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Minimally invasive and robotic Ivor Lewis esophagectomy
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Abstract: Esophageal cancer is the eighth most common malignancy and the sixth most common cause
of cancer-related death worldwide. Esophagectomy provides a curative treatment but carries significant
morbidity and mortality. Ivor Lewis esophagectomy (ILE) is one of the most commonly employed open
techniques of esophagectomy. Minimally invasive approaches have been explored in ILE in an effort
to reduce operative morbidity. This article reviews recent literature of minimally invasive Ivor Lewis
esophagectomy (MI-ILE), discusses its clinical outcomes, and introduces the robotic approach in MI-ILE.
MI-ILE has demonstrated comparable postoperative outcomes to open ILE, and it has shown potential
to reduce blood loss and length of hospitalization. Due to limited studies, no significant improvement of
long-term survival has been reported in MI-ILE. Robotic ILE is safe and feasible, but more studies are
needed to prove identifiable benefits. Randomized controlled trials comparing MI-ILE or robotic ILE with

conventional open ILE are warranted to determine the optimal surgical procedure for the treatment of

esophageal cancer.
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Introduction

Esophageal cancer is the eighth most common malignancy
and the sixth most common cause of cancer-related death
in the world. An estimated 482,300 new cases and 406,800
cancer deaths occurred in 2008 worldwide (1), showing a
high mortality-to-incidence rate ratio of 0.84. Incidence
rates vary internationally, and China has the fourth highest
rate of esophageal cancer according to the GLOBOCAN
2008 Database. In the United States, approximately 17,990
patients are diagnosed with esophageal cancer in 2013 with
a mortality of 15,210 (2). The overall 5-year survival rate
for esophageal cancer remains poor, despite the modest
improvement from 5% between 1975 and 1977 to 19%
between 2002 and 2008 (2). Several surgical techniques are
available, and the choice of technique depends on tumor
location, extent of lymphadenectomy, the patient’s overall
condition and surgeon’s preference. The two most frequent
open techniques are transhiatal esophagectomy (THE)
and transthoracic esophagectomy (TTE). THE involves
laparotomy with blunt dissection of the esophagus (without
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thoracotomy) and cervical esophagogastric anastomosis (3).
Ivor Lewis esophagectomy (ILE) is the classic TTE,
which consists of laparotomy and right thoracotomy with
intrathoracic anastomosis (4). The 3-incision McKeown
approach is a modified TTE, which utilizes the right
thoracic and abdominal portions of ILE with an added
left cervical anastomosis. Compared to THE, TTE allows
the removal of the intrathoracic esophageal tumor with
a wider radial margin, and the oncologic resection of
extensive mediastinal lymph nodes (5), but is associated
with significant in-hospital morbidity (but not mortality),
predominantly respiratory complications (6,7). THE
carries a lower complication rate, but only a limited
lymphadenectomy can be performed with no dissection of
the carinal and paratracheal lymph nodes (6,7). Although no
significant difference in 5-year survival was seen between
the THE and TTE groups, there was a trend towards
survival benefit: overall survival was 29% in the THE
group, as compared with 39% in the TTE group (6).

To reduce the surgical morbidity and mortality, multiple
minimally invasive approaches have been explored in
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esophagectomy. Several studies have shown a substantial
decrease in blood loss, complication rate and hospital
stay when minimally invasive esophagectomy (MIE)
was applied (8,9). However, MIE has several intrinsic
limitations, including 2-dimensional view, reduced eye-
hand coordination and a decrease in degrees of freedom of
movement (10). These may create difficulties in mediastinal
dissection and anastomosis during thoracoscopic
esophagectomy. Robotic systems have been designed
to overcome some disadvantages of standard minimally
invasive surgery. The da Vinci® robotic system (Intuitive
Surgical, Inc. California, USA) provides a magnified
3-dimensional vision system and special wristed instruments
that offer more degrees of freedom (10). It translates
the surgeon’s hand movement into precise real-time
movements of surgical instruments, filters the tremor and
restores the natural eye-hand coordination. These technical
improvements facilitate precise dissection in a confined
operating filed, and may benefit mediastinal dissection of
esophagus and surrounding lymph nodes.

