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Background: In Asia, esophageal squamous cell carcinoma (ESCC) accounts for more than 90% of 
esophageal cancer cases and can be treated with minimally invasive esophagectomy (MIE); however, MIE 
has certain technical limitations in resecting lymph nodes. The advantages of robot-assisted minimally 
invasive esophagectomy (RAMIE) surgery, such as the high-definition three-dimensional (3D) vision and the 
presence of the EndoWrist, facilitates movement in challenging anatomical regions. However, few studies 
have compared the postoperative outcomes between RAMIE with MIE for the lymph node dissection of 
patients with ESCC.
Methods: We identified 285 patients with ESCC who underwent surgical resection between January 2019 
and April 2023. Of these patients, 270 met the screening criteria and were enrolled in our study. These 
patients were then divided into two groups according to the thoracic approach: MIE (n=168) or RAMIE 
cohort (n=102). The aim of this study was to investigate the possible advantages in terms of postoperative 
outcomes of RAMIE over MIE for thoracic lymph node dissection.
Results: Most patients were male (97.4%). According to the pathological-stage of esophageal cancer, 5 
(1.9%), 99 (37.1%), 72 (27.0%), 82 (30.7%), and 9 (3.4%) patients were pathological-stage 0, I, II, III, and 
IV, respectively. The number of regional lymph node resections in the RAMIE cohort was significantly 
higher than that in the MIE group for the following regions: the left tracheobronchial lymph nodes 
(106tbL) (P<0.001), paratracheal lymph nodes [106pre] (P=0.011), the sub-longitudinal lymph nodes [107] 
(P<0.001), the left main bronchial lymph nodes [109L] (P<0.001), the right main bronchial lymph nodes 
[109R] (P<0.001), the sub-thoracic periesophageal lymph nodes [110] (P=0.004), and the supradiaphragmatic 
lymph nodes [111] (P<0.001). By comparing MIE cohort with RAMIE cohort, the transthoracic approach 
with RAMIE yielded a greater total number of thoracic lymph nodes dissected [MIE: mean 20.82, standard 
deviation (SD) 9.45; RAMIE: mean 26.07, SD 9.28; P<0.001] and a greater total number of lymph node 
groups that underwent thoracic lymph node dissection (MIE: mean 5.28, SD 1.94; RAMIE: mean 7.29, SD 
1.77; P<0.001).
Conclusions: Our study shows that RAMIE may be more effective than MIE in terms of the number 
thoracic lymph nodes dissected and the extent of dissection. Moreover, RAMIE may be not associated with 
additional surgical complications.
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Introduction

Esophageal cancer (EC) ranks seventh in incidence among 
cancers and is the sixth leading cause of cancer-related death, 
resulting in approximately 509,000 deaths annually (1).  
Despite the increase in adenocarcinoma incidence, 
esophageal squamous cell carcinoma (ESCC) remains the 
predominant histologic type of EC globally and is most 
prevalent in Iran, Central Asia, and China. In Asia, ESCC 
accounts for more than 90% of EC. It is the most frequent 
pathological subtype of EC in China, constituting over 90% 
of all cases (2,3). In nonmetastatic cases, 5-year survival 
rates from 20% to 35% have been reported (4). 

Minimally invasive esophagectomy (MIE) has become 
the favored surgical approach across the world, as its 
minimally invasive nature provides superior postoperative 
outcomes (5). However, primary tumors are usually located 
in the middle of the esophagus, close to the trachea, aorta, 
and other vital organs (6) and may cause a wide range of 
lymph node metastases. Moreover, MIE has certain technical 
limitations in resecting lymph nodes. A European study 
showed that a small thoracic cage width is significantly 

