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Abstract

(OR) 0.44; 95% Cl 0.21-0.92; P = 0.03, I* = 0%).

Spontaneous breathing, Meta-analysis

Objective: The aim of this study was to compare the safety feasibility and safety feasibility of non-intubated (NIVA
TS) and intubated video-assisted thoracoscopic surgeries (IVATS) during major pulmonary resections.

Methods: A meta-analysis of eight studies was conducted to compare the real effects of two lobectomy or
segmentectomy approaches during major pulmonary resections.

Results: Results showed that the patients using NIVATS had a greatly shorter hospital stay and chest-tube
placement time (weighted mean difference (WMD): — 1.04 days; 95% Cl — 1.50 to — 0.58; P < 0.01) WMD — 0.71
days; 95% confidence interval (Cl), — 1.08 to — 0.34; P < 0.01, respectively) while compared to those with IVATS.
There were no significant differences in postoperative complication rate, surgical duration, and the number of
dissected lymph nodes. However, through the analysis of highly selected patients with lung cancer in early stage,
the rate of postoperative complication in the NIVATS group was lower than that in the IVATS group [odds ratio

Conclusions: Although the comparable postoperative complication rate was observed for major thoracic surgery in
two surgical procedures, the NIVATS method could significantly shorten the hospitalized stay and chest-tube
placement time compared with IVATS. Therefore, for highly selected patients, NIVATS is regarded as a safe and
technically feasible procedure for major thoracic surgery. The assessment of the safety and feasibility for patients
undergoing NIVATS needs further multi-center prospective clinical trials.
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Introduction

Since video-assisted thoracoscopic surgery (VATS) with
the double-lumen endotracheal tube and endobronchial
blocker for one-lung ventilation was firstly used for the
major pulmonary resections in 1992, it has been com-
monly adopted by thoracic surgeons due to its minimal
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invasive characteristic to patients [1]. Currently, this
technique has been widely used for major pulmonary re-
sections [2, 3] and intubated one-lung ventilation is a
major milestone in thoracic surgical procedures [4].
However, the complications of general anesthesia with
intubation cannot be neglected, such as intubation-
related airway injury, ventilation-induced lung injury,
residual neuromuscular blockade, and postoperative
nausea and vomiting [5]. Tracheobronchial rupture may
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lead to a mortality rate as high as 22% [6]. Therefore, a
variety of VATS were developed in the past decades to
maintain spontaneous ventilation and reduce the adverse
effects of general anesthesia [7, 8]. The utilization of
VATS with spontaneous ventilation in mediastinal biop-
sies [9], metastatic tumors [10], bullectomy [11], empy-
ema thoracic [12], pulmonary biopsies [13], pleural
effusion [14], spontaneous pneumothorax [15], and non-
anatomical resections has determined that this technique
is a safe, efficient, and feasible technique for thoracic
surgery [10].

Recently, non-intubated anesthesia has been gradually
developed to minimize the damages of VATS. This
makes the surgeons easier to use the non-intubated
video-assisted thoracoscopic surgeries (NIVATS) in the
anatomical lung resection [8]. Although there were
many advantages for NIVATS with one-lung spontan-
eous ventilation than IVATS with mechanical ventila-
tion, there are few papers to systematically compare the
differences in NIVATS and IVATS in terms of safety
and feasibility to patients during their major pulmonary
resections.

Material and methods

Data collection

The keywords “non-intubated or non-tracheal intub-
ation,” “awake or wake,” “video-assisted thoracoscopic
surgery or VATS,” “regional anesthesia or local
anesthesia” were combined with one another and en-
tered into the Google Scholar, OVID, PubMed, Embase,
and Cochrane library to identify relevant studies pub-
lished before February 2020 for the meta-analysis.
Studies had to meet the following criteria to be included
in the analysis: (1) a randomized design was used; (2)
observational studies comparing non-intubated VATS
under local or regional anesthesia (experimental group)
with radical intubated VATS under general anesthesia
(control group) in patients for thoracic surgery; (3) the

