of video-assisted thoracoscopic decortica-
tion. Ann Thorac Surg. 2010;89(1):220-5. doi:10.1016/j.athorac-
sur.2009.09.021. [PubMed:20103240]. 

10.       St Peter SD, Tsao K, Spilde TL, Keckler SJ, Harrison C, Jackson 
MA, 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; discus-
sion 11. doi:10.1016/j.jpedsurg.2008.10.018. [PubMed:19159726]. 
[PMC3086274:PMC3086274]. 

11.       Yu H. Management of pleural effusion, empyema, and lung abscess. 
Semin Intervent Radiol. 2011;28(1):75-86. doi:10.1055/s-0031-1273942. 
[PubMed:22379278]. [PMC3140254:PMC3140254]. 

12.       Brims FJ, Lansley SM, Waterer GW, Lee YC. Empyema thoracis: 
new insights into an old disease. Eur Respir Rev. 2010;19(117):220-
8. doi:10.1183/09059180.00005610. [PubMed:20956197]. 

13.       Grijalva CG, Zhu Y, Nuorti JP, Griffin MR. Emergence of parapneu-
monic empyema in the USA. Thorax. 2011;66(8):663-8. doi:10.1136/
thx.2010.156406. [PubMed:21617169]. [PMC4820002:PMC4820002]. 

14.       Hassanzad M, Khalilzadeh S, Boloursaz M, Riazi Kermany K, 
Baghaie N, Tashayoie Nejad S, et al. Surgical and Medical Treat-
ments of Empyema in Pediatric Patients. J Compr Pediatr. 
2014;5(2). doi:10.17795/compreped-18963. 

15.       Misthos P, Sepsas E, Konstantinou M, Athanassiadi K, Skottis I, Lio-
ulias A. Early use of intrapleural fibrinolytics in the management 
of postpneumonic empyema. A prospective study. Eur J Cardio-
thorac Surg. 2005;28(4):599-603. doi:10.1016/j.ejcts.2005.07.005. 
[PubMed:16129614]. 

16.       Maskell NA, Davies CW, Nunn AJ, Hedley EL, Gleeson FV, Miller 
R, et al. U.K. Controlled trial of intrapleural streptokinase for 
pleural infection. N Engl J Med. 2005;352(9):865-74. doi:10.1056/
NEJMoa042473. [PubMed:15745977]. 

17.       Christopoulou-Aletra H, Papavramidou N. “Empyemas” of 
the thoracic cavity in the Hippocratic Corpus. Ann Thorac 
Surg. 2008;85(3):1132-4. doi:10.1016/j.athoracsur.2007.11.031. 
[PubMed:18291225]. 

18.       Lee SF, Lawrence D, Booth H, Morris-Jones S, Macrae B, Zumla 
A. Thoracic empyema: current opinions in medical and sur-
gical management. Curr Opin Pulm Med. 2010;16(3):194-200. 

doi:10.1097/MCP.0b013e32833883f5. [PubMed:20224409]. 
19.       Li ST, Tancredi DJ. Empyema hospitalizations increased in US 

children despite pneumococcal conjugate vaccine. Pediatrics. 
2010;125(1):26-33. doi:10.1542/peds.2009-0184. [PubMed:19948570]. 

20.       Marks DJ, Fisk MD, Koo CY, Pavlou M, Peck L, Lee SF, et al. Thoracic 
empyema: a 12-year study from a UK tertiary cardiothoracic re-
ferral centre. PLoS One. 2012;7(1):e30074. doi:10.1371/journal.
pone.0030074. [PubMed:22276145]. [PMC3262802:PMC3262802]. 

21.       G M, B S, T YH, S P. Paediatric empyema: video-assisted thoraco-
scopic surgery (vats) and its outcome study. Int J Contemp Pediatr. 
2017;4(3). doi:10.18203/2349-3291.ijcp20171691. 

