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Minimally invasive esophagectomy: the current state of affairs
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Abstract: Surgery is the mainstay of curative treatment in patients with locoregional esophageal cance.

Esophagectomy is a technically challenging procedure; however, recent data suggests that perioperative

outcomes are improving. Minimally invasive techniques for esophageal resection were developed with

the aim of decreasing morbidity associated with open surgery. The major benefit of minimally invasive

esophagectomy (MIE) is in its potential to reduce postoperative pulmonary infections. Current reports

demonstrate that MIE is safe and feasible. In this paper we provide a review of the critical technical aspects

of MIE and compare outcomes with open esophagectomy.
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“The cleaner and gentler, the act of operation, the less pain the
patient suffers, the smoother and quicker the convalescence, the
more exquisite his bealed wound, the bappier bis memory of the
whole incident.”—Lord Moynihan (1920) (1).

Introduction

Esophageal cancer affects almost 460,000 individuals
annually worldwide and the incidence continues to rise (2,3).
While previously considered a highly lethal disease,
improvements in medical and surgical therapies have seen
an increase in overall 5-year overall survival (OS) from 5.1%
to 18.8% over the past four decades (4,5). Surgical resection,
either alone for early tumors or following neoadjuvant
therapy for locoregional disease, remains the mainstay of
curative treatment. Esophagectomy is considered one of the
more technically challenging surgical procedures; however,
perioperative outcomes are improving. Recent data from
the Society of Thoracic Surgeons database reported a
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major complication rate of 33.1% and operative mortality
rate of 3.1% (6). These rates are notable in comparison to
complication rates of over 50% and death rate of 13.7%
reported less than 15 years prior (7).

Surgical treatment has been demonstrated to be key in
improving survival in patients with esophageal cancer (8).
In spite of these findings, over 70% of eligible patients
are not recommended to undergo surgical resection
and up to 35% may not receive any treatment at all (9).
Surgery for esophageal cancer is underutilized, and among
other reasons, this may be largely resulting from concern
over postoperative outcomes (10). Increased emphasis
on improving postoperative outcomes and quality of
life in conjunction with evolving surgical technologies
has led to the evolution of minimally invasive surgical
techniques. By reducing the “invasiveness” of open surgery,
potential benefits of the minimally invasive technique may
include reduced incision size and tissue trauma, better
visualization of the surgical field and less postoperative
complications resulting in improved patient satisfaction and
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Figure 1 Port placement for the abdominal phase of MIE. MIE,

minimally invasive esophagectomy.

survival (11,12).

Minimally invasive surgery for colon cancer has long
been established as feasible and oncologically safe (13).
Buy-in increased rapidly, with rates increasing from
35% in 2006 to 51% in 2010 (14). Minimally invasive
esophagectomy (MIE) is more technically challenging, and
has had a relatively slower increase in use. As surgeons gain
experience with MIE, there has been increased utilization
of this approach. In 2012-2014, 33.9% of esophagectomies
performed in the United States utilized a minimally invasive
technique (6).

In MIE, thoracotomy and laparotomy are
replaced with thoracoscopy and laparoscopy. First
described in 1992 by Cuschieri et /. utilizing a
hybrid laparotomy/thoracoscopy approach, MIE has
undergone significant advancements (15,16). The
major advantage of MIE is the potential for decreased
incidence of postoperative pulmonary infection (17). This
is significant as respiratory complications are the most
common complication after this procedure, and cause of
up to two-thirds of fatalities associated with postoperative
morbidity (18,19). In this paper we provide an overview
of the critical aspects of MIE and compare outcomes with
open esophagectomy.

Surgical techniques

The currently available surgical approaches for resection
in patients with esophageal cancer include transhiatal
esophagectomy (THE) and transthoracic esophagectomy
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(T'TE), including the Ivor Lewis and McKeown techniques.
In this section we review the basic principles of these
MIE procedures—with particular emphasis to the Ivor
Lewis approach which we perform more commonly—
and subsequently we discuss the associated outcomes and
procedure selection.

