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Introduction

Similar to the introduction of laparoscopic appendicectomy 
in the 1980s, video-assisted thoracic surgery (VATS) for 
patients with non-small cell lung cancer (NSCLC) was 
pioneered in the early 1990s with great anticipation and 

enthusiasm. The benefits of this minimally invasive surgical 
technique has since shown encouraging perioperative 
outcomes in the form of reduced incidences of pneumonia (1), 
cardiac arrhythmias (2) and pain (3) compared to open 
thoracotomy. A recent meta-analysis suggests  improved 
outcomes for VATS in terms of systemic recurrence and 
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5-year overall survival when compared to open thoracotomy 
for selected patients with early stage NSCLC (4). 

Despite the multitude of reported superior short- and 
long-term outcomes in retrospective observational studies, 
the acceptance of VATS within the thoracic community has 
been slow. Currently, only a small fraction of pulmonary 
resections are performed by VATS globally. There is 
a paucity of robust clinical data in the form of large 
randomized controlled trials to compare VATS to open 
thoracotomy, and publication bias in the vast majority of 
retrospective studies in the existing literature cannot be 
excluded. Critics of VATS argue that the non-randomized 
patient selection process in retrospective studies may 
provide a ‘false positive’ finding of superior outcomes for 
VATS when more favorable patients are selected for this 
novel technique. Indeed, no randomized controlled trial 
has ever been completed to compare conventional VATS 
according to the current accepted Cancer and Leukemia 
Group B (CALGB) definition with open thoracotomy (5-7). 
To assess the potential patient selection bias for VATS in 
the current literature, we compared perioperative outcomes 
in unmatched patients with propensity score-matched 
patients to identify any significant differences between these 
two study cohorts.

Methods

Literature search strategy

Electronic searches were performed using PubMed, Ovid 
Medline, Cochrane Central Register of Controlled Trials, 
Cochrane Database of Systematic Reviews, ACP Journal 
Club, and Database of Abstracts of Review of Effectiveness  
from their date of inception to April 2012. We combined 
the terms “video-assisted  thoracic  surgery”  or “VATS”   or 
“thoracoscopic surgery” with “propensity*” or “propensity 
score” or “propensity match” as key words or MeSH terms. 
The reference lists of all retrieved articles were reviewed 
for further identification of potentially relevant studies. 
Eligible comparative studies for the present meta-analysis 
included those in which perioperative data were available 
for unmatched and propensity score-matched patients with 
NSCLC who underwent VATS or open thoracotomy. 

All data were extracted from article texts, tables and 
figures. Two investigators (C.C. and S.A.) independently 
reviewed each retrieved article. Discrepancies between the 
two reviewers were resolved by discussion and consensus. 
The final results were reviewed by the senior investigators 

(C.M. and T.D.Y.). 
 

Statistical analysis

The propensity score is the conditional probability of 
assignment to a particular treatment given a vector of 
observed covariates (8). This statistical method aims to 
minimize bias in retrospective observational studies by 
matching the individual’s measured covariates between 
two treatment groups, so that differences in the measured 
outcome can be more directly attributed to the treatment 
rather than the individual’s observed covariates (9). 
Propensity score matching is considered to significantly 
strengthen observational studies (8-10). Studies included 
in the present meta-analysis provided comparative data 
on perioperative outcomes for unmatched and propensity 
score-matched patients who underwent VATS or open 
thoracotomy. Meta-analysis was performed by combining 
the results of reported incidences of postoperative 
mortality, postoperative morbidity, individual postoperative 
complications and duration of hospitalization for 
unmatched patients. The same process was then performed 
for the propensity score-matched patients. 

The relative risk (RR) was used as a summary statistic. 
In the present study, the random effect models were 
tested, where it was assumed that there were variations 
between studies and the calculated ratios thus had a 
more conservative value (11). X2 tests were used to study 
heterogeneity between trials. I2 statistic was used to 
estimate the percentage of total variation across studies, due 
to heterogeneity rather than chance. I2 can be calculated 
as: I2=100%×(Q–df)/Q, with Q defined as Cochrane’s 
heterogeneity statistics and df defined as degree of freedom (12). 
In the present meta-analysis, the results using the random-
effects model were presented to take into account the 
possible clinical diversity and methodological variation 
amongst studies. All P values were 2-sided. All statistical 
analysis was conducted with Review Manager Version 5.1.2 
(Cochrane Collaboration, Software Update, Oxford, United 
Kingdom).

