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Background: The development of minimally invasive surgery has initiated many changes in the surgical 
treatment of esophageal cancer (EC) patients. The aim of this study was to compare the short-term 
outcomes of robotic-assisted minimally invasive esophagectomy (RAMIE), video-assisted minimally invasive 
esophagectomy (VAMIE), and open esophagectomy (OE).
Methods: Our study included patients who had undergone McKeown esophagectomy at Tianjin Medical 
University Cancer Institute and Hospital between January 2016 and December 2018. We analyzed clinical 
baseline data, as well as perioperative and pathological outcomes.
Results: A total of 312 cases met the inclusion criteria (OE: 77, VAMIE: 144, RAMIE: 91). The OE 
group had a greater number of late-stage patients as well as those who received the neo-adjuvant therapy, 
compared with the other two groups (P=0.001). The procedure time in the OE group was also shorter by 
approximately 20 minutes (P=0.021). Total blood loss was significantly lower in the two MIE groups (P=0.004) 
than in the OE group. There were no differences in the total number of dissected lymph nodes between 
the three groups (OE: 24.09±10.77, VAMIE: 23.07±10.18, RAMIE: 22.84±8.37, P=0.680). Both the lymph 
node number (P=0.155) and achievement rate (P=0.190) in the right recurrent laryngeal nerve (RLN) area 
were comparable between the three groups. However, in the left RLN area, minimally invasive approaches 
resulted in a higher number of harvested lymph nodes (P=0.032) and greater achievement rate (P=0.018). 
Neither MIE procedure increased the incidence of postoperative complications.
Conclusions: Minimally invasive surgery could guarantee the quality of bilateral RLN lymphadenectomy 
without increasing postoperative complications, especially in RAMIE patients. The rational choice of 
different surgical approaches would improve both safety and oncological outcomes for patients.
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Introduction

Esophageal cancer (EC) ranks 7th in terms of incidence 
and 6th in mortality, of all cancer types, globally (1), and 
improved surgical protocols are required for its treatment. 
Surgical resection with radical lymphadenectomy remains 
the standard management for cancer patients with 
local resectable esophageal tumors (2). The Ivor Lewis 
esophagectomy (3) and McKeown esophagectomy (4) are 
commonly performed surgeries in the treatment of EC. 
Since their development, open esophagectomy (OE) has 
become a standard surgical procedure, particularly for 
patients experiencing local anatomical tumor invasion or 
adhesions from previous disease, radiotherapy, or surgery. 
Robot-assisted minimally invasive esophagectomy (RAMIE), 
first described in 2005 (5), can provide a full 3-dimensional 
vision of the operative field, which offers better exposure 
of the upper mediastinum for extensive paratracheal lymph 
node dissections (6,7). In recent years, video-assisted 
minimally invasive esophagectomy (VAMIE) has become 
the standard approach for EC surgery in a number of 
countries, which could decrease postoperative pain, result 
in fewer pulmonary complications and improve quality of  
life (8).

Recently, several studies have compared VAMIE and 
RAMIE. These studies have demonstrated a better quality 
of lymphadenectomy and comparable postoperative 
complications by RAMIE (9,10). However, OE was not 
included in these studies, and there was little discussion 
of the advantages and disadvantages of different surgical 
approaches.

The aim of this study was to compare the short-
term outcomes of the OE, VAMIE, and RAMIE and to 
identify the clinical benefits of these surgical treatments in  
treating EC.

Methods

Patient selection

We retrospectively included all clinical data from patients 
who had undergone McKeown esophagectomy at Tianjin 
Medical University Cancer Institute and Hospital for 
Esophageal Cancer by the same four surgical teams from 
January 2016 to December 2018. Dr. Yu and Dr. Jiang 
performed OE, VAMIE, and RAMIE, while Dr. Zhao 
and Dr. Liu only performed OE and VAMIE. There were 
totally 558 cases underwent McKeown esophagectomy 
in our institute. But in the VAMIE group, we only 

