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Background: Robot-assisted esophagectomy (RAE), video-assisted minimally invasive esophagectomy
(VAMIE), and open esophagectomy (OE) all have significant roles in the management of esophageal cancer
(EC). Few studies have compared efficacy and safety between RAE, VAMIE, and OE for resectable EC
after neoadjuvant treatment. Therefore, this study aimed to explore the short-term outcomes between RAE,
VAMIE, and OE for resectable EC after neoadjuvant treatment.

Methods: Ninety-cight patients were consecutively enrolled who underwent esophagectomy. A
retrospective study was performed including 98 consecutive patients treated from January 2021 to August
2022 who received neoadjuvant treatment (including immunochemotherapy and chemoradiotherapy)
followed by RAE, VAMIE or OE. Evaluated endpoints in the present study consisted of pathological
outcomes, intraoperative and postoperative outcomes, as well as postoperative complications.

Results: No significant differences were seen in the operating time, blood loss, length of intensive care
unit (ICU) stay, RO resection, and number of dissected lymph nodes between the three RAE, VAMIE, or
OE groups. The achievement rate of right recurrent laryngeal nerve (RLN) lymph node removal (P=0.01)
and the total cost (P<0.001) were higher in RAE. The postoperative hospital stay of OE was longer than the
other two groups (P<0.05). There were no significant differences in postoperative complications.
Conclusions: Compared to VAMIE, no clear benefit exists for RAE in the treatment of resectable EC
after neoadjuvant therapy. OE resulted in a longer hospital stay. Although the rate of successful right RLN

node removal was higher with RAE, the clinical relevance for this is yet unclear.
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Introduction

Esophageal cancer (EC) ranks seventh in the incidence of
tumors and sixth in tumor-associated mortality worldwide
according to the “Global Cancer Statistics 2022” (1).
EC is composed of esophageal squamous cell carcinoma
(ESCC) and esophageal adenocarcinoma (EAC), with the
former more common in Asia and the latter more common
in Europe and the United States (2). Despite significant
progress in the diagnosis and treatment, the 5-year overall
survival (OS) rate for EC ranges only from 20% to 35% (3).
Currently, the standard treatment for patients with locally
advanced EC is neoadjuvant treatment followed by surgical
resection with radical lymphadenectomy (4).

So far, surgical approaches include open esophagectomy
(OE), video-assisted minimally invasive esophagectomy
(VAMIE), and robot-assisted esophagectomy (RAE). OE
was Initially the standard surgical approach (5); however,
the incidence of cardiopulmonary complications is high (6).
VAMIE was designed to ameliorate the postoperative
outcomes, thereby lowering morbidity and mortality rates
(7,8). Compared with OE, VAMIE has been associated with
fewer postoperative complications, shorter intensive care
unit (ICU) and hospital stay, reduced postoperative pain,
and better quality of life with comparable oncologic results
in randomized clinical trials (9,10). Therefore, VAMIE has
gradually become the preferred surgical approach globally.
However, it may not be adequate for delicate dissections
of the esophagus and lymph nodes particularly in surgery
after neoadjuvant treatment or salvage surgery following
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definitive chemoradiotherapy due to its two-dimensional
vision and decreased degrees of motion (11). In 2003, RAE
was initiated to solve these limitations of VAMIE with a
steady three-dimensional enlarged vision and articulated
instruments which can realize accurate dissection via seven
degrees of freedom of motion (12,13). With the recent
developments in technology, the application of RAE in the
surgical treatment of EC has exhibited an obvious upward
trend worldwide. In terms of oncological outcomes, previous
studies have shown that RAE was at least comparable to
OE and VAMIE (14-16). The ROBOT trial and a meta-
analysis comparing robot-assisted minimally invasive
thoraco-laparoscopic esophagectomy with OE revealed
that RAE as the surgical approach to EC could result in
lower postoperative complications and pain, better quality
of life, and faster postoperative functional recovery (17,18).
The RAMIE trial, a randomized trial comparing RAE
with thoraco-laparoscopic esophagectomy, demonstrated
that RAE could improve lymph node dissection in patients
undergoing neoadjuvant therapy (19). Several studies have
also shown that RAE could reduce the risk of recurrent
laryngeal nerve (RLN) injury during paratracheal lymph
node dissection compared with VAMIE (11,16,20).

