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Background: It stll remains unclear whether three-dimension (3D) video-assisted thoracoscopic surgery
(VATS) for esophageal cancer is safe and reasonable. This meta-analysis aims at assessing the effectiveness
and safety of 3D VATS for esophageal cancer in comparison with that of two-dimension (2D) VATS.
Methods: All the relevant data systematically analyzed in this thesis is from PubMed, Embase, The
Cochrane Library, Web of Science and clinicaltrials.gov, and the time span for retrieval is from the date
of the database establishment to February 2021. The research on the efficacy and safety of 3D VATS for
esophageal cancer and 2D VATS is consistent with our meta-analysis. Continuous variables and dichotomy
variables are compared using odds ratio, average or standard average differences with 95% confidence
interval (95% CI), and P values, respectively.

Results: In five studies of this paper, there were 553 patients in total 3D VATS group, n=266 and 2D
VATS group, n=287). Patients in the 3D group had shorter operation time [standardized mean difference
(SMD) =-0.99, 95% CI: -1.66 to -0.32; P=0.004], and less bleeding (SMD =-0.88, 95% CI: -1.66 to
-0.10; P=0.03) than those in the 2D group. The total amount of dissected lymph node and post-operative
complications in the 2D group and the 3D group were nearly the same, showing no significant difference.
Discussion: The results of this meta-analysis showed that 3D VATS for esophageal cancer will be more
applied and developed in the future.
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Introduction

Despite the fact that esophagectomy with extended lymph
node dissection has always been regarded as one of the most
invasive gastrointestinal surgeries (1,2), esophagectomy
is still the mainstream treatment of localized esophageal
cancer (3-6). Since 1992 when endoscopic esophagectomy

was proposed by Cuschieri (7) to cure patients with
esophageal cancer, minimally invasive surgery for
esophageal cancer has been advanced gradually and steadily.
In recent years, minimally invasive esophagectomy (MIE),
as a less invasive surgical method, has been more and

more used in the treatment of esophageal cancer, which is
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Results Time

#9 > Search: (((Esophageal Neoplasms[MeSH]) OR (Esophag* Neoplasm* 576 08:14:46
[Title/Abstract])) OR (Esophag* Cancer*[Title/Abstract])) AND
(((Imaging, Three-Dimensional[MeSH]) OR (3D[Title/Abstract])) OR
(3-D[Title/Abstract]))
#8 b Search: ((Imaging, Three-Dimensional[MeSH]) OR 258,832 08:14:34
(3D[Title/Abstract])) OR (3-D[Title/Abstract])
#7 s > Search: 3-D[Title/Abstract] 40,659 08:14:20
#6 > Search: 3D[Title/Abstract] 196,295 08:14:06
#5 > Search: Imaging, Three-Dimensional[MeSH] 82,918 08:13:49
#4 2 Search: ((Esophageal Neoplasms[MeSH]) OR (Esophag* Neoplasm* 71,757 08:13:22
[Title/Abstract])) OR (Esophag* Cancer*[Title/Abstract])
#3 > Search: Esophag* Cancer*[Title/Abstract] 48,011  08:12:26
#2 &8 > Search: Esophag* Neoplasm*[Title/Abstract] 5915 08:12:07
#1 > Search: Esophageal Neoplasms[MeSH] 51,754  08:10:45

Figure 1 Retrieval strategy.

composed of thoracoscopy and laparoscopy (2,8).

With minimally invasive technique being introduced
into the esophageal cancer operation, the incidence of
postoperative complications will decline, while the quality
of surgical resection is maintained (8-11). Nevertheless,
the performance of two-dimension (2D) video-assisted
thoracoscopic surgery (VATS) for esophageal cancer
surgery is far from perfect. 2D VATS for esophageal cancer
is limited by a restricted operating field and disturbed eye-
hand coordination, and so on (12).

