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Robotic thoracic esophagectomy with radical 
lymphadenectomy: A preliminary study
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ABSTRACT
Introduction: Esophagectomy with the maximal number of harvested lymph nodes remains the mainstay for 
esophagus cancer (EC) treatment. The present study aims to evaluate the short and long-term outcomes 
of patients with EC who underwent robotic esophagectomy (RE) with thoracic radical lymphadenectomy.

Materials and Methods: Between April 2015 and April 2018, consecutive patients who underwent RE were 
retrieved from a prospectively maintained registry. Patient demographics, operative variables and postop-
erative outcomes were assessed.

Results: In this study, there were 22 (10 females) patients (mean age was 60.3±8.9 years). The mean op-
erative time and estimated blood loss was 456±71.85 minutes and 213±157 mL, respectively. The mean 
number of harvested lymph nodes was 24.5±9.96. The overall 30-day complication rate was 36% (n=8). OS 
was calculated as 87% during 25.6 (range, 12-51) months of mean follow-up time.

Conclusion: According to our limited number of patients, robotic technology was safe and feasible in 
esophageal cancer surgery. Comparative studies with the robotic approach are needed.
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Introduction

Esophagectomy is the primary treatment for esophageal 
cancer.[1] With con-troversies remaining between the con-
ventional open technique and minimal invasive technique. 
Conventional open esophagectomy (OE) is an invasive sur-
gical procedure with high morbidity and mortality rates.
[2] OE has 5-10% perioperative mortality and 30-40% mor-
bidity rates.[3] Minimal invasive esophagectomy (MIE) has 
superiority in decreasing the 30-day mortality and morbid-
ity over OE.[4,5] Studies about MIE re-ported better recovery 

period, less postoperative pain and less cardiopulmonary 
compli-cation rates.[6–9] Some technical limitations of la-
paroscopic approach led to the devel-opment of the robotic 
platform. Rigid instruments with limited range of motion, 
unsta-ble retraction and assistant-dependent visualization 
is overcome by the robotic platform. There were some pub-
lications about the initial effectiveness and safety of the RE 
with short-term outcomes.[10–12]

The therapeutic value of high number of harvested lymph 
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nodes was demonstrat-ed as significant for overall sur-
vival after esophagectomy.[13] It is more difficult to make 
extended lymphadenectomy thoracoscopically because 
of the location of vital structures in the mediastinum. 
However, technical advantages of the robotic platform 
can ease a careful and safe lymphatic dissection in the 
mediastinum. It could be assumed that with the help of 
polyarticular fine maneuver of the robotic platform there 
could be less recurrent laryngeal nerve palsy.

The aim of this article was to evaluate the short and long-
term outcomes of the patients with esophageal cancer 
who underwent RE with thoracic radical lymphadenec-
tomy and clarify the details of our technique.

Materials and Methods

Patients

After obtaining the approval from the Institutional Re-
view Board (Decision No: 2020-01/42), medical records of 
22 patients undergoing RE between April 2015 and April 
2018 were reviewed retrospectively from a prospective 
registry. Data was ob-tained from research electronic data 
capture (REDCap) program. Inclusion criteria were age 
ranging from 18 to 75 years, patients with resectable and 
non-metastatic esophageal cancer and patients with his-
tologically verified malignancy. All patients signed the in-
formed consent.

Data were evaluated relative to demographics, perioper-
ative parameters (opera-tive time, estimated blood loss, 
conversion rate), postoperative short-term (postoperative 
30-day complications, length of hospital stay, harvested 
number of lymph nodes, R0 resection rate, mortality rate) 
and long-term outcomes (long-term complications, over-
all survival, disease free survival) were retrieved. Postop-
erative 30-day complications in-cluded cardiopulmonary 
complications, venous thromboembolism, sepsis, surgi-
cal site infections, anastomotic leak and bleeding. Overall 
survival time was calculated from the date of operation 
until the date of death. 

For preoperative work-up: endoscopic biopsy, endoscopic 
ultrasonography to evaluate local invasion and lymph 
node involvement, and to determine stage contrast-en-
hanced computed tomography scan was performed. T3/
T4 and any N positive patient underwent neoadjuvant 
chemoradiotherapy (NCCN Guidelines Version 2.2019). 
Fol-low-up was performed every 3-6 mo for 1-2 y, every 6-12 
mo for 3-5 y, then annually.