Preoperative patient preparation for esophagectomy
requires a multidisciplinary approach. Patients should
undergo appropriate oncologic staging, with subsequent
referral for neoadjuvant chemoradiation as clinically
indicated. Operative risk assessment should be performed
with subsequent patient optimization. Esophagectomy
should ideally be performed between 4 to 8 weeks following
completion of neoadjuvant therapy. Neoadjuvant therapy
has not been demonstrated to increase risk of postoperative
complications within this period; however, it may be
appropriate to delay surgery beyond this period in patients
who have not yet recovered from therapy (20,21). Patients
should be nutritionally optimized and encouraged to stop
smoking. The safety and feasibility of esophagectomy
has been demonstrated in elderly patients; however,
limited studies have evaluated MIE in the elderly (22-24).
Regardless of age, patients with comorbidities should be
referred to appropriate medical consultants to mitigate risk
factors for poor outcome postoperatively. Postoperative
pulmonary complications are common after esophagectomy.
Preoperative respiratory rehabilitation may reduce
incidence of such events and should be considered in high
risk patients (25).

In THE, an abdominal incision is used both to
mobilize the stomach and mediastinal esophagus via the
diaphragmatic hiatus. The proximal esophagus is then
mobilized through a cervical incision and the anastomosis is
performed in the neck. By incorporating a thoracic incision,
TTE enables further mediastinal lymphadenectomy with
an anastomosis in either the neck (McKeown) or chest (Ivor
Lewis). We prefer a transthoracic approach for patients
with cancer and more commonly perform an intrathoracic
anastomosis since the majority of patients in the US present
with distal esophageal adenocarcinoma.

The abdominal portion of the procedure begins with
the patient in a supine position with the surgeon standing
on the right side of the patient. Upon entering the
abdomen under direct vision in the left subcostal location,
additional ports are placed in a similar configuration to a
Nissen fundoplication (Figure 1). A staging laparoscopy
is performed to evaluate for the presence of peritoneal
metastasis. Laparoscopic ultrasound may be used to rule
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Figure 2 Port placement for the thoracic phase of MIE. MIE,

minimally invasive esophagectomy.

out liver involvement. The resection is begun with division
of the lesser omentum and lymphadenectomy is performed
along the celiac artery and its branches. The left gastric
artery is divided using an endovascular stapler. Next, the
gastrocolic ligament is divided with care to preserve the
right gastroepiploic artery. The short gastric arteries are
divided to free the greater curvature. The gastric fundus
is freed from the diaphragmatic attachments and the
esophagus is mobilized at the hiatus. A transhiatal dissection
is then performed to mobilize the distal esophagus as up
in the mediastinum as possible. The paracardial lymph
nodes, which are difficult to reach via the thoracoscopic
approach, are also removed. This maneuver often requires
opening of the pleura, and as such it is performed toward
the end of the abdominal phase due to potential for
hemodynamic instability. Adjunct procedures, including a
feeding jejunostomy and pyloric drainage (we prefer the
use of Botox), are then performed. The conduit is then
formed by tubularization of the stomach with serial firings
of the endostapler from the lesser curvature to the fundus.
Attention is then turned to the chest for thoracoscopic
mobilization via right posterolateral thoracoscopy
performed in the left lateral decubitus position. After port
placement (Figure 2), the dissection is initiated with division
of the mediastinal pleura both anteriorly and posteriorly
to the esophagus. The dissection extends from the level
of the azygous vein to the previous abdominal distal
dissection. Care is taken to remain wide enough to include
the periesophageal lymph nodes and create a wide radial
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margin while avoiding the thoracic duct, aorta and airways.
A subcarinal lymphadenectomy is performed. The azygous
vein is then divided and the esophagus proximal to it is
prepared for anastomosis. The conduit is delivered into the
chest and perfusion is assessed using fluorescence imaging
(Figure 3). A suitable location is selected for creation of the
anastomosis and it is then created in a stapled technique.

In the McKeown technique, the procedure begins with
thoracic dissection similar to that in Ivor Lewis. Prior to
beginning, a thoracoscopy is performed to evaluate for
resectability and local invasion. En block dissection of the
esophagus as well as mediastinal and upper abdominal
lymphadenectomy is performed. The abdomen is then
explored to rule out metastatic disease, and the stomach
is mobilized as previously described. Finally, a cervical
anastomosis is performed via a left neck incision.

In the THE approach the abdominal phase of the
procedure is similar but extensive transdiaphragmatic
dissection is required in order to mobilize the esophagus
completely. The esophagus may be stripped without any
periesophageal tissue which can compromise the radial
margin of resection and thoracic lymphadenectomy. The
cervical dissection is then performed through a left neck
incision. The cervical esophagus is bluntly dissected
distally to the proximal extent of the previous mediastinal
dissection. The esophagus is transected in the low neck
and extracted. The gastric conduit is then pulled up and
a cervical anastomosis is performed either via a stapled or
hand-sewn approach.

