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Introduction

Barrett’s esophagus is a metaplastic substitution of 
the squamous lining of the esophagus with columnar 
epithelium and is the only known precursor of esophageal 
adenocarcinoma (EAC). The main barriers to optimal 
prevention of Barrett’s esophagus include poor control 
of gastroesophageal reflux, late identification of Barrett’s 
esophagus, and the lack of methodology for appropriate 
risk-stratification (1). A global assessment based on data 
from eight Western countries through the year 2009 
showed a continuing rise of EAC incidence at stable rates (2).  
It has also been estimated that by the year 2030, 1 in 
100 men in the Netherlands and in the United Kingdom 
will be diagnosed with EAC (3). Esophagectomy is the 
contemporary mainstay of treatment for patients with 
locally invasive EAC staged T1sm/N+ or higher. 

Trans-thoracic esophagectomy, first described by Ivor 
Lewis in 1944, is universally considered the gold standard 
surgical therapy for EAC. Compared to the technique of 
trans-hiatal esophagectomy without thoracotomy, the Ivor 
Lewis operation allows for wide margins of mediastinal 
lymphadenectomy. Minimally invasive esophageal surgery 
was proposed in the 1990s with the purpose to decrease the 
still high rate of respiratory complications secondary to the 
thoracotomy approach. Multiple minimally invasive surgical 
techniques have been developed and are presently used in 
referral institutions around the world. The most common 
hybrid procedure consists of a modified 2-stage Ivor Lewis 
operation where laparoscopy is used instead of laparotomy 
for the preparation of the gastric conduit (4). The total 
minimally invasive esophagectomy can be performed 
using two approaches: the 3-stage thoraco-laparoscopic 
esophagectomy (modified McKeown operation) where 
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thoracoscopy and laparoscopy are used instead of right 
thoracotomy and laparotomy, and the minimally invasive 
trans-hiatal esophagectomy (modified 2-stage trans-hiatal 
esophagectomy), where laparoscopy is used instead of 
laparotomy (5-7). Therefore, minimally invasive/maximally 
effective esophagectomy has become a new and still 
evolving surgical paradigm.

Surgical planning

Patients with EAC require an extensive staging before 
surgery. This includes CT scan and/or endoscopic 
ultrasonography,  and,  when appropriate,  f lexible 
bronchoscopy and PET scan to rule out locally advanced 
cancer or distant metastases. Functional, nutritional, and 
comorbidity status evaluation is of paramount importance 
before either considering the patient for upfront surgery 
or planning a multimodality treatment as indicated by 
an interdisciplinary oncology board (8,9). In preparation 
for surgery, patients should refrain from smoking and 
exercise daily by walking and using an incentive spirometer; 
preoperative enteral nutrition for at least 1 week should be 
recommended to individuals with long history of dysphagia, 
marked weight loss, and a frail phenotype. 

The choice  of  the  surgica l  s t ra tegy  i s  mainly 
influenced by the extent of the disease and tumor-related 
characteristics. Upfront laparoscopic approach for gastric 
conduit preparation, as part of a hybrid or total minimally 
invasive Ivor Lewis operation, is possible in most patients 
presenting with EAC. Initial thoracoscopy may instead be 
considered in patients with extra-long Barrett’s esophagus 
and when pleural carcinosis is suspected, especially if 
a large hiatus hernia is present. The presence of spine 
abnormalities such as kyphoscoliosis and osteophytosis, 

may represent a relative contraindication to thoracoscopy 
because of the potential technical difficulties to access the 
esophagus or the close anatomical relationships with the 
aorta and the tracheobronchial tree (10). 

Surgical techniques 

Minimally invasive Ivor Lewis esophagectomy 

The hybrid operation includes a 2-stage approach, 
i.e., laparoscopy followed by right thoracotomy and an 
intrathoracic anastomosis. Laparoscopy is performed with 
the patient lying in a reverse Trendelenburg position. 
Stomach mobilization is accomplished by division the 
left gastric and short gastric vessels, and separation of the 
right gastroepiploic arcade from the greater omentum. A 
formal D2-type lymphadenectomy is performed. Finally, 
a 4-cm wide gastric conduit is constructed using a linear 
endostapler (Figure 1). Upon completion of laparoscopy, a 
left double-lumen tube or an endobronchial blocker under 
fiberoptic bronchoscopic guidance is placed; subsequently, 
the patient is turned to the left lateral position with a roll at 
the level of the tip of the scapula and a right postero-lateral 
thoracotomy is performed through the fifth intercostal 
space. After dividing the arch of the azygos vein, the 
esophagus and the overlying pleura is mobilized en bloc 
with the mediastinal nodes. The thoracic duct is ligated 
above the diaphragm. The mechanical esophago-gastric 
anastomosis is then performed at the apex of the right chest 
by means of a circular stapler.