” o«

Table 1 Characteristics of the studies included in our meta-analysis
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patients received the major surgical procedures includ-
ing lobectomy and anatomical segmentectomy under
VATS; (4) sufficient data could be obtained for the esti-
mation of weighted mean differences (WMD) or odds
ratios (OR); (5) replicated samples (or treatments) were
considered. To avoid the specific selection of studies,
these relatively accurate data without randomized
organization should not be simply ignored and could
also be included in the meta-analysis with an evaluation
with the Newcastle-Ottawa Scale (NOS) [16]. To well il-
lustrate the objective of this study, the following studies
should not be considered as meta-data of this work: (1)
without the comparison of non-intubated VATS with
intubated VATS for thoracic surgery; (2) patients in both
(control and experimental) groups received different sur-
gical procedures; (3) minor pulmonary resections, such
as wedge resection, metastasectomy, bullectomy, and
non-anatomical resections; (4) letters to editors, case re-
ports, meta-analysis, and reviews could not be
considered.

A total of 8 published articles [17-24] were selected
from 298 potential literature with the proposed paper se-
lection criteria and they were listed in Tables 1 and 2.
Specifically, there were 1 RCT study and 7 retrospective
studies and a total of 970 patients were finally available
for this study since they underwent the major pulmonary
resections. The raw data consisted of surgical duration,
hospitalized stays, lymph node numbers, chest-tube
placement time, the volume of drainage, and rate of
postoperative complications. There were nonfatal com-
plications reported in these studies, including prolonged
air leaks, atrial fibrillation, pneumonia, and atelectasis.

Data screening

The data screening was conducted independently by two
authors to extract the eligible mate-data for this re-
search. When discrepancies appeared during the data se-
lection process, the corresponding author would make

Author Year No. of Indications Tumor size(cm) Study design Quality
case/ Case Control assessment
control

Jiang Bo et al. 2017 30/30 Lobectomy 2.08 + 041 224 £ 042 Retrospective review NOS:6

Zhihua Guo et al. 2016 48/92 Segmentectomy NR NR Retrospective review NOS:7

Jin-shing Chen et al. 2011 30/30 Lobectomy 21+£12 19+07 Retrospective review NOS:6

Jun Liu et al. 2016 20/20 Segmentectomy 1.0+ 04 16+ 1.1 Retrospective review NOS:7

Jun Liu et al. 2016 116/116 Lobectomy 24+13 25+12 Retrospective review NOS:7

Jun Liu et al. 2014 26/30 Lobectomy NR NR RCT Jadad score:2

Zeead M.AIGhamdi et al. 2018 30/30 Lobectomy NR NR Retrospective review NOS:7

Chun-Yu Wu et al. 2013 36/48 Lobectomy 29+16 30£18 Retrospective review NOS:7

Lan Lan et al. 2018 119/119 Lobectomy NR NR Retrospective review NOS:7

RCT randomized controlled trial, NOS Newcastle-Ottawa scale, NR not report
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Records identified through
database searching(n=295)

Additional records through
other sources (n=3)
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Records excluded as either conference
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irrelevant studies(n=_88)

Fulltext eligible articles assessed
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A 4

failure to meet selection criteria

(n=58)
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Studies included in

meta-analysis(n=8)

Fig. 1 Search strategy

the final adjudication to make sure that the extracted
data were carefully retrieved from these studies (Fig. 1).
According to the Cochrane Collaboration’s standard, the
quality of each selected study was assessed to avoid the
risk of bias [25] and this evaluation was made with the
Jadad scale, which refers to randomization (0-2 points),
blinding of the studies (0—2 points), and withdrawals (0—
1 point). The studies are regarded as high quality while

the score points are not lower than 3. Another method
of Newcastle-Ottawa Scale (NOS) was also used to
evaluate the meta-data quality with non-randomized
studies [16]. Three important factors were considered in
this evaluation, including patient selections, comparabil-
ity of the study groups, and exposure. Assigning each
study with a score of 0-9 (allocated as stars), the high-
quality study was defined as a study with a quality score

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

25% 50% 75%
High risk of bias

Fig. 2 Risk of bias graph: a review of authors’ judgements about each risk of bias item presented as percentages across all included studies

100%

0%

! Low risk of bias |:| Unclear risk of bias
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star not lower than 6. These studies were generally of
high quality according to the Jadad scales and NOS. The
bias risk summary was shown in Figs. 2 and 3. There
was no significant difference in publication bias based
on the Begg’s and Egger’s tests and the selected studies
were of low risk.