Results

Quantity and quality of trials

Nineteen potentially relevant references were identified 
through the six electronic database searches. After exclusion 
of duplicate or irrelevant references, 7 potentially relevant 
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articles were retrieved for more detailed evaluation (13-19). 
After applying the selection criteria, three comparative 
studies remained for assessment (13-15). Manual search of 
the reference lists did not identify any additional relevant 
studies. All 3 studies included for final analysis in the 
present meta-analysis were from retrospective observational 
studies. In these 3 studies, 7,730 unmatched patients with 
NSCLC were compared, including 5,636 patients who 
underwent open thoracotomy and 2,094 patients who 
underwent VATS. After propensity score-matching, these 
same 3 studies reported perioperative outcomes on 1,681 
patients who underwent open thoracotomy with 1,681 
patients who underwent VATS.

Assessment of perioperative mortality and morbidity

From the three selected studies, the overall perioperative 
mortality rate of unmatched patients was significantly lower 
in patients who underwent VATS compared to patients who 
underwent open thoracotomy (1.4% vs. 1.7%; RR, 0.54; 
95% confidence interval [CI], 0.32-0.92; P=0.02; I2=30%). 
In comparison, propensity score-matched patients from 
the same studies reported a statistically non-significant 
difference in mortality rate between the two treatment 
groups (1.4% vs. 1.9%; RR, 0.72; 95% CI, 0.42-1.23; 
P=0.23; I2=0%). These results are summarized in Figure 1.

Overall perioperative morbidity rates were consistently 
reported to be significantly lower after VATS compared to 
open thoracotomy in both unmatched patients (26.7% vs. 
36.1%; RR, 0.64; 95% CI, 0.52-0.79; P<0.0001; I2=74%) 
and propensity score-matched patients (25.9% vs. 36.5%; 
RR, 0.65; 95% CI, 0.52-0.83; P=0.0004; I2=65%). These 
results are summarized in Figure 2.

Assessment of postoperative complications

A number of postoperative complication rates were 
comparable between the three selected studies for both 
unmatched and propensity score-matched patients. These 
included prolonged air leak, pneumonia, pulmonary 
embolism, atrial arrhythmias, significant bleeding, empyema 
and sepsis. Patients who underwent VATS were found to 
have significantly lower incidences of pneumonia and atrial 
arrhythmias in both the unmatched and propensity score-
matched cohorts. 

In the unmatched cohort, patients who underwent 
VATS were reported to have a statistically significantly 
lower incidence of prolonged air leak (8.5% vs. 9.9%; RR, 

0.68; 95% CI, 0.51-0.91; P=0.009; I2=50%) and sepsis 
(0.5% vs. 1.0%; RR, 0.40; 95% CI, 0.21-0.77; P=0.006; 
I2=0%) compared to patients who underwent thoracotomy. 
However, these outcomes were not statistically significant 
when propensity score-matched patients were compared in 
the same studies. These results are summarized in Figures 3 
and 4, respectively. 

Assessment of length of hospitalization

Comparable data for the duration of hospitalization 
was reported in two studies (13,15). VATS was found 
to be associated with a significantly shorter period of 
hospitalization for both unmatched patients (standardized 
mean difference –0.35; 95% CI –0.48- –0.21; P<0.00001; 
I 2=42%) and propens i ty  score-matched pat ients 
(standardized mean difference -0.33; 95% CI –0.49- –0.17; 
P<0.0001; I2=42%). These results are summarized in Figure 5 
and an overall summary of perioperative outcomes for 
unmatched and propensity score-matched patients who 
underwent VATS versus open thoracotomy is presented in 
Table 1. 

Discussion

To date, the highest level of clinical evidence comparing 
VATS with open thoracotomy have been from retrospective 
observational studies. Two small randomized controlled 
trials compared patients with NSCLC who underwent 
VATS lobectomy versus open thoracotomy (6-7). However, 
it should be acknowledged that rib-spreading was performed 
in both reports and thus these studies no longer conform 
to the current definition of ‘true’ VATS lobectomies (5-7). 
The study conducted by Kirby et al. in 1995 randomized 
61 patients with clinical stage I NSCLC to undergo 
VATS lobectomy or open thoracotomy (6). This study 
reported that VATS was associated with significantly fewer 
postoperative complications but not a significant decrease 
in blood loss, duration of chest tube drainage, length of 
hospital stay, or postoperative pain. A second study by 
Sugi and colleagues randomized 100 patients with clinical 
stage IA NSCLC to undergo VATS lobectomy or open 
lobectomy(7). This trial found no significant differences 
in recurrence or survival rates between the two treatment 
groups. It is important to note that patients randomized to 
the VATS arm in both studies were not analyzed according 
to an intention-to-treat approach, and patients intended for 
VATS but converted to open thoracotomy were included in 
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Study or Subgroup
Ilonen 2011
Paul 2010
Villamizar 2009

