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Abstract: The aim of this meta-analysis is to compare the perioperative morbidity and mortality outcomes of robotic-
assisted thoracic surgery (RATS) with open thoracic surgery (OTS) for patients with lung cancer. We searched articles
indexed in the Pubmed and Sciencedirect published as of July 2015 that met our predefined criteria. A meta-
analysis was performed by combining the results of reported incidences of perioperative morbidity and mortality.
The relative risk (RR) was used as a summary statistic. Five eligible articles with 2433 subjects were considered
in the analysis (5 articles for morbidity, while 3 articles for mortality). Overall, pooled analysis indicated that peri-
operative morbidity and mortality rate was significantly lower among patients who underwent RATS than patients
who underwent OTS (for morbidity: RR, 0.83; 95% CI, 0.75 to 0.92; P<0.01; for mortality: RR, 0.14; 95% Cl, 0.03 to
0.59; P=0.007). No evidence of publication bias was observed. In conclusion, this meta-analysis showed that RATS
resulted in significantly lower perioperative morbidity and mortality rate compared with OTS cases. Thus, we suggest
RATS be an appropriate alternative to OTS for lung cancer resection. RATS should be studied further in selected cen-
ters and compared with OTS in a randomized fashion to better define its potential advantages and disadvantages.
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Introduction

The revolution of minimally invasive surgery
that began in the 1980s has made a significant
impact in many specialties of surgery. There
are two different minimally invasive approach-
es, robotic-assisted thoracic surgery (RATS)
and video-assisted thoracic surgery (VATS),
which are performed for lung cancer resection
[4]. In early 1990s, VATS came into being and
rapidly progressed to complex procedures of
mediastinal tumors with the incorporation of
video technology [2]. Compared with open tho-
racic surgery (OTS), the purported benefits of
VATS in lung cancer surgery include smaller
incisions, less complications, less respiratory
compromise, and faster recovery time [3, 4]. In
multivariate analysis, VATS was associated
independently with a reduced risk of complica-
tions [5, 6]. However, the general thoracic surgi-
cal community has been relatively slow in
adapting VATS more widely, because of its 2D
vision with lack of depth perception and the

use of long rigid instruments in a counter intui-
tive manner [7].

RATS, which has been proposed as an alterna-
tive to VATS, has emerged as a viable minimally
invasive surgery for lung cancer resection [8, 9].
The introduction of Da Vinci surgical system
and the endo-wrist technology leading to intui-
tive instrument movements has helped over-
come the limitations of VATS and allowed the
surgeon to virtually perform the lobectomy with
his hands without the morbidity of a thoracoto-
my [10]. It provides excellent 3D vision with
magnification (a view even better than open
surgery) and precise dissection with much
improved surgeon ergonomics [11]. Some clini-
cal studies have demonstrated that RATS is
safe with superior clinical outcomes when com-
pared with similar patients undergoing OTS [8,
12]. However, some studies find that RATS
results in similar outcomes compared with OTS
cases [13-15].
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Meta-analysis is a well-established statistical
tool that serves for integration of data from
independent studies in order to formulate more
general conclusions. We therefore undertook a
meta-analysis of studies to compare the mor-
bidity and mortality of RATS with OTS for lung
cancer resection.

Materials and methods
Search strategy

We performed a systematic search of Pubmed
and Sciencedirect up to July 2015 using the
searching strategy: (robot-assisted OR robot
OR robotic approaches) AND (lung cancer or
lung carcinoma). We screened the reference
lists of all eligible studies to identify potentially
eligible studies, and sent emails to the authors
of identified studies for additional information if
necessary.

Selection criteria

Two authors conducted the search indepen-
dently. Titles and abstracts were screened for
subject relevance. Studies that could not be
definitely excluded based on abstract informa-
tion were also selected for full text screening.
Eligible studies had to meet the following crite-
ria: (1) human study; (2) retrospective observa-
tional study, case-control study, cohort study or
randomized clinical trial; (3) Eligible studies for
the present systematic review included those
in which patients with histologically proven lung
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Figure 1. Flow diagram
of screened and included

articles.

Data extraction and quality
assessment

Two authors independently
extracted data using a
standard form. The follow-
ing information was extra-
cted from each included
study: country, first author’s family name, year
of publication, study type, study period, demog-
raphy of subjects (number of subjects and age),
data of morbidity and mortality. Two investiga-
tors independently reviewed each retrieved
article. Discrepancies between the two review-
ers were resolved by discussion and con-
sensus.

