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Abstract

Background: Uniport video-assisted thoracoscopic surgery (VATS) has been applied widely for the treatment of lung
cancer in recent years. Some studies have reported that uniport VATS might provide better outcomes than multiport
VATS. However, the perioperative outcomes of uniport VATS compared with two-port and three-port VATS, respec-
tively, have yet to be studied at a comprehensive scale. This meta-analysis study compares the perioperative efficacy
among uniport, two-port, and three-port VATS.

Methods: We searched studies published before October 1, 2019, by using Web of Science databases, Ovid Medline,
Embase, and PubMed. Studies that compared uniport VATS with two-port or three-port VATS for patients with lung
cancer were included. Operative time, perioperative blood loss, number of lymph nodes retrieved, conversion rate,
duration of postoperative chest tube drainage, length of hospital stay (LoS), visual analogue pain scores on postopera-
tive day (POD) 1 and POD 3, and overall morbidity were evaluated.

Results: Sixteen studies that compared uniport VATS with two-port or three-port VATS in the treatment of lung
cancer were included. Uniport VATS showed less blood loss, a shorter duration of postoperative drainage and a lower
visual analogue pain score on POD 3 than two-port VATS; it showed a shorter duration of postoperative drainage, a
shorter LoS, and lower visual analogue pain scores on POD 1 and POD 3 than three-port VATS. There were no signifi-
cant differences in the number of lymph nodes retrieved, operative time, conversion rate, and overall morbidity rate
when comparing uniport VATS with two-port VATS or three-port VATS.

Conclusions: Uniport VATS might provide better perioperative outcomes than either two-port or three-port VATS in
lung cancer treatment.
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Background

Lung cancer is identified as the leading cause of cancer
death worldwide in both males and females [1]. Surgery
is the treatment of choice for stage I to IIIA non-small
cell lung cancer (NSCLC). Thoracoscopic lobectomy
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postoperative hospital stay compared with open thora-
cotomy [3, 4].

Over the past few decades, VATS has been widely
applied for diagnosing and resecting lung cancer. VATS
most frequently involved two or three operation ports.
The number of incisions required for VATS has gradu-
ally reduced as instrument and surgical technology has
improved over time. Yamamoto et al. first reported six
patients with pneumothorax treated with uniport thora-
coscopic surgery in 1998 [5]. For complex VATS inter-
vention, Gonzalez et al. introduced the use of uniport
thoracoscopic lobectomy in 2011 [6].

The main advantages of uniport VATS include
decreased postoperative pain, faster initiation of rehabili-
tation, reduced hospital stays and improved patient sat-
isfaction [7-9]. There were some studies that compared
uniport VATS and multiport VATS among patients with
early-stage NSCLC; they claimed that uniport VATS
patients had less blood loss and postoperative pain and
shorter operative times than multiport VATS patients
[10, 11]. However, other studies reported that uniport
VATS might provide no significant benefit for periop-
erative outcomes [12-14]. The perioperative outcomes
between different numbers of chest wall incisions remain
controversial and have yet to be well studied.

A previous meta-analysis study has reported that uni-
port VATS provides superior perioperative efficacy than
multiport VATS [7]. However, there is no study that
separates two-port VATS and three-port VATS in com-
parisons with uniport VATS. Most experts described
two-port VATS as being a bridge from VATS involving
three or more ports to uniport VATS. The technical skills
and procedure are much easier for two-port VATS com-
pared to uniport VATS. It is still unknown whether uni-
port VATS provides better perioperative outcomes than
both two-port VATS and VATS procedures involving
three or more ports.

Thus, we designed this meta-analysis study to compare
the perioperative efficacy of uniport, two-port and three-
port VATS for patients with lung cancer. We aimed to
find out whether uniport VATS leads to better periopera-
tive outcomes than either two-port or three-port VATS.
This systematic review and meta-analysis followed the
PRISMA statement and guidelines.

Methods

Search strategy

We searched for eligible studies by querying Web of Sci-
ence databases, Ovid Medline, Embase, and PubMed for
suitable studies published before October 1, 2019. To
identify all relevant studies, we used the following terms
as keywords or MeSH terms: (non-small cell lung carci-
noma OR lung adenocarcinoma OR lung squamous cell
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carcinoma OR lung cancer) AND (uniport OR single-
port OR single incision OR uniportal). The reference lists
of all the qualified papers were inspected for other poten-
tially relevant studies.