Statistical analysis
The meta-analysis was conducted using Review Manager
5 software (RevMan-5, Cochrane Community, London,

Page 5 of 10

UK). Statistical heterogeneity was estimated by Higgins
P, which represents the total variation percentage
among the studies. A fixed-effect model (Mantel-Haens-
zel method) was used to pool homogeneous studies
while the I> was less than 50%. Otherwise, the random-
effect model (DerSimonian-Laird was used. Estimation
of potential publication bias was conducted by the fun-
nel plot and the asymmetry was assessed by Begg’s test
and Egger’s test [26] (Fig. 4). The statistical significance
was appointed once the P value was lower than 0.05.

Random sequence generation (selection bias)

Incomplete outcome data (attrition bias)

-~

Chun-Yu Wu 2013

-~

Jiang Bo 2017

. ’ Allocation concealment (selection bias)

. ' . Blinding of participants and personnel (performance bias)

‘ . ‘ . Blinding of outcome assessment (detection bias)

Jin-shing Chen 2011 ? ?
Jun Liu 2014 ? |2 ®
Jun Liu 2016 2 | @
Jun Liu 2016 2 | @

D
. . . . . . Selective reporting (reporting bias)

Lan Lan 2018

‘ ‘ ‘ ‘ . ‘ ‘ Other bias

~)
~)

Zeead M. AlIGhamdi 2018

?

-~

Zhihua Guo 2016

® e
2 | @ @2

Fig. 3 Risk of bias summary: a review of authorsjudgements about each risk of bias item for each included study. The symbols
“+""="and"?"represent low risk of bias, high risk of bias and uncertain of bias, respectively
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Fig. 4 Funnel plot of the included studies for overall analysis of hospital stays

Results

The meta-analysis of eligible studies was conducted to
compare the feasibility and safety of NIVATS to IVATS
under loco-regional anesthesia for major thoracic sur-
gery. In this study, only eight studies were thoroughly
concluded due to the duplicated data. Results
showed that NIVATS significantly shortened the
hospitalized stay compared to VATS (WMD - 1.04
days; 95% CI - 1.50 to - 0.58; P < 0.01) (Fig. 5).
The rate of postoperative complication was analyzed
based on five studies and no significant differences
were observed [OR 0.67; 95% CI 0.27-1.68; P =
0.40] (Fig. 6). But the duration of chest-tube place-
ment was greatly shortened with NIVATS than those
with IVATS (WMD - 0.71 days; 95% CI — 1.08 to -
0.34; P < 0.01) (Fig. 7). There were no significant
differences in the number of dissected lymph nodes

(WMD - 0.64; 95% CI - 2.19 to 0.92; P = 0.42) (Fig.
8), surgical duration (WMD - 11.29 min; 95% CI -
30.87 to 8.29; P = 0.26) (Fig. 9), and volume of
drainage (WMD - 95.72; 95% CI - 348.61 to 157.17;
P = 0.46) (Fig. 10) between NIVATS and IVATS.
Only two studies reported global in-operating room
time, and it was concluded that the global in-
operating room time was much shorter for patients
with INVATS under loco-regional anesthesia than
those with IVATS under general anesthesia [random
effects WMD - 35.13; 95% CI - 67.68 to — 2.57; P <
0.05; I> = 86%] (Fig. 11). Through the highly selected
patients with lung cancer in the early stage, we
found that the rate of postoperative complications
was lower for the patients in the NIVATS group
than those in IVATS group [OR 0.44; 95% CI 0.21—
0.92; P = 0.03; I* = 0%] (Fig. 12).

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI 1V, Fix % Cl
Chun-Yu Wu 2013 6.7 33 36 72 35 48 9.9% -0.50[-1.96, 0.96]
Jiang Bo 2017 6.67 1.42 30 7.53 1.61 30 35.9% -0.86[-1.63,-0.09]
Jin-shing Chen 2011 59 22 30 71 32 30 11.0% -1.20[-2.59, 0.19]
Jun Liu 2016 7.4 2 116 8.6 4.1 116  30.8% -1.20[-2.03,-0.37]
Zeead M. AIGhamdi 2018 69 338 30 76 53 30 3.9% -0.70[-3.03, 1.63]
Zhihua Guo 2016 6.04 3.6 48 7.83 5.89 92 8.5% -1.79[-3.37,-0.21]
Total (95% CI) 290 346 100.0% -1.04 [-1.50, -0.58]
it Chiz = - - L2 =09 [ t t t i
e 7 8 =3 €00 0% G 5w
est for overall effect: Z = 4.42 ( . ) Favours [experimental] Favours [control]
Fig. 5 Forest plot of hospital stay for the non-intubated group vs. the intubated group. Cl: confidence interval; IV: inverse variance; SD:
standard deviation
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Experimental Control Odds Ratio Odds Ratio
r r Even Total Events Total Weight M-H, Random, 95% CI M-H. Random, 95% CI