Three-dimension (3D) VATS can overcome the
above shortcomings of 2D VATS, it can provide 24 times
3D imaging and provide surgeons with deep intuition
comparable to robotic systems (12). However, a prospective
randomized controlled trial (RCT) of gastric cancer shows
that 3D VATS laparoscopic gastrectomy does not reduce
operation time more than 2D VATS, but it provides the
benefit of less intraoperative bleeding than 2D VATS (13).
In contrast, another prospective randomized trial has shown
that 3D VATS laparoscopy does not have any benefit for
oophorectomy. What’s more, studies have shown that the
3D VATS may cause more frequent adverse reactions such
as nausea, dizziness, ocular fatigue and blurring of vision
to surgeons (14). These results show that 3D VATS does
not have the same advantage in all types of endoscopic
surgery. There is no clear evidence-based medical evidence
to explore that 3D VATS for esophageal cancer outweighs
2D VATS in scope and magnitude (12). Hence, the current
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meta-analysis was intended to assess the safety and efficacy
of 3D VATS for esophageal cancer in comparison with that
of traditional 2D VATS.

We present the following article in accordance with the
PRISMA reporting checklist (15) (available at https://dx.doi.
org/10.21037/tcr-21-644).

Methods

We registered this meta-analysis in PROSPERO for the
registration number is CRD42021238863.

Literature search strategy

All the documents were retrieved from PubMed, Web of
Science, The Cochrane Library, Embase and clinicaltrials.
gov, and the time span for data retrieval is from the date of
the database establishment to February 2021. In the process
of retrieving data, the method of combining subject words
and free words was adopted, and the references in the part
of the literature review were traced so as to complement and
acquire more relevant information. For the convenience of
recalling relevant documents, the retrieval strategy adopted
by us is in Figure 1.

Criteria for inclusion and exclusion

Prior to the collection of these documents, the eligibility
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criteria used in meta-analysis were decided as follows: (I) to
assess the clinical safety and efficacy of using 3D VATS and
2D VATS as a therapeutic modality for esophageal cancer;
(II) publish research in English or in Chinese; (III) data
for at least one statistical result, including operation time,
operative blood loss, total number of dissected lymph node
and post-operative complications. If the study result is case
reports, conference summaries, editorials, reviews or expert
opinions, the data collected is not adequate for further
meta-analysis, so it is not analyzed in this meta-analysis.
Additionally, if there are overlapping patients in these
studies, the ones with a larger sample size are selected.

Study selection

Two investigators (K Huang and R Wei) screened all
the studies we collected from the database, and removed
unrelated studies through viewing the title and abstract of
the studies. Then we downloaded the full texts if the study
was related to our meta-analysis theme. Full texts were also
downloaded for further reading if we couldn’t determine
whether the study was related to our research theme. The
screening of full texts was conducted by two investigators
independently based on the selection criteria as follows:
(I) study type: cohort studies (including prospective
cohort studies as well as retrospective cohort studies);
(II) outcome indicators: studies containing operation
time, operative blood loss, total number of lymph node
retrieve and postoperative complications. To increase the
comprehensiveness of the study and lessen the likelihood of
omitting data related to the study, preliminary selection and
a full-text investigation of the cited cases were performed.
If there is a disagreement between the two evaluators, the
third evaluator (X Ding) decides. Risk of bias is shown in
Figures 2,3.

Data extraction

Data extraction was independently performed by two
investigators (Z Chen and Y Fang) using the following
extraction methods: (I) article information: name of the
first author, publication year, research type, and country of
publication; (II) information about patients: the number
of patients in each group, age, gender, tumor location,
TNM staging; (III) outcome parameters: operation time;
secondary outcome parameters: operative blood loss,
total number of lymph node retrieve and postoperative
complications. A third investigator (C Liu) checked the
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consistency of extracted data and then reviewed the original
literature for eliminating any inconsistency in data.