Study inclusion and selection criteria

Both prospective and retrospective studies were eligible.
These studies needed to include the perioperative data of
patients with lung cancer among uniport and multiport
VATS groups. All the included studies needed to observe
one of the following features: operative time, periop-
erative blood loss, number of lymph nodes retrieved,
conversion rate, duration of postoperative chest tube
drainage, length of hospital stay (LoS), visual analogue
score (VAS) of pain for either postoperative day (POD)
1 or POD 3, and overall morbidity. Our exclusion criteria
were the following: (I) Studies that compared one-port
and multiport VATS but mixed two-port and three-port
VATS. (II) Studies that compared one-port and multiport
VATS but did not focus on lung cancer treatment. (III)
Studies that did not include any relevant data. (IV) Stud-
ies that were case reports, case series, review articles,
comments or meta-analyses.

The outcome measures included operative time, peri-
operative blood loss, number of lymph nodes retrieved,
conversion rate, duration of postoperative chest tube
drainage, LoS, VAS of pain on postoperative days 1 and 3,
and overall morbidity rate.

Data extraction and quality assessment

All the data used in the meta-analysis were extracted
from the texts, tables and figures of articles. Two review-
ers independently assessed the titles and abstracts of all
identified trials to confirm fulfillment of the inclusion
criteria (WH Hung and YF Cheng). The following infor-
mation was collected: author, year, data sources, design
of study, surgical method, patient number, operative
time, perioperative blood loss, number of lymph nodes
retrieved, conversion rate, duration of postoperative
chest tube drainage, length of hospital stay, visual ana-
logue score of postoperative pain, and overall morbid-
ity. Any inconsistencies between the two reviewers were
resolved by discussion and consensus. The methodologi-
cal quality of the included studies was assessed by the
Newcastle Ottawa Scale (NOS). If any information was
unavailable, we contacted the authors through e-mail
or telephone to retrieve the data. The final results were
reviewed by a senior investigator (BY Wang).

Statistical analysis

We used Comprehensive meta-analysis (CMA) soft-
ware version 3.0 (Biostat, Englewood, NJ, USA) to per-
form the statistical analysis for this study. Between-trial
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heterogeneity was determined by using I? tests; we
interpreted values>50% as indications of consider-
able heterogeneity. The meta-analysis was conducted
using a random-effect model if there was no statistically
significant heterogeneity (I*<50%). Funnel plots were
used to examine potential publication bias. All p-values
were two-sided. Statistical significance was defined as
p-value<0.05. We used the NOS to measure the quality
of the studies.

Results

Study search and characteristics of included patients
According to our electronic retrieval strategy, a total of
731 studies were identified. After removing duplicates,
irrelevant articles, case reports, reviews, and meta-anal-
yses, the full texts of the remaining studies were scruti-
nized. After excluding studies that did not provide the
appropriate data, sixteen studies were included for final
assessment and were deemed to be suitable for quantita-
tive meta-analysis [9, 11-25]. The process of article selec-
tion is summarized in Fig. 1.

Study characteristics and publication bias analysis

Table 1 presents a detailed summary of the study charac-
teristics. Among the sixteen included studies, fifteen were
retrospective observational studies, and only one was a
prospective cohort study. A total of 3685 patients were
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included, of which 1428 (38.7%) patients underwent uni-
port VATS, 296 (8%) patients underwent two-port VATS,
and 1961 (53.2%) patients underwent three-port VATS.
Seven articles used a propensity score or a matched pair
method. All the eligible studies had NOS scores ranging
from six to eight.

Using Comprehensive meta-analysis Version 3.0, we
formed funnel plots to assess publication bias for this
meta-analysis. Publication bias was evaluated for the
blood loss and visual analogue pain score on POD 1. The
results are summarized in Fig. 2; symmetrical funnel
plots for perioperative blood loss showed that there was
little publication bias in our meta-analysis. However, the
funnel plot for visual analogue pain score on POD 1 did
not show the satisfying symmetry.