included the cases that successfully underwent combined 
thoracoscopic and laparoscopic esophagectomy. In that 
case, 246 cases were only undergone thoracoscopic surgery. 
They were all excluded from the VAMIE group. As such, 
312 cases qualified for this study (77 cases in the OE 
group, 144 cases in the VAMIE group, and 91 cases in 
the RAMIE). Patients who were suspected to have lymph 
node metastasis in the cervical area underwent the three-
field lymph node dissection (N=31, 9.94%). And the rest 
patients were all underwent two-field lymph node dissection 
(N=281, 90.06%). All patients received gastrointestinal 
(GI) endoscopy, contrast-enhanced computed tomography 
scan of the chest and upper abdomen, and assessment 
of pulmonary function before the operation. Pathology 
results were evaluated according to eighth edition of TNM 
staging. Patients who received the neo-adjuvant therapy had 
been divided into two groups. One group received the neo-
adjuvant chemo-radiotherapy. Patients received conformal 
radiotherapy with 40 Gy in 20 daily fractions, along with 
paclitaxel and Cisplatin once a week for 4 weeks. The other 
group received the neo-adjuvant chemotherapy. In this 
group, patients received the administration of paclitaxel 
with cisplatin, docetaxel with cisplatin, and 5-fluorouracil 
with cisplatin.

Approval for the study was obtained from the Ethics 
Committee of Tianjin Medical University Institute and 
Hospital (ID of the ethic approval: bc2019094). Written 
informed consent was obtained from each patient or his/her 
legal representative.

RAMIE surgical procedure

RAMIE was carried out using the robotic da Vinci Si 
System (Intuitive Surgical Inc., Sunnyvale, CA, USA). 
Patients that underwent OE were intubated with a left-
side double-lumen tube, under general anesthesia. In 
contrast, patients who underwent VAMIE and RAMIE were 
intubated with single-lumen tube, favoring exposure of the 
upper mediastinal lymph nodes. For the thoracic protocol, 
patients were placed in the left lateral prone position. 
Trocars were designed as followed: robotic arm 1 was placed 
in the third intercostal space (ICS) on the middle axillary 
line; robotic arm 2 was placed in the ninth ICS between 
the posterior axillary line and scapular line; the camera 
port was placed in the sixth ICS along the posterior axillary 
line; and the assistant port was placed either in the fifth or 
seventh ICS along the anterior axillary line. The artificial 
pneumothorax was established by using CO2 at the pressure 
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of 8–10 mmHg. For the abdominal protocol, patients 
were moved to the dorsal position. The trocar placement 
is shown in the Figure 1. A small incision was made for 
insertion of the gastric tube (3–4 cm wide). The gastric tube 
was then pulled up to the neck through the mediastinum. 
The anastomosis was formed by using a circular stapler.

Data collection

We collected baseline data pertaining to gender, age, 
Charlson comorbidity index, tumor location, and 
histological types. Pathological outcomes, including 
pathology type, and the status of lymph node metastasis 
were also collected. All of the dissected lymph nodes 
were evaluated and grouped according to the lymph 
node station definition from the eighth edition of TNM 
staging (11). Postoperative complications were evaluated 
according to the Esophagectomy Complication Consensus 
Group complication definition. Pulmonary complications 
included were pneumonia, pneumothorax, respiratory 
failure requiring reintubation, acute respiratory distress 
syndrome, and tracheobronchial injury. Esophagogastric 
leak from anastomosis, staple line, or localized conduit 
necrosis were defined as full thickness GI defects involving 
esophagus, anastomosis, staple line, or conduit irrespective 
of presentation. Anastomosis leak was diagnosed by upper 
GI contrast or esophagography. Recurrent laryngeal nerve 
(RLN) injury was defined as vocal cord dysfunction, post-

resection. Other complications included in this study were 
atrial fibrillation (AF), chylothorax, hemorrhage, and wound 
infection. Postoperative death was defined as death within 
90 days after surgery.

Statistical analysis

Statistical analysis was performed using SPSS software 
version 22.0. Data were represented as the mean ± standard 
deviation (SD) for continuous variables or percentage (%) 
for categorical data. For continuous variables, Student’s 
t-test or Mann-Whitney U test was used, depending on 
normality of distribution; one-way analysis of variance 
(ANOVA) was used for three-way comparison of groups. 
For categorical data, the chi-square or Fishers exact test 
was applied; Kruskal-Wallis test was used for three-way 
comparison of groups. Statistical significance was set as a 
two-sided P value <0.05.