Quality assessment

The quality of each cohort study is assessed by using the
Newcastle-Ottawa Scale (NOS) (16). The NOS in these
studies consists of 3 perspectives with a maximum of 9 stars:
a maximum of 4 stars for selection, 2 stars for comparability
and 3 stars for the ascertainment of outcome of interest.
Studies with a score of 5 or more stars were regarded as
ones of high quality.

Statistical analysis

In statistical analyses, odds ratios (ORs) were used for
dichotomous variables, and mean differences (MD) or
standardized mean differences (SMDs) was used for
continuous variables with their 95% confidence intervals
(ClIs). In accordance with the summarized statistics, a
P value <0.05 indicated that the results had statistical
significance. With regard to the literature only with
the median and upper and lower limits, “mean variance
estimation” was used to estimate the mean and standard
deviation according to Luo ez /. (17). We employed the -
based Q-statistic test and I’ test to evaluate the statistical
heterogeneity. I <50% and P value >0.10 meant acceptable
heterogeneity and then a fixed-effect model was applied. By
contrast, if there was significant heterogeneity, a random-
effect model was used. Given the fact that the number of
studies included in this paper was limited, we did not make
sensitivity analysis and publication bias. Review Manager
V.5.3 was used to conduct all statistical analyses.

Results

Study characteristics

From 4 databases (PubMed n=576, Embase n=1,149,
The Cochrane Library n=74, Web of Science n=1,012)
and clinicaltrials.gov (n=1), 2,812 studies were retrieved.
After preliminary screening, 1,080 articles were excluded
and 1,732 studies were downloaded. A further selection
of the 1,732 studies eliminated 1,722 studies with only
10 studies left. Then full-text retrieval was conducted on
the remaining studies, 5 of which were excluded because of
inconformity with the selection criteria. Figure 4 illustrates
the literature screening process. Baseline information
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Figure 2 Risk of bias graph according to the Cochrane collaboration’s tool.
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Figure 3 Risk of bias summary according to the Cochrane

collaboration’s tool.

collection and quality assessment were conducted on the
5 studies we selected, all of which were assessed as high
quality. They were eventually selected for use in our
research. Table 1 (18-21) indicates the quality assessment

and baseline information of the 5 studies.
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Operation time

In all studies above, the operation time of 553 patients was
compared, showing significant heterogeneity between the
3D VAT group and 2D VATS group (P<0.001; I’ =93%).
Accordingly, the random-effects model was adopted to
collect data. As is suggested by the statistics, 3D VATS
took a significantly shorter operation time than 2D VATS
(SMD =-0.99, 95% CI: -1.66 to -0.32; P=0.004) (Figure 5).

Operative blood loss

This meta-analysis contained comparable data on operative
blood loss in all the 553 participants. Because there was high
heterogeneity between the 3D VATS group and 2D VATS
group (P<0.001; I =95%), a random-effects model came
into use. Operative blood loss between the 3D VATS group
and the 2D VATS group displayed significant difference
(SMD =-0.88, 95% CI: ~1.66 to -0.10; P=0.03) (Figure 6).

Total number of lymph node retrieve

Due to high heterogeneity between studies (P<0.001;
I’ =82%), we employed a random-effects model, which
showed that the number of lymph node retrieve was
unrelated to 3D VAT and 2D VATS (SMD =0.24, 95%
CI: -0.16 to 0.65; P=0.24) (Figure 7).

Postoperative complications

All the 553 subjects were included to assess the relevance
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2,811 of records identified through
database searching

1 of additional records identified
through other sources

!

1,732 of records after duplicates removed

Y
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Y

1,722 of records excluded

Y

for eligibility

10 of full-text articles assessed

5 of full-text articles excluded with reasons:
1 conference abstract
4 not cohort study

Y

Y

5 of studies included in
meta-analysis

Figure 4 Preferred reporting items for meta-analyses flow chart of literature selection.