Operative outcomes

Number of lymph nodes retrieved

Fourteen studies included data related to the number of
lymph nodes retrieved, in which four studies compared
two-port VATS with uniport VATS and twelve studies
compared three-port VATS with uniport VATS. Thus,
two studies involved comparisons of uniport VATS
with two-port VATS and three-port VATS, respectively.
A combined total of 3048 patients were included. The
mean numbers of lymph nodes retrieved for the uniport,
two-port, and three-port VATS groups were 18.12+7.6,

Records identified through
database searching
(n=731)

2
2
2
i

Fig. 1 Flow diagram of the study selection process
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Table 1 Basic characteristics of the publications selected for meta-analysis
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Study Year Country Surgery Trial type No. of patients Quality score
One-port VATS Two-port VATS Three-
port
VATS
LiC 2013 China Lobectomy Retrospective 87 75 6
ZhuY 2015 China Lobectomy Retrospective 33 49 6
Hirai K 2015 Japan Lobectomy Retrospective 60 20 6
Mu JW 2015 China Lobectomy + Segmentectomy +Wedge  Prospective 58 347 8
ShenYX 2015 China Lobectomy Retrospective 115 296 8
ChangJM 2016 Taiwan  Lobectomy+ Segmentectomy Retrospective 45 76 6
Hao zP 2016 China Lobectomy/Bilobectomy 4 Pneumonec-  Retrospective 115 101 6
tomy
Dai FQ 2016 China Lobectomy Retrospective 77 66 8
Ke HG 2017 China Lobectomy Retrospective 65 97 8
Wang LL 2017 China Lobectomy Retrospective 73 86 98 6
Heo W 2017 Korea Lobectomy Retrospective 37 67 8
SongKS 2017 Korea Lobectomy Retrospective 26 47 8
Han KN 2017 Korea Lobectomy/Bilobectomy 4+ Segmentec- Retrospective 203 68 168 6
tomy
Liu CC 2018 Taiwan  Lobectomy+ Segmentectomy+Wedge  Retrospective 150 382 8
LiC 2018 China Lobectomy Retrospective 131 101 6
Wang GX 2018 China Lobectomy Retrospective 153 113 6

18.47 £9.2, and 18.13 +7.04, respectively; there were no
significant differences between the uniport VATS group
and the other two VATS groups (uniport vs. three-port:
SMD =0.021, 95% CI—0.077, 0.118; uniport vs. two-
port: SMD=0.032, 95% CI—0.243, 0.179). However,
low heterogeneity was detected (uniport vs. three-port:
p=0.094, I-squared: 40%; uniport vs. two-port: p=0.156,
I-squared: 43%). The results of this analysis are given in
Fig. 3A.

Operative time

Sixteen studies included data related to operative time, in
which four studies compared two-port VATS with uni-
port VATS and fourteen studies compared three-port
VATS with uniport VATS. Thus, two studies involved
comparisons of uniport VATS with two-port VATS
and three-port VATS, respectively. A combined total
of 3685 patients were included. The mean operative
times for the uniport, two-port, and three-port VATS
groups were 154.18 +37.9 min, 168.58 +48.5 min, and
148.84+45.6 min, respectively. A forest plot suggested
that compared with multiport VATS groups, regard-
less of two or three ports, uniport VATS was not asso-
ciated with an increased operative time (uniport vs.
three-port: SMD =0.160, 95% CI—0.159, 0.480; uniport
vs. two-port: SMD=-0.043, 95% CI—0.304, 0.218).
High heterogeneity was detected (uniport vs. three-port:

p<0.001, I-squared: 94%; uniport vs. two-port: p=0.046,
I-squared: 63%). The results of this analysis are summa-
rized in Fig. 3B.

Conversion rate

Seven studies included data related to the rate of con-
version to open thoracotomy or the need for additional
ports, in which two studies compared two-port VATS
with uniport VATS and six studies compared three-port
VATS with uniport VATS. Thus, only one study involved
comparisons of uniport VATS with two-port VATS and
three-port VATS, respectively. A combined total of 1695
patients were included. The mean conversion rates for
the uniport, two-port, and three-port VATS groups were
5.6%, 3.5%, and 4.0%, respectively. There were no sig-
nificant differences when comparing the uniport VATS
group with the other two VATS groups (uniport vs.
three-port: SMD =0.019, 95% CI—0.332, 0.370; uniport
vs. two-port: SMD =0.001, 95% CI—0.220, 0.221). High
heterogeneity was detected in the uniport versus three-
port analysis (uniport vs. three-port: p <0.001, I-squared:
87%; uniport vs. two-port: p =0.858, I-squared: < 0.001%).
The results of this analysis are summarized in Fig. 3C.