correlated with longer operation time during the thoracic 
phase of MIE, which suggests increased surgical difficulty (7).  
The advantages of robot-assisted minimally invasive 
esophagectomy (RAMIE), such as the high-definition three-
dimensional (3D) vision and the presence of the EndoWrist 
(Intuitive Surgical Inc., Sunnyvale, CA, USA), facilitate 
movement in challenging anatomical regions (8). Therefore, 
examining the outcomes of lymph node dissection in the 
thoracic segment of EC across different approaches may be 
an important area of research. Results from high-volume 
centers are encouraging: total MIE (including MIE and 
RAMIE), compared to the open or hybrid approach, is 
associated with a lower overall, pulmonary, cardiac, and 
wound complication rate as well as a shorter hospital stay (9). 
There are reports indicating that RAMIE has an advantage 
in the number of lymph nodes dissected compared to MIE 
(6,9,10). However, few studies have examined more detailed 
groupings in thoracic lymph node dissection, especially for 
comparing RAMIE with MIE in terms of postoperative 
outcomes in patients with ESCC.

The aim of this study was thus to investigate the possible 
advantages of RAMIE over MIE for thoracic lymph node 
dissection in terms of postoperative outcomes. We present 
this article in accordance with the STROBE reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-24-201/rc).

Methods

Patients

Clinical data for this retrospective comparative cohort study 
were obtained from the Esophageal Mediastinum Ward 
of the Thoracic Surgery Department of Harbin Medical 
University Cancer Hospital. We identified 285 patients 
with ESCC who had undergone surgical resection between 
January 2019 and April 2023. The included patients 
were operated upon by the same experienced operator 
to minimize bias. This operator has performed over 500 
robotic-assisted surgeries and has specialized in EC for 
more than 10 years. Patients with ESCC who underwent 
RAMIE/MIE-McKeown esophagectomy for thoracic lymph 
node dissection were included. Patients were excluded if 
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they had (I) missing postoperative pathology data or (II) a 
postoperative pathology of nonsquamous cell carcinoma 
(Figure 1). Finally, 270 patients who met the criteria were 
enrolled in our study. The patients were then divided into 
two groups according to the thoracic approach: MIE (n=168) 
or RAMIE cohort (n=102). The RAMIE cohort had less 
than 3 years of follow-up, so the study did not include long-
term survival outcomes. We retrospectively collected data 
on patient characteristics and postoperative complications 
from their medical records. The following patient data were 
collected: gender, age, body mass index (BMI), smoking, 
alcohol, tumor location, diabetes, hypertension, tumor 
pathology type, neoadjuvant therapy program, surgical 
methods, surgical procedure, extent of lymph node dissection, 
pathological-stage, postoperative pathological thoracic lymph 
node outcome, and selected perioperative outcomes.

Pathological-stage was determined according to the eighth 
edition of the American Joint Committee on Cancer staging 
system (11,12). The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). The study 
was approved by the Ethics Committee of Harbin Medical 
University Cancer Hospital (No. 2020-50-IIT), and all 
patients provided their written informed consent.

Surgical procedure

All surgeries were performed under general anesthesia with 
selective intubation to block the right lung. Most operations 
in the hospital included two-field lymph node dissection 
with an anastomosis in the neck. All patients received totally 
minimally invasive McKeown esophagectomy by the same 

experienced surgeon, and 78.1% of patients underwent 
lymph node dissection of the bilateral recurrent laryngeal 
nerves regardless of the procedure type. The chest cavity 
was inflated using carbon dioxide insufflation at a pressure 
of 6–8 mmHg. In all cases, the anastomosis was sewn at 
the neck using circular anastomosis. All patients in this 
study underwent a one-stage operation with gastric conduit 
reconstruction.

The lymph nodes are evaluated according to their 
anatomical location and numbered, which is done by 
the operator and his first and second assistants. After 
removal of the lymph nodes, the lymph nodes were 
placed in corresponding specimen bags according to their 
numbering. These numbered lymph nodes were included 
with the esophago-gastrectomy specimen for postoperative 
pathology if rapid pathology was not requested separately.