This article reviews development and techniques of
minimally invasive ILE (MI-ILE), and introduces robotics
in the management of esophageal cancer.

Minimally invasive Ivor Lewis esophagectomy
(MI-ILE)

The conventional ILE consists of a laparotomy and
a right thoracotomy for esophageal resection (and
lymphadenectomy) followed by an intrathoracic anastomosis
of the gastric conduit with the proximal esophagus at the
level of the proximal mediastinum (4). The following
components of ILE may differ from surgeon to surgeon:
technique of pyloric drainage (pyloromyotomy versus
pyloroplasty versus Botox injection versus none); inclusion
of jejunostomy; width of the gastric tube; technique of
anastomosis (mechanical versus hand sewn). The advantages
of ILE include excellent visualization of all parts of the
operation, ability to perform 2-field lymphadenectomy, and
potential prevention of cervical dissection of the esophagus
and consequent complications, such as stenosis, leakage and
recurrent laryngeal nerve injury. The disadvantages are the
need for single lung ventilation, morbidity associated with a
thoracotomy, higher risk for respiratory complications, and
the potential danger caused by a postoperative anastomotic
leak (11).

To reduce surgical trauma and overcome some of the
disadvantages, various minimally invasive approaches
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have been explored in ILE, including any combination of
laparoscopy instead of laparotomy, thoracoscopy instead of
thoracotomy and intrathoracic anastomosis. Watson et a/.
first described a totally endoscopic ILE in two patients,
which incorporated a hand-assisted laparoscopy for gastric
mobilization and a right thoracoscopy for esophageal
dissection and anastomosis (12). Nguyen ez 4/. then reported
a series of three patients receiving a completely MI-ILE
of combined laparoscopic and thoracoscopic resection of
the distal esophagus with an intrathoracic anastomosis
reconstruction (13,14). All patients had an uneventful
postoperative course. In 2006, Bizekis and colleagues
described their experience in 50 patients who underwent
MI-ILE from 2002 to 2005 (15). Thirty five patients (70%)
underwent a hybrid ILE (laparoscopic gastric mobilization
combined with a minithoracotomy); the remainder (30%)
had a completely MI-ILE (laparoscopy and thoracoscopy).
A circular stapled anastomosis was performed in all patients.
The operative mortality rate was 6% (3/50). Three patients
(6%) developed an anastomotic leak; all were successfully
managed nonoperatively. Four patients (8%) developed
postoperative pneumonia (15). There were no recurrent
laryngeal nerve injuries. They concluded that a MI-ILE is
technically feasible. MI-ILE approach could minimize the
gastric mobilization, avoid recurrent laryngeal nerve injury,
and allow a more extensive gastric resection in the case of
cardia extension of gastroesophageal junction tumors (15).
Similarly, Nguyen and coworkers later reported a series
of 104 MIE procedures performed between 1998 and
2007, in which 51 cases were MI-ILE and 47 cases were
combined laparoscopic and thoracoscopic McKeown
esophagectomy (MI-McKeown, cervical anastomosis) (16).
In the MI-ILE group, the mortality rate was 1.96%
(1/51) and leak rate was 9.8%), which was comparable to
the other group. Interestingly, the MI-ILE group had
significant shorter operative time and less blood loss (16).
They again showed MIE is feasible with acceptable
morbidity and low mortality. They also preferred
MI-ILE due to the important advantages of constructing
a tension-free intrathoracic anastomosis and the ability
to resect the tip of the gastric conduit (16). Other groups
also reported successful completion of MI-ILE procedures
with comparable outcomes (17-24). In a recent review of
Luketich et 4l., they compared the results of 481 patients
undergoing MIE-McKeown to 530 patients undergoing
MI-ILE (25). Both approaches resulted in acceptable lymph
node resection, postoperative outcomes and low mortality.
They proposed MI-ILE as their preferred approach because
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Figure 1 Port positions for right thoracoscopic esophageal

mobilization, lymph node dissection, and anastomosis.

it was associated with decreased recurrent laryngeal nerve
injury and mortality rate of 0.9%.