Total (95% CI)
Total events
Heterogeneity: Tau² = 0.03; Chi² = 5.71, df = 2 (P = 0.06); I² = 65%
Test for overall effect: Z = 3.55 (P = 0.0004)
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Weight
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49.6%
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M-H, Random, 95% CI
0.40 [0.22, 0.74]
0.76 [0.67, 0.85]
0.63 [0.51, 0.78]

0.65 [0.52, 0.83]

VATS Thoracotomy Risk Ratio Risk Ratio
M-H, Random, 95% CI

0.2 0.5 1 2 5
Favors VATS Favors Open

Figure 1 Forest plots of the relative risk (RR) of all-cause perioperative mortality after video-assisted thoracic surgery (VATS) versus open 
thoracotomy for patients with non-small cell lung cancer (NSCLC) in unmatched (A) and propensity score-matched (B) patients. The 
estimate of the RR of each trial corresponds to the middle of the squares, and the horizontal line shows the 95% confidence interval (CI). 
On each line, the numbers of events as a fraction of the total number randomized are shown for both treatment groups. For each subgroup, 
the sum of the statistics, along with the summary RR, is represented by the middle of the solid diamonds. A test of heterogeneity between 
the trials within a subgroup is given below the summary statistics

Study or Subgroup
Ilonen 2011
Paul 2010
Villamizar 2009

Total (95% CI)
Total events
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Figure 2 Forest plots of the relative risk (RR) of perioperative morbidity after video-assisted thoracic surgery (VATS) versus open 
thoracotomy for patients with non-small cell lung cancer (NSCLC) in unmatched (A) and propensity score-matched (B) patients. The 
estimate of the RR of each trial corresponds to the middle of the squares, and the horizontal line shows the 95% confidence interval (CI). 
On each line, the numbers of events as a fraction of the total number randomized are shown for both treatment groups. For each subgroup, 
the sum of the statistics, along with the summary RR, is represented by the middle of the solid diamonds. A test of heterogeneity between 
the trials within a subgroup is given below the summary statistics
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Figure 3 Forest plots of the relative risk (RR) of prolonged air leak after video-assisted thoracic surgery (VATS) versus open thoracotomy 
for patients with non-small cell lung cancer (NSCLC) in unmatched (A) and propensity score-matched (B) patients. The estimate of the 
RR of each trial corresponds to the middle of the squares, and the horizontal line shows the 95% confidence interval (CI). On each line, the 
numbers of events as a fraction of the total number randomized are shown for both treatment groups. For each subgroup, the sum of the 
statistics, along with the summary RR, is represented by the middle of the solid diamonds. A test of heterogeneity between the trials within a 
subgroup is given below the summary statistics
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Figure 4 Forest plots of the relative risk (RR) of sepsis after video-assisted thoracic surgery (VATS) versus open thoracotomy for patients 
with non-small cell lung cancer (NSCLC) in unmatched (A) and propensity score-matched (B) patients. The estimate of the RR of each 
trial corresponds to the middle of the squares, and the horizontal line shows the 95% confidence interval (CI). On each line, the numbers of 
events as a fraction of the total number randomized are shown for both treatment groups. For each subgroup, the sum of the statistics, along 
with the summary RR, is represented by the middle of the solid diamonds. A test of heterogeneity between the trials within a subgroup is 
given below the summary statistics
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the open thoracotomy group or excluded altogether from 
statistical analysis (20). 

In recent years, a number of retrospective studies have 
utilized propensity score-matching as a statistical tool 
to minimize patient selection bias between VATS and 
open thoracotomy treatment groups (13-19). Flores and 
colleagues compared 313 propensity score-matched patients 
who underwent VATS lobectomy or open thoracotomy, and 

reported a similar 5-year overall survival, but significantly 
fewer postoperative complications and a shorter duration 
of hospitalization for VATS patients when compared to 
open thoracotomy. Unfortunately, detailed data were 
not available to be included in the present meta-analysis. 
Scott et al. reported two studies which used propensity 
score to compare patients undergoing VATS versus 
open thoracotomy (18-19). However, individuals were 

Study or Subgroup
Ilonen 2011
Paul 2010

Total (95% CI)
Heterogeneity: Tau² = 0.01; Chi² = 1.74, df = 1 (P = 0.19); I² = 42%
Test for overall effect: Z = 4.11 (P < 0.0001)
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116
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Weight
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74.1%
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IV, Random, 95% CI
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-0.33 [-0.49, -0.17]