Operative technique

Thoracic phase of the operation was performed roboti-
cally and the abdominal part was open/robotic. Patient 
was placed in left lateral decubitus position for thoracic 
phase. For the procedure, three 8 mm robotic trocars and 
one 5mm assistant trocar for bedside surgeon were used 
(Fig. 1). Later, the 5-mm assistant trocar was changed 
with a 12-mm robotic trocar. Single docking was done. 
The robot (da Vinci Xi, Intuitive Surgical Inc, Sunnyvale, 
CA) was set from the patient’s right. The dissection rou-
tinely starts with identification of the Azygos vein (Fig. 
2) and transection of it with an en-doscopic vascular 
stapler. The esophagus was mobilized together with 
periesophageal lymph nodes. Esophagus is liberated off 
the aorta (Fig. 3). Care should be taken not to damage 
the recurrent laryngeal nerve (RLN) during dissection 
of the superior part of the esophagus (Fig. 4). Generally, 
lymph nodes around RLNs are removed en-bloc with the 
esophagus.

For the abdominal phase, either robotic or open approach 
was used. After the mobilization of stomach, a gastric 
conduit was constructed with a linear stapler, then pulled 

Figure 1. Trocar positions.

Figure 2. Appearance of the Azygos vein.

181Robotic thoracic esophagectomy with radical lymphadenectomy: A preliminary study



up to the cervical region through the mediastinum and 
gastroesophage-al/gastropharyngeal anastomosis was 
performed with 3/0 Vicryl suture. 

If the tumor was located at the distal part of the esoph-
agus, then Ivor Lewis pro-cedure was performed. For 
Ivor Lewis procedure, both abdominal and thoracic 
phases were performed robotically. The operation was 
started with the abdominal phase. Gas-tric conduit was 
constructed with a stapler at the level of incisura angu-
laris and pyloro-plasty was performed. After the com-
pletion of abdominal phase, position of the patient was 
changed into the left lateral decubitus position for the 
thoracic phase. Port positions were the same with the to-
tal esophagectomy procedure. The azygos vein was not 
ligated in this procedure. Paratracheal, paraesophageal, 
subcarinal and celiac lymphadenectomy were performed. 
Transection of the esophagus at the level of azygos vein 
was per-formed with a robotic stapler and intracorporeal 
esophagogastric anastomosis was per-formed. The spec-
imen was extracted within an endo-bag via enlargement 
of the 12-mm robotic trocar site.

Results

A total of 22 patients with esophageal cancer underwent 
RE during the study period. Patient demographics and 
clinical characteristics are delivered on Table 1. The mean 
age of patients was 60.3±8.9 years and of the 22 patients, 
there were 12 male and 10 females with a mean BMI of 
26.5±6.64 kg/m2. Previous thoraco-abdominal opera-tion 
rate was 13% (n=3) (one laparoscopic cholecystectomy 
and two thoracotomy for benign pulmonary diseases). 
Fifteen patients underwent neoadjuvant chemoradiother-
a-py for locally advanced esophageal cancer. 

Operative outcomes and postoperative findings were 
provided in Table 2. Elev-en out of 22 patients under-
went totally robotic procedure (thoracic and abdominal 
stages were performed robotically). Of them, three pa-
tients underwent Iwor Levis and 19 pa-tients underwent 
total esophagectomy and gastric pull-up procedures. Esti-
mated blood loss (EBL) was 213±157 mL. There were no pe-
rioperative complications. There was no conversion. The 
overall 30-day complication rate was 36% (n=8). Anasto-
motic leakage rate was 13.6% (n=3) and all anastomotic 
leakages were managed conservatively. There was vocal 
cord paralysis in one patient. There was one chylothorax 
and was managed by Lipiodol® Ultra Fluid embolization 
of the ductus thoracicus. 

Figure 3. Appearance of the aorta during paraesophageal 
lymph node dissection.

Figure 4. Appearance of the recurrent laryngeal nerve.