22.       Kumar A, Sethi GR, Mantan M, Aggarwal SK, Garg A. Empyema 
thoracis in children: a short term outcome study. Indian Pediatr. 
2013;50(9):879-82. doi:10.1007/s13312-013-0232-8. [PubMed:23798633]. 

23.       Jaffe A, Cohen G. Thoracic empyema. Arch Dis Child. 
2003;88(10):839-41. doi:10.1136/adc.88.10.839. [PubMed:14500294]. 
[PMC1719316:PMC1719316]. 

24.       Shahin Y, Duffy J, Beggs D, Black E, Majewski A. Surgical man-
agement of primary empyema of the pleural cavity: outcome 
of 81 patients. Interact Cardiovasc Thorac Surg. 2010;10(4):565-7. 
doi:10.1510/icvts.2009.215004. [PubMed:20053696]. 

25.       Waller DA, Rengarajan A. Thoracoscopic decortication: a role 
for video-assisted surgery in chronic postpneumonic pleural 
empyema. Ann Thorac Surg. 2001;71(6):1813-6. doi:10.1016/s0003-
4975(01)02471-7. [PubMed:11426753]. 

26.       Paul S, Sedrakyan A, Chiu YL, Nasar A, Port JL, Lee PC, et al. Out-
comes after lobectomy using thoracoscopy vs thoracotomy: a 
comparative effectiveness analysis utilizing the Nationwide In-
patient Sample database. Eur J Cardiothorac Surg. 2013;43(4):813-7. 
doi:10.1093/ejcts/ezs428. [PubMed:22826474]. 

27.       Rengarajan R, Venkatasaravanan S, Anandan H. Comparison of 
Outcomes between Video-assisted Thoracoscopic Surgery and 
Thoracotomy in Pediatric Patients for Empyema Thoracis. Int J Sci 
Stud. 2017;5(3):264-7. 

28.       Lardinois D, Gock M, Pezzetta E, Buchli C, Rousson V, Furrer M, 
et al. Delayed referral and gram-negative organisms increase 
the conversion thoracotomy rate in patients undergoing vid-
eo-assisted thoracoscopic surgery for empyema. Ann Thorac 
Surg. 2005;79(6):1851-6. doi:10.1016/j.athoracsur.2004.12.031. 
[PubMed:15919270]. 

29.       Lawrence DR, Ohri SK, Moxon RE, Townsend ER, Fountain SW. 
Thoracoscopic debridement of empyema thoracis. Ann Thorac 
Surg. 1997;64(5):1448-50. doi:10.1016/S0003-4975(97)00917-X. 
[PubMed:9386719]. 

30.       Molnar TF. Current surgical treatment of thoracic empyema in 
adults. Eur J Cardiothorac Surg. 2007;32(3):422-30. doi:10.1016/j.
ejcts.2007.05.028. [PubMed:17646107]. 

31.       Liu Z, Cao S, Zhu C, Wei L, Zhang H, Li Q. Application of Thoraco-
scopic Hybrid Surgery in the Treatment of Stage III Tuberculous 
Empyema. Ann Thorac Cardiovasc Surg. 2015;21(6):523-8. doi:10.5761/
atcs.oa.15-00158. [PubMed:26278117]. [PMC4905029:PMC4905029]. 

32.       Chen B, Zhang J, Ye Z, Ye M, Ma D, Wang C, et al. Outcomes 
of Video-Assisted Thoracic Surgical Decortication in 274 Pa-
tients with Tuberculous Empyema. Ann Thorac Cardiovasc Surg. 
2015;21(3):223-8. doi:10.5761/atcs.oa.14-00185. [PubMed:25818121]. 
[PMC4989967:PMC4989967]. 

33.       Kang DW, Campos JR, Andrade Filho Lde O, Engel FC, Xavier AM, 
Macedo M, et al. Thoracoscopy in the treatment of pleural em-
pyema in pediatric patients. J Bras Pneumol. 2008;34(4):205-11. 
doi:10.1590/s1806-37132008000400004. [PubMed:18425256]. 