Morbidity rate
Thirteen studies included comparable data related
to overall morbidity, in which four studies compared
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Fig. 2 Funnel plots for results included in the meta-analysis: A Blood loss of operation, B Visual analogue pain score on postoperative day 1

two-port VATS with uniport VATS and eleven studies
compared three-port VATS with uniport VATS. Thus,
two studies involved comparisons of uniport VATS
with two-port VATS and three-port VATS, respectively.
A combined total of 2705 patients were included. The
mean morbidity rates for the uniport, two-port, and
three-port VATS groups were 14.93%, 10.67%, and
18.70%, respectively. Uniport VATS was not associated

with a higher rate of morbidity than two-port or three-
port VATS (uniport vs. three-port: SMD = — 0.038, 95%
CI—0.127, 0.051; uniport vs. two-port: SMD =—0.011,
95% CI—0.169, 0.147). However, low heterogene-
ity was detected (uniport vs. three-port: p=0.661,
I-squared: <0.001%; uniport vs. two-port: p=0.402,
I-squared: <0.001%). The results of this analysis are
summarized in Fig. 3D.
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Study name Statistics for each study Std diff in means and 95% CI
Std diff Lower Upper Relative
inmeans limit limit weight
Li C(2013) 0309  -0.002 0.620 —— 7.57
ZhuY (2015) -0.199  -0.641 0.244 ———— 422
Hirai K (2015) 0059  -0.448 0.565 3.32
Shen YX (2015) 0094  -0.121 0.310 — - 12.63
Hao ZP (2016) 0234 -0.502 0.035 —— 9.42
KeHG (2017) -0.291 -0.607 0.024 - 7.38
Wang LL (2017) 0212 -0.092 0515 - 7.83
HeoW (2017) -0.000  -0.402 0.401 —_— 4.99
SongKS (2017) 0035  -0.444 0514 - 3.66
Han KN (2017) 0000  -0.204 0.204 —a— 13.46
LiuCC (2018) 0132  -0.057 0.321 —— 14.73
WangGX (2018)  -0.018  -0.261 0.225 —— 10.80
3-port 0.021 -0.077 0.118 >
ChangJM(2016)  -0.007  -0.375 0.362 —— 20.98
DaiFQ (2016) -0.141 -0.470 0.188 —a— 24.13
WangLL (2017) 0254  -0.059 0.567 —— 25.56
HanKN (2017) 0210  -0.485 0.065 —8— 29.33
2-port -0.032 -0.243 0.179 i
A Lymph nodes retrieved  Favors uniport Favors multiport
Study name Statistics for each study Std diff in means and 95% CI
Std diff Lower Upper Relative
inmeans limit limit weight
Hirai K (2015) 0.883 0.359 1.407 — 13.96
MuJW (2015) 0.009 -0.269 0.287 - 17.98
ShenYX (2015) -0.364 -0.581 -0.147 —-— 18.81
HeoW (2017) 0.538 0.130 0.946 — 15.91
SongKS (2017) -0.839 41337 -0.341 —— 14.40
HanKN (2017) -0.012 -0.216 0.193 - 18.96
3-port 0.019 -0.332 0.370 >
ChangJM(2016)  -0.026 -0.395 0.342 —a— 35.69
HanKN (2017) 0.016 -0.259 0.290 - 64.31
2-port 0001  -0220 0221 >
C Conversion rate Favors uniport Favors multiport

Fig. 3 Forest plots for results: A Number of lymph nodes retrieved, B Operative time, C Conversion rate, D Morbidity rate