Techniques of the MI-ILE

As pioneers in MIE, Luketich and the Pittsburgh group
described the modified MI-ILE procedures in recent
publications (26,27). For the laparoscopic portion of the
procedure, the patient is initially positioned in a steep
reverse Trendelenburg position, and a double lumen
endotracheal tube is placed in preparation for the later
thoracoscopic stage. Five abdominal ports are used. A
10-12 mm port is first placed via a Hasson technique in
the epigastrium between the xiphoid and umbilicus to
the right of midline. Subsequent ports are placed under
direct laparoscopic visualization. A 5 mm camera port is
placed just to the left of the midline at the same level as
the 10 mm port. Two additional 5 mm ports are inserted
at the right and left subcostal margins. The final 5 mm
port is placed at the right flank for liver retractor. After
an abdominal inspection to rule out advance disease, the
gastrohepatic ligament is divided. The exposed right crus
is dissected, followed by dissection of the left crus until the
gastroesophageal junction is freed. The greater curvature of
the stomach is mobilized by dividing the short gastric vessels
using the ultrasonic coagulation shears. The gastrocolic
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omentum is then divided, with care taken to preserve the
right gastroepiploic arcade. Posterior gastroesophageal
attachments are divided after retraction of the stomach
anteriorly. A complete celiac node dissection can be
performed before division of the left gastric vessels with a
vascular stapler. Next, Luketich ez /. perform a pyloroplasty
whereas some other groups do not. A gastric tube is created
with a stapling device from the lesser curvature towards
the fundus of stomach, preserving the right gastric vessels.
There are some variations regarding the diameter of the
gastric tube. Luketich ez 4/. reported an increase of ischemia
and high leak rate with a too narrow tube (3-4 c¢m in
diameter), and hence they emphasized the importance of
creating a gastric tube of 5-6 cm in diameter (8). Berrisford
et al. also observed a high gastric tube ischemia and leak
rate by using a 4 cm gastric tube (28). Currently, creating
a 5 cm wide gastric tube is recommended in MIE by Wee
and Morse (29). Next, a jejunostomy tube is placed before
division of the phrenoesophageal membrane. The abdomen
is inspected and the incisions are closed.

In the thoracoscopic phase, the patient is placed in a
left lateral decubitus position. The position of the double-
lumen tube is verified, and single-lung ventilation is used.
In our hands, three thoracoscopic ports are used (Figure I).
A 10 mm camera port is placed in the eighth intercostal
space, just posterior to the posterior axillary line. Access
incisions are placed in the 5" and 10"/11" intercostal
spaces. After division of the inferior pulmonary ligament,
the mediastinal pleura is divided up to the level of the
azygous vein to expose the thoracic esophagus, and the
vein is divided with an endovascular stapler. The esophagus
is circumferentially mobilized from the diaphragm to the
level about 2 cm above the carina, and a Penrose drain is
placed around it. Mediastinal lymph node dissection is
performed. The distal esophagus and previously constructed
gastric conduit are brought up into the chest. The proximal
esophagus is then transected above the azygous vein. The
eighth posterior interspace port is enlarged to 5 cm to
remove specimen and complete construction of intrathoracic
anastomosis. The redundant portion of the gastric conduit
is then excised with endostapler and the thoracic cavity
is drained. There are various intrathoracic anastomotic
techniques in MI-ILE, including handsewn and stapled
techniques. The stapled techniques varied with regard to
transthoracic circular stapled, transoral circular stapled and
side-to-side liner stapled. Anastomotic leak rates ranged from
0% to 10%, and anastomotic stenosis rates ranged from 0%
t0 27.5% (30).
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Table 1 Review of MI-ILE operative parameters

S317

Study Surgical No. Total operative  Estimated blood No. lymph Length of hospital
type patients time (min) loss (mL) nodes stay (day)
Watson et al. [1999] (12) HAL, T 2 210, 300 50, 300 NR 10
respectively respectively