Results

A total of 312 patients met our cutoff criteria: 77 patients 
underwent OE, 144 underwent VAMIE, and 91 patients 
underwent RAMIE. The baseline clinical characteristics 
among three groups are shown in Table 1. There were no 
significant differences in demographic data between the 
three groups. The Charlson comorbidity indexes were 
similar among the three groups (P=0.592). There were more 

Figure 1 Ports design for RAMIE: (A) thoracic part; (B) abdominal part. RAMIE, robot-assisted minimally invasive esophagectomy.
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patients at the advanced stage in the OE group according 
to the cTNM stage (P=0.002) (Table S1). As a result, more 
than half of the patients received the neo-adjuvant therapies 
prior to surgical treatment in the OE group, compared with 
those two MIE groups (P=0.002). In the present study, the 
major histological type was squamous cell carcinoma. From 
the pathological results, we found a higher number of late 
stage patients in the OE group (P<0.001), resulting in more 
late stage patients in the OE group according to the pTNM 
stage (P=0.001) (Table 2).

The surgical time in OE group was significantly shorter 
than the two MIE groups (P=0.021), with an approximate 
20-minute difference. The blood loss volume in the OE 
group was significantly more compared with the two MIE 
groups (P=0.004). There were no significant differences 
for the hospital stay between the three groups (P=0.241)  
(Table 3).

There was no significant difference in the total dissected 
lymph node numbers between the three groups (OE: 
24.09±10.77, VAMIE: 23.07±10.18, RAMIE: 22.84±8.37, 

Table 1 Baseline patient characteristics

Variables OE (n=77) VAMIE (n=144) RAMIE (n=91) P value

Gender, n 0.075

Male 74 130 78

Female 3 14 13

Age, mean (years) 59.77 60.22 60.04 0.917

Charlson comorbidity index, n 0.592

0 5 10 8

1 28 44 25

2 33 64 40

3 11 22 14

4 0 4 4

Tumor location, n (%) 0.101

Proximal 8 (10.39) 4 (2.78) 7 (7.69)

Middle 37 (48.05) 72 (50.00) 31 (34.07)

Distal 32 (41.56) 68 (47.22) 53 (58.24)

Histological type, n (%) 0.646

Squamous cell carcinoma 74 (96.10) 134 (93.06) 86 (94.51)

Others 3 (3.90) 10 (6.94) 5 (5.49)

Clinical stage, n (%) 0.002

I 2 (2.60) 20 (13.89) 15 (16.48)

II 21 (27.27) 59 (40.97) 38 (41.76)

III 47 (61.04) 47 (32.64) 34 (37.36)

IVA 7 (9.09) 18 (12.50) 4 (4.40)

Neo-adjuvant therapy, n (%) 0.000

Yes 40 (51.95) 28 (19.44) 20 (21.98)

No 37 (48.05) 116 (80.56) 71 (78.02)

OE, open esophagectomy; VAMIE, video-assisted minimally invasive esophagectomy; RAMIE, robotic-assisted minimally invasive 
esophagectomy.
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P=0.680) (Table 3). Assessment of the dissected lymph nodes 
demonstrate that the number of upper mediastinal lymph 
nodes was significantly higher in the two MIE groups 
(OE: 4.33±3.61, VAMIE: 5.63±3.88, RAMIE: 6.22±4.10, 
P=0.006). The harvested right RLN nodes were comparable 
among the three groups. In contrast, we retrieved a greater 
number of nodes on the left RLN with the assistance of the 
robotic surgical system (OE: 1.26±2.27, VAMIE: 1.95±2.67, 
RAMIE: 2.35±3.00, P=0.032). The harvested nodes number 
at abdominal station was highly similar between the 
three groups. For improved quality control of the lymph 
node dissection in the RLN areas, we further analyzed 
the achievement rate of the RLN nodes’ dissection. We 
counted at least one lymph node per patient harvested from 
each RLN area as an effective dissection. Following this 
criterion, the achievement rates of the right RLN area were 
also similar in the three groups. We successfully dissected 
right RLN lymph nodes in more than 75% of patients. The 

achievement rate in the two MIE groups were significantly 
higher than the OE group in the left RLN area (OE: 
37.66%, VAMIE: 52.08%, RAMIE: 59.34%, P=0.018). 
With the assistance of the robotic surgical system, the 
achievement rate increased in the RAMIE group.