Study name Statistics for each study Std diff in means and 95% Cl
Std diff Lower Upper Relative
inmeans limit limit weight
Li C (2013) -0200  -0.510 0.110 - 7.22
ZhuY (2015) 1.075 0.604 1.546 —-— 663
Hiral K (2015) 0258  -0.250 0.766 - 6.48
MuJW (2015) 0.057 0.221 0.335 - 7.32
ShenYX (2015)  -0.222  -0.438 0.006 - 7.48
Hao ZP (2016) 2248 1.907 2.589 - 7.12
KeHG (2017) 0435  -0.753 0.118 - 7.20
WanglLL (2017)  -0.143 0.447 0.160 - 7.24
HeoW (2017) 0.169  -0.233 0.572 —-— 6.90
SongKS (2017) 0315  -0.166 0.797 - 6.59
HanKN (2017)  -0.088 0.293 0.117 - 7.51
LiuCC (2018) 0350  -0.540 0.159 - 7.54
LiC (2018) 0030  -0.229 0.290 - 7.37
WangGX (2018)  -0.282  -0.526 0.038 - 7.41
3-port 0.160  -0.159 0.480 >
ChangJM(2016) -0.336  -0.707 0.036 L 22.19
DaiFQ (2016) 0.079 0.250 0.408 - 24.54
Wang LL (2017) 0.214 -0.526 0.099 - 25.49
HanKN (2017) 0.240 0.036 0515 hd 27.78
B 2-port 0.043  -0.304 0.218 *
rative tim % "
Operative time Favors uniport Favors multiport

Study name Statistics for each study Std diff in means and 95% C1

Std diff Lower Urpor Relative

in means limit limit weight
LiC (2013) 0.172 -0.481 0.138 —_— 8.28
ZhuY (2015) 0.134 0.576 0.308 — 4.06
Hirai K (2015) 0.215 0.292 0.722 3.08
MuJWw (2015) 0.028 0.250 0.306 —_— 10.25
Shen YX (2015) -0.000 0.216 0.215 - 17.09
KeHG (2017) -0.154 0.469 0.160 - 8.01
Wang LL (2017) 0.101 0.404 0.202 —_— 8.62
HeoW (2017) -0.120 0.522 0.282 4.91
Song KS (2017) -0.000 0.479 0.479 3.45
HanKN (2017) 0.139 -0.066 0.343 —- 18.92
Wang GX (2018) 0.202 0.446 0.041 —_— 13.34
3-port -0.038 0.127 0.051 -
Chang JM (2016) -0.109 0.478 0.260 - 18.34
Dai FQ (2016) -0.110 -0.439 0.219 = E— 23.06
Wang LL (2017) -0.104 0.416 0.208 — 25.62
HanKN (2017) 0.186 0.089 0.461 —— 32.99
2-port 0.011 -0.169 0.147 e

Morbidity rate Favors uniport Favors multiport

Perioperative blood loss

Fifteen studies included comparable data related to
blood loss, in which three studies compared two-port
VATS with uniport VATS and thirteen studies compared
three-port VATS with uniport VATS. Thus, only one
study involved comparisons of uniport VATS with two-
port VATS and three-port VATS, respectively. A com-
bined total of 3246 patients were included. As shown in
Fig. 4, the uniport approach resulted in a significantly
lower bleeding volume compared with two-port VATS
(SMD=-0.417, 95% CI—0.612, —0.222). The uniport
technique also seemed to have lower bleeding volume
than three-port VATS, but no statistical distinction was
observed (SMD=-0.120, 95% CI—0.252, 0.012). High
heterogeneity was detected in the uniport versus three-
port analysis (uniport vs. three-port: p=0.003, I-squared:
60%; uniport vs. two-port: p=0.435, I-squared: < 0.001%).

Duration of postoperative chest tube drainage

Fourteen studies reported data related to the dura-
tion of postoperative chest tube drainage, in which
four studies compared two-port VATS with uniport
VATS and twelve studies compared three-port VATS
with uniport VATS. A combined total of 2757 patients
were included. The results are summarized in Fig. 5A.
The mean chest tube insertion times for the uniport,
two-port, and three-port VATS groups were 4.19+24,
4.60£2.4, and 5.2942.7 days, respectively. There was a

significant difference between the uniport and two-port
VATS groups (SMD = —0.224, 95% CI: —0.417, — 0.030).
The comparison between the uniport and three-port
VATS groups also showed a significant difference
(SMD=-0.429, 95% CI:—0.602, —0.256). High het-
erogeneity was detected in the uniport versus three-port
analysis (uniport vs. three-port: p <0.001, I-squared: 72%;
uniport vs. two-port: p =0.221, I-squared: 32%).

