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Introduction

Esophageal cancer has very poor prognosis and decrease 
patients’ quality of life (QoL) dramatically (1). According to 
the GLOBOCAN project of World Health Organization 
(WHO), esophageal cancer is now the eighth most common 
cancer worldwide and the sixth common cause of death 
from cancer (2). Eighty percent of worldwide esophageal 
cancer occur in less developed regions such as eastern Asia 
and Africa (2). In 2015, the estimated new cancer cases 
and deaths in China was 477,900 and 375,000 respectively, 
most of them was squamous cell carcinoma (SCC) (1). 
Although SCC is the most common esophageal malignancy 
worldwide, the incidence of esophageal adenocarcinoma 
also has been increasing rapidly in Western countries (3). 

According to previous study, global incidence of esophageal 
cancer has increased by 50 % in the past two decades (4).

For the patients with esophageal cancer without 
distant metastasis, surgical resection is the most effective 
treatment, despite great improvement in chemotherapy 
and radiotherapy in the past decades. Since Franz 
Torek successfully conducted the first transthoracic 
esophagectomy in 1913 (5), various surgical approaches have 
been established to resect the esophagus and reconstruct the 
alimentary canal, such as transhiatal esophagectomy (THE), 
McKeown esophagectomy, Ivor-Lewis esophagectomy and 
Sweet esophagectomy (6-9). 

However, esophagectomy is one of the most invasive 
surgeries. It involves two or three compartment dissection, 
radical lymphadenectomy, and upper gastrointestinal 
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tract reconstruction. As a result, the traditional open 
esophagectomy is associated with considerable morbidity 
and mortality, with complication rates ranging from 26% to 
41% and perioperative mortality rates ranging from 4% to 
10% (10). 

In the past two decades, the technical advancements and 
development of endoscopic equipment in thoracoscopic 
surgery have resulted in the popularity of Video-Assisted 
Thoracic Surgery (VATS). In 1992, Dr. Cuschieri first 
reported thoracoscopic esophagectomy as minimally 
invasive esophagectomy (MIE) (11). Since then, more and 
more surgeons have adopted this operation in patients with 
esophageal cancer (11-13). Recently the development of 
linear stapling device, ultrasonic scalpel, anastomat and 
vessel-sealing systems further contributed to the evolution 
of MIE (14,15). 

In this study, we review previous literature on minimally 
invasive esophagectomy, aiming to highlight the evolution 
and prosperity of MIE and assess the short- and long-
term outcomes of MIE compared with traditional open 
esophagectomy.

Historical note

Franz Torek was the first surgeon who successfully 

implemented transthoracic esophagectomy in 1913 (5). And 
the first esophagectomy with esophagogastric reconstruction 
was reported by Ohsawa in Japan in 1933 (16). After that 
Adams and Phemister adopt this surgery in the United 
States in 1939 (17). In 1946, Ivor Lewis, surgeon of North 
Middlesex County Hospital, also known as the founder 
of Ivor-Lewis esophagectomy, conducted transthoracic 
resection of the esophagus via laparotomy and right 
thoracotomy routinely (8). In 1974, McKeown implemented 
the 3-incision esophagectomy which bears his name (18). 
The tri-incisional esophagectomy is similar in concept to an 
Ivor-Lewis procedure, but it tends to be used for esophageal 
lesions that in the proximal esophagus. Moreover, rather 
than thoracic esophagogastric anastomosis, the anastomosis 
of this procedure is completed in left neck. Other variations 
of the transthoracic esophagectomy include Sweet 
procedure popularized by Richard Sweet in 1945 (9) and 
the wide en-bloc esophagectomy popularized by Skinner in 
1983 (19). The milestones of esophagectomy evolution was 
shown in Table 1. 

Evolution of minimally invasive esophagectomy

“We have come to realize that the Torek type of operation will 
possibly prolong the patient’s life, and certainly prolong his 
misery.”——Ivor Lewis, 1946, Royal College of Surgeons, 
London.