In each stage of these procedures, there are specific
anatomic pitfalls that must be considered. In the abdominal
phase, the celiac lymphadenectomy poses a significant risk
of injury to the branches of the celiac axis, aorta, inferior
vena cava and pancreas. Gastric mobilization must proceed
cautiously; the right gastroepiploic artery arcade is the
sole blood supply of the conduit. Excess manipulation
of the stomach may damage vital submucosal vascular
channels vital for perfusion of the proximal extent of the
conduit. Care must be taken to ensure adequate division
of the gastrocolic ligament in order to minimize the risk
of paraconduit hernia formation. Finally, there is a risk of
pneumothorax and hypotension with inadvertent entry into
the pleural spaces during transhiatal dissection.

In the thoracic phase, it is important to avoid injury
to the aorta or aorta-esophageal branches and to the
thoracic duct and its branches. Caution must be exercised
when performing paratracheal dissection to avoid injury
to the recurrent laryngeal nerves. Additionally, there
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Figure 3 Evaluation of conduit perfusion using spy.

is a risk of perforation of the membranous airway with
subcarinal lymphadenectomy. Finally, the orientation
of the conduit should be noted as it is delivered into the
chest. Performance of the anastomosis under tension will
predispose to a leak. Caution should be exercised during
cervical dissection to avoid injury to the recurrent laryngeal
nerve.

Surgical outcomes

Proponents of MIE believe this approach will improve
postoperative morbidity and quality of life without risking
negative oncologic outcomes. There is increasing evidence
that MIE is feasible and oncologically safe; however,
the current literature remains controversial with respect
to surgical outcomes. The decision of which operative
approach (open vs. MIE) and technique (THE vs. TTE)
to pursue may be dictated by tumor location and surgeon
preference.

THE was proposed as an alternative surgical
technique with the intent of reducing morbidity after
esophagectomy by avoiding thoracotomy (26). Decreased
rates of pneumonia and ventilator dependence have
been reported but this has not been associated with
a difference in mortality (27). Furthermore, THE
is limited by poor visualization of the intrathoracic
esophagus and limited access to mediastinal lymph
nodes (28). While a survival advantage attributed to TTE
has yet to be demonstrated in a large study, selected smaller
reports have demonstrated a benefit with extended resection
for locoregional disease (29,30).

Laparoscopic THE was first described by DePaula
et al. in 1995 (31). As in the open approach, transhiatal MIE
is associated with reduced pulmonary morbidity (32). In
one of the largest studies comparing laparoscopic and open
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THE, MIE was associated with reduced length of hospital
and intensive care unit (ICU) stay but demonstrated similar
operative time and morbidity (32). Subsequently, a 2016
Cochrane Review comparing open versus laparoscopic
THE demonstrated a reduced overall complication rate
(62.3% vs. 39.9%; 95% CI, 0.48-0.86) and shorter median
length of stay (33). A possible benefit to laparoscopic THE
is the magnification offered by the laparoscope possibly
improving visualization during mediastinal dissection (34).

The prevalence of adenocarcinoma of the esophagus
and esophagogastric junction (EGJ) is highest in the
Western world resulting in predominant use of the Ivor
Lewis approach in this region (35). Advantages of the Ivor
Lewis esophagectomy include direct visualization of the
esophagus with excellent access for extensive mediastinal
nodal dissection. Avoidance of cervical dissection and
anastomosis is associated with reduced incidence of
recurrent laryngeal nerve injury and subsequent aspiration
risk (28,36). Furthermore, a more extensive gastric resection
is made possible. The anastomosis can be performed using a
segment of stomach with richer vascular supply resulting in
reduced rates of anastomotic leak (37,38).

Total minimally invasive Ivor Lewis was first described
in 1999 by Watson et «/. using laparoscopic hand-
assisted gastric mobilization and right thoracoscopy for
esophageal dissection with an intrathoracic handsewn
anastomosis (39). Subsequent improvements in operative
technique led to favored use of a circular stapled
anastomosis with introduction of the anvil through a
transthoracic or transoral route (40). Stapled anastomosis
has been demonstrated to result in less postoperative
dysphagia and stricture (41). In a recent comparison of
open esophagectomy and minimally invasive Ivor Lewis,
no difference in operative time or cardiac complications
was found; however, the authors found that MIE
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was associated with significantly reduced respiratory
complications, intraoperative estimated blood loss
(EBL) and intravenous fluid administration, and ICU
and hospital LOS (18). The respiratory benefits were
similarly demonstrated in another study (42). In contrast,
Noble et al. similarly found reduced EBL but failed to
observe a difference in pulmonary complications or
LOS (43). While these results suggest equivalence, it is
possible that further studies may confirm the observed
reduction in pulmonary complications.