Table 1 Baseline information of included articles

First author Publication year  Ethnicity N“mbgD‘j;g?ﬁems Age (vears) (30/2D) Tu;;m fovel (U/QAD/L) aSSQe‘;?:Ln .
Hou (18) 2015 China 78/76 55.7:6.3/55.17.6  11/38/29  21/32/23 NOS 6
Li (12) 2015 China 45/48 63.8+10.2/65.1:9.8  8/29/8  9/30/9 NOS 6
Jiang (19) 2018 China 53/51 NS NS NS NOS 5
Yamashita (20) 2019 Japan 51/53 64.8:8.9/63.9:9.0  10/24/19  7/24/20 NOS 6
Abbassi (21) 2020 UK 39/50 68.1:8.2/67.5+7.8 0/0/39  0/1/58 NOS 6

U/M/L, up/middle/low; NS, not shown; NOS, Newcastle-Ottawa Scale.

between 3D VATS and 2D VATS with regard to the
incidence of postoperative complications. Since there is
no evidence showing significant heterogeneity (P=0.70;
I’ =0%), a fixed-effects model was adopted. According to
the statistics, the difference in postoperative complications
between the 3D VATS and the 2D VATS groups was not
significant (OR =1.24, 95% CI: 0.85 to 1.82; P=0.26)
(Figure §8).

Discussion

Recently, with the advances in surgical technology and

© Translational Cancer Research. All rights reserved.

the renewal of therapy concept, VATS has been widely
employed in radical resection of esophageal cancer.
Although the 2D VATS has been globally applied to the
thoracoscopic esophagectomy, the use of the 2D VATS
merely involves pressing the 3D figure on the plane
display. In comparison to traditional open surgery, 2D
VATS for esophageal cancer have two major limitations
listed below (I) without a 3D view, surgeons are not able
to derive depth and complicate positioning, and (II)
the limited degrees of freedom of the conventional 30°
camera, which impairs the surgeons’ dexterity (22-25).
The operation has a certain degree of technical difficulty,
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3D 2D Std. Mean Difference Std. Mean Difference
r re Mean D Total Mean D Total Weigh IV, Random, 95% Cl IV, Random, 95% Cl
Abbassi 2020 428.1 776 39 420.2 87.8 59 20.1% 0.09 [-0.31, 0.50] T
Hou 2015 176 27.7 78 203 315 76  20.6% -0.91[-1.24, -0.57] —_
Jiang 2018 634 33 53 717 541 51  19.6% -1.93 [-2.39, -1.46] -
Li 2015 138 14 45 167 20 48  19.6% -1.66 [-2.13, -1.18] -
Yamashita 2019 509 70 51 550 68 53 20.2% -0.59 [-0.98, -0.20] -
Total (95% CI) 266 287 100.0% -0.99 [-1.66, -0.32] .

Heterogeneity: Tau? = 0.54; Chi? = 53.79, df = 4 (P < 0.00001); I> = 93% ;
Test for overall effect: Z = 2.89 (P = 0.004)

A 0 1
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Figure 5 Forest plot of the role of SMD and its 95% CI of operation time between 3D and 2D VAT group. SMD, standardized mean

difference; CI, confidence interval; VAT, video-assisted thoracic surgery.

3D 2D Std. Mean Difference Std. Mean Difference

r r Mean D Total Mean D Total Weigh 1V, Random, 95% ClI 1V, Random, 95% CI
Abbassi 2020 3242 2111 39 426.1 1834 59 20.0%  -0.52[-0.93,-0.11] —
Hou 2015 124 358 78 127 257 76 20.5% -0.10[-0.41, 0.22]
Jiang 2018 531 55 53 669 94 51 19.8%  -1.79[-2.24,-1.33] —
Li 2015 682 107 45 898 104 48 195%  -2.03[-2.54,-153] —
Yamashita 2019 1443 106.6 51 149.8 1434 53 20.2% -0.04 [-0.43, 0.34]
Total (95% Cl) 266 287 100.0%  -0.88 [-1.66, -0.10] i
Heterogeneity: Tau? = 0.75; Chi? = 74.33, df = 4 (P < 0.00001); 2 = 95% 2 1 0 1 2

Test for overall effect: Z =2.21 (P = 0.03)

3D VATS 2D VATS

Figure 6 Forest plot of the role of SMD and its 95% CI of operative blood loss between 3D and 2D VATS group. SMD, standardized mean

difference; CI, confidence interval; VAT, video-assisted thoracic surgery.