In the total minimally invasive Ivor Lewis esophagectomy, 
the laparoscopic stage of the operation is similar to that of 
the hybrid procedure. After completion of laparoscopy, the 
patient is turned into a prone or semi-prone position (Figure 
2). Total esophageal mobilization and en-bloc mediastinal 
lymphadenectomy is performed. The esophagus is stapled 
at the level of the azygos vein and the anvil of a circular 
stapler (Orvil®, Medtronic) is inserted through the mouth 
and retrieved by the surgeon through a small esophagotomy 
close to the stapled end. Through a 5-cm mini-thoracotomy, 
the circular stapler is inserted with minimal dilatation of the 
intercostal space and advanced through a small gastrotomy 
to perform the intrathoracic esophago-gastric anastomosis 
(Figures 3,4).

Minimally invasive McKeown esophagectomy

This consists of a 3-stage esophagectomy with cervical 

Figure 1 Laparoscopic view: construction of the gastric conduit by 
stapler.

Gastric conduit
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anastomosis. Thoracoscopic esophageal mobilization in 
the prone position was first reported in 1992 (11). Other 
surgeons subsequently embraced the thoracoscopic 
technique with the patient lying in the left-lateral decubitus. 
Later on, the prone position was proposed again by 
Palanivelu in 2006 (12). Over time, it has been shown 
that the prone position has ergonomic and functional 
advantages compared to the lateral decubitus position (13). 
Esophageal mobilization and mediastinal lymphadenectomy 
are performed as previously described. Afterwards, the 
stomach is mobilized laparoscopically and the D2 celiac 
lymphadenectomy is performed. The previously transected 
esophagus is retrieved through the hiatus in the abdomen. 
A 4-cm wide gastric conduit is fashioned either extra-
corporeally, through an upper midline minilaparotomy, 
or intra-corporeally, and then pulled under laparoscopic 
control up to the left neck incision through the posterior 
mediastinal tunnel. The cervical esophago-gastric 
anastomosis is performed using a linear endostapler. 

Minimally invasive trans-hiatal esophagectomy

Two surgical teams may perform this operation to reduce 
operative time. The patient is supine on the operative 
table with the neck extended toward the left side. Gastric 
mobilization and celiac lymphadenectomy are performed 
through laparoscopy. Dissection of the esophagus and 
paraesophageal lymph nodes is performed up to the level of 
the inferior pulmonary vein. The cervical esophagus is then 
transected through a left cervicotomy and its distal stump 
is inverted and progressively retrieved in the abdomen 
under laparoscopic visualization. Construction of the 
gastric tube can be done extracorporeally through an upper 
midline minilaparotomy. Subsequently, the gastric tube 
is fixed to a chest tube and gently pushed up to the neck 
under laparoscopic visualization. Finally, a semi-mechanical  
side-to-side esophago-gastric anastomosis is performed in 
the neck.

Perioperative care 

For selected patients undergoing minimally invasive 
esophagectomy, a standardized clinical pathway protocol 
may be followed. An epidural catheter is routinely placed, 
except in a few cases where contraindications exist. In 
such circumstances, a serratus anterior plane block can be 
performed (14). Routine preoperative antibiotic prophylaxis 
with Cefazolin is administered. An arterial line is always 

Figure 3 View of the intrathoracic esophago-gastric anastomosis. 

Figure 4 Preserved cosmesis of the chest wall after total minimally 
invasive Ivor Lewis esophagectomy.