To the best of our knowledge, most reported clinical
studies (15-17,19,20) have focused on comparing two of
these three types of surgery for EC until now. However,
there have been few comparisons between RAE, VAMIE,
and OE for resectable EC after neoadjuvant treatment.
Therefore, we aimed to compare short-term outcomes
between RAE, VAMIE, and OE for resectable EC after
neoadjuvant treatment. We present this article in accordance
with the STROBE reporting checklist (available at https://
jtd.amegroups.com/article/view/10.21037/jtd-24-75/rc).

Methods
Patients

A retrospective study was performed at the Department of
Thoracic Surgery, the First Affiliated Hospital, Zhejiang
University School of Medicine. All patients underwent
neoadjuvant treatment before surgery and were evaluated
as suitable for surgical treatment after neoadjuvant therapy.
The inclusion criteria of this study were as follows: (I)
age over 18 and under 80 years; (II) histopathologically
diagnosed EC by endoscopy; (III) neoadjuvant treatment
for their newly diagnosed EC; (IV) Eastern Cooperative
Oncology Group (ECOGQG) performance status (PS) of
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0 or 1; and (V) ample organ function with sufficient
cardiopulmonary function. We excluded patients with
the following situations: (I) incomplete basic information
and therapeutic information in our hospital; (II) other
concomitant malignant tumors; and (III) distant metastases.

This study was approved by the Clinical Research
Ethics Committee of the First Affiliated Hospital, Zhejiang
University School of Medicine (No. 2022 IIT-1165), and
conformed with the Declaration of Helsinki (as revised
in 2013) and Good Clinical Practice Guidelines. Written
informed consent was provided by all patients to allow
access to their electronic medical record information.

Surgical approaches

All surgeries are performed by the same surgical team,
including McKeown and Ivor-Lewis esophagectomy. Prior
to conducting this study, the surgical team had completed
a large number of EC resection surgeries, including OE,
VAMIE, and RAE, with over 100 cases of RAE completed.
In the VAMIE group, we only included the cases that
successfully underwent combined thoracoscopic and
laparoscopic esophagectomy. In the RAE group, any cases
with conversions from minimally invasive to open were not
included. Whether to undergo minimally invasive surgery
was determined by the surgeon based on the patient’s wishes
and a comprehensive evaluation of the patient’s tumor
condition. For proximal EC, the distance from the tumors
margins to the resection margins should be larger than
2 cm in principle, and for middle and distal EC, the distance
should be larger than 5 cm. All the cases should conduct
intraoperative frozen section analysis of the recovery
margins performed.

RAE

The patient was intubated with a double-lumen
endotracheal tube under general anesthesia, with unilateral
pulmonary ventilation during the procedure. In the thoracic
part, the patient was placed in a left lateral decubitus
position. We created three operation ports to introduce the
robotic arm at the third intercostal space on the anterior
axillary line, the fifth intercostal space on the middle
axillary line, and the ninth intercostal space on the posterior
median line respectively. The observation port was made at
the seventh intercostal space on the posterior axillary line
to introduce the camera. The assistant port was created
at the seventh intercostal space on the middle axillary line
(Figure 1A4). In the abdominal part, the patient was placed
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in a supine position. If the study team found the abdominal
cavity had obvious adhesion due to the neoadjuvant
treatment, open surgery was adopted and the incision was
created in the middle of the upper abdomen. In the cervical
part, the patient was placed in the supine position with head
to the left. A 5 cm incision was made in the right neck.

VAMIE
Under general anesthesia, the patient was intubated
with a double-lumen endotracheal tube for split-lung
ventilation during surgery. In the thoracic part, the patient
was placed in a left lateral decubitus position. We created
three operation ports at the fourth intercostal space on
the middle axillary line, the sixth intercostal space on the
anterior axillary line, and the ninth intercostal space on
the subscapular line respectively. The observation port
was made at the eighth intercostal space on the posterior
axillary line (Figure 1B). In the abdominal part, the patient
was placed in a supine position. A 1 c¢m incision was made
below the umbilicus as the observation port to introduce
the camera. We created four operation ports at the anterior
axillary line under the right and left costal edge, the middle
axillary line under the left costal edge, and the lower edge
of the xiphoid respectively (Figure 1C).