3D 2D Std. Mean Difference Std. Mean Difference

r Subgr Mean SD Total Mean SD Total Weight V. Random, 95% Cl IV, Random. 95% CI
Abbassi 2020 308 89 39 263 98 59 19.5% 0.47 [0.06, 0.88] —
Hou 2015 177 86 78 18 33 76 21.3% -0.15 [-0.47, 0.16] —=T
Jiang 2018 148 29 53 131 2 51 19.8% 0.68[0.28, 1.07] —
Li 2015 248 52 45 214 63 48 194% 0.58[0.17, 1.00] —
Yamashita 2019 433 144 51 487 183 53 20.0% -0.32[-0.71, 0.06] —
Total (95% CI) 266 287 100.0% 0.24 [-0.16, 0.65] *P

Heterogeneity: Tau? = 0.17; Chi? = 22.29, df = 4 (P = 0.0002); I = 82%

Test for overall effect: Z = 1.17 (P = 0.24) 2

A
3D VATS 2D VATS

Figure 7 Forest plot of the role of SMD and its 95% CI of Total number of lymph node retrieve between 3D and 2D VATS group. SMD,

standardized mean difference; CI, confidence interval; VATS, video-assisted thoracic surgery.

3D 2D Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Abbassi 2020 14 39 20 59 21.7% 1.09 [0.47, 2.55] -
Hou 2015 10 78 11 76  20.6% 0.87[0.35, 2.18] - .
Jiang 2018 19 53 18 51 25.0% 1.02 [0.46, 2.29] -
Li 2015 13 45 8 48 11.7% 2.03[0.75, 5.50] T
Yamashita 2019 24 51 19 53 21.0% 1.59[0.72, 3.49] I
Total (95% Cl) 266 287 100.0% 1.24 [0.85, 1.82]
Total events 80 76
Heterogeneity: Chiz = 2.20, df = 4 (P = 0.70); I2= 0% ’0'0 p of p ] A 100

Test for overall effect: Z = 1.12 (P = 0.26)

3D VATS 2D VATS

Figure 8 Forest plot of the role of OR and its 95% CI of postoperative complications between 3D and 2D VAT group. OR, odds ratio; CI,

confidence interval; VAT, video-assisted thoracic surgery.
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especially in deep narrow spaces of cleaning the
recurrent laryngeal nerve lymph nodes, which leads to
the prolongation of the learning curve. With the rapid
development of thoracoscopic surgery techniques and
instruments, 3D VATS has been used for patients of
esophageal cancer. More precise and rapid dissection in
narrow operation space becomes possible by means of
restoring depth perception and spatial orientation (24,26).

Our analysis suggested that the operation time in 3D
VATS group was much shorter than that in 2D VATS
group, and blood loss in 3D VATS group also decreased
significantly compared with that in 2D VAT'S group. These
findings are in line with the reported clinical benefits of
implementing the 3D system, such as less blood loss, shorter
operation time and shorter hospital stay (27-30). We believe
that this is because under the 3D sense for operation of the
instrument under 3D thoracoscope, the tissue is layered and
the structure is exposed more clearly. So, it can provide a
better depth field of vision when dissociating the esophagus
and gastric curvature, thus reduce the practical time to flip
and pull the surrounding tissue to expose the better visual
field in 2D. Meanwhile, 3D can display the anatomical
boundaries between the esophagus, stomach, lymph nodes
with the surrounding tissues more fully and clearly, and
therefore reduce the time wasted by accidental injury of
thoracic duct, tracheal membrane, liver and splenic artery.
The skeletonization of blood vessels makes it possible to
dissociate anatomical esophagus and radically dissect lymph
nodes. In addition, it is easier to expose the 3D dissection
system of the left and right recurrent laryngeal nerve chain
and peripheral lymph nodes, so as to avoid damage.