For the resection of the thoracic lymph nodes, it 
was necessary to open the mediastinal pleura, clear the 
lymph nodes adjacent to the right recurrent laryngeal 
nerve [106recR], dissect the arch of the chiasm, and free 
the esophagus up to the thoracic inlet and down to the 
esophageal diaphragmatic hiatus. We then continued to 
clear the upper thoracic periesophageal lymph nodes [105], 
the left recurrent laryngeal nerve lymph nodes [106recL], 
the paratracheal lymph nodes [106pre], the tracheobronchial 
lymph nodes [106tb], the left tracheobronchial lymph nodes 
[106tbL], the right tracheobronchial lymph nodes (106tbR), 
the sublongitudinal lymph nodes [107], the midthoracic 
periesophageal lymph nodes [108], the main bronchial 
lymph nodes [109], the subthoracic periesophageal lymph 
nodes [110], the supradiaphragmatic lymph nodes [111],  

McKeown esophagectomy for esophageal 
cancer 2019.1–2023.4

(n=285)

Excluded due to missing postoperative 
pathology (n=9), not esophageal 
squamous cell carcinoma (n=6)

Minimally invasive 
esophagectomy (MIE)

(n=168)

Robot-assisted minimally invasive 
esophagectomy (RAMIE)

(n=102)

Figure 1 Study protocol and application of the inclusion and exclusion criteria.
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the posterior mediastinal  lymph nodes [112],  the 
thoracic anterior aortic lymph nodes [112aoA], and the 
inferior pulmonary ligament lymph nodes [112pul]. 
An intraoperative rapid pathology of the right cervical 
paraesophageal lymph nodes [101R] were required, and 
when the intraoperative rapid pathology findings of 101R 
were positive, the right cervical lymph nodes needed to be 
removed. 

Postoperative complications

Postoperative complications were categorized using the 
Clavien-Dindo (CD) classifications as follows: grade I was 
defined as any deviation from the normal postoperative 
course without the need for pharmacologic treatment or 
surgical, endoscopic, or radiologic intervention; grade 
II was defined as pharmacologic treatment with drugs; 
grade III was defined as surgical, endoscopic, or radiologic 
intervention; grade IV was defined as life-threatening 
complications that required intensive care unit (ICU) 
management; and grade V was defined as mortality (13).

Statistical analysis 

Statistical analysis was conducted using SPSS 26.0 (IBM 
Corp., Armonk, NY, USA) and R version 3.6.3 (The R 
Foundation for Statistical Computing, Vienna, Austria). The 
clinicopathological characteristics in Table 1 are summarized 
as continuous variables and are expressed as n (%) or mean 
[standard deviation (SD)]. Categorical variables were 
analyzed using Pearson chi-squared test, and continuous 
variables test for normality. The continuous variables in 
Table 2 are nonnormally distributed and are expressed as 
mean (SD). MIE cohort and RAMIE cohort were taken 
as two independent sets of samples, and a nonparametric 
test (Mann-Whitney) was used to determine whether there 
were significant differences between these samples. The 
continuous variables in Table 3 are nonnormally distributed 
according to a Mann-Whitney test and are expressed as  
n (%) or mean [SD]. Statistical software SPSS and R were 
used to manage missing values via removal of cases. P values 
<0.05 were considered to be statistically significant.

Results

Clinicopathological characteristics

In total,  285 patients with ESCC who underwent 

McKeown esophagectomy via right thoracotomy with 
lymphadenectomy between January 2019 and April 2023 
were screened. These patients surgically were operated upon 
by the same experienced operator. Of these 285 patients, 
9 patients who did not have postoperative pathology data 
and 6 patients who were diagnosed with nonsquamous cell 
carcinoma were excluded from the study. Ultimately, 270 
patients were enrolled in this study and were divided into 
two groups according to the thoracic approach: MIE group 
(n=168) or RAMIE (n=102).