The three field esophagectomy was first described
by McKeown in 1976; in this approach, a thoracotomy,
laparotomy and cervical incision are performed in order to
resect the esophagus and create a cervical anastomosis (44).
A fundamental advantage of this approach is that it enables
better proximal margins for patients with squamous tumors
of the upper esophagus. Furthermore, the higher position
of the cervical anastomosis may lead to a decrease in the
effect of positive intra-abdominal pressure on the stomach
resulting in a reduced rate of reflux esophagitis (45,46).
Furthermore, there is decreased morbidity with a cervical
anastomotic leak and clinical management in the case of
a leak may be easier given the location (47). McKeown
esophagectomy may be indicated in cases of high and
mid-esophageal tumors, extended long-segment Barrett’s
esophagus, and complex benign disorders (48).

Luketich ez 4l. first reported on the feasibility of 3-hole
MIE in 1998 (49). In a subsequent series of 222 patients,
the authors demonstrated the procedure to be safe with low
rates of pneumonia in comparison to other open series at
the time (7.7%) (48,50). Further demonstration of the safety
of this procedure was presented in a recent comparison of
open and minimally invasive McKeown esophagectomies
which showed comparable postoperative morbidity and
mortality with similar oncologic outcomes (51).

In a recent meta-analysis of 1,681 patients undergoing
total MIE, the results of Ivor Lewis and McKeown were
compared (52). The authors found reduced incidence of
recurrent laryngeal nerve trauma, LOS and EBL with Ivor
Lewis. The Ivor Lewis procedure has shorter operative
time with reduced risk of leak and vocal injury; however,
it is a technically more challenging procedure and if a
complication does occur then the patient may have a more
complex course (48).

There have been a large number of studies published
comparing open and MIE that have demonstrated
inconclusive findings on the impact of MIE on surgical
outcomes. Meta-analyses have suggested that MIE may lead
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to reduced morbidity with comparable mortality; however,
systematic reviews have demonstrated equivocal results (34).
The origin of the discrepancy in findings in the literature
may be multifactorial. One possible explanation is that MIE
is an especially technically challenging procedure and ation
in surgeon skill levels may lead to the difference in reported
results. MIE requires a steep learning curve to master the
procedure (up to 50 cases) (53).

Several meta-analyses have been published comparing
outcomes of open and MIE. Nagpal et 2/. demonstrated
shorter LOS and reduced respiratory and overall morbidity
with MIE (54). Other studies demonstrated longer
operative time, reduced in-hospital mortality, and better
quality of life 3 months postoperatively with MIE (55-57).
In contrast, another meta-analysis failed to demonstrate a
difference in pulmonary or overall complications (58). A
recent propensity score matched analysis of 1,727 patients
demonstrated a higher incidence of anastomotic leak and
reinterventions after MIE (59). In the TIME randomized
control trial (Traditional Invasive vs. MIE), the authors
found that incidence of postoperative pulmonary infection
was significantly lower in MIE (12% wvs. 34%, P=0.005) (60).
The benefits of the hybrid surgical approach have also been
considered. In a subgroup comparison of thoracoscopy/
laparotomy vs. open TTE, Biere et al. found lower rates
of anastomotic leak in the MIE group while another study
demonstrated no difference (58,61). Although the findings
are contrasting at times, there is enough evidence to suggest
that surgical outcomes are at least equivalent if not better
with MIE.

Prone positioning has been described for both TTE
approaches (11). The proponents of this technique report
several advantages of thoracoscopic mobilization of the
esophagus in the prone position including use of a single-
lumen endotracheal tube; decreased lung, bronchial
and tracheal injury; decreased anesthesia time; excellent
operative exposure; and improved surgeon ergonomics.
The reduction in traumatic insult to the lung and shorter
operative time theoretically yields improved postoperative
respiratory function (62). The major criticism of this
technique is that repositioning may be necessary in the
event that conversion is required. Additionally, a cervical
anastomosis is required with this approach. A systematic
review of 723 patients demonstrated increased mediastinal
nodal harvest and reduced pulmonary complications and
EBL with prone positioning (63).

The role of pyloric drainage during esophagectomy
remains unclear. The proposed benefit includes decreased
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risk of aspiration pneumonia by preventing gastric outlet
obstruction (GOQO); however, obstruction is rare, and these
procedures may predispose patients to dumping and bile
reflux later in the postoperative period. A meta-analysis
of 553 patients concluded that pyloric drainage reduced
occurrence of early postoperative GOO with little effect on
other outcomes (64).