Nguyen et al. [2001] (13) MI-ILE 1 450 200 11 8

Bizekis et al. [2006] (15) L, mini-T 85! NR NR 16* 9
MI-ILE 15 7

Thairu et al. [2007] (22) MI-ILE 18 NR NR NR NR

Nguyen et al. [2008] (16) MI-ILE 51 249472 146117 13.8+8.6 9.7+8.1

Campos et al. [2010] (19) L, mini-T 23 275* NR 15¢ 10*
MI-ILE 14

Cadiere et al. [2010] (31) MI-ILE 1 337 170 25

Ben-David et al. [2010] (20) MI-ILE 6 360 NR 18 8

Gorenstein et al. [2011] (21) MI-ILE 31 NR NR NR NR

Ben-David et al. [2011] (17) MI-ILE 16 330-420* 125-150* 14~ 7.5-10*
MI-McKeown 82

Tapias et al. [2011] (24) MI-ILE 40 364+46 205+68 21 7

Merritt [2012] (32) MI-ILE 15 468+54 18267 11.4+1.1 10

Thomay et al. [2012] (23) MI-ILE 30 535+120 278 271114 10.7+4

Luketich et al. [2012] (25) MI-ILE 530 NR NR 23.5 7

HAL, hand-assisted laparoscopy; T, thoracoscopy; MI-ILE, minimally invasive Ivor Lewis esophagectomy; L, laparoscopy; mini-T,
minithoracotomy; MI-McKeown, combined laparoscopic and thoracoscopic McKeown esophagectomy; NR, not reported; *, data

is evaluated based on total cases of both approaches.

MI-ILE outcomes

As with many novel procedures, the initial publications
involving MI-ILE were mostly institutional series. Operative
parameters, including operating time, estimated blood loss,
number of lymph nodes harvested and length of hospital
stay, were evaluated in MI-ILE (7able 1). Post-operative
mortality and major complications of MI-ILE were also
reviewed in 7Table 2. Theoretically, obviating the need of the
thoracotomy, laparotomy, or both may reduce surgical pain,
wound infections, cardiopulmonary complications, intensive
care unit and hospital stays, and mortality rates. Although
MI-ILE has been shown to be safe and feasible, a clear
advantage with MI-ILE over conventional ILE has not
been demonstrated. The ultimate answer to this important
question is complicated by the lack of well-designed trials,
the small number of institutional series, publications bias
of satisfactory outcomes and the technical variations.
Recently, there are several studies aiming to compare open
transthoracic with MIE (33-36) (Tubles 3,4). Patients in
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both groups underwent similar pre-operative and post-
operative protocols. Operative data and post-operative data
were collected. These studies demonstrate the feasibility
and safety of MI-ILE, and show its potential of reducing
blood loss, pulmonary complications and length of hospital
stay. Prospective multi-center, randomized and controlled
studies would be needed to draw definite conclusions.

Another controversial issue with MI-ILE is whether
its long-term survival rate is comparable with the open
procedure, because the extent of lymphadenectomy may
be compromised. Many series did not report on lymph
node dissention, and the quality of lymph node dissection
is difficult to evaluate. From the studies comparing open
and MIE (7able 3), lymph node dissection is comparable
between two groups. However, most of the major
complications of MI-ILE were described within the
perioperative period, and the long-term survival and disease
progression data from large patient cohorts is absent (Table 4).
Therefore, the potential of MI-ILE may not have been fully
realized.
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Table 2 Review of MI-ILE post-operative outcomes