Table 1 summarizes the characteristics of all patients. 
Most patients were male (97.4%). The mean age was 60 
(SD 7.1) years. The proportion of those with diabetes was 
significantly higher in the RAMIE cohort (28.4%) than 
in the MIE cohort (10.1%) (P<0.001). The proportion of 
neoadjuvant chemotherapy in the RAMIE cohort versus the 
MIE cohort was 12.7% and 16.7%, respectively, and the 
proportion of neoadjuvant chemoimmunotherapy was 49% 
and 17.3%, respectively. The patients were staged according 
the International Union against Cancer tumor-node-
metastasis (TNM) classification system (eighth edition) (12).  
According to the pathological staging of the ECs, 5 (1.9%), 
99 (37.1%), 72 (27.0%), 82 (30.7%), and 9 (3.4%) patients 
were p-stages 0, I, II, III, and IV, respectively. The MIE 
cohort involved significantly more cervical lymph node 
clearance because it had a lower proportion of patients 
who underwent neoadjuvant therapy than did the RAMIE 
cohort.

Postoperative pathologic lymph node outcomes

The postoperative pathologic lymph node outcomes are 
shown in Table 2. By comparing MIE cohort with RAMIE 
cohort, the transthoracic approach with RAMIE yielded 
a greater total number of thoracic lymph nodes dissected 
(MIE: mean 20.82, SD 9.45; RAMIE: mean 26.07, SD 
9.28; P<0.001) and a greater total number of lymph node 
groups that underwent thoracic lymph node dissection 
(MIE: mean 5.28, SD 1.94; RAMIE mean 7.29, SD 1.77; 
P<0.001). The number of regional lymph node resections in 
the RAMIE cohort was significantly higher than that in the 
MIE cohorts for the following regions: 106tbL (P<0.001), 
106pre (P=0.011), 107 (P<0.001), 109L (P<0.001), 109R 
(P<0.001), 110 (P=0.004), and 111 (P<0.001). Compared to 
MIE, RAMIE had higher mean of 106recL (4.46 vs. 4.11; 
P=0.235) and 106recR (3.23 vs. 2.80; P=0.149) although 
these differences were not significant.
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Table 1 Clinicopathological characteristics

Characteristic All patients (N=270) MIE (N=168) RAMIE (N=102) P value

Gender 0.909

Male 263 (97.4) 163 (97.0) 100 (98.0)

Female 7 (2.6) 5 (3.0) 2 (2.0)

Age, years 59.98 [7.10] 59.49 [7.27] 60.77 [6.75] 0.151

BMI, kg/m2 23.19 [3.11] 23.25 [3.03] 23.09 [3.24] 0.672

Smoking 0.912

Never 114 (42.2) 70 (41.7) 44 (43.1)

Ever 156 (57.8) 98 (58.3) 58 (56.9)

Alcohol 0.129

Never 110 (40.7) 62 (36.9) 48 (47.1)

Ever 160 (59.3) 106 (63.1) 54 (52.9)

Tumor location 0.487

Ut 38 (14.1) 24 (14.3) 14 (13.7)

Mt 92 (34.1) 57 (33.9) 35 (34.3)

Lt 136 (50.4) 86 (51.2) 50 (49.0)

EGJ 4 (1.5) 1 (0.6) 3 (2.9)

Diabetes <0.001*

No 224 (83.0) 151 (89.9) 73 (71.6)

Yes 46 (17.0) 17 (10.1) 29 (28.4)

Hypertension 0.841

No 206 (76.3) 127 (75.6) 79 (77.5)

Yes 64 (23.7) 41 (24.4) 23 (22.5)

Neoadjuvant therapy regimen <0.001*

No 150 (55.6) 111 (66.1) 39 (38.2)

NC 41 (15.2) 28 (16.7) 13 (12.7)

NCI 79 (29.3) 29 (17.3) 50 (49.0)

Extent of lymph node dissection 0.003*

Unknown 1 (0.4) 1 (0.6) 0 (0.0)

Three fields 28 (10.4) 12 (7.1) 16 (15.7)

Two fields 147 (54.4) 84 (50.0) 63 (61.8)

Two and a half fields 94 (34.8) 71 (42.3) 23 (22.5)

p-stage (UICC TNM 8th) 0.023*

0 5 (1.9) 4 (2.4) 1 (1.0)

I 99 (37.1) 64 (38.8) 35 (34.3)

II 72 (27.0) 52 (31.5) 20 (19.6)