In the cervical part, the patient was placed in a supine
position. The incision was created along the anterior edge
of the left sternocleidomastoid muscle.

OE

The patient was intubated with a double-lumen
endotracheal tube for unilateral pulmonary ventilation
during surgery. In the thoracic part, the patient was placed
in a left lateral decubitus position. The incision was
created at the posterolateral side of the fourth intercostal
space (Figure 1D). In the abdominal part, the patient
was placed in a supine position. The incision was made
in the middle of the upper abdomen (Figure 1E). In the
cervical part, the patient was put in a supine position. The
incision was created along the anterior edge of the left
sternocleidomastoid muscle.

Surgical methods included McKeown and Ivor-Lewis. A
cervical or intrathoracic anastomosis was performed during
the operation. All patients underwent two-field lymph node
dissection (thoracic and abdominal lymph nodes). The
procedure of McKeown esophagectomy was as follows.
First, the thoracic esophagus with the surrounding lymph
nodes was totally resected. The esophagus was severed at
the top of the chest and above the esophageal hiatus. The
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Figure 1 Ports arrangement of these three methods. (A) Thoracic part of RAE. (B) Thoracic part of VAMIE. (C) Abdominal part of
VAMIE. (D) Thoracic part of OE. (E) Abdominal part of RAE and OE. RAE, robot-assisted esophagectomy; VAMIE, video-assisted

minimally invasive esophagectomy; OE, open esophagectomy.

paraesophageal, carina, paratracheal, and bilateral RLN
lymph nodes were removed. Second, the tubular stomach
was made by removing the lesser curvature of the stomach
with a linear cutting suture device. Lymph nodes along
the celiac trunk, the left gastric and splenic artery, and the
lesser omentum were removed. Finally, anastomosis of the
esophageal stump and tubular stomach was performed in
the neck with the stapler. The procedure of Ivor-Lewis
esophagectomy was as follows. First, the stomach was
dissociated carefully and the tubular stomach was created
with a linear cutting suture device. Abdominal lymph node
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dissection was performed. Second, the thoracic esophagus
was resected en bloc with the surrounding thoracic lymph
nodes. Intrathoracic anastomosis of the esophageal stump
and tubular stomach was conducted above the arch of the
azygos vein. All end-to-side anastomoses were performed
with the same surgical technique using a 25 mm circular
stapler.

Study procedures and endpoints

Before neoadjuvant therapy and surgery, systematic
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imaging evaluations were conducted, including computed
tomography (CT) of the chest and abdomen, endoscopic
ultrasound, positron emission tomography (PET)-CT,
bone emission CT, and brain magnetic resonance imaging
(MRI) for all patients. Before surgery, we performed
the echocardiogram, electrocardiogram, and pulmonary
function tests to evaluate the cardiopulmonary function.
We acquired clinicopathological and follow-up data
from patients through their regular examinations or
therapeutic process in our hospital. Data included the
baseline characteristics of patients [gender, age, body mass
index (BMI), ECOG PS, smoking status, drinking status,
hypertension, diabetes, histological type, pathological
grade, regimen of neoadjuvant therapy, tumor location,
surgical method, and clinical tumor-node-metastasis
(¢TNM)], pathological outcomes [post-neoadjuvant
pathologic tumor-node-metastasis (yp TNM) and tumor
regression grade (TRG)], intraoperative and postoperative
outcomes (operation time, blood loss, ICU stay status,
drainage duration, volume of drainage, RO resection
rate, lymph node dissection status, postoperative hospital
stay, and total cost), and postoperative complications
(pneumonia, pneumothorax, RLN injury, anastomotic
leakage, chylothorax, thoracic empyema, wound infection,
atrial fibrillation, postoperative bleeding and re-surgery).
We adopted the eighth edition of the American Joint
Committee on Cancer (AJCC) tumor-node-metastasis
(TNM) staging to determine the location of the dissected
lymph nodes, tumor, degree of differentiation, cTNM,
and ypTNM (21). Independent analyses were done by
two investigators according to the pathological report and
photographs so that we could acquire the pathological
type, degree of differentiation, depth of invasion, resection
margins, lymph nodes, and TRG. TRG was defined by
calculating the estimated proportion of residual viable tumor
cells in the original cancer area based on the College of
American Pathologists (CAP)/the National Comprehensive
Cancer Network (NCCN) guidelines: TRG 0 (no residual
viable tumor cells), TRG 1 (remaining active tumor cells
<10%), TRG 2 (>10% to <50% remaining viable tumor
cells), and TRG 3 (>50% residual active tumor cells).
Evaluations of postoperative complications were performed
on the basis of definitions proposed by the Esophagectomy
Complications Consensus Group (ECCG) (22). Follow-up
ended 3 months after surgery. The main endpoints of
interest were operation time, blood loss, number of
dissected lymph nodes and patients in whom right/left
RLN lymph nodes were removed (achievement rate), and
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total cost. Additional metrics of interest were the length
of ICU stay, postoperative hospital stay, and postoperative
complications.