Study Surgical type . SO—da.y Pneumonia Leak Stricture RLN injury
patients mortality
Watson et al. [1999] (12) HAL, T 2 0 0 0 0 0
Nguyen et al. [2001] (13) MI-ILE 1 0 0 0 0 0
Bizekis et al. [2006] (15) L, mini-T 85 2 (5.7%) 4 (11.4%) 3 (8.6%) 6 (12%)* 0
MI-ILE 15 1 (6.7%) 0 0 0
Thairu et al. [2007] (22) MI-ILE 18 NR NR 0 NR NR
Nguyen et al. [2008] (16) MI-ILE 51 1(1.96%) NR 5(9.8%) 14 (27.5%) NR
Campos et al. [2010] (19) L, mini-T 23 0 3 (8.1%)* 1(2.7%)* 5 (13.5%)* NR
MI-ILE 14
Cadiere et al. [2010] (31) MI-ILE 1 0 0 0 0
Ben-David et al. [2010] (20) MI-ILE 6 NR 0 0 NR
Gorenstein et al. [2011] (21) MI-ILE 31 NR NR 1(8.2%) NR NR
Ben-David et al. [2011] (17) MI-ILE 16 1 (1%)* 9 (9%)* 8 (8%)" 4 (4%)* 7 (7%)*
MI-McKeown 82
Tapias et al. [2011] (24) MI-ILE 40 0 1(2.5%) 0 6 (15%) 0
Merritt [2012] (32) MI-ILE 15 0 0 1 (6.7%) 0 0
Thomay et al. [2012] (23) MI-ILE 30 0 2 (6.7%) 3 (10%) NR 1(3.3%)
Luketich et al. [2012] (25) MI-ILE 530 5 (0.9%) NR 23 (4.3%) NR 5 (1%)

RLN injury, recurrent laryngeal nerve injury; HAL, hand-assisted laparoscopy; T, thoracoscopy; MI-ILE, minimally invasive Ivor
Lewis esophagectomy; L, laparoscopy; mini-T, minithoracotomy; MI-McKeown, combined laparoscopic and thoracoscopic
McKeown esophagectomy; NR, not reported; *, data is evaluated based on total cases of both approaches.

Table 3 Studies comparing ILE and MI-ILE operative parameters

. ) Operative time Estimated blood No. lymph Length of hospital
Study Surgical type No. patients .
(min) loss (mL) nodes stay (day)

Pham et al. MI-ILE 44 5432 407° 13° 15
[2010] (33) ILE 46 437 780 8 14
Sihag et al. MI-ILE 38 360.5 200° 19 7°
[2012] (34) ILE 76 365.5 250 21 9
Biere et al. MIE 59 329* 200° 20 11
[2012] (35) Open 56 299 475 21 14
Noble et al. MI-ILE 53 300° 19 12
[2013] (36) ILE 53 400 18 12

MI-ILE, minimally invasive Ivor Lewis esophagectomy; ILE, conventional Ivor Lewis esophagectomy; MIE, minimally invasive
esophagectomy; open, open esophagectomy; 2, P<0.01; °, P<0.001; °, P<0.05.

Robotic ILE

Some limitations of the minimally invasive approaches to
esophagectomy include the 2-dimensional view, decreased
freedom of movement, narrow field of the mediastinum and
reduced eye-hand coordination. Robotic system provides
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the possibility to overcome some of these limitations by
offering 3-dimensional camera with 10x magnification and
wristed instruments (37). The robotic system can be used
during the thoracic dissection of the esophagus, gastric

mobilization and intrathoracic anastomosis. It can also
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Table 4 Studies comparing ILE and MI-ILE post-operative outcomes

Study Surgical type No. patients 30-day mortality Pneumonia Leak Stricture RLN injury
Pham et al. MI-ILE 44 3 (6.8%) 11 (25%) 4 (9%) 3(6.8%) 6 (13.6%)
[2010] (33) ILE 46 2 (4.3%) 7 (15%) 5 (10.9%) 0 0
Sihag et al. MI-ILE 38 0 0° 2 (5.3%) NR NR
[2012] (34) ILE 76 2 (2.6%) 16 (21.1%) 4 (5.3%) NR NR
Biere et al. MIE 59 1(2%) 7 (12%)° 7 (12%) NR 12%)°
[2012] (35) Open 56 0 19 (34%) 4 (7%) NR 8 (14%)
Noble et al. MI-ILE 53 5 (9%)

[2013] (36) ILE 53 2 (4%)

RLN injury, recurrent laryngeal nerve injury; MI-ILE, minimally invasive Ivor Lewis esophagectomy; ILE, conventional Ivor Lewis
esophagectomy; MIE, minimally invasive esophagectomy; open, open esophagectomy; NR, not reported; %, P<0.01; °, P<0.05.
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and lymph node dissection.

be used in combination with laparoscopy, hand-assisted
laparoscopy or thoracoscopy. Several groups have reported
their early experience with robot-assisted ILE (38-40).