III 82 (30.7) 42 (25.5) 40 (39.2)

IVa 9 (3.4) 3 (1.8) 6 (5.9)

Data are presented as n (%) or mean [SD]. *, P values less than 0.05. Three cases in the MIE cohort had postoperative pathologic T-stage that 
could not be evaluated and were treated as missing values. MIE, minimally invasive esophagectomy; RAMIE, robot-assisted minimally invasive 
esophagectomy, BMI, body mass index; Ut, upper thoracic esophagus (from the superior margin of the sternum to the tracheal bifurcation); 
Mt, middle thoracic esophagus (superior half between the tracheal bifurcation and the esophagogastric junction); Lt, lower thoracic esophagus 
(thoracic esophagus from the inferior half between the tracheal bifurcation and the esophagogastric junction); EGJ, esophagogastric junction 
(the midpoint of the tumor within 2 cm of the cardia); NC, neoadjuvant chemotherapy; NCI, neoadjuvant chemoimmunotherapy; p-stage, 
pathological-stage; UICC, International Union against Cancer; TNM, tumor-node-metastasis; SD, standard deviation. 
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Table 2 Postoperative pathologic thoracic lymph node outcomes

Characteristic All patients (N=270) MIE (N=168) RAMIE (N=102) P value

105 1.28 (1.59) 1.24 (1.56) 1.34 (1.63) 0.609

106recL 4.24 (3.17) 4.11 (3.26) 4.46 (3.01) 0.235

106recR 2.96 (2.63) 2.80 (2.58) 3.23 (2.70) 0.149

106tbL 1.42 (2.25) 1.01 (2.08) 2.11 (2.35) <0.001*

106tbR 0.12 (0.56) 0.07 (0.40) 0.21 (0.75) 0.062

106pre 0.46 (1.91) 0.19 (1.09) 0.90 (2.72) 0.011*

107 5.35 (3.79) 6.08 (4.09) 4.15 (2.86) <0.001*

108 1.12 (1.57) 1.22 (1.78) 0.95 (1.14) 0.962

109L 1.19 (1.64) 0.89 (1.56) 1.69 (1.65) <0.001*

109R 1.03 (1.83) 0.55 (1.25) 1.81 (2.32) <0.001*

110 1.25 (1.67) 1.11 (1.65) 1.48 (1.69) 0.004*

111 1.00 (1.49) 0.73 (1.15) 1.44 (1.85) <0.001*

112pul 0.33 (0.94) 0.35 (1.09) 0.29 (0.61) 0.276

112aoA 0.05 (0.36) 0.03 (0.28) 0.09 (0.47) 0.065

Number of thoracic lymph nodes dissected 22.80 (9.71) 20.82 (9.45) 26.07 (9.28) <0.001*

Number of lymph node groups that underwent 
thoracic lymph node dissection

6.04 (2.11) 5.28 (1.94) 7.29 (1.77) <0.001*

Data are presented as mean (SD). *, P values less than 0.05. 105, the upper thoracic periesophageal lymph nodes; 106recL, the left 
recurrent laryngeal nerve lymph nodes; 106recR, the right recurrent laryngeal nerve; 106tbL, the left tracheobronchial lymph nodes; 
106tbR, the right tracheobronchial lymph nodes; 106pre, the paratracheal lymph nodes; 107, the sublongitudinal lymph nodes; 108, the 
midthoracic periesophageal lymph node; 109L, the left main bronchial lymph nodes; 109R, the right main bronchial lymph nodes; 110, 
the subthoracic periesophageal lymph nodes; 111, the supradiaphragmatic lymph nodes; 112pul, the inferior pulmonary ligament lymph 
nodes; 112aoA, the thoracic anterior aortic lymph nodes; MIE, minimally invasive esophagectomy; RAMIE, robot-assisted minimally 
invasive esophagectomy; SD, standard deviation. 