Length of hospital stay

Fifteen studies included comparable data related to
length of hospital stay, in which three studies compared
two-port VATS with uniport VATS and thirteen studies
compared three-port VATS with uniport VATS. Thus,
only one study involved comparisons of uniport VATS
with two-port VATS and three-port VATS, respectively.
A combined total of 2543 patients were included. The
results of this analysis are shown in Fig. 5B. The mean
lengths of hospital stay for the uniport, two-port, and
three-port VATS groups were 7.25+2.9, 8.04+4.0, and
8.36 3.2 days, respectively. There was a significant dif-
ference between the uniport and three-port VATS groups
but not between the uniport and two-port VATS groups
(uniport vs. three-port: SMD=-0.324, 95% CI—0.489,
—0.158; uniport vs. two-port: SMD=-0.170, 95%
CI—0.379, 0.039). High heterogeneity was detected in
the uniport versus three-port analysis (uniport vs. three-
port: p<0.001, I-squared: 74%; uniport vs. two-port:
p=0.313, I-squared: 14%).
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Study name Statistics for each study Std diff in means and 95% CI

Std diff Lower Ufper Relative

in means limit limit weight
Li C(2013) 0.227 -0.083 0.537 T 7.78
ZhuY (2015) 0.237 -0.206 0.680 - 5.38
Hirai K (2015) 0.263 -0.244 0.771 452
MuJW (2015) -0.008 -0.286 0.270 — 8.48
ShenYX (2015) -0.469 -0.687 -0.251 — 9.92
Hao ZP (2016) -0.060 -0.327 0.207 —— 8.73
Ke HG (2017) -0.120 -0.434 0.185 —_— 7.68
WangLL (2017) -0.420 -0.726 -0.114 —_— 7.85
Heo W (2017) -0.159 -0.561 0.243 *>—1 6.02
Song KS (2017) 0.071 -0.408 0.550 4.88
LiuCC (2018) -0.200 -0.389 -0.011 —— 10.62
LiC (2018) -0.021 -0.280 0.239 — 8.91
Wang GX (2018) -0.415 -0.660 -0.169 - 9.24
3-port -0.120 -0.252 0.012 -
Chang JM (2016) -0.531 -0.906 -0.157 —— 27.10
DaiFQ (2016) -0.509 -0.843 -0.175 —— 34.10
Wang LL (2017) -0.256 -0.569 0.057 —8— 38.79
2-port 0417  -0612  -0.222 N

Blood loss Favors uniport Favors multiport

Fig. 4 Forest plot of perioperative blood loss for uniport VATS, two-port VATS, and three-port VATS groups

Visual analogue score of pain on postoperative day 1

and postoperative day 3

The results regarding visual analogue score of pain are
shown in Fig. 6. Eight studies included data related to
pain score, in which two studies compared two-port
VATS with uniport VATS and seven studies compared
three-port VATS with uniport VATS. Only one study
involved comparisons of uniport VATS with two-port
VATS and three-port VATS, respectively. A combined
total of 1304 patients were included in the analysis of
seven studies involving the pain scale on POD 1, and
1518 patients were included in the analysis of seven
studies involving the pain scale on POD 3. High het-
erogeneity was detected regarding the pain scale on
POD 1 (uniport vs. three-port: p<0.001, I-squared:
93%; uniport vs. two-port: p<0.001, I-squared: 96%).
Forest plots showed that uniport VATS was signifi-
cantly associated with lower pain on postoperative days
1 and 3 when compared with three-port VATS (VAS
day 1: SMD=-0.915, 95% CI—1.408, —0.422; VAS
day 3: SMD=-0.653, 95% CI —1.149, —0.156). This
trend was also observed in the comparison between
the uniport and two-port VATS groups (VAS day 1:
SMD =—-1.124, 95% CI—2.298, —0.049; VAS day 3:
SMD = —0.942, 95% CI —1.181, —0.704).

Discussion

This meta-analysis was based on sixteen trials that
included 3685 patients. All relevant studies were
assessed by the NOS and scored highly. Our meta-anal-
ysis demonstrated that uniport VATS was associated
with less blood loss, a shorter duration of postoperative
drainage and a lower VAS of pain on POD 3 than two-
port VATS. Uniport VATS also had lower values than
three-port VATS with regard to postoperative drain-
age duration, LoS, and visual analogue pain scores on
POD 1 and POD 3. There were no significant differ-
ences in the number of lymph nodes retrieved, opera-
tive time, conversion rate, and overall morbidity rate
when comparing uniport VATS with two-port VATS
or three-port VATS. Our results are consistent with
the major findings of previous original studies [7, 26].
Overall, these findings suggest that uniport VATS can
be performed with relatively similar or improved peri-
operative outcomes without compromising safety or
oncologic principles.