Chun-Yu Wu 2013 9 36 17 48 23.5% 0.61[0.23, 1.59] L
Jiang Bo 2017 1 30 2 30 9.6% 0.48 [0.04, 5.63]
Jin-shing Chen 2011 3 30 10 30 18.0% 0.22[0.05, 0.91] .
Lan Lan 2018 41 119 24 119 28.1% 2.08[1.16, 3.74] =
Zhihua Guo 2016 4 48 14 92 20.8% 0.51[0.16, 1.63] T
Total (95% CI) 263 319 100.0% 0.67 [0.27, 1.68] .
Total events 58 67

e T = 0 68 Chi2 = - _ 12 = 690 b } } !
1I-_Ietfrfogeneltyl.I T?fu : (Z)ﬁso ggl o _182(1) df =4 (P =0.01); I?=69% 0.01 01 1 10 100

estfor overall effect: Z = 0.85 (P = 0.40) Favours [experimental] Favours [control]
Fig. 6 Forest plot of postoperative complication rate for the non-intubated group vs. the intubated group
Experimental Control Mean Difference Mean Difference
i % Cl 1V, Fixi % Cl

Jiang Bo 2017 217 1.09 30 3.06 1.19 30 41.7% -0.89[-1.47,-0.31]
Jin-shing Chen 2011 36 17 30 5 4 30 5.8% -1.40[-2.96, 0.16]
Jun Liu 2016 32 26 116 35 24 116 33.6% -0.30[-0.94,0.34]
Zeead M. AlGhamdi 2018 5.6 7 30 54 54 30 1.4%  0.20[-2.96, 3.36]
Zhihua Guo 2016 225 1.36 48 3.16 3.93 92 17.6% -0.91[-1.80,-0.02]
Total (95% ClI) 254 298 100.0% -0.71[-1.08, -0.34]

it Chi2 = - = S 12 =09 k + t t d
Heterogeneity: Chi? = 3.20, df = 4 (P = 0.53); I> = 0% 100 50 0 50 100

Test for overall effect: Z = 3.73 (P = 0.0002)

Favours [experimental] Favours [control]

Fig. 7 Forest plot of duration of chest-tube placement for the non-intubated group vs. the intubated group

Experimental Control Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight [V. Random, 95% Cl

Mean Difference

IV, Ran

Chun-Yu Wu 2013 131 7.7 36 155 8.8 48 11.6% -2.40 [-5.94, 1.14]
Jiang Bo 2017 8.67 243 30 843 233 30 25.0% 0.24 [-0.96, 1.44]
Jin-shing Chen 2011 13.8 6 30 14 6 30 13.9% -0.20 [-3.24, 2.84]
Jun Liu 2016 172 91 116 157 95 116 17.3% 1.50 [-0.89, 3.89]
Zeead M. AIGhamdi 2018 12.6 6 30 18 74 30 12.2% -5.40 [-8.81, -1.99]
Zhihua Guo 2016 8.06 6.22 48 8.02 4.31 92 20.0% 0.04 [-1.93, 2.01]
Total (95% Cl) 290 346 100.0% -0.64 [-2.19, 0.92]

Heterogeneity: Tau? = 2.13; Chi? = 12.93, df =5 (P = 0.02); I> = 61%
Test for overall effect: Z = 0.80 (P = 0.42)

Fig. 8 Forest plot of lymph node numbers for the non-intubated group vs.