At our institution, we have begun to utilize the robotic
system with MI-ILE. Figure 2 illustrates the port placement
for the robotic abdominal procedure. The patient is placed
in the supine position. A camera port is placed above the
umbilicus, and a 12 mm accessory port is placed to the right
of umbilicus. A liver retractor is placed through a 5 mm port
in the low right subcostal space. Two additional ports for
robot arms are placed in the right and left subcostal space
at least a handbreadth from the camera port. The robotic
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mobilization, lymph node dissection, and anastomosis.

cart comes over the patient’s left shoulder. The abdominal
operation for gastric mobilization, gastric tube construction
and jejunostomy tube placement is performed as described
in MI-ILE procedure. In the robotic thoracoscopic stage,
the patient is turned to the left lateral decubitus position
and the right lung is deflated. Chest port placement
is shown in Figure 3. The camera port is placed in the
eighth intercostal space, posterior to the posterior axillary
line. One robot instrument port is placed a handbreadth
superior and a handbreadth anterior to the camera port.
The other robot port is placed a handbreadth inferior and
a handbreadth posterior to the camera port. A 5 mm port
is placed between superior incisions, and a 12 mm port is
placed between inferior incisions. The robotic cart comes
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over the patient’s right shoulder posteriorly. The thoracic
operation for esophageal mobilization, lymphadenectomy
and intrathoracic anastomosis is performed as in the above-
mentioned MI-ILE procedure. However, we have preferred
to use a stapled side-to-side anastomosis using an endoGIA
stapler (45 mm purple load) and then to oversew the
resulting defect with two layers of running suture (using the
wristed robotic instruments).

Robotic ILE outcomes

As a relatively new technology, data regarding the safety
and the oncologic efficacy of robotic ILE are limited. de la
Fuente et al. reported their initial experience with robotic
ILE in 50 patients, which were comparable to open ILE and
MI-ILE approaches (39): the mean operative time was
445+85 min. The estimated blood loss was 146£15 mL. The
mean number of lymph nodes retrieved during surgery was
20+1.4. The mean length of hospitalization was 10.9+6.2 days.
Mortality was 0 and main postoperative complications
included pneumonia (10%) and anastomosis leak (2%).
Study of Cerfolio er a/. described similar results in
22 patients with robotic ILE with 40 mL blood loss,
18 lymph nodes harvested, 7 days of hospitalization, 0%
mortality, and 4.5% anastomosis leak (40). These data
suggest robotic ILE is safe, feasible and associated with
perioperative outcomes similar to open ILE and MI-ILE.
However, no evidence to date demonstrates improved
outcomes of robotic over MI-ILE. The cost of equipment,
specialized training, prolonged set up time and limited
instrumentation are barriers to more widespread use. The
fact that the surgeon is separated from the patient and
the lack of tactile feedback raise potential safety concerns.
For this procedure to be ultimately widely adopted,
future studies are needed to prove identifiable benefit of
robotic ILE relative to other approaches to offset inherent
disadvantages and financial concerns.

Conclusions

MI-ILE has proven to have equivalent postoperative
outcomes to open ILE, and thus represent a safe and feasible
alternative for the surgical management of esophageal cancer.
It also shows potential to reduce blood loss, postoperative
pain and length of hospitalization. Improved long-term
survival has not been documented in MI-ILE compared to
conventional ILE. Prospective and randomized controlled
trials comparing open ILE with MI-ILE are necessary if a
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definite conclusion is to be made about the superiority of
one surgical technique over the other. Robotic approach may
offer advantages to MI-ILE over conventional procedure.

Further studies of MI-ILE and robotic ILE are warranted to
determine the ideal esophagectomy procedure.
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