Postoperative outcomes

Postoperative complications were categorized using the 
CD classifications (13). Table 3 depicts the postoperative 
outcomes. In the RAMIE cohort, pleural effusion (CD ≥I; 
n=43, 42.2%) occurred less frequently compared to the 
MIE (90, 53.6%) group but not significantly so (P=0.069). 
Similarly, the mean chest drainage time was lower in the 
RAMIE cohort (mean 4.62 days, SD 2.17 days) than in MIE 
cohort (mean 5.25 days, SD 3.19 days) but not significantly 
so (P=0.089). Between the RAMIE cohort and MIE cohort, 
there was no significant difference in pneumonia (CD ≥II; 
27.5% vs. 19.6%), respiratory failure (CD ≥II; 6.9% vs. 
3%), anastomotic leakage (CD ≥II; 2.9% vs. 6%), vocal 
cord paralysis (5.9% vs. 4.8%), mean postoperative length 
of hospital stay (13.79 days vs. 13.1 days), postoperative 
transfer to the ICU (23.5% vs. 28%), or mean length of 

ICU stay (1.18 vs. 1.43 days).

Discussion

The last two decades have witnessed a significant increase 
in surgical innovations aimed at improving the care of 
patients, and multidisciplinary treatment strategies for 
EC have greatly advanced. The aim of this study was to 
investigate the possible advantages of RAMIE over MIE for 
thoracic lymph node dissection in terms of postoperative 
outcomes. The results suggest that RAMIE provides a 
more complete resection of the regional lymph nodes at a 
higher stage of the tumor, with no meaningful difference 
in short-term postoperative outcomes. We found that a 
significantly greater portion of patients in the RAMIE 
cohort (49.0%) underwent neoadjuvant therapy than did 



Journal of Thoracic Disease, Vol 16, No 3 March 2024 2121

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2024;16(3):2115-2124 | https://dx.doi.org/10.21037/jtd-24-201

those in the MIE group (17.3%) (P<0.001). Neoadjuvant 
chemoimmunotherapy can yield a high pathological 
complete response (pCR) rate with acceptable safety (14) 
and can increase opportunity for surgery in patients with 
locally advanced EC. 

In this study, we also examined the differences in lymph 
nodes dissected between RAMIE and MIE across various 
regions of the chest. Table 2 shows that both the total 
number of thoracic lymph nodes removed (MIE: mean 
20.82, SD 9.45; RAMIE: mean 26.07, SD 9.28; P<0.001) 
and the total number of thoracic lymph nodes groups 
removed (MIE: mean 5.28, SD 1.94; RAMIE mean 7.29, 
SD 1.77; P<0.001) in RAMIE cohort were significantly 
higher than MIE cohort. However, there was no statistical 
difference in the short-term outcomes. The possible reason 
for this is that there was a higher level of postoperative 
pathological-stage in the RAMIE cohort compared with 
the MIE cohort. This means that the RAMIE group had 
more difficult surgeries on average than did the MIE 
group. Related studies have reported that RAMIE can 
reduce surgical trauma, thus leading to decrease pneumonia 
rate, delayed gastric emptying rate and ICU stay (9,10). 
Moreover, the respiratory complications might have been 
reduced if the patients had surgery performed by surgeons 

after completion of their learning curve (15,16). In order 
to show the benefit of RAMIE versus conventional MIE in 
a study, a large number of cases will be needed because the 
differences in postoperative complications will be more subtle 
compared to minimally invasive versus open surgery. This 
could also be the reason for the non-significant results of the 
comparison of postoperative complications in our study.

Several single-institution studies have reported short-
term outcomes of RAMIE for EC in terms of lymph 
node dissection and postoperative complications that 
are acceptable and comparable to those of conventional 
MIE, and Yang et al. reports that robotic assistance may 
be uniquely advantageous in the resection of lymph 
nodes adjacent to the recurrent laryngeal nerve, and van 
der Sluis et al. reports that RAMIE was associated with a 
lower overall, pulmonary, cardiac and wound complication 
rate as well as a shorter hospital stay compared to open 
or hybrid approach (6,9,17). Surgical resection with 
radical lymphadenectomy remains a critical element in 
the treatment of EC (18). From the advantages of lymph 
node removal, the robot’s multiple joints allow for multi-
angle flip operations and filtering of human hand tremors. 
Theoretically it would raise the upper limit of the surgeon’s 
skill. Therefore, several studies have focused on examining 