Figure 2 Thoracoscopic access using trocars and 5-cm mini-
thoracotomy without rib spreading.
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placed, but a central line is needed only in select patients. 
Intraoperatively, a warm air blanket is used to keep body 
temperature constant. Vasoconstrictors are avoided, and 
a maximum of 2 L of fluids are administered. Patients are 
generally extubated in the operating room. Nasogastric 
aspiration is maintained during the first 24–48 hours. 
Patients are allowed to walk and respiratory physiotherapy 
is initiated on postoperative day 1. On day 3, water sips and 
fruit jelly are allowed and the diet is gradually advanced. 
A gastrografin swallow study is performed on days 3–5 
to check the anastomosis and gastric tube emptying. The 
following criteria should be met before hospital discharge: 
no evidence of infection, independent ambulation, no need 
for major analgesic drugs, well tolerated oral diet and no 
significant gastrointestinal discomfort.

Comment

Innovation and standardization in esophageal surgery has 
led to faster recovery, reduced postoperative mortality and 
improved oncological outcomes. A recent survey found 
a trend toward patient centralization and an increased 
adoption of minimally invasive esophagectomy. However, 
differences concerning the extent of lymphadenectomy and 
level of anastomosis still occur. Trans-hiatal esophagectomy 
is currently performed in about 15% of patients (15,16).  

Choice of the surgical procedure

Minimally invasive esophagectomy can be performed with 
negligible blood loss, good pain control, decreased intensive 
care unit stay, and reduced incidence of respiratory 
complications. The early results of minimally invasive 
esophagectomy have proven at least equivalent to the 
open approach in meta-analyses (17,18), administrative 
national databases (19), and randomized clinical trials (20). 
In addition, minimally invasive esophagectomy has been 
associated with fast normalization of health-related quality 
of life (21). Further evidence of efficacy comes from a recent 
study providing the first “benchmark” data for clinically 
relevant endpoints in the 2-stage minimally invasive trans-
thoracic esophagectomy (22).

Whether the decrease of major complication rate should 
mainly be attributed to the laparoscopic component of the 
hybrid Ivor Lewis operation remains unknown. Preliminary 
data from the Miro trial showed reduced major complication 
rates with similar oncological results and a trend toward 
better survival. In addition, when compared to open 

surgery, the hybrid Ivor Lewis approach was an independent 
factor protecting against respiratory complications 
(23,24). A more recent multicenter study also showed 
that laparoscopic gastric mobilization in the context of a 
hybrid esophagectomy significantly reduced postoperative 
30- and 90-day mortality (25). Taken together, this data 
indicate that laparoscopy can alleviate the physical and 
immunological stress associated with one lung ventilation 
and lateral decubitus position. A total minimally invasive 
Ivor Lewis approach with thoracoscopic anastomosis would 
indeed be the ideal procedure, but its use is still limited due 
to the technical difficulties, the long learning curve, and low 
reproducibility of the anastomosis. Due to the increased 
incidence of EAC, all the efforts to embrace the total 
minimally invasive Ivor Lewis esophagectomy in the future 
are fully justified. It has been shown that 35–40 patients 
would be required for completing the learning curve (26), 
but still more evidence is needed to evaluate the efficacy of 
the various proposed techniques (27-29).  

Adoption of the prone and semiprone position has indeed 
represented a significant advance in the performance of a 
3-stage thoracoscopic esophagectomy by allowing 2-lung 
ventilation, and improved surgical ergonomics compared to 
the lateral decubitus (6,13). The TIME trial has proven that 
thoracoscopic prone esophagectomy is associated with a 
decreased incidence of in-hospital respiratory infections and 
hospital length of stay compared to the open approach (20). 
Furthermore, by avoiding the effect of the thoracotomy 
incision and by releasing the right chest and abdomen from 
compression during the prone position, improvement of 
oxygen delivery and of the ventilation-perfusion match, 
and decreased pulmonary shunt is expected. This may also 
contribute to decrease the incidence of respiratory and 
anastomotic complications. Last but not least, preserving 
bilateral lung ventilation can significantly reduce the 
ischemia-reperfusion injury and the oxidative stress (30,31).

In western countries, despite initial enthusiasms with the 
thoracoscopic approach, there has been a shift in favor of 
the 2-stage total minimally invasive Ivor Lewis approach. 
This may be have caused by an increased number of patients 
with EAC and by the concerns regarding the incidence of 
recurrent nerve injuries (32). Regarding the debate about 
the level of anastomosis, the semi-mechanical anastomosis 
in the neck can be considered safe as safe as the circular 
anastomosis at the top of the chest cavity, provided that 
both are performed in a standardized fashion (33).