The overall postoperative complications rates were 
all above 30% (Table 4). The postoperative pneumonia 
rate decreased from 12.99% to 9.89% but there were no 
significant differences between three groups (P=0.788). 
The anastomotic leakage rates were no higher than 7% in 
each of the three groups (P=0.352). We started to us the 
enteral nutrition 24 hours after surgery. And we usually 
told the patients to start to drink water 7 days after the 
surgery. Then we told the patients to transit to normal food 
in the following 1 month. These kinds of nutrition support 
could be helpful for the control of the anastomotic leakage. 
Furthermore, the RLN injury rates were higher in the two 
MIE groups as a result of the higher achievement rates 

Table 2 Pathological outcomes

Pathological outcomes OE (n=77) VAMIE (n=144) RAMIE (n=91) P value

pT stage, n (%) 0.000

T1 4 (5.19) 47 (32.64) 25 (27.47)

T2 14 (18.18) 30 (20.83) 24 (26.37)

T3 57 (74.03) 67 (46.53) 42 (46.15)

T4 2 (2.60) 0 0

pN stage, n (%) 0.232

N0 44 (57.14) 94 (65.28) 52 (57.14)

N1 15 (19.48) 29 (20.14) 21 (23.08)

N2 11 (14.29) 17 (11.81) 14 (15.38)

N3 7 (9.09) 4 (2.78) 4 (4.40)

Tumor grade, n (%) 0.627

G1 11 (14.29) 28 (19.44) 13 (14.29)

G2 51 (66.23) 82 (56.94) 54 (59.34)

G3 15 (19.48) 34 (23.61) 24 (26.37)

pTNM, n (%) 0.001

I 5 (6.49) 40 (27.78) 18 (19.78)

II 38 (49.35) 63 (43.75) 41 (45.05)

III 26 (33.77) 37 (25.69) 28 (30.77)

IVA 8 (10.39) 4 (2.78) 4 (4.40)

OE, open esophagectomy; VAMIE, video-assisted minimally invasive esophagectomy; RAMIE, robotic-assisted minimally invasive 
esophagectomy.
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Table 3 Operative data and harvested lymph node numbers at different station

Variables OE (n=77) VAMIE (n=144) RAMIE (n=91) P value

Operating time, mean ± SD (min) 299.38±57.98 321.13±57.21 318.02±53.90 0.021

Blood loss, mean ± SD (mL) 289.61±355.00 200.49±59.54 215.49±125.40 0.004

R0 resection, n (%) 75 (97.40) 144 (100.00) 91 (100.00) 0.060

Hospital stay 16.66±9.30 18.73±13.29 16.57±8.00 0.241

Number of dissected lymph node, mean ± SD

Total number 24.09±10.77 23.07±10.18 22.84±8.37 0.680

Cervical 1.25±4.30 0.42±1.70 0.29±1.99 0.040

Upper mediastinum 4.33±3.61 5.63±3.88 6.22±4.10 0.006*

Middle mediastinum 7.81±4.89 7.20±4.69 6.34±3.74 0.103

Lower mediastinum 1.77±2.32 1.74±2.18 1.90±1.87 0.850

Abdominal 8.94±5.55 8.10±4.77 8.13±5.53 0.481

Right RLN nodes 2.14±1.95 2.57±2.08 2.74±2.03 0.155

Left RLN nodes 1.26±2.27 1.95±2.67 2.35±3.00 0.032*

Achievement rates, n (%)

Right RLN nodes 59 (76.62) 123 (85.42) 78 (85.71) 0.190

Left RLN nodes 29 (37.66) 75 (52.08) 54 (59.34) 0.018*

*, Statistically significant. OE, open esophagectomy; VAMIE, video-assisted minimally invasive esophagectomy; RAMIE, robotic-assisted 
minimally invasive esophagectomy; SD, standard deviation; RLN, recurrent laryngeal nerve.