Table 3 Postoperative outcomes

Outcomes All patients (N=270) MIE (N=168) RAMIE (N=102) P value

Pleural effusion (CD ≥I) 133 (49.3) 90 (53.6) 43 (42.2) 0.069

Pneumonia (CD ≥II) 61 (22.6) 33 (19.6) 28 (27.5) 0.137

Respiratory failure (CD ≥II) 12 (4.4) 5 (3.0) 7 (6.9) 0.133

Anastomotic leakage (CD ≥II) 13 (4.8) 10 (6.0) 3 (2.9) 0.262

Vocal cord paralysis 14 (5.2) 8 (4.8) 6 (5.9) 0.687

Unilateral vocal cord paralysis 8 (3.0) 5 (3.0) 3 (2.9) 

Bilateral vocal cord paralysis 6 (2.2) 3 (1.8) 3 (2.9) 

Chest drainage, days 5.01 [2.86] 5.25 [3.19] 4.62 [2.17] 0.089

Length of postoperative hospital stay, days 13.36 [8.29] 13.10 [7.25] 13.79 [9.76] 0.605

Postoperative transfer to ICU 71 (26.3) 47 (28.0) 24 (23.5) 0.508

Length of ICU stay, days 1.33 [4.37] 1.43 [4.19] 1.18 [4.66] 0.285

In-hospital mortality 0 0 0 >0.99

Data are presented as n (%) or mean [SD]. CD, Clavien-Dindo classifications: grade I was defined as any deviation from the normal 
postoperative course without the need for pharmacologic treatment or surgical, endoscopic, or radiologic intervention; grade II was 
defined as pharmacologic treatment with drugs; grade III was defined as surgical, endoscopic, or radiologic intervention; grade IV was 
defined as life-threatening complications that required ICU management; and grade V was defined as mortality. MIE, minimally invasive 
esophagectomy; RAMIE, robot-assisted minimally invasive esophagectomy; ICU, intensive care unit; SD, standard deviation.
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the extent of lymph node dissection (19-21). Among the 
regional lymph nodes in the chest, the resection of group 
106 is the most critical because patients with advanced 
EC often have recurrent laryngeal nerve lymph node 
metastases. In our study, 78.1% of patients underwent 
lymph node dissection of the bilateral recurrent laryngeal 
nerves. A previous large-scale retrospective study reported 
there to be no survival benefit and higher morbidity after 
bilateral recurrent laryngeal nerve lymph node dissection 
for patients with cancer in the lower thoracic esophagus or 
for older adult and female patients (22). Therefore, selective 
lymph node dissection of the recurrent laryngeal nerve in 
elderly patients with lesions located in the lower thoracic 
segment is also an option. Subject to the limited sample size 
of a single center, combining data from multiple centers 
would also provide a valid reference. A meta-analysis 
of 17 with sample sizes ranging from 10 to 634 patients 
indicated that the incidence of upper mediastinal lymph 
node metastases in distal esophageal adenocarcinoma to be 
as high as 10% [interquartile range (IQR), 4.7–16.7%] (23).  
However, this meta-analysis mainly included patients 
with adenocarcinoma and did not separately report the 
outcomes of patients with SCC. In our study, the number 
of upper mediastinal regional lymph node resections in 
the RAMIE cohort was significantly higher than that 
in the MIE group (106tbL: P<0.001; 106pre: P=0.011). 
Moreover, the mean of 106recL (4.46 vs. 4.11; P=0.235) 
and 106recR (3.23 vs. 2.80; P=0.149) in the RAMIE cohort 
were higher than those than in the group MIE although 
these differences were not significant. But, at station 107, 
MIE (MIE: mean 6.08 vs. RAMIE: mean 4.15, P<0.001) 
appeared to remove more lymph nodes than RAMIE. This 
may also be related to the MIE cohort’s insufficiently fine 
anatomical manipulation of the subglottic lymph nodes 
and bilateral bronchial lymph nodes. The insufficiently 
fine manipulation did not allow a good distinction between 
107 and 109, resulting in a difference in the number of 107 
and 109 dissection between the two cohorts. Lymphatic 
channels within the esophagus are highly complex, resulting 
in a variable lymphatic spread and skip metastases, standard 
two-field lymph node dissection is necessary in patients 
with EC (24). A randomized multicenter study reported 
that a higher number of lymph nodes dissected is associated 
with improved survival and local disease control. Therefore, 
systemic lymphadenectomy should still be considered an 
integral part of surgical resection even after neoadjuvant 
chemoradiotherapy for locally advanced ESCC (25). 
Advances in surgical techniques have also increased the 