Uniport VATS allows major thoracic operations to
be performed through a single small incision of about
3-5 cmy; it can result in less wounding and achieve the
same effect as multiport VATS [20]. It eliminates the
observation incision at the seventh intercostal space
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Study name Statistics for each study
Std diff Lower Upper
inmeans limit limit
Li C (2013) -0.441 -0.753 -0.128
ZhuY (2015) -0.464 -0.911 -0.017
Hirai K (2015) -0.158 -0.665 0.343
MuJW (2015) -0.108 -0.386 0.170
Hao ZP (2016) -0.725 -1.001 -0.449
Ke HG (2017) -1.103 -1.440 -0.767
WangLL (2017) -0.278 -0.582 0.027
Heo W (2017) -0.120 -0.522 0.282
SongKS (2017) -0.441 -0.925 0.044
Han KN (2017) -0.696 -0.906 -0.485
LiC (2018) -0.181 -0.441 0.079
Wang GX (2018) -0.327 -0.571 -0.082
3-port -0.429 -0.602 -0.256
Chang JM (2016) -0.217 -0.587 0.153
DaiFQ (2016) 0.000 -0.329 0.329
WangLL (2017) -0.482 -0.798 -0.166
Han KN (2017) -0.190 -0.465 0.085
2-port -0.224 -0.417 -0.030
A Chest tube duration
Study name Statistics for each study
Std diff Lower Upper
in means limit limit
Li C (2013) -0.372 -0.684 -0.061
ZhuY (2015) -0.081 -0.522 0.361
Hirai K (2015) -0.035 -0.542 0.471
MuJW (2015) 0.089 -0.189 0.367
ShenYX (2015) -0.445 -0.663 -0.228
Hao ZP (2016) -0.419 -0.689 -0.149
Ke HG (2017) -1.254 -1.597 -0.912
WangLL (2017) -0.333 -0.639 -0.028
Heo W (2017) -0.099 -0.501 0.303
Song KS (2017) -0.354 -0.837 0.128
LiuCcC (2018) -0.334 -0.524 -0.144
LiC (2018) -0.047 -0.306 0.213
Wang GX (2018) -0.412 -0.658 -0.167
3-port -0.324 -0.489 -0.158
Chang JM (2016) -0.399 -0.771 -0.026
DaiFQ (2016) -0.016 -0.345 0.313
Wang LL (2017) -0.142 -0.454 0.170
2-port -0.170 -0.379 0.039
B Length of hospital stay

Fig. 5 Forest plots for results: A Duration of postoperative chest tube drainage, B length of hospital stay
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(ICS) and the other working port at the posterior axillary

line.

Theoretically, a reduction in the number of incisions is
associated with a more difficult surgery. Intense jamming

and interference among the thoracoscope and other
instruments during uniport VATS were claimed to be the
major disadvantages of uniport VATS. Thus, there may
be a longer surgical time during uniport VATS [16, 19].



Cheng et al. Journal of Cardiothoracic Surgery ~ (2022) 17:284

Page 9 of 11

Study name Statistics for each study
Std diff Lower  Upper
in means limit limit
Li C (2013) -0.411 -0.723 -0.099
ZhuY (2015) -2.130 -2.678 -1.581
Ke HG (2017) -0.534 -0.853 -0.214
WanglLL (2017) -1.700 -2.052 -1.347
LiC (2018) -0.603 -0.869 -0.338
Wang GX (2018) -0.301 -0.546 -0.057
3-port -0.915 -1.408 -0.422
DaiFQ (2016) -0.528 -0.862 -0.194
Wang LL (2017) -1.725 -2.090 -1.360
A VAS day 1
Study name Statistics for each study
Std diff Lower  Upper
inmeans limit limit
Li C (2013) -0.411 -0.723 -0.088
Hao ZP (2016) -0.342 -0.611 -0.073
Ke HG (2017) -1.927 -2.304 -1.548
WanglLL (2017) -1.019 -1.340 -0.697
LiC (2018) 0.091 -0.168 0.351
Wang GX (2018) -0.375 -0.620 -0.130
3-port -0.653 -1.148 -0.156
DaiFQ (2016) -0.975 -1.322 -0.627
WangLL (2017) -0.914 -1.242 -0.586
2-port -0.942 -1.181 -0.704
B VAS day 3