Two authors assessed the quality independent-
ly. The qualities of all included studies were
assessed using the Newcastle-Ottawa Scale
(NOS). Using the tool, each study is judged on
eight items, categorized into three groups: the
selection of the study groups; the comparability
of the groups; and the ascertainment of either
the exposure or outcome of interest for case-
control or cohort studies respectively. Stars
awarded for each quality item serve as a quick
visual assessment. Stars are awarded such
that the highest quality studies are awarded up
to nine stars. Studies were graded as good
quality if they awarded 6 to 9 stars; fair if they
awarded 3 to 5 stars; and poor if they awarded
less than 3 stars.

Statistical analysis

Meta-analysis was performed by combining the
results of reported incidences of perioperative
morbidity and mortality. The relative risk (RR)
was used as a summary statistic. The RRs were
calculated using either fixed-effects models or,
in the presence of heterogeneity, random-effe-
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Table 1. Summary of relevant studies identified in the present meta-analysis on RATS versus OTS for

lung cancer
Stud Stud RATS ors Qualit
. udy udy uality
Stud Count )
uaies UMY ype  period MM No. Morbidity Mortality 2" No. Morbidity Mortality score
age age
Veronesi 2010 Italy ROS 2006-2008 NR 54 11 NR NR 54 10 NR 5
Cerfolio 2011 U.K. ROS 2010-2011 66 106 28 66 318 120 11 6
Daniel 2013 USA ROS 1998-2012 67 43 22 70 88 58 3 6
Deen 2014 USA ROS 2008-2012 68 57 32 NR 68 69 30 NR 6
Kent 2014 USA ROS 2008-2010 67 411 180 1 66 1233 667 25 7
RATS, robotic-assisted thoracic surgery; OTS, open thoracic surgery; ROS, retrospective observational study; NR, not reported.
Study %
1D RR (95% CI) Weight
Veronesi 2010 : - 1.10(0.51,2.37) 2.13
Cerfolio 2011 : 0.70 (0.49,0.99) 12.80
Daniel2013 - 0.78 (0.56, 1.08) 8.12
Deen 2014 1.29 (0.91,1.84) 579
Kent 2014 —at 0.81(0.72,091) 71.15
Overall (l-squared = 48.5%, p = 0.100) @ 0.83 (0.75, 0.92) 100.00

T
A1

T
2.37

Figure 2. Forest plot of the RR of perioperative morbidity after RATS vs. OTS for lung cancer.

cts models. Heterogeneity between studies
was tested through the Chi-square and I-square
tests. If the I? value was greater than 50% and
the p value was less than 0.05, the meta-anal-
ysis was considered as homogeneous. In the
presence of heterogeneity, subgroup analyses
were used to identify the possible sources of
heterogeneity. Publication bias was measured
using Begg’s tests and visualization of funnel
plots. All p-values were two sided. All statistical
analyses were performed with Stata version
11.0 (StataCorp, College Station, TX, USA).

Results
Literature search

The literature search yielded a total of 131 pri-
mary studies. These studies were included for

17806

full-text assessment, of which 126 were exclud-
ed for one of the following reasons: (1) irrele-
vant to our topic (n=81), (2) non-human studies
(n=32), (3) non-original studies (reviews, etc.)
(n=7), (4) articles reported neither mortality nor
morbidity for RATS and OTS (n=6). Overall, 5 eli-
gible articles with 2433 subjects from 5 retro-
spective observational studies were consid-
ered in the analysis, in which 5 articles for mor-
bidity, while 3 articles for mortality [8, 12-15]. A
flow diagram of the study selection process is
presented in Figure 1.

Study characteristics and quality assessment

All studies included in the present meta-analy-
sis were from retrospective observational stud-
ies. The overall study quality averaged 6 stars
(range, 5-7) on a scale of 0 to 9. In these 5 ret-

Int J Clin Exp Med 2015;8(10):17804-17810



RATS versus OTS for lung cancer

Study

ID
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%
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Kent 2014

Overall (I-squared = 0.0%, p = o.aeo)Q

0.29 (0.02, 5.47) 11.25

0.12 (0.02, 0.88) 60.70

0.14 (0.03, 0.59) 100.00

T
.0077

T
130

Figure 3. Forest plot of the RR of perioperative mortality after RATS vs. OTS for lung cancer.

Assessment of periopera-

_— tive morbidity

The fixed-effects meta-
analysis results indicated
that the overall periopera-
tive morbidity rate was sig-

s.e. of: logor

nificantly lower among pa-
tients who underwent RATS
than patients who under-
went OTS (RR, 0.83; 95% Cl,
0.75 to 0.92; P<0.01)

(Figure 2). The 5 sets of

results showed no signifi-
cant amount of heterogene-
ity (P=48.5%, P=0.10) (Figu-
re 2).