Table 4 Postoperative outcomes

Postoperative outcomes OE (n=77) VAMIE (n=144) RAMIE (n=91) P value

Overall complication 26 (33.77) 49 (34.03) 33 (36.26) 0.925

Pneumonia 10 (12.99) 15 (10.42) 9 (9.89) 0.788

Pneumothorax 2 (2.60) 1 (0.07) 2 (2.20) 0.532

AF 10 (12.99) 21 (14.58) 13 (14.29) 0.947

Anastomotic leakage 2 (2.60) 10 (6.94) 4 (4.40) 0.352

Chylothorax 3 (3.90) 1 (0.07) 1 (1.10) 0.177

Hemorrhage 0 1 (0.07) 0 1.000

RLN injury 12 (15.58) 34 (23.61) 20 (21.98) 0.370

Wound infection 2 (2.60) 0 (0.00) 1 (1.67) 0.092

Return ICU 7 (9.09) 12 (8.33) 6 (6.59) 0.841

90-day mortality 2 (2.60) 0 0 0.060

OE, open esophagectomy; VAMIE, video-assisted minimally invasive esophagectomy; RAMIE, robotic-assisted minimally invasive 
esophagectomy; AF, atrial fibrillation; ICU, intensive care unit.
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(P=0.370). The return intensive care unit (ICU) rate varied 
from 9.09% to 6.59% in each of the three surgical groups 
(P=0.841). The 90-day mortality rate was 2.60% in the OE 
group. Those two patients received neo-adjuvant therapies. 
The cause of the death was due to the severe pneumonia 
after the surgery. And there was no associated death in the 
other two groups. All other complications were comparable 
among the three groups.

Discussion

MIE has been in development for decades. It offers several 
advantages compared with the OE, including a decrease in 
post-operative pain and infection and improved recovery 
time. In recent years, usage of the da Vinci robotic surgical 
system appears to have improved recovery for patients 
undergoing surgical treatment for EC. Whilst many studies 
have compared the VAMIE and RAMIE systems, they have 
not, to our knowledge, compared these systems with OE. 
In our study, we compared all three groups, to provide a 
comprehensive overview of the outcomes of these different 
surgical interventions (12).

Lymph node status is an important prognostic parameter 
for EC patients and an independent predictor for  
survival (13). Lymph node dissection in EC can be classified 
as standard dissection, extended dissection, or three-field 
dissection (14). As there is insufficient evidence to claim 
that three-field is superior to two-field lymphadenectomy, 
the latter remains the prevalent procedure used in EC 
patients. In our study, 281 patients (90.06%) underwent 
two-field dissection. Previous studies compared the number 
of harvested lymph nodes between OE and VAMIE (15). 
The average total lymph node number in the OE group 
ranged from 13 to 25, without including the lymph nodes 
in the upper mediastinum. Similarly, the total number 
in the VAMIE group ranged from 15 to 27. However, in 
recent studies comparing VAMIE and RAMIE, the total 
lymph nodes number was greater. The average number was 
between 19 and 34 in the VAMIE group, and this increased 
to between 20 and 37 in the RAMIE group; however, this 
difference was not significant (16). In our study, there 
was no significant change in the number of lymph nodes 
harvested from the OE group (24.09), the VAMIE group 
(23.07), or the RAMIE group (22.84) (P=0.680). This may 
partly attribute to the higher percentages of late-stage 
patients and neo-adjuvant therapy in the OE group.

In  r ecen t  yea r s ,  the  impor tance  o f  the  RLN 
lymphadenectomy, normally termed extended dissection, 

has been supported by many surgeons. Park et al. 
reported that they harvested more lymph nodes in upper 
mediastinum in the RAMIE group (RAMIE: 10.7, VAMIE: 
6.3, P=0.032) (9). In Chao’s study, there were no significant 
changes in right RLN nodes dissection (RAMIE: 2.27, 
VAMIE: 2.77, P=0.226), but there was a significant increase 
in the harvested nodes from the left RLN in the RAMIE 
group (RAMIE: 5.32, VAMIE: 3.18, P=0.001) (7). Deng  
et al. reported that the number of lymph nodes from the 
right RLN area was higher in the RAMIE group (RAMIE: 
2.1, VAMIE: 1.2, P=0.033) (10). As we describe in our 
study that the number of lymph nodes from the upper 
mediastinum in the OE group was significantly lower than 
those of the MIE groups (OE: 4.33, VAMIE: 5.63, RAMIE: 
6.22, P=0.006). Furthermore, the number of lymph nodes 
from the left RLN area was also lower in the OE group (OE: 
1.26, VAMIE: 1.95, RAMIE: 2.35, P=0.032). As reported 
in our study, we used the achievement rate as an important 
indicator for the quality control for lymphadenectomy in 
the RLN areas, and a higher percentage of achievement 
rates resulted in greater numbers of harvested lymph 
nodes. In the RAMIE group, the application of robotics 
offered better visualization and improved accuracy in  
dissection (17). Both the average number of lymph nodes 
and the achievement rates were highest in the bilateral 
RLN regions.