Surgeon experience with MIE is increasing; however,
pyloric drainage in this setting may be more technically
challenging than in the open approach. Intrapyloric
injection of botulinum toxin, first proposed in 2007, has
become an increasingly popular alternative to surgical
drainage procedures (pyloroplasty/pyloromyotomy) (65).
Data are lacking to demonstrate whether one technique
is safest in MIE. A recently published comparison of 146
patients who underwent MIE demonstrated no difference
between surgical drainage and botulinum injection;
however, when adjusting for the MIE approach, it was
found that botulinum injection did result in the need for
fewer postoperative interventions (66). Our current practice
is to use botulinum toxin.

Oncologic outcomes

Heterogeneity in technique for open and MIE surgery, and
differences in multimodality therapy protocols, make the
evaluation of oncological outcomes challenging. A meta-
analysis from 2012 of 1,212 patients found no difference
in survival rates for MIE and open esophagectomy (67).
Similar outcomes have been demonstrated in several other
studies (42,68). In recently published follow-up data from
the TIME trial, no difference was demonstrated in disease-
free and overall 3-year survival between open and minimally
invasive surgery patients (69). While several studies have
demonstrated higher lymph node harvest in patients who
undergo MIE, others have found no difference (42,68,70).
It is possible that utilizing the thoracoscopic or
laparoscopic camera during lymphadenectomy improves
visualization. Further controversy surrounds the question
of adequacy of resected margins. Several studies have
demonstrated no difference in resection margins between
groups (18,42,43,71). Current evidence supports the safety
and feasibility of use of MIE for esophageal cancer.

Cost analysis

The cost effectiveness of MIE is controversial and
generalizations are difficult given limited publications on
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the subject and differences in healthcare costs between
countries. Operative costs for minimally invasive surgery are
higher than for open procedures; however, this may be offset
by faster recovery time and shorter LOS. In a 2013 study
from Canada, Lee et al. determined that MIE resulted in
decreased costs and increased quality-adjusted life years (72).
The authors further concluded that analyzing the costs
of lost productivity and burden to caregivers would likely
increase the cost-effectiveness of minimally invasive surgery.
A European study from 2009 found higher operative costs,
due to the use of specialized and disposable equipment, but
lower inpatient costs yielding similar overall costs between
minimally invasive and open Ivor Lewis procedures (73).

In the United States, two studies have evaluated the
differences in cost between MIE and open surgery with
conflicting results. In a comparison of MIE and open
transhiatal and transthoracic procedure costs, Dhamija
et al. found that hospitalization and intraoperative costs
were higher than the open approach and that shorter
LOS did not offset increased costs (74). In comparison
Towe et al. reported that despite increased intraoperative
costs associated with MIE, total hospital costs did not
differ between groups (75). When controlling for surgical
technique and preoperative comorbidities, an overall cost
increase of $17,835 was associated with hospitalizations in
which postoperative complications occurred. It is possible
that use of enhanced recovery pathways (ERAS) after
esophagectomy may improve safety and outcomes for all
patients while reducing costs. One study of implementation
of ERAS after esophagectomy yielded overall costs savings
of €2013 per patient (76). Future studies should further
assess the impact of ERAS on hospitalization costs after
esophagectomy.

New innovations

Robot-assisted MIE (RAMIE) has been adapted by
some institutions, but published data is very limited.
Several small series suggest similar surgical safety when
compared to MIE (77,78). Furthermore, RAMIE has been
demonstrated to be oncologically effective with acceptable
lymphadenectomy (79). Creation of the stapled anastomosis
is one of the most technically challenging steps of MIE.
The improved suturing capabilities with the use of the
robot may facilitate the creation of the anastomosis during
RAMIE (77). The ROBOT trial is the first randomized
controlled trial to compare the safety of robot-assisted
minimally invasive thoraco-laparoscopic esophagectomy
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to open esophagectomy and it is expected its results will
demonstrate superiority of this approach with respect to
postoperative morbidity (80).

Conclusions

The use of MIE has been increasing since it was first
introduced. Although current data suggests it may be
beneficial, the majority of esophagectomies are still
performed open. MIE appears to be safe with lower
morbidity and similar oncologic outcomes than open
esophagectomy. We anticipate that as surgeons gain
experience with the technique, the clear benefits with use of
MIE will be widely reported.
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