Table 1. Patient demographics and clinical charac-
teristics

Age, years, mean±SD	 60.3±8.9
Gender, n (%)
	 Female	 10 (45)
	 Male	 12 (55)
BMI, kg/m2, mean±SD	 26.5±6.64
ASA score, n (%)
	 ASA I	 18 (82)
	 ASA II	 4 (18)
History of smoking, n (%)
	 Yes	 1 (5)
	 No	 21 (95)
Previous thoracoabdominal surgery, n (%)	 3 (13)
Tumor location, n (%)
	 Middle thoracic	 4 (18)
	 Lower thoracic	 18 (82)
Neoadjuvant therapy, n (%)	 15 (68)

Continuous variables are described as mean±standard deviation, 
categorical variables are described as n (%).
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Histopathological results were given in Table 2. R0 resec-
tion was achieved in all patients. Mean number of har-
vested lymph nodes was 24.5±9.96. The mean number of 
metastatic lymph nodes was 0.95±1.61. Final pathology of 
six patients revealed T3N1-2 adenocarcinoma and these 
patients underwent adjuvant chemotherapy and the rest 
were followed without any additional treatment.

Mean follow-up time was 25.6±13.07 months and during 
this period there were three mortalities, one recurrence 
in the abdominal lymph nodes and two distant multiple 
metastases in the liver and lung, respectively. One year 
overall survival (OS) and dis-ease free survival (DFS) rate 
was 91% (n=20). OS was calculated as 87% during 25.6 
(range, 12-51) months of mean follow-up time.

Discussion

According to the results of this study, it was seen that with 
the help of the ro-botic technology esophagectomy can 
achieve good oncologic resections and acceptable long-
term outcomes. 

MIE is not routinely performed worldwide due to a steep 
learning curve and high technical complexity. In one 
meta-analysis, it was reported that there were no sta-tisti-
cally significant differences between MIE and RE regard-
ing R0 resection rate, some complications, mortality rate, 
operative time, hospital stay, and harvested lymph nodes. 
However, in the same study, it was seen that intraopera-
tive blood loss and vocal cord palsy rate was less in RE 
when compared to MIE.[14] Theoretically, robotic surgery 
with its enhanced dexterity and increased range of mo-
tion facilitates meticulous dissec-tion and thus may ac-
celerate the learning curve. What we learned from rectal 
surgery is that, the robotic platform had a superiority over 
laparoscopy in performing precise dis-section in narrow 
spaces. Since the mediastinum also has a limited space, 
then it could be proposed that the robotic platform could 
also have some advantages in this area. 

In our study, median operative time was 450 minutes and 
this was comparable to the literature with median opera-
tive times between 335-490 minutes.[11, 15–17] Weksler et al.[11] 
and Suda et al.[16] reported that the operative time of MIE 
was longer when compared to the RE because of faster 
thoracic mobilization. Short-term postoperative outcomes 
of MIE and RE were found superior than open procedures 
with decreasing 30-day mortality-morbidity, lower post-
operative pain, better short-term qual-ity of life and better 
short-term postoperative functional recovery.[4,18]

Mean estimated blood loss in this study was 213±157 mL, 
concordant with the amounts reported in the literature as 
92-462 mL and 102-466 mL for RE and MIE, re-spectively.[14]

In a population-based study from the Netherlands that in-
cluded 2698 patients, reported that high harvested lymph 
nodes (at least 15) were associated with higher overall sur-
vival in patients with esophageal cancer.[13] In our study, 
mean harvested number of lymph nodes was 24.5±9.96 
and it was comparable with the literature. The ROBOT 
trial showed that robotic surgery was comparable to open 
surgery in retrieval of adequate amount of lymph nodes.[18] 
Similarly, other studies also confirmed these results.[4,19,20] 
On the other hand, some studies reported higher number 
of harvested lymph nodes during MIE compared to OE.[21,22]

Table 2. Operative outcomes

Operative time, minutes, mean±SD	 456±71.85
Estimated blood loss, mL, mean±SD	 213±157
Conversion, n (%)	 0 (0)
Postoperative complications, n (%)
	 Anastomotic leak	 3 (13)
	 Vocal cord paralysis	 1 (4)
	 Pneumonia	 0 (0)
	 Atelectasis	 2 (9)
	 Pleural effusion	 1 (4)
	 Chylothorax	 1 (4)
Tumor size, pT stage
	 T0	 7 (32)
	 T1	 5 (23)
	 T2	 2 (9)
	 T3	 8 (36)
pN stage, n (%)
	 N0	 14 (64)
	 N1	 5 (23)
	 N2	 3 (13)
Pathology, n (%)
	 Adenocarcinoma	 12 (55)
	 Squamous cell carcinoma	 10 (45)
Number of harvested lymph	 24.5±9.96
nodes, mean±SD
Length of hospital stay, days, mean±SD	 12±9.94
Length of ICU stay, days, mean±SD	 2.7±6.14

Continuous variables are described as mean±standard devia-
tion, categorical variables are described as n (%); ICU: intensive 
care unit.