Statistical analysis

Baseline data and perioperative outcomes were analyzed.
The results were presented as mean = standard deviation
(SD) or median with ranges for continuous variables and
numbers (percentages) for categorical variables. One-way
analysis of variance (ANOVA) or Kruskal-Wallis test was
used for three-way comparison of groups, depending on
the normality of distribution. Pearson’s chi-squared test or
Fisher’s exact test was applied for categorical parameters.
Bonferroni correction was used for multiple testing.
Statistical significance was defined at P<0.05. Statistical
analyses were performed using SPSS software version 26.0
(IBM Corp., Armonk, NY, USA) and GraphPad Prism
version 9.0 (GraphPad Software, San Diego, CA, USA).

Results
Characteristics at baseline

From January 2021 to August 2022, a total of 98 patients
were included in our study: 31 patients underwent RAE,
31 underwent VAMIE, and 36 patients underwent OE.
All patients received neoadjuvant treatment (including
immunochemotherapy and chemoradiotherapy) before
surgery. The flowchart of the study is reported in Figure 2.
The baseline characteristics of these patients are listed in
Table 1. No significant differences were detected among the
three groups in any of the basic characteristics.

Pathological outcomes

After neoadjuvant therapy, we could see dramatic
downstaging of T/N stage (concluded by comparing
ypTNM with ¢TNM) among the three groups. The
number of patients with stage IVA decreased and the
number of patients with stage I increased. No significant
differences were detected among the three groups in
terms of ypTNM stage, downstaging of T/N stage, and
pathological response (1able 2).

Intraoperative and postoperative outcomes

No significant differences were observed in the operation
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() 56 patients were excluded
because they did not
receive neoadjuvant
treatment

(I) 5 patients were excluded
because they did not
receive esophagectomy

RAE group
(n=31)

Figure 2 The flowchart of this study. OE, open esophagectomy; VAMIE, video-assisted minimally invasive esophagectomy; RAE, robot-

assisted esophagectomy.

time, blood loss, length of ICU stay, and RO resection
between the three groups (7able 3). There was a significant
difference in the total cost (RAE: ¥127,512, VAMIE.:
¥70,742, OE: ¥80,513, P<0.001) (Figure 3). No significant
differences were found in the total, thoracic, abdominal,
right RLN, and left RLN dissected lymph node numbers
between the three groups (P>0.05). There was no significant
difference in the achievement rate of the left RLN lymph
node (RAE: 54.8%, VAMIE: 38.7%, OE: 36.1%, P>0.05)
(Figure 4A4), but a significant difference was seen in the
achievement rate of the right RLN lymph node (RAE:
90.3%, VAMIE: 87.1%, OE: 63.9%, P=0.01) (Figure 4B).
The postoperative hospital stay of OE was significantly
longer compared to RAE and VAMIE (P<0.05).