With the development of new robotic platforms, the 
number of robotic esophagectomies may expand in the 
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future due to the advantages of a stable three-dimensional 
image and a more precise surgical dissection. In addition, 
robotic surgery may enhance the ability to perform a safe 
manual anastomosis. A randomized clinical trial comparing 
open and robotic esophagectomy is ongoing (34). As new 
robotic systems will enter the market, the focus will be 
no longer on robotic arms and instruments but will shift 
more and more on integration with artificial intelligence 
to enhance surgeon capabilities. Last but not least, costs 
associated with the procedure are expected to decrease so the 
market of the robotic system will probably increase (35).  

Minimally invasive esophagectomy has proven effective 
also in patients treated by neo-adjuvant chemoradiotherapy 
(20,36); however, a careful risk assessment is mandatory 
in individuals with large locally advanced tumors at 
initial presentation and in candidates to rescue surgery. 
In some circumstances, damage to the gastric fundus 
microcirculation by radiation may significantly increase 
the risk of anastomotic leakage in these patients (37). 
Evaluation of microperfusion with indocyanine green 
fluorescence angiography may help the surgeon to identify 
the most appropriate anastomotic site (Figure 5). From an 
oncological standpoint, the statistically significant increase 
in lymph node retrieval associated with minimally invasive 
esophagectomy was not associated with a survival benefit 
and no difference was demonstrated in 1-, 2-, 3- and 5-year 
survival rates (38). The updated 3-year results of the 
TIME trial showed a 40.2% disease-free survival in the 
minimally invasive group compared to 35.9% in the open 
group (39).

Postoperative quality of life

A very critical parameter in the management of EAC is 

postoperative quality of life. This is because the majority of 
5-year survivors after esophagectomy show life-expectancy 
and quality of life levels comparable to the age-matched 
general population (40). The most common complaints 
after esophagectomy are gastroesophageal reflux, dysphagia, 
regurgitation, early satiety, delayed gastric emptying, 
dumping, weight loss, diarrhea, and fatigue. Longitudinal 
measurements of health-related quality of life (HRQOL) 
using the Short-form 36 and the EORTC questionnaires 
have the potential to guide shared decision-making by 
patients and physicians. Most patients functionally recover 
and regain quality of life during the first 2 years following 
Ivor Lewis esophagectomy (41). Maas et al. reported the 
1-year outcomes of a randomized clinical trial comparing 
open and minimally invasive esophagectomy. Patients in the 
minimally invasive group had better quality of life scores 
compared to open esophagectomy in the global health, pain, 
and physical activity domains (42). An analysis comparing 
the open Ivor Lewis and the thoracoscopic McKeown 
esophagectomy found that the latter is associated with less 
pain and constipation (43). A meta-analysis of nine studies 
including 2,064 patients and comparing open and minimally 
invasive esophagectomy found better overall outcomes in 
patients undergoing minimally invasive esophagectomy 
at 4–6 weeks and at 3 months; better physical function 
persisted after 6 months (44). 

Conclusions

The trans-thoracic Ivor Lewis esophagectomy is the 
preferred surgical approach in physiologically fit patients 
with Barrett’s adenocarcinoma. Minimally invasive 
techniques, including robotics, have contributed to 
augment surgical precision, reduce postoperative pain, and 
decrease the incidence of respiratory complications. The 
results of minimally invasive esophagectomy appear at least 
equivalent in terms of morbidity and mortality, nodal yield, 
completeness of resection, and early clinical and oncological 
results compared to open surgery. Quality of life appears 
improved by the laparoscopic/thoracoscopic approach. The 
role of minimally invasive surgery in the therapy of invasive 
EAC will continue to expand in synergy with enhanced 
recovery after surgery pathways. It is likely that the maximal 
gain in patient care will be reached once this multimodal 
process will be widely adopted and standardized to include 
prehospital, perioperative, intraoperative, and postoperative 
management components. 

Figure 5 Indocyanine green fluorescence angiography performed 
at the time of thoracoscopic anastomosis. Note the intramural 
vascular network along the gastric tube and at the anastomotic site.
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