In 1946, Ivor Lewis gave a lecture at the Royal College 
of Surgeons in London, talking about surgical treatment 
for esophageal cancer (8). As we know, Torek was the 
first surgeon who successfully conducted transthoracic 
esophagectomy (5). The excerpt above was quite an 
important part of this lecture, emphasizing the huge 
trauma caused by esophagectomy. As a radical surgery for 
esophageal cancer, esophagectomy certainly can improve 
patients’ survival rate, but it did cause much misery to them 
simultaneously. It could be deduced from this lecture that 
surgeons at that time faced with a severe problem caused 
by esophagectomy trauma, and Dr. Ivor Lewis valued 
minimally invasive esophagectomy a lot.

Transhiatal esophagectomy

Traditional esophagectomy involved abdominal cavity 
dissection, thoracic cavity dissection, with or without 
cervical incision. Aiming to reduce the surgical trauma 
caused by traditional esophagectomy, Mark Orringer 
conducted the first transhiatal esophagectomy in 1976 (20). 

Table 1 Milestones of esophagectomy evolution.

Year Doctor Event

1913 Torek Transthoracic esophagectomy (5)

1933 Ohsawa Esophagectomy with 
esophagogastric reconstruction (16)

1945 Sweet Sweet esophagectomy (9)

1946 Lewis Ivor-Lewis esophagectomy (8)

1974 McKeown Mckeown esophagectomy (18)

1976 Orringer Transhiatal esophagectomy (20)

1983 Skinner En-bloc esophagectomy (19)

1992 Cuschieri Thoracoscopic esophagecotmy (11)

1994 Depaula thoracoscopic-laparoscopic 
esophagectomy (21)

2004 Kernstine Robot-assisted esophagectomy (22)

2014 Sarkaria Robot-assisted Ivor-Lewis 
esophagectomy (23)

2014 Lehenbauer Robot-assisted McKeown 
esophagectomy (24)
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This surgical approach is quite different from previously 
mentioned approaches, removing the esophagus through 
the diaphragmatic hiatus without thoracotomy. The brief 
procedures are as follows. First, an upper abdominal 
incision from xiphisternum to the navel is made. The 
surgeon then mobilizes the esophagus by working upward 
through the diaphragmatic hiatus. With an addition incision 
on the left neck, the surgeon completes the mobilization of 
the esophagus, removes it, and moves the stomach upward 
through the hiatus and into the chest until its extremity 
appears in the neck incision. The last step is the cervical 
esophagogastric anastomosis (25). Without thoracotomy, 
THE approach could be regarded as the first endeavor to 
reduce surgical invasion. 

In a study based on Surveillance, Epidemiology, and End 
Results (SEER)—Medicare linked database (1992 to 2002), 
225 patients underwent transhiatal esophagectomy and 643 
patients underwent transthoracic esophagectomy (26). As a 
result, lower operative mortality rate was observed in THE 
group compared with transthoracic group (6.7% vs. 13.1%, 
P=0.009). And the adjusted 5-year overall survival rate was 
not compromised. However, THE group was more likely 
to require endoscopic dilatation within 6 months of surgery 
(43.1% vs. 34.5% for transthoracic group, P<0.02). In 
another meta-analysis study, totally 24 studies compared 
transthoracic with transhiatal esophagectomy were 
involved (27). This study showed less blood loss in THE 
group compared with transthoracic group (728±438 vs. 
1001±575 mL, P<0.0001), less operation time in randomized 
studies (3.5 vs. 5.2 hours, P<0.0001), less ICU stay (9.1±5.3 
vs. 11.2±6.2 days, P<0.0001) and less hospital stay (17.8±10.3 
vs. 21.0±16.2 days, P<0.0001). Another study published 
in The New England Journal of Medicine, investigated the 
comparison between THE and extended transthoracic 
resection for esophageal adenocarcinoma patients (28). This 
multi-center, randomized controlled trial showed THE 
group not only possessed shorter surgery time, less ICU 
stay and hospital stay, but also less pulmonary complications 
(27% vs. 57%, P<0.0001), less chylous leakage (2% vs. 
10%, P=0.020). However, for transhiatal and transthoracic 
esophagectomy group, estimated 5-year disease-free survival 
rates were 27 percent and 39 percent, respectively, whereas 
5-year overall survival rates were 29 percent and 39 percent 
(without statistic significance). This was probably because 
the number of lymph node yields was significant lower in 
THE group (16±9 vs. 31±14, P<0.0001). For esophageal 
cancer patients, extended resection is believed to reduce 
the rate of local–regional recurrence, thereby increasing 

the quality of life and prolonging disease-free and overall 
survival. 