-100

-50

Favours [experimental]

the intubated group

0

50
Favours [control]

100

Experimental Control Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random. 95% CI

Mean Difference

Chun-Yu Wu 2013 1846 323 36 2126 773 48 153% -28.00[-52.28, -3.72]
Jiang Bo 2017 74.83 48.38 30 7717 23.26 30 16.8% -2.34[-21.55, 16.87]
Jin-shing Chen 2011 1619 374 30 1613 414 30 16.6% 0.60 [-19.36, 20.56]
Lan Lan 2018 175.36 55.67 119 217.64 59.71 119 18.0% -42.28 [-56.95, -27.61]
Zeead M. AlGhamdi 2018 130.9 30.1 30 146 474 30 16.5% -15.10[-35.19, 4.99]
Zhihua Guo 2016 168.6 57.6 48 1482 522 92 16.7% 20.40 [0.92, 39.88]
Total (95% Cl) 293 349 100.0% -11.29 [-30.87, 8.29]

Heterogeneity: Tau? = 497.89; Chi2 = 31.02, df = 5 (P < 0.00001); I> = 84%
Test for overall effect: Z=1.13 (P = 0.26)

Fig. 9 Forest plot of surgical duration for the non-intubated group vs. the intubated group

IV. Random. 95% CI
-
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Experimental Control

_Study or Subgroup _Mean _ SD Total Mean  SD Total Weight

Mean Difference
1V, Random, 95% CI

Mean Difference
IV, Random, 95%Cl

Chun-Yu Wu 2013 1,326.7 507 36 1,750 465.3 48 22.6%
Jiang Bo 2017 297.3 2494 30 318  190.7 30 255%
Lan Lan 2018 2,105.04 520.24 119 1,822.29 536.64 119 25.0%
Zhihua Guo 2016 383.46 47.54 48 626.98 117.18 92 26.8%
Total (95% Cl) 233 289 100.0%

Heterogeneity: Tau? = 61890.43; Chi2 = 72.13, df = 3 (P < 0.00001); I> = 96%
Test for overall effect: Z = 0.74 (P = 0.46)

Fig. 10 Forest plot of volume of drainage for the non-intubated group vs. the intubated group

-423.30 [-634.86, -211.74] ¢
-20.70 [-133.04, 91.64] ¢ =
282.75 [148.46, 417.04] 4
-243.52[-270.98, -216.06] ¢

-95.72 [-348.61, 157.17] »

-100 -50 0 50 100
Favours [experimental] Favours [control]

A funnel plot estimating the precision of the trials
(plots of the logarithm of the OR for efficacy against
sample size) was examined for asymmetry to determine
publication bias (Fig. 13). It showed that the outcomes
were similar regardless of whether fixed-effects models
or random-effects models utilization.

Discussion

With the development of lung separation technology
and the application of double-lumen endotracheal,
which can provide excellent exposure and a quiet surgi-
cal environment for thoracic surgeons, the intubated
VATS with general anesthesia has been proposed to be a
mandatory surgical procedure in recent years, whereas
the complications associated with mechanical ventilation
or intubation-related cannot be effectively avoided [27,
28]. Due to the pursuit of minimally invasive surgical
strategies in thoracic surgeons, thoracoscopic surgery
without tracheal intubation has been applied to patients
with pleural or peripheral lung diseases [29]. However, it
is still unclear that the NIVATS is adopted or not to
treat the patients with lobectomy and segmentectomy.
In general, major pulmonary resections to non-intubated
patients are significantly different from the performance
of minor procedures. The potential risk of major bleed-
ing in the pulmonary hilum during a lobectomy to a pa-
tient with spontaneous ventilation is higher than the risk
of a surgical complication during a wedge or lung bi-
opsy. The performance of a lobectomy with mediastinal
lymph node dissection by VATS or the intense pulmon-
ary manipulation during segmentectomy might trigger
coughing in spontaneously breathing patients. Previous
studies demonstrated that intrathoracic vagal blockade

to abolish the cough reflex was effective during non-
intubated lobectomy and segmentectomy [24, 30]. The
combination with epidural anesthesia and the phrenic
and vagus nerves blockade provided a stress-free surgery
[31]. In order to ensure patient safety, it is inevitable that
spontaneously breathing converts to general anesthesia
with tracheal intubation [32]. Chen et al. [24] reported
that the rate of conversion to intubated-single lung ven-
tilation was 10%, because of persistent hypoxemia, poor
epidural anesthesia, and bleeding from dividing pleural
adhesions and incomplete fissure. Guo Z et al. [18] ob-
served that patients (2.1%) required conversion to intu-
bated single-lung ventilation because of vigorous
mediastinal movement.