Favors uniport

Favors uniport

Fig. 6 Forest plots for results: A Visual analogue score of pain on postoperative day 1, B Visual analogue score of pain on postoperative day 3
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However, our meta-analysis showed that uniport VATS
was associated with no difference in operation time. We
suggest that surgeons who perform single-port thoraco-
scopic surgery generally have more experience in VATS.
The advanced surgical experience can facilitate less
blood loss, improve surgical time and make the surgery
more delicate. The learning curve for uniport VATS
lobectomy was reported to be thirty cases to reach the
performance plateau [27]. After achieving the learning
curve, a surgeon can avoid intense jamming of the thora-
coscope and other instruments in the limited intercostal
space. The number of lymph nodes retrieved, morbidity
rate and conversion rate for uniport VATS can also be
similar to what is achieved during multiport VATS. Fur-
thermore, uniport VATS can provide the line of vision

and operation surface on the same sagittal plane, which
makes the axes of thoracoscopic view parallel with the
instrumentations. In such a case, the eye-to-hand incon-
sistency would be lower and the speed of the procedure
would be accelerated.

The visual analogue score of pain is a vital indicator
affecting the overall treatment effect. It directly affects
postoperative performance, rehabilitation, the dura-
tion of chest tube drainage and LoS. Our meta-analysis
showed that uniport VATS was associated with a lower
pain score on postoperative days 1 and 3. The site of
incision for uniport thoracoscopic lobectomy is usually
located on the 5th ICS along the anterior axillary line.
Fewer muscular layers and wider ICS at this area make
for less tissue trauma as well. The observation port in
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the multiport group was usually located at the 7th ICS
along the posterior axillary line. The chest wall muscles
are thick there and the ICS is narrow, so the blood vessels
and nerves could be easily injured. By reducing the num-
ber of incisions, tissue trauma of intercostal muscles and
nerves can be reduced without increasing the difficulty of
surgery. Uniport VATS helps patients to start their reha-
bilitation earlier and, therefore, accelerates their recov-
ery. [28]

There are few studies that compare the long-term sur-
vival rates achieved by the uniport and multiport ver-
sions of thoracoscopic surgery for lung cancer. Liu et al.
[23] reported that uniport thoracoscopic surgery pro-
vided better 5-year overall survival than multiport thora-
coscopic surgery in stage I-III lung cancer. Disease-free
survival, however, was similar between the two groups.
On the contrary, Borro et al. carried out a retrospective
review of 276 VATS lobectomies for lung cancer and
claimed that the 1- and 4-year survival rates for uniport
thoracoscopic surgery were inferior to those for multi-
port thoracoscopic surgery [29]. Clinical trials are still
needed to identify the long-term outcomes between uni-
port and multiport VATS for lung cancer.

There are several limitations in our systematic review
and meta-analysis. Firstly, the lack of long-term survival
analysis may lead to deficient oncologic efficacy. Sec-
ondly, indirect data acquisition methods were used for
meta-analysis, such as the extraction of data from the
figures of original articles. Thirdly, all the publications
selected for meta-analysis are from East Asia (Japan, Tai-
wan, China, and Korea); so, this geographical limitation
might heavily bias our results. Another limitation is that
there is a variability of technique (lobectomy and seg-
mentectomy) included in the selection criteria, although
we found that uniport VATS might represent a prefer-
able option for the treatment of T1-3NOMO NSCLC.
Fourthly, heterogeneity was observed in some out-
comes (pain VAS on POD 1). Finally, most of the stud-
ies involved in our analyses were retrospective; there
is a possibility of selection bias and observer bias with
regard to the adoption of the operative approach. This
may lead to less powerful results, although seven stud-
ies performed propensity-matched analyses to improve
the matching of patients according to relevant prognostic
factors. More prospective studies and randomized con-
trolled trials are needed.

Conclusions

Compared to two-port and three-port VATS approaches,
uniport VATS might be a superior option for the treat-
ment of early-stage lung cancer. Our meta-analysis pro-
vided evidence that uniport VATS could have similar or
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better perioperative outcomes without compromising
safety or oncologic principles.
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