34.       Cassina PC, Hauser M, Hillejan L, Greschuchna D, Stamatis G. 
Video-assisted thoracoscopy in the treatment of pleural empy-
ema: stage-based management and outcome. J Thorac Cardio-
vasc Surg. 1999;117(2):234-8. doi:10.1016/S0022-5223(99)70417-4. 
[PubMed:9918962]. 

35.       Scherer LA, Battistella FD, Owings JT, Aguilar MM. Video-assisted 
thoracic surgery in the treatment of posttraumatic empyema. 
Arch Surg. 1998;133(6):637-41; discussion 41-2. doi:10.1001/arch-
surg.133.6.637. [PubMed:9637463]. 

36.       P. B N, S D, Zamad R, Tulaskar N, Chaudhary A. Open Thoracotomy 
and Decortication for Chronic Empyema (Fibrothorax). J Evol 
Med Dent Sci. 2013;2(17):2857-63. doi:10.14260/jemds/625. 



Irani L et al.

9Health Tech Asmnt Act. 2020; 4(3).

37.       Andrade-Alegre R, Garisto JD, Zebede S. Open thoracotomy and de-
cortication for chronic empyema. Clinics (Sao Paulo). 2008;63(6):789-
93. doi:10.1590/s1807-59322008000600014. [PubMed:19061002]. 
[PMC2664280:PMC2664280]. 

38.       Alexiou C, Goyal A, Firmin RK, Hickey MS. Is open thoracotomy 
still a good treatment option for the management of empy-
ema in children? Ann Thorac Surg. 2003;76(6):1854-8. doi:10.1016/
s0003-4975(03)01076-2. [PubMed:14667599]. 

39.       Checklists C. Critical Appraisal Skills Programme (CASP). Oxford: 
UK; 2014. 

40.       Reichert M, Posentrup B, Hecker A, Schneck E, Pons-Kuhnemann 
J, Augustin F, et al. Thoracotomy versus video-assisted thoraco-
scopic surgery (VATS) in stage III empyema-an analysis of 217 con-
secutive patients. Surg Endosc. 2018;32(6):2664-75. doi:10.1007/
s00464-017-5961-7. [PubMed:29218675]. 

41.       Mehrdad R. Health system in Iran. JMAJ. 2009;52(1):69-73. 
42.       Finley C, Clifton J, Fitzgerald JM, Yee J. Empyema: an increasing con-

cern in Canada. Can Respir J. 2008;15(2):85-9. doi:10.1155/2008/975312. 

[PubMed:18354748]. [PMC2677840:PMC2677840]. 
43.       Reichert M, Hecker M, Witte B, Bodner J, Padberg W, Weigand 

MA, et al. Stage-directed therapy of pleural empyema. Langen-
becks Arch Surg. 2017;402(1):15-26. doi:10.1007/s00423-016-1498-9. 
[PubMed:27815709]. 

44.       Bender MT, Ferraris VA, Saha SP. Modern management of tho-
racic empyema. South Med J. 2015;108(1):58-62. doi:10.14423/
SMJ.0000000000000226. [PubMed:25580760]. 

45.       Sonnappa S, Cohen G, Owens CM, van Doorn C, Cairns J, Stano-
jevic S, et al. Comparison of urokinase and video-assisted tho-
racoscopic surgery for treatment of childhood empyema. Am J 
Respir Crit Care Med. 2006;174(2):221-7. doi:10.1164/rccm.200601-
027OC. [PubMed:16675783]. 

46.       Pan H, He J, Shen J, Jiang L, Liang W, He J. A meta-analysis of 
video-assisted thoracoscopic decortication versus open 
thoracotomy decortication for patients with empyema. J 
Thorac Dis. 2017;9(7):2006-14. doi:10.21037/jtd.2017.06.109. 
[PubMed:28840000]. [PMC5542928:PMC5542928]. 