The safety and feasibility of NIVATS were investigated
for the major pulmonary resections. Results showed that
there were no statistically significant differences in post-
operative complication rate. So far, many studies had re-
ported that the NIVATS procedure is a safe, effective,
and feasible technique for the minor pulmonary resec-
tion to minimize the trauma, quick recovery, and low
rate of postoperative complication. The discrepancy on
the major surgical procedure with NIVATS still existed.
AlGhamdi et al. [22] and Wu et al. [23] reported that no
significant differences were found in complication
rate between NIVATS and IVATS methods. How-
ever, Chen et al. [24] reported that non-intubated
patients had a lower non-complication rate, which
suggested that non-intubated thoracoscopic lobec-
tomy was feasible and safe. Therefore, this meta-
analysis provided more evidences to establish the
short-term feasibility and safety profile of non-
intubated VATS under loco-regional anesthesia for

Experimental Control Mean Difference Mean Difference
r r Mean D Total Mean D Total Weigh IV, Ran % Cl 1V, Random % Cl
Lan Lan 2018 250.63 55.67 119 301.87 63.69 119 51.5% -51.24[-66.44,-36.04] L
Zeead M. AlGhamdi 2018 176 325 30 194 419 30 48.5% -18.00[-36.98, 0.98] — ]
Total (95% Cl) 149 149 100.0% -35.13 [-67.68, -2.57] ———

v Tau? = . Chiz= - - 2= 889 } t t i
Heterogeneity: Tau? = 475.52; Chiz = 7.18, df = 1 (P = 0.007); I = 86% ~100 50 0 50 100
Test for overall effect: Z=2.11 (P = 0.03) E .

avours [experimental] Favours [control]
Fig. 11 Forest plot of global in-operating room time for the non-intubated group vs. the intubated group
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case Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed. 95% CI
Chun-Yu Wu 2013 9 36 17 48 50.0% 0.61[0.23, 1.59] B
Jiang Bo 2017 1 30 2 30 8.8% 0.48 [0.04, 5.63]
Jin-shing Chen 2011 3 30 10 30 41.2% 0.22[0.05, 0.91] L
Total (95% Cl) 96 108 100.0% 0.44 [0.21, 0.92] -
Total events 13 29

o hiz = - - 2= 0 b } t i
?et(:;ogeneltyl.l Cfr;l N 12.3_4,2d1f7 ?}(_P0 0(;51), 12=0% 0.01 01 1 10 100

est for overall effect: Z = 2.17 (P = 0.03) Favours [experimental] Favours [control]
Fig. 12 Forest plot of postoperative complication rate for highly selected patients for the non-intubated group vs. the intubated group

major thoracic surgery. Through this meta-analysis,
it was found that the most important factors were
the surgeon anesthetist and their different skill
levels, which could significantly determine the dur-
ation of the operation and postoperative recovery
time. Another factor was the patient selection. The
results indicated that the more highly selected, the
more superiority might be verified. Therefore, in
order to decrease the risk of emergency intubation
and complications, the proper patient should be se-
lected to use INVATS, especially at the beginning of
the learning level.

There are still some limitations in this meta-analysis.
Firstly, more publications should be considered in fu-
ture meta-analysis studies to make the results more
convincing. Secondly, most of these studies were de-
rived from medical centers located in south China,
which may not represent the general situations. Thirdly,

the analysis was conducted by the random-effects
model, which could weaken our analytical power due to
the significant heterogeneity. Therefore, further studies
are required to evaluate the safety and feasibility of
NIVATS in major pulmonary resections.

Conclusions

Based on the results obtained in this meta-analysis, there
were no significant differences between NIVATS and IVAT
S in postoperative complication rate of major thoracic sur-
gery. However, it was obvious that the NIVATS utilization
could significantly shorten the chest-tube placement dur-
ation and patients’ hospitalized staying period compared to
IVATS. The main reason may be due to the avoidance of
intubation, mechanical ventilation, muscle relaxants, and
routine use of perioperative epidural anesthesia in these pa-
tients with NIVATS. Overall, NIVATS in major thoracic
surgery is a safe and technically feasible procedure and it
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Fig. 13 Funnel plot illustrates the meta-analysis of postoperative complication rate. SE, standard error
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can be used to replace the IVATS to some extent. Further
studies are required to be conducted to compare these two
methods in long-term clinical experiments.
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