Postoperative complications

No significant differences were seen between the three
surgical approaches in terms of postoperative complications
(RAE: 41.9%, VAMIE: 35.5%, OE: 30.6%, P=0.63) (Tuble 4).
There was no anastomotic leakage, chylothorax, thoracic
empyema, wound infection, postoperative bleeding,
and revision surgery occurring in the RAE group. The
postoperative pneumonia rate was higher in the VAMIE
group (RAE: 16.1%, VAMIE: 19.4%, OE: 8.3%). The
incidence of RLN injury was higher in OE (RAE: 3.2%,
VAMIE: 3.2%, OE: 5.6%). The incidence of atrial fibrillation
was comparable between the three groups. There were no
postoperative deaths within 90 days among the three groups.

© Journal of Thoracic Disease. All rights reserved.

Discussion

In recent years, minimally invasive surgery, including
VAMIE and RAE, is gradually replacing OE in the
management of EC with reduced postoperative
complications and fast recovery. However, there have been
few comparisons between these three surgical approaches
for resectable EC after neoadjuvant treatment and this
study compared short-term outcomes in this setting.
Currently, the main management for patients with
locally advanced EC is still neoadjuvant treatment followed
by surgical resection with radical lymphadenectomy.
Neoadjuvant therapy (including immunochemotherapy
and chemoradiotherapy) has been shown to improve
survival in patients with locally advanced EC (23-26). After
neoadjuvant treatment, the EC may shrink and even be
downstaged, enabling radical tumor resection that would
otherwise not be possible with upfront surgery. In the meta-
analysis by He ez /., the authors noted that neoadjuvant
chemoimmunotherapy was associated with both lower
pCR and treatment-related grade 3—4 adverse events than
neoadjuvant immunotherapy with chemoradiation (26).
They noted that neoadjuvant chemoimmunotherapy pCR
rates appeared higher than historic ones with neoadjuvant
chemotherapy alone, but lower than historic pCR rates
with chemoradiation. In the present study, we included 98
consecutive patients with EC who met the inclusion criteria
including having a clinical stage in the range T1-4N0-3MO.
All of these enrolled patients received neoadjuvant treatment
before surgery and were evaluated as capable of surgical
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Table 1 Characteristics of the patients at baseline

Variables OE (n=36) VAMIE (n=31) RAE (n=31) P value

Gender 0.72
Male 32 (88.9) 29 (93.5) 29 (93.5)

Female 4 (11.1) 2 (6.5) 2 (6.5)

BMI (kg/m?) 21.7£2.9 22.1+3.1 21.9+3.1 0.90

Age (years) 65.0+7.4 61.8+8.3 62.9+9.3 0.29

ECOG 0.72
PSO 19 (52.8) 14 (45.2) 17 (54.8)

PS 1 17 (47.2) 17 (54.8) 14 (45.2)

Once smoking 20 (55.6) 18 (58.1) 15 (48.4) 0.73

Once drinking 17 (47.2) 16 (51.6) 12 (38.7) 0.58

Underlying conditions
Hypertension 11 (30.6) 5(16.1) 9(29.0) 0.35
Diabetes 6 (16.7) 2 (6.5) 5(16.1) 0.40

Type of carcinoma 0.27
Squamous cell carcinoma 35(97.2) 31 (100.0) 28 (90.3)

Adenocarcinoma 1(2.8) 0 (0.0) 1(3.2)
Others 0(0.0) 0(0.0) 2 (6.5)

Pathological grade 0.17
G1 11 (30.6) 4 (12.9) 7 (22.6)

G2 16 (44.4) 19 (61.3) 11 (35.5)
G3 9 (25.0) 8 (25.8) 13 (41.9)

Neoadjuvant treatment 0.52
Immunochemotherapy 35 (97.2) 31 (100.0) 29 (93.5)
Chemoradiotherapy 1(2.8) 0(0.0) 2 (6.5)

Tumor location 0.30
Proximal 5(13.9) 8 (25.8) 5(16.1)

Middle 12 (33.3) 9 (29.0) 5(16.1)
Distal 19 (52.8) 14 (45.2) 21 (67.7)

Method 0.32
McKeown 31 (86.1) 30 (96.8) 28 (90.3)