Figure 4. Funnel plot of the RR of perioperative morbidity after RATS vs. OTS for

lung cancer.

rospective observational studies, 2433 pa-
tients with lung cancer were compared, includ-
ing 671 patients who underwent VATS and
1762 patients who underwent OTS. The num-
ber of subjects in each study ranged from 108
to 1644. The mean age of population ranged
from 66 to 70 years. The earliest study was
published in 2010, and the latest in 2014. By
geographic location, studies were conducted in
3 different countries (USA, U.K. and lItaly). The
detailed characteristics of the included studies
and the results of the quality assessment were
summarized in Table 1.
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Assessment of periopera-
tive mortality

The present meta-analysis in fixed-effects
model showed that patients who underwent
RATS had lower perioperative mortality rate
than patients who underwent OTS (RR, 0.14;
95% Cl, 0.03 to 0.59; P=0.007) (Figure 3). The
3 sets of results showed no significant amount
of heterogeneity (=0, P=0.88) (Figure 3).

Publication bias
Publication bias was determined by Begg’s test

and visualization of funnel plot. There was no
evidence of publication bias for morbidity
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first case-series report on
pulmonary resection by RA-
TS was published in 2002,
a number of studies have
demonstrated the feasibili-
ty of this novel technique
with encouraging results

o—
o

s.e. of: logor

Figure 5. Funnel plot of the RR of perioperative mortality after RATS vs. OTS for

lung cancer.

(P=0.462) (Figure 4) and mortality (P=0.296)
(Figure 5).

Discussion

The first OTS for lung cancer using a thoracoto-
my incision was performed by H. Morriston
Davies in 1912 [16]. Over a century later, OTS
remains the most common technique to per-
form pulmonary lobectomies [17]. However,
slow recovery and pain control requiring an epi-
dural catheter or prolonged oral analgesics
remain drawbacks to this approach [18]. In
early 1990s, a minimally invasive approach
VATS came into being and rapidly progressed to
complex procedures of lung cancer, which is
safe and feasible and results in fewer complica-
tions than OTS [2]. However, because of its 2D
vision with lack of depth perception and the
use of long rigid instruments in a counter intui-
tive manner, the adoption of this approach by
thoracic surgeons remains low [7].

RATS, as a minimally invasive approach, may
address many of the shortcomings of VATS and
OTS [19]. RATS using the da Vinci system has
been proposed as a viable minimally invasive
surgery for lung cancer resection without sacri-
ficing the familiar technical steps of the open
technique [12, 20]. It provides excellent 3D
vision with magnification, a view even better
than open surgery, and precise dissection with
much improved surgeon ergonomics [11].
Robotic surgery in humans was first described
by Cadiere and associates in 1997 [21]. The
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[22]. Today the commonest
indication for robotic tho-
racic oncology is resection
of mediastinal masses [23].
There are some publica-
tions on RATS for lung can-
cer reporting that RATS for

1.5 lung cancer is feasible and
safe [19, 24, 25].

Recently, a meta-analysis
of only 532 participants fr-
om 2 comparative studies
assessing perioperative morbidity outcomes
identified a trend towards fewer complications
after RVATS compared to OTS, but this differ-
ence was not statistically significance [26]. In
the present study, our meta-analysis of over
2400 participants from 5 retrospective obser-
vational studies found significantly lower peri-
operative morbidity and mortality rate among
patients with lung cancer who underwent RATS
compared with those who underwent OTS.
Thus, we suggest RATS be an appropriate alter-
native to OTS, which is associated with superior
perioperative outcomes compared with OTS for
lung cancer.

As far as we know, this is the most comprehen-
sive meta-analysis to compare the periopera-
tive morbidity and mortality outcomes of RATS
with OTS for lung cancer. We made sure to mini-
mize the bias by means of study procedure. Not
only did we search Pubmed and Science direct
to identify potential studies, but also we
screened the reference lists of all relevant stud-
ies. Publication bias was absent as determined
by Begg’s test. However, some limitations exist
in the present systematic review. First, only 5
retrospective observational studies and no ran-
domized clinical trial were included in the meta-
analysis, thus the results should be interpreted
with caution in view of a lack of randomized-
controlled trials comparing RVATS to OTS.
Second, patients’ baseline characteristics dif-
fered between studies, and there was inevita-
bly some variability in the surgical techniques
and skills of surgeons. Despite these limita-
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tions, our findings point out new direction for
future research. We suggest that further study
in a randomized fashion should be conducted
to compare RATS with OTS to better define the
potential advantages of the minimally invasive
approaches for lung cancer.

In conclusion, the present meta-analysis dem-
onstrated that RATS resulted in significantly
lower perioperative morbidity and mortality
rate compared with OTS cases. Thus, we sug-
gest RATS be an appropriate alternative to OTS
for lung cancer resection. In the absence of
randomized controlled trials comparing RATS
with OTS, our findings represent the highest
level of clinical evidence in the current litera-
ture on this issue.
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