Lymph node status is regarded as a core prognostic index
for esophageal cancer (31). The number of lymph nodes
which were resected for esophageal cancer serves as a sign
of radical resection as well as an independent predictor of
survival (32). In our analysis no significant difference was
found in the totality of lymph node dissection between 3D
VATS group and 2D VATS group. The shorter operation
time in 3D VATS group did not come at the cost of less
lymph node dissection. Besides, in 3 (12,18,19) of our
studies, the postoperative drainage and postoperative tube
in 3D VAT group took shorter time compared with those
in 2D VATS group. This may be related to clearer vision
under 3D, clearer boundaries and less accessory injury
during lymph node dissection. According to our experience,

© Translational Cancer Research. All rights reserved.
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lymph nodes can be removed more completely as so-called
“en-bloc”, with a better view provided by 3D. At the same
time, the lymphatic vessels can be clearly displayed to
electro-coagulate so that the postoperative exudation can be
reduced. Otherwise, dissection of lymph nodes in regions
of the left recurrent laryngeal nerve and aortic arch is not
practical for open and 2D esophagectomy due to limited
information on spatial depth, calculated from secondary
spatial depth clues and the operator’s rich experience (12).
Particularly, in the lymph node dissection of the left
recurrent laryngeal nerve and aortic arch, in the process
of thoracotomy and 2D VAT, without information about
spatial depth, it can only be speculated according to the 2D
spatial information and the operator’s experience, which
is easy to cause false injury and increase the incidence of
postoperative drainage and postoperative complications.

Finally, no significant difference was found in the
incidence of post-operative complications between 3D
VATS group and 2D VATS group. Therefore, the safety and
rationality of 3D surgery have been verified. In addition,
the transition from 2D VAT to 3D VATS is easy (33), and
the learning curve of 3D VATS esophagectomy may be
shorter than that of 2D or robot-assisted esophagectomy
(34-36). Beginners have an ideal ability to control the lens
head when they take part in six 3D endoscopic surgeries,
while beginners need to participate in more than ten 2D
endoscopic surgeries in the past to have an ideal ability
to control the lens (18). It should be easier for beginners
to change from 3D direct vision surgery to 3D VATS for
esophageal cancer than to 2D.

Limitations

There were certain limitations in our study. For one thing,
we made a meta-analysis of 5 cohort studies rather than
RCTs, which was likely to lower the validity of the overall
results. For another, considering the fact that two of the
studies lacked in the original data of mean and standard
deviation, we employed the “mean variance estimation”
to estimate them, probably weakening the credibility of
the results. Although the P value is small enough to show
that there is a significant difference between 2D and 3D
of operative time and blood loss. But there would be
inherent bias because of the surgeon experience as the SD
of operative time and blood loss is large. Therefore, much
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more study is needed to value the benefit of 3D VATS for
esophageal cancer. Thus, in order to more accurately assess
the safety and effectiveness of 3D VATS for esophageal
cancer, high-quality randomized studies are needed to in
the future study. In addition, none of the included studies
mentioned whether 3D brings discomfort such as dizziness
and headache, so the safety of 3D for surgery remains to be
further confirmed.

Conclusions

According to this meta-analysis, we found that that 3D
VATS for esophageal cancer shortens the operation time
and lessens intraoperative blood loss without increasing the
occurrence of postoperative complications and sacrificing
the number of lymph node dissection. Consequently, we
expect that 3D esophageal cancer surgery will be applied
more widely in the future.
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