Ivor-Lewis 5(13.9) 13.2) 3(9.7)

cTNM stage 0.15
I 4(11.1) 6 (19.4) 4(12.9)

1] 18 (50.0) 21 (67.7) 21 (67.7)
IVA 14 (38.9) 4(12.9) 6 (19.4)

Data are presented as n (%) or mean + SD. OE, open esophagectomy; VAMIE, video-assisted minimally invasive esophagectomy; RAE,
robot-assisted esophagectomy; BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; PS, performance status; cTNM,
clinical tumor-node-metastasis; SD, standard deviation.
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Table 2 Pathological outcomes
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Variables OE (n=36) VAMIE (n=31) RAE (n=31) P value
ypTNM stage 0.70
I 9 (25.0) 9 (29.0) 13 (41.9)
I 7 (19.4) 7 (22.6) 3(9.7)
M 18 (50.0) 13 (41.9) 14 (45.2)
IVA 2 (5.6) 2 (6.5) 13.2)
Downstaging of T/N stage’ 26 (72.2) 23 (74.2) 25 (80.6) 0.77
Pathological response 0.29
TRG 0 3(8.3) 2 (6.5) 5(16.1)
TRG 1 2 (5.6) 13.2) 3(9.7)
TRG 2 20 (55.6) 24 (77.4) 15 (48.4)
TRG 3 11 (30.6) 4(12.9) 8(25.8)

Data are presented as n (%). T, determined by comparing ypTNM with cTNM within each operative group. OE, open esophagectomy;
VAMIE, video-assisted minimally invasive esophagectomy; RAE, robot-assisted esophagectomy; ypTNM, post-neoadjuvant pathologic
tumor-node-metastasis; TRG, tumor regression grade.

Table 3 Intraoperative and postoperative outcomes

Variables OE (n=36) VAMIE (n=31) RAE (n=31) P value
Operating time (min) 300.0+99.9 321.2+74.1 347.0+£66.9 0.07
Blood loss (mL) 100 [50-500] 100 [20-400] 100 [20-500] 0.11
ICU stay 11 (30.6) 2 (6.5) 6 (19.4) 0.04
Length of ICU stay (days) 0 [0-7] 0 [0-4] 0 [0-8] 0.05
Drainage duration (days) 11 [7-34] 9 [6-38] 10 [7-27] 0.02"
Volume of drainage (mL) 2,172 [680-11,370] 1,350 [220-9,045] 1,840 [210-10,605] 0.02"
RO resection 35(97.2) 31 (100.0) 29 (93.5) 0.52
Number of dissected lymph node
Total number 30 [11-51] 28 [13-48] 28 [14-48] 0.74
Thoracic 15 [3-38] 15 [5-29] 14 [5-32] 0.94
Abdominal 12 [0-31] 12 [2-23] 12 [3-25] 0.92
Right RLN nodes 2[0-9] 3[0-7] 2 [0-8] 0.41
Left RLN nodes 0[0-10] 0 [0-8] 2[0-8] 0.15
Achievement rate"
Right RLN nodes 23 (63.9) 27 (87.1) 28 (90.3) 0.01*
Left RLN nodes 13 (36.1) 12 (38.7) 17 (54.8) 0.26
Postoperative hospital stay (days) 13 [9-26] 11 [9-55] 12 [8-28] 0.01"
Total cost (¥) 80,513 [59,585-144,311] 70,742 [57,761-191,062] 127,512 [115,833-194,555] <0.001%$

Data are presented as mean + SD, median [IQR], or n (%). ', represents a significant statistical difference between OE group with
VAMIE group; ¥, represents a significant statistical difference between OE group with RAE group; *, represents a significant statistical
difference between VAMIE with RAE group; ", refers to number of patients in whom right/left RLN lymph nodes are removed. OE, open
esophagectomy; VAMIE, video-assisted minimally invasive esophagectomy; RAE, robot-assisted esophagectomy; ICU, intensive care unit;
RLN, recurrent laryngeal nerve; SD, standard deviation; IQR, interquartile range.
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Figure 3 Violin plot of total cost. ***, P<0.001; ns, P>0.05. OE,
open esophagectomy; VAMIE, video-assisted minimally invasive