According to these studies, there is no controversy that 
THE approach can decrease surgical trauma as well as 
early postoperative risk to esophageal cancer patients. But 
without formal lymphadenectomy, THE approach yields 
significant less lymph nodes compared with traditional 
transthoracic esophagectomy, and consequently tend 
to unsatisfactory long-term survival. This is the main 
controversy, and probably the main disadvantage of 
transhiatal esophagectomy.

Emergence and prosperity, maturity are subtitles of video-
assisted minimally invasive esophagectomy

Emergence and prosperity
Transhiatal esophagectomy remains disadvantages in lymph 
nodes resection and may induce long-term poor prognosis 
consequently (28). And the requirement for minimally 
invasive esophagectomy still remains. With the development 
of endoscopy technique, the first MIE using a right 
thoracoscopic approach was initially conducted by Cushieri 
in 1992 (29,30), and the first combined thoracoscopic-
laparoscopic esophagectomy was conducted 2 years later by 
DePaula (21). Since then thoracoscopic esophagectomy had 
attracted increasing attention as an alternative approach to 
open surgery to reduce surgical invasiveness (31-33), and the 
minimally invasive esophagectomy had entered a new era. 

Thoracoscopic esophagectomy poses an important 
challenge for thoracic surgeons as it is a sophisticated 
technique to be mastered. For all surgeons, competence at 
open surgery does not invariably translate into endoscopic 
skills. It does require an appreciable learning curve, 
especially the thoracic esophagogastric anastomosis 
procedure and bilateral recurrent laryngeal nerve (RLN) 
lymphadenectomy (34). In this study, totally 109 patients 
were chronologically subcategorized into early group (26 
patients), middle group (62 patients) and 21 most recent 
cases as the late group. As a result, both the middle and the 
late groups had significantly improved results compared 
with the early group in intrathoracic anastomosis time 
(P<0.001, P<0.001), abdominal operating time (P<0.001, 
P<0.001), total operating time (P<0.001, P<0.012), and 
blood loss quantity (P<0.001, P<0.015). Compared with 
the early group, both the middle and the late group had 
significantly increased lymph node retrieval; this was sorted 
into the thoracic (P<0.001, P<0.001), abdominal (P<0.019, 
P<0.004), and bilateral RLN lymph nodes (P<0.001, 
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P<0.001). This study indicates that learning curve for 
minimally invasive esophagectomy does exist, but outcome 
measurements of MIE are improving with the mastery of 
thoracoscopic esophagectomy technique, with no apparent 
compromise of oncological outcomes.

To further evaluate the reliability and efficiency of 
thoracoscopic esophagectomy, Taguchi and his colleagues 
conducted a retrospective study comparing the differences 
of surgery parameter, postoperative pulmonary function, 
quality of life and overall survival between thoracoscopic 
and open three-field esophagectomy (35). From July 
1996 to August 1998, totally 51 patients with esophageal 
cancer underwent thoracic esophagectomy with radical 
lymphadenectomy by posterolateral thoracotomy (29 
cases) or thoracoscopic surgery (22 cases). As a result, 
pre-to-postoperative change in vital  capacity was 
74.3%±10.6% in the thoracotomy group and 84.9%±10.4% 
in the thoracoscopy group (P=0.021). Maximum oxygen 
uptake was similar, but dyspnea was the more common 
factor limiting exercise tolerance postoperatively in the 
thoracotomy group. Change in pre-to-postoperative 
performance status was 1.20±0.62 in the thoracotomy 
group and 0.55±0.51 in the thoracoscopy group (P<0.001). 
Five-year survival rate in the two groups was similar 
(P=0.37). The study indicated that VATS helped reduce 
postoperative restrictive pulmonary dysfunction, possibly 
by minimizing chest wall trauma, and better preserved 
performance status compared with traditional open surgery, 
without compromising long-term survival in esophageal 
cancer patients. The author also published another study 
reported that fewer pulmonary complications occur after 
VATS than after open surgery once the plateau of learning 
the technique has been achieved (36). 