As we demonstrate in this study, VAMIE and RAMIE 
do not increase the overall perioperative complication 
rates compared with the OE group. RLN injury was the 
major postoperative complication. It has been reported 
that the RLN injury rate varies from 11.5% to 27.0% 
in OE groups, 14.3% to 28.8% in VAMIE groups, and 
from 9.5% to 21.6% in RAMIE groups (8,15). According 
to a meta-analysis by Yibulayin, there was no significant 
difference in RLN injury between the OE and VAMIE 
groups (15). In contrast, Jin et al. reported that VAMIE 
has a higher rate of RLN injury than RAMIE (18). In 
our study, achievement rates on the RLN nodes in the 
RAMIE group were higher than the other two groups, but 
the use of robotics did not significantly bring down the 
RLN injury rate. The pulmonary branches of the vagus 
nerve regulate many important pulmonary functions, such 
as the cough reflex, mucous production, and bronchus  
diameter (19). However, in our procedures we did not 
routinely reserve the pulmonary branches. This may explain 
why both the pulmonary complication rate and return 
ICU rate only decreased slightly according to different 
surgical approaches. Improved visualization of mediastinum 
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structures, using robotic surgery, may afford better 
protection to the pulmonary branches, helping to limit 
pulmonary complications.

Another major complication, AF, was unchanged between 
the three groups in our study. Lohani et al. reported that 
the transthoracic approach is an independent risk factor 
for AF. It has been reported that 23.4% of patients with 
OE developed new-onset AF (20). In Day’s study, 31.4% 
patients suffered from AF following VAMIE. Older patients 
and patients who received neo-adjuvant chemoradiation 
showed a trend toward increased risk of AF (21). The use 
of minimally invasive robotic surgery does not appear to 
decrease the incidence of new-onset AF. Furthermore, 
surgical approaches do not affect the percentage of 
anastomotic leakage. These factors were unchanged 
between our three groups.

Neo-adjuvant therapy is an important therapeutic 
strategy for late stage EC patients, with approximately 27% 
of the patients in our study undergoing this therapy prior 
to surgery. This therapy appeared to have no impact on 
postoperative outcomes, regardless of the surgical approach 
used. Ma et al. confirm that the neo-adjuvant therapy does 
not appear to negatively impact the therapeutic outcome of 
MIE (22). Goel et al. also suggest that robot-assisted surgery 
was feasible and safe following neo-adjuvant therapy, with 
acceptable oncological outcomes and a shorter learning 
curve compared with the VAMIE (23). Further development 
of RAMIE could reduce the overall rate of complications 
caused by the neo-adjuvant therapy in the future.

It is important to note that the study presented here 
has several limitations. The first is the limited experience 
with robotic surgery prior to the study, which may affect 
the surgical outcomes when compared with the OE and 
VAMIE groups. Secondly, this was a retrospective study 
with small sample size, resulting in an imbalance of the 
TNM staging among the three groups. Finally, long term 
oncological outcomes are also needed in the evaluation of 
different surgical efficiency. Despite these limitations, our 
data appear to confirm those reported by a number of other 
studies, giving strength to the validity of our results.

Conclusions

Minimally invasive surgery is an established surgical 
approach and is becoming more common than open surgery 
for many procedures. RAMIE has further improved the 
advantages of lymphadenectomy, especially in the RLN 
lymph node areas. With the development of the surgical 

skills for MIE, it can reduce the complications caused by 
neo-adjuvant therapy used for the treatment of EC patients. 
However, large volume randomized controlled clinical trials 
may be needed in the future to verify safety, efficiency, and 
the impact on long term survival rate.
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Supplementary

Table S1 Clinical stage

Variables OE (n=77) VAMIE (n=144) RAMIE (n=91)

cT stage

T1 2 (2.60) 20 (13.89) 15 (16.48)

T2 21 (27.27) 59 (40.97) 38 (41.76)

T3 47 (61.04) 47 (32.64) 35 (38.46)

T4 7 (9.09) 18 (12.50) 3 (3.30)

cN stage

N0 59 (76.62) 120 (83.33) 76 (83.52)

N1 16 (20.78) 21 (14.58) 14 (15.38)

N2 2 (2.60) 3 (2.08) 0

N3 0 0 1 (1.10)

Clinical stage

I 2 (2.60) 20 (13.89) 15 (16.48)

II 21 (27.27) 59 (40.97) 38 (41.76)

III 47 (61.04) 47 (32.64) 34 (37.36)

IVA 7 (9.09) 18 (12.50) 4 (4.40)

OE, open esophagectomy; VAMIE, video-assisted minimally invasive esophagectomy; RAMIE, robotic-assisted minimally invasive 
esophagectomy.