esophagectomy; RAE, robot-assisted esophagectomy.
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treatment after neoadjuvant therapy. In this study, the vast
majority received neoadjuvant chemoimmunotherapy, with
only 3% receiving chemoradiation. We determined the
number of patients with stage IVA decreased and the number
of patients with stage I increased after neoadjuvant therapy.
Further, the RO resection rate of these three methods was all
over 90%, which ensured the safety and integrity of tumor
resection. Several studies have reported that neoadjuvant
therapy seemed to have no impact on surgery (27,28). In
our study, we adopted open surgery in the abdominal part
of RAE because the abdominal cavity had obvious adhesion
due to the neoadjuvant treatment. RAE was only performed
in the thoracic part, which was different from other studies

B Right RLN nodes achievement
= Yes
OE 63.9% | | =L
ns
VAMIE -87.1% [ | »
ns
RAE -90.3% [ | ]
T 1
0 50 100
n, %

Figure 4 Column chart of left and right RLN nodes achievement rate. (A) Left RLN nodes achievement rate. (B) Right RLN nodes

achievement rate. **, P<0.01; ns, P>0.05. RLN, recurrent laryngeal nerve; OE, open esophagectomy; VAMIE, video-assisted minimally

invasive esophagectomy; RAE, robot-assisted esophagectomy.

Table 4 Postoperative complications

Variables OE (n=36) VAMIE (n=31) RAE (n=31) P value
Any complication in 90 days 11 (30.6) 11 (85.5) 13 (41.9) 0.63
Pneumonia 3(8.3) 6(19.4) 5(16.1) 0.44
Pneumothorax 4(11.1) 3(9.7) 4(12.9) >0.99
RLN injury 2 (5.6) 13.2) 13.2) >0.99
Anastomotic stenosis 1(2.8) 2 (6.5) 1(3.2) 0.83
Anastomotic leakage 1(2.8) 1(3.2) 0 (0.0 >0.99
Chylothorax 1(2.8) 0(0.0) 0 (0.0 >0.99
Thoracic empyema 1(2.8) 1(38.2) 0 (0.0 >0.99
Wound infection 2 (5.6) 0(0.0) 0 (0.0 0.33
Atrial fibrillation 2 (5.6) 2 (6.5) 2 (6.5) >0.99
Postoperative bleeding 2 (5.6) 0(0.0) 0 (0.0 0.33
Re-surgery 2 (5.6) 1.2 0(0.0) 0.77

Data are presented as n (%). OE, open esophagectomy; VAMIE, video-assisted minimally invasive esophagectomy; RAE, robot-assisted

esophagectomy; RLN, recurrent laryngeal nerve.
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(11,29). This may produce an effect on the intraoperative
and postoperative outcomes of RAE.