number of lymph nodes that can be removed (26). In one 
study, a robotic approach to esophagectomy was associated 
with a lower likelihood of unplanned conversion to open 
surgery, and patients who were converted to open surgery 
experienced worse outcomes (27). RAMIE is a safe and 
feasible alternative to MIE and may be superior in lymph 
node dissection of the abdominal cavity and the left 
recurrent laryngeal nerve (21). By comparing MIE cohort 
with RAMIE cohort, our research also shows that the 
transthoracic approach in RAMIE yielded a greater total 
number of thoracic lymph nodes dissected (MIE: mean 
20.82, SD 9.45; RAMIE: mean 26.07, SD 9.28; P<0.001) 
and a greater number of total of lymph node groups that 
underwent thoracic lymph node dissection (MIE: mean 5.28, 
SD 1.94; RAMIE: mean 7.29, SD 1.77; P<0.001). 

Neoadjuvant chemoimmunotherapy plus RAMIE 
involves higher healthcare costs, and this combination is 
particularly expensive in China. Postoperative complications 
are an important factor affecting healthcare costs of 
postoperative hospitalization (28). In our study, RAMIE and 
MIE showed no significant difference in pneumonia (CD 
≥II; 27.5% vs. 19.6%), respiratory failure (CD ≥II; 6.9% vs. 
3.0%), anastomotic leakage (CD ≥II; 2.9% vs. 6.0%), vocal 
cord paralysis (5.9% vs. 4.8%), mean length of postoperative 
hospital stay (13.79 vs. 13.10 days), postoperative transfer 
to the ICU (23.5% vs. 28.0%), and mean length of ICU 
stay (1.18 vs. 1.43 days). In a national cohort study in the 
United States that directly compared MIE to RAMIE, there 
was no difference in the rate of pulmonary complications, 
anastomotic leak, all-cause morbidity, or mortality (29). In 
a 7-year National Cancer Database cohort study, overall 
survival was significantly longer in patients with EC who 
underwent RAMIE than in those who underwent MIE (30). 
However, the long-term survival outcomes of patients of 
ESCC in our study need to be supported by more extensive 
follow-up data.

There are several limitations to this study. First, we 
employed a retrospective, single-center design that was 
susceptible to selection bias. Still, we also tried to partially 
compensate for this bias by making a large effort to expand 
the sample size. Second, a single surgeon operation may 
reduce baseline bias. It is worth noting that it is not possible 
to perform unchanging preoperative preparation and 
postoperative management of patients with individuality. 
Third, the follow-up of the patients in the RAMIE cohort 
was relatively short, and therefore no conclusions could be 
drawn concerning disease-free survival or overall survival. 
Fourth, both the RAMIE and MIE cases were selected 
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from January 2019 through April 2023. Both approaches 
have been in use by surgeons during this period. The 
RAMIE cases included cases from other clinical trial groups 
regarding the use of robotic platform, as well as patients 
who were not included. Therefore, the criteria have not 
been fully standardized with regard to the choice of surgical 
approach.

Conclusions

Our study shows that RAMIE may be more effective 
than MIE in terms of the number of thoracic lymph 
nodes dissected and the extent of dissection. Moreover, 
RAMIE may be not associated with additional surgical 
complications.
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