Maturity
With the development and popularization of VATS 
technique, more and more centers adopted thoracoscopic 
esophagectomy (15,37-40). Nowadays, two-phase Ivor-
Lewis esophagectomy and three-phase McKeown 
esophagectomy are the main surgical approach of minimally 
invasive esophagectomy. For hybrid MIE (hMIE), 
only laparoscopy or thoracoscope was used during the 
whole procedure. For totally MIE (tMIE), laparoscopic-
thoracoscopic procedures were performed during abdominal 
and thoracic stage. The surgical procedures may differ in 
different centers. Briefly, the patient is initially supine for 
the laparoscopic stage, which includes gastric mobilization 
with abdominal lymphadenectomy, gastric resection, and 

intra-abdominal gastric conduit formation. This is followed 
by thoracoscopic esophageal mobilization and mediastinal 
lymphadenectomy, which includes the subcarinal nodes 
and all of the paraesophageal nodes. Then the thoracic or 
cervical esophagogastric anastomosis is created to finish the 
digestive tract reconstruction.

The largest sample size study of MIE was reported by 
Luketich (15) in 2012. In this study, from 1996 to 2011, 
totally 1,011 consecutive patients received MIE with 
cervical anastomosis (MIE-McKeown, 481) or intrathoracic 
anastomosis (MIE-Ivor Lewis, 530) were involved. Initially, 
they conducted the laparoscopic/thoracoscopic 3-incision 
McKeown procedure with cervical esophagogastric 
anastomosis. Then they converted to a laparoscopic/
thoracoscopic Ivor-Lewis procedure with intrathoracic 
esophagogastric anastomosis because of less morbidity 
occurred in this group. In this series, the combined 30-day 
and in-hospital mortality for the entire group was 2.8%. 
Although the 30-day mortality did not possess significant 
difference between the MIE-Ivor Lewis and the MIE-
McKeown groups (0.9% vs. 2.5%, P=0.83), there was 
a significant difference in the combined 30-day and in-
hospital mortality between the groups (1.7% vs. 3.95%, 
P=0.035). The overall incidence of postoperative adverse 
events did not differ between the MIE-Ivor-Lewis and 
the MIE-McKeown group. However, laryngeal nerve 
paralysis was more common in patients undergoing the 
MIE-McKeown procedure (8% vs. 1%, P<0.001) as was the 
development of acute respiratory distress syndrome (4% vs. 
2%, P=0.030). This series demonstrated that the MIE can 
be performed with acceptable mortality and low morbidity 
for esophageal cancer patients. Moreover, it suggests that 
the MIE-Ivor Lewis approach appears to be better than the 
MIE-McKeown technique. Because the investigators did 
not routinely obtain contrast esophagrams in all patients, 
an anastomotic leak rate was not reported. However, 5% 
of the patients in the series developed an anastomotic leak 
requiring operative intervention, and this did not differ 
between the 2 different MIE techniques. 

Another profound study was a multicenter, open-label, 
randomized control trial published in Lancet in 2012 (41). 
In this study, Biere and his colleagues randomly assigned 
56 patients to the open esophagectomy group and 59 to 
the minimally invasive esophagectomy group. As a result, 
16 (29%) patients in the open esophagectomy group had 
pulmonary infection in the first 2 weeks compared with  
5 (9%) in the minimally invasive group (P=0.005). Nineteen 
(34%) patients in the open esophagectomy group had in-
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hospital pulmonary infection compared with 7 (12%) in the 
minimally invasive group (P=0.005). And the hospital stay 
was shorter in MIE group (11 vs. 14 days, P=0.044). Because 
of less surgical trauma in MIE group, visual analogue scale 
pain score was dramatically decreased win MIE group 
(P=0.001). Additionally, there was a significant difference 
of vocal-cord paralysis between MIE group and open group 
(2% vs. 14%, P=0.012). For in-hospital mortality, these two 
groups didn’t have a significant difference. These findings 
provide evidence for the short-term benefits of minimally 
invasive esophagectomy for patients with resectable 
esophageal cancer, such as less pulmonary infection, less 
surgical pain and less vocal-cord paralysis.