Routinely, performing paratracheal lymphadenectomy 
is still under debate and is considered to be technically 
challenging during esophagectomy. Because of the loca-
tion of nearby vital structures like superior vena cava, 
membranous part of the trachea and RLN in paratracheal 
region, many surgeons fear to damage these structures, so 
perform paratracheal lymph node dissection for patients 
with proximal or mid-esophageal can-cers. However, in a 
recent study it was found that dissection of paratracheal 
lymph nodes in a patient with mid-to distal esophageal tu-
mors has a high therapeutic im-portance in terms of long-
term survival.[23] To overcome the disadvantages of laparo-
scopic transhiatal esophagectomy in upper mediastinal 
lymphadenectomy Fujiwara et al, developed single-port 
mediastinoscopic transcervical technique.[24,25] However, 
in the same study vocal cord palsy rate was more frequent 
(33%). Lymphadenectomy around the RNL needs innova-
tive dexterities to avoid the nerve palsy, which results as 
pneumonia. Technical advantages of robotic platform can 
provide a careful and safe dis-section in this dangerous 
anatomical area. There are studies reporting that achiev-
ing a higher number of dissected lymph nodes along RLN 
were significant in robotic group than laparoscopy.[12,15,17,26] 
Our team generally makes en-bloc esophagectomy with 
lymphadenectomy (with paratracheal lymph nodes) re-
gardless of the location of the tu-mor (distal, middle or 
upper). 

Oncologic outcomes of our study include R0 resection 
rate, harvested lymph node number, disease free and 
overall survival. In Wullstein et al.’s[27] study, R0 resec-
tion rate was found as 92% in MIE and 84% in OE. It was 
shown that RE could facili-tate the resection of cT4b tu-
mors after down-staging by chemoradiotherapy.[28] Radio-
therapy may lead to a severe fibrosis between esophagus 
and the surrounding structures and this may cause a chal-
lenging dissection. Nevertheless, with the help of robotic 
plat-form , precise exploration of the anatomical planes 
were achieved and this could help in avoiding damages to 
the vital structures while preserving the surgical margins. 

Postoperative complication rates (anastomotic leak, 
pneumonia, chylothorax, empyema, and arrhythmia) 
were not observed as statistically significant between RE 
and MIE.[14] It was demonstrated that pulmonary compli-
cations were lower in MIE than OE.[5,29–32] However, there 
was no statistically significant difference regarding the 
anastomotic leak rate between MIE and OE.[5,29,31,32] On the 
other hand, there was no statistically significant differ-

ence between MIE and RE regarding postoperative early 
complication rates other than vocal cord palsy.[14] Vocal 
cord palsy incidence was higher in MIE than RE.[14] The 
most potentially lethal complication during the postoper-
ative period is anastomotic leakage and can range from 
0 to 19% in MIE and is comparable with OE.[20,33–35] In our 
study, anastomotic leakage rate was 13.6% (n=3) and 
this finding was in line with literature. In a propensity-
matched analysis, anastomotic leakage was diagnosed in 
12% of RE and 18% of MIE.[36] 

In our study, median follow-up time was 23.5 (range, 12-
51) months, and one-year and three-year OS rates were 
91% (n=20) and 86% (n=6), respectively. Park et al.,[37] 
analyzed the long-term survival and demonstrated that 
the 5-year OS difference was not statistically significant 
between RE and MIE. Osugi et al.,[19] reported comparable 
3-year survival rates between hybrid MIE and OE.

The present study has some limitations, most of which 
arise from the nature of the retrospective study, non-com-
parative design, and small sample size. However, the high 
case experience, our strict selection criteria and presence 
of the long-term outcomes strengthen its clinical value.

Conclusion

According to our limited sample size of experience, ro-
botic technology was safe and feasible in esophageal 
cancer surgery. Besides, robotic approach provided on-
cologically comparable specimens with a high number of 
harvested lymph nodes and improved survival. Further 
comparative studies are needed. 
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