VATS Thoracotomy Std. Mean Difference Std. Mean Difference
IV, Random, 95% CI

-1 -0.5 0 0.5 1
Favors VATS Favors Open

Figure 5 Forest plots of the standardized mean difference (SMD) of duration of hospitalization after video-assisted thoracic surgery (VATS) 
versus open thoracotomy for patients with non-small cell lung cancer (NSCLC) in unmatched (A) and propensity score-matched (B) 
patients. The estimate of the SMD of each trial corresponds to the middle of the squares, and the horizontal line shows the 95% confidence 
interval (CI). For each subgroup, the sum of the statistics, along with the summary SMD, is represented by the middle of the solid diamonds. 
A test of heterogeneity between the trials within a subgroup is given below the summary statistics
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24.8%
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-0.47 [-0.70, -0.24]
-0.31 [-0.37, -0.25]
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-1 -0.5 0 0.5 1
Favors VATS Favors Open

Table 1 Summary of perioperative outcomes of unmatched and propensity score-matched patients who underwent video-assisted 
thoracic surgery (VATS) versus open thoracotomy for non-small cell lung cancer in three selected studies

Measured outcome
Unmatched patients Matched patients

VATS n=2,094 Open n=5,636 VATS n=1,681 Open n=1,681

Perioperative mortality VATS < Open NS

Perioperative morbidity VATS < Open VATS < Open

Prolonged air leak VATS < Open NS

Pneumonia VATS < Open VATS < Open

Pulmonary embolism NS NS

Atrial arrhythmias VATS < Open VATS < Open

Bleeding NS NS

Empyema NS NS

Sepsis VATS < Open NS

Length of stay VATS < Open VATS < Open

 ‘<’ indicates statistically lower rate or duration according to meta-analysis; NS, not significant 

A

B
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categorized into propensity score groups rather than being 
case-matched according to a 1:1 ratio, with ‘outlier’ patients 
who underwent thoracotomy being excluded from analysis 
(18). Park et al. recently published a study that provided 
data on 136 propensity score-matched patients and found 
VATS to be associated with a significantly shorter duration 
of hospitalization (16). However, no data was presented for 
unmatched patients in their cohort so this study was also 
excluded from the present meta-analysis. 

Within the current literature, three studies were found to 
provide data on perioperative outcomes for both unmatched 
and propensity score-matched patients who underwent 
VATS versus open thoracotomy. Results from the present 
meta-analysis indicate that unmatched patients from these 
studies were likely to report more significant benefits 
after VATS compared to open thoracotomy. Specifically, 
unmatched patients who underwent VATS were found to 
have superior overall perioperative mortality and morbidity 
rates, as well as lower incidences of prolonged air leak, 
pneumonia, atrial arrhythmias and sepsis. In addition, 
the duration of hospitalization was significantly shorter 
after VATS compared to open surgery. In comparison, 
patients who were matched according to propensity score 
analysis in the same 3 studies did not show statistically 
significant difference in overall postoperative mortality and 
incidences of prolonged air leak and sepsis. These results 
may suggest that unmatched patients in the three included 
retrospective observational studies have overestimated the 
potential perioperative benefits of VATS compared to open 
thoracotomy. However, it should be acknowledged that the 
propensity score-matching process invariably reduces the 
number of patients included in the data analysis, which may 
decrease the statistical power of the comparative studies. In 
addition, due to the small number of the studies included 
in the present analysis, these results can only be regarded as 
an interesting observation, and should be interpreted with 
care. 

There is growing evidence to suggest that VATS 
lobectomy is a safe and feasible operation associated 
with improved perioperative outcomes compared to 
conventional open thoracotomy (4,13,20). VATS lobectomy 
may be  superior to open lobectomy in terms of oncologic 
efficacy based on advantages seen in surgical outcomes 
after thoracoscopic resections, and the delivery of adjuvant 
chemotherapy (21). As a result of these findings, the 
VATS lobectomy technique has become an addition to 
the armamentarium of many modern thoracic surgeons. 
However, it is necessary to appreciate that there are 

currently no randomized controlled trials comparing 
‘true’ VATS lobectomy as defined by the CALGB criteria 
versus the open technique (5). Due to a lack of clinical 
equipoise and widely reported benefits of the minimally 
invasive approach, we may have missed the opportunity 
to conduct such randomized controlled trials. Despite the 
large number of retrospective comparative studies over the 
past two decades, the favored surgical approach for early-
stage NSCLC remains controversial. From a different 
perspective, attention should perhaps be directed at the 
patient selection process to identify the most appropriate 
patients who will gain the maximal benefit from a minimally 
invasive approach. More emphasis should also be placed on 
the use of standardized, objective and reproducible outcome 
measures to provide a more reliable estimate of how much 
benefit can be offered to patients undergoing VATS. 
This may consolidate the role of VATS in lung cancer 
management, and may raise the standards of outcome 
measurement in thoracic surgery as a whole.

The present meta-analysis indicates that VATS 
lobectomy has superior perioperative outcomes compared 
to open thoracotomy in both matched and unmatched 
cohorts. However, the extent of these reported superior 
outcomes may be overestimated in the unmatched patients 
when compared with propensity score-matched patients. 
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