According to the data from a population-based UK 
national study, there has been a steady increase in the 
uptake of MIE from 6.2% in 2005 to 24.7% in 2009 (42). 
With the popularization of MIE, more and more meta-
analysis studies were published to compare the differences 
between MIE and open esophagectomy (43-47). It is 
generally believed that the advantages of MIE include 
shorter hospital stay, less postoperative pain and less 
pulmonary complications, without compromising long-term 
survival rate. 

With the maturity of video-assisted minimally invasive 
esophagectomy, some innovative approaches emerge. In 
2015, Dr. Hecheng Li first reported totally minimally 
invasive Ivor-Lewis esophagectomy (MIIE) with single-
utility incision VATS in mid-lower esophageal cancer 
patients (48). This new technique was successfully conducted 
in 12 patients, without in-hospital mortality. For these 
patients, the average operative duration was 275.4±31.2 
minutes, and the mean blood loss was 220±94.9 mL.  
One patient developed late-stage anastomotic leakage. 
The average thoracic or abdominal lymph node yield 
was 14.7±8.8 and 6.3±5.7, respectively. No statistically 
significant differences were identified between single-
utility MIIE and traditional four-port MIIE. In another 
randomized control trial conducted by Dr. Yin Li in 
2014, 148 continuous esophageal cancer patients were 
recruited (49). They randomized assigned 72 patients 
to “non-tube no fasting” group and 76 patients to late 
oral feeding group. All patients underwent laparoscopic/
thoracoscopic esophagectomy. Patients in the “non-tube 
no fasting” group started oral nutrition on postoperative 
day (POD) 1 at will without a nutrition tube and fasting. 
In interim analyses, the anastomotic leakage rate was 
2.8% for the “non-tube no feasting” group, which is 
significantly lower than that observed for mechanically 

stapled anastomosis and fasting for 7 days during the same 
period in other medical groups (n=92), (2.8% vs. 10.9%, 
P=0.048). The post-operation hospital stay (7.6±2.2 vs. 
12.1±3.7, P<0.01) is dramatically decreased. The Health-
related quality of life (HRQL) mean scores obtained  
3 months post operation were significantly better than the 
late oral feeding, including those for reflux (14.07±14.86 
vs. 22.96±17.73, P=0.048) and dysphagia (15.56±15.33 vs. 
23.70±16.95, P=0.047). Additionally, the stricture rate is 
lower in the “non-tube no feasting” group.

VATS occupy an important position in minimally 
invasive esophagectomy. These published studies indicated 
that after decades of development, minimally invasive 
esophagectomy has come to an age of maturity. 

Robotic-assisted esophagectomy

Although the first surgical robot system was constructed in 
1983, it was not until 1992 that the first robotic operation, 
a prostatectomy, was performed. Since then, robotic 
assisted surgery has developed rapidly. With advantages 
including clearer and intuitive enhanced three-dimensional 
visualization, improved magnification, and a greater range 
of instrument motion, the use of robotic assistant surgical 
system during minimally invasive surgeries is becoming 
more and more common (50). In 2004, Kernstine (22) 
first reported the use of da Vinci surgical system during 
thoracic and abdominal mobilization of the esophagus 
during MIE and, since then, more and more surgeons 
(23,24,51-53) have reported robot-assisted surgery 
successfully. Sarkaria (23) first described its use during the 
Ivor Lewis—MIE, while Lehenbauer (24) first described 
its use during the McKeown—MIE. The ports location for 
robotic assisted Ivor-Lewis MIE in our hospital was shown 
in Figures 1,2.

Though many institutions are using robotic assistant 
surgical  system during esophagectomy, unti l  the 
results of the robot-assisted esophagectomy clinical 
trial are published, there is no level 1 evidence to show 
perioperative and long-term benefits of using robot-assisted 
esophagectomy. Moreover, considering the costly hospital 
expenses and small installation volume, robot-assisted 
esophagectomy will not be the main surgical approach in 
the next couple years.

Summary

After decades of development, thoraco-laparoscopic 
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esophagectomy has come to an age of maturity. This 
surgical approach is reliable, efficiency, minimally invasive 
and affordable for patients. For quite a long time, it will be 
the main surgical approach for esophageal cancer patients.
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