Lymphadenectomy has a significant role in the
management of EC, which can have an effect on short- and
long-term survival (30). Currently, the consensus on the
extent of lymphadenectomy is not uniform worldwide. In
the present study, all patients underwent two-field lymph
node dissection (thoracic and abdominal lymph nodes).
The ROBOT trial revealed that the total dissected lymph
node number in the OE and RAE groups was 25 and 27,
respectively (P=0.41) (17). Chen et 4l. reported no significant
difference in the total lymph node number between VAMIE
and RAE (VAMIE: 24.7+11.2, RAE: 25.4+7.5) (11). Gong
et al. showed that there were no significant differences in the
OE, VAMIE, and RAMIE groups (OE: 24.1, VAMIE: 23.1,
RAE: 22.8, P=0.68) with regard to the total lymph node
number (29). These findings were in accordance with our
study. In our study, the total dissected lymph node number
in the OE, VAMIE, and RAE group was 30, 28, and 28,
respectively (P=0.74). Bilateral RLN lymphadenectomy is
considered an essential step because of its high frequency of
metastasis (31). However, due to the narrow surgical space,
it is technically challenging. The robot-assisted technique
solves this problem, which enables operation in a tight
space and more delicate dissections of the lymph nodes via
its three-dimensional vision and flexible instruments (32).
Chao et al. showed that the total number of lymph nodes
dissected from the left RLN was greater in RAE compared
with VAMIE (P=0.001) (33). Deng et 4l. revealed a higher
lymph node yield along the right RLN (P=0.03) (34). In
the present study, dissected lymph node number in the
right RLN and left RLN was comparable between the
three groups and no significant differences were found
(P>0.05). This may be due to our limited experience in
robotic surgery for EC. We compared the achievement
rate of dissection along the RLN lymph node area between
these three groups. Gong et al. found that the achievement
rate of the right RLN area was comparable in these three
groups, but the achievement rate along the left RLN area
was significantly high in RAE (OE: 37.7%, VAMIE: 52.1%,
RAMIE: 59.3%, P=0.02) (29). This was different from
our findings. There was no significant difference in the
achievement rate of the left RLN lymph node (RAE: 54.8%,
VAMIE: 38.7%, OE: 36.1%, P>0.05), but a significant
difference was revealed in the achievement rate of the right
RLN lymph node (P=0.01) and this variable was higher in
RAE than the other two groups (RAE: 90.3%, VAMIE:
87.1%, OE: 63.9%). Given the complete bilateral RLN
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lymph nodes dissection by RAE, there may be more risks of
RLN injury. We often pay close attention to whether there
is RLN injury after surgery. Several studies have reported
that the postoperative RLN injury rate ranged from 11.5%
to 27.0%, 14.3% to 28.8%, and 9.5% to 21.6% in the
OE, VAMIE, and RAE groups, respectively (7,10). The
incidence of RLN injury was lower in our study (RAE: 3.2%,
VAMIE: 3.2%, OE: 5.6%).

The existing problems of robotic surgery may be the
long operation time and the high cost. Several studies have
shown that the operation time and cost of RAE were higher
than those of VAMIE and OE (11,17). In our study, the
operation time of RAE was longer than that of the other two
groups (RAE: 347.0£66.9 min, VAMIE: 321.2+74.1 min,
OE: 300.0+99.9 min, P>0.05). There was a significant
difference in the total cost (RAE: ¥127,512, VAMIE:
¥70,742, OE: ¥80,513, P<0.001). The cause of the long
operation time may be due to our limited experience in
robotic surgery for EC. We believe that the operation time
can be reduced as we become increasingly skilled in robotic
surgery, and robotic technology develops rapidly. The
reason for the high cost is that expenses of RAE cannot be
reimbursed through insurance. We believe that the cost can
also be reduced as the relevant insurance covers this area
and robotic instruments achieve a rapid expansion. Due to
the long operation time, there may be a risk of increasing
postoperative respiratory complications. However, there
were no significant differences in respiratory complications
between the three methods in the present study. Further,
there was no significant increment in the risk of anastomotic
leakage, chylothorax, thoracic empyema, atrial fibrillation,
and other postoperative complications. Therefore, RAE
is a feasible and secure method for resectable EC after
neoadjuvant therapy with comparable postoperative
complications.

Some limitations of our study are listed below. First, our
experience in robotic surgery for EC is limited and this may
affect the associated outcomes of RAE. Second, our study
was a retrospective study. The sample size was small which
may have limited the statistical power of our study and
resulted in selection biases. In order to eliminate selection
bias to some extent and render the results representative, we
consecutively included patients who satisfied the inclusion
criteria. Of importance is that the results are most relevant
for patients receiving neoadjuvant chemoimmunotherapy
given that only 3% received neoadjuvant chemoradiation,
and it is possible that both complication rates as well as
downstaging could have been further increased if more
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neoadjuvant radiation was used. Finally, the postoperative
follow-up period was short in the study. There were no
long-term and oncologic outcomes recorded.

Conclusions

In conclusion, no clear overall benefit exists for RAE in
the treatment of resectable EC after neoadjuvant therapy,
compared with VAMIE. OE resulted in a longer hospital
stay. Although the rate of achieving right RLN node
retrieval was higher after RAE, the clinical relevance for
this is yet unclear. Further efforts are required to reduce
the total cost of RAE. Moreover, our findings need to be
validated through larger scaled randomized controlled
trials. Extended follow-up is needed to evaluate long-term
and oncologic outcomes.
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