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Introduction

The incidence of esophageal cancer has increased exponen-
tially over the past three decades, particularly in the United
States and other western countries, with rates of esophageal
adenocarcinoma rising faster than rates for any other solid
organ tumor [1, 2]. According to the Surveillance,
Epidemiology, and End Results Program (SEER) database,
an estimated 16,910 newly diagnosed cases and 15,690
deaths due to esophageal malignancy were expected in the
United States in 2016. These estimates place esophageal
cancer as the sixth most lethal cancer in both the United
States and the rest of the world [3].

In appropriate patients, surgical resection achieving com-
plete removal of the tumor en bloc with all periesophageal
lymph node-bearing tissues with adequate margins remains
the cornerstone of multimodality therapy for optimal locore-
gional control and to maximize long-term survival [4-7].
Complete en bloc resection of local lymph node-bearing tis-
sues has correlated with improved cancer recurrence and sur-
vival profiles [8, 9]. In patients with advanced-stage cancers,
the implementation of neoadjuvant chemotherapy with or
without combined radiotherapy improves overall survival
and may improve local control and the likelihood of achiev-
ing a complete surgical resection [10].
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The choice of surgical approach is determined largely by
surgeon preference, experience, and prior training, as well as
tumor location, patient body habitus, history of prior opera-
tion, and patient comorbidities. The Ivor Lewis approach is
the preferred approach at the University of Pittsburgh for
tumors of the gastroesophageal junction and most tumors of
the lower and mid-esophagus. In experienced centers with
high patient volume, the operation can be safely performed
with acceptable mortality rates as low as 1%. In low-volume
centers, this mortality rate may reach 10-20% [11-16].
Minimally invasive esophagectomy (MIE) has emerged with
the aims of reducing surgical trauma, morbidity, and mortal-
ity. Multiple reports have demonstrated significantly reduced
pulmonary morbidity, blood loss, time to recovery, and
decreased hospital stay while maintaining oncologic out-
comes equivalent to those with open operations [13, 14, 16—
18]. The utilization of minimally invasive practices may add
additional technical complexity to the operation, however,
requiring additional experience to perform the operation
safely. It is likely that the learning curve for MIE is long, so
its use has been limited to a relatively small but growing
number of centers.

In more recent years, the pre-existing techniques of MIE
have been adapted to incorporate the use of robotically
assisted operating platforms. The introduction of robotically-
assisted surgery may offer specific advantages to facilitate
complex minimally invasive procedures, such as an enlarged,
three-dimensional field of view, operator control of the cam-
era, and articulated instrumentation within the abdominal
and thoracic cavities. Additionally, several robotic platforms
support the use of near-infrared fluorescence imaging tech-
nology for real-time organ perfusion evaluation and intraop-
erative assessment of key vascular structures [19, 20].
Though robotically-assisted minimally invasive esophagec-
tomy (RAMIE) is still in its early stages of development and
dissemination into surgical practice, early short-term out-
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comes have been comparable to other MIE approaches [21-
23]. In this chapter, we present our total robotically-assisted
Ivor Lewis approach to MIE.

Surgical Technique
Preoperative Planning

In all potential surgical candidates, tissue diagnosis of esopha-
geal cancer is required. Patients commonly present to our clinic
with a diagnosis made via endoscopy with multiple site biop-
sies. If referred from an outside healthcare system, these biop-
sies are routinely reviewed by our own pathologists in order to
confirm the diagnosis. Repeat endoscopy and biopsy may be
considered if tissue is not available for review by our own insti-
tution. Potential surgical candidates also undergo an extensive
clinical staging workup, including endoscopic ultrasound and
CT scans, combined with 18-fluorodeoxyglucose positron-
emission tomography (PET) scanning of the chest, abdomen,
and pelvis. Patients with early-stage lesions confined to the
mucosa (T1a or less) are referred for endoscopic mucosal resec-
tion. Patients with clinically early-stage lesions (T1b or T2 with
no evidence of local lymph node metastases) are referred for
surgery. Patients with clinically advanced local-regional disease
(T3 and/or any N) are referred for induction chemotherapy and
radiation, followed by reevaluation for surgical resection, ide-
ally 4-6 weeks after completion of treatment.

In addition to cancer diagnosis and staging, potential surgi-
cal candidates are assessed for their health, fitness, and ability
to tolerate surgery and single-lung ventilation. Such assess-
ment begins with careful review of health records and medical
comorbidities. Patients with a long-standing history of smok-
ing and/or chronic pulmonary obstructive disease undergo
pulmonary function testing. An echocardiogram and routine
blood metabolic panel are also typically obtained. All patients
scheduled for surgery are placed on a full liquid diet 72 h prior

to their operative date. At 24 h prior to surgery, their diet is
reduced to clear liquids, and they undergo bowel preparation
with an oral solution of polyethylene glycol and electrolytes.

Preparation and Patient Positioning

On the day of surgery, antibiotics and prophylactic subcuta-
neous heparin are given prior to general anesthesia induc-
tion. A double-lumen endotracheal tube is placed, and the
bronchial cuff is deflated during the abdominal portion of the
procedure, minimizing the risk of left main stem ischemic
injury. Extension tubing is added to the anesthesia circuit to
allow for bed movement during the procedure. Endoscopy is
routinely performed to evaluate the current tumor size, loca-
tion, and potential extension into the stomach, as these fac-
tors may dictate the operative approach and suitability of the
stomach for conduit creation.

The robotic cart is set up on the patient’s right side, with
the tower on the left (Fig. 35.1). At our institution, we use a
four-arm robotic platform with two operating consoles. One
console is designated for the primary surgeon and the other
for the surgical trainee.

For the abdominal phase, patients are placed supine on
the operative table. The arms are abducted 45° on arm rests,
and the patient is shifted to the right side of the bed to facili-
tate the use of the liver retractor. Alternatively, to minimize
interaction with the robotic assistant arm, the left arm may be
tucked. A footboard is placed under the feet. To ensure that
the patient has been properly secured to the operating table,
we routinely place the bed in steep reverse Trendelenburg to
check for signs of patient movement or slippage prior to
prepping and draping.

For the thoracic phase, the patient is placed in standard
left lateral decubitus position, with flexion of the operating
table at the level of the patient’s costal margin/iliac crest to
facilitate expansion of the intercostal spaces.
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Surgical Access and Port Placement

For the abdominal phase, the robotic cart and arms are centered
directly over the midline of the patient (Fig. 35.1). Port place-
ment is shown in Fig. 35.2. A point 1-2 cm above the xiphoid
process is marked in the midline. This represents the hiatus and
is the highest point of dissection during the abdominal phase.

All instruments must reach this point. A midline 12-mm inci-
sion is marked, preferably just above the umbilicus but no more
than 23 cm from the supraxiphoid reference point. This port
site will be utilized by the robotic camera. A left lateral subcos-
tal 5-mm incision is marked for use by the robotic atraumatic
grasper. A midclavicular 8-mm incision no more than 13—15 cm
from the supraxiphoid reference point is marked in the left mid-

Assistant
[Trainee

Monitor

Monitor

Fig. 35.1 Intraoperative setup and robotic cart and console placement
during robotically-assisted minimally invasive esophagectomy
(RAMIE). (a) The patient is placed in supine and steep reverse
Trendelenburg positioning for the abdominal phase. The robotic cart

Anesthesiologist

Monitor

Nurse

may or may not be placed directly over the midline, depending on the
robotic surgical platform used. (b) The patient is placed in left lateral
decubitus position for the thoracic phase of the operation
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Fig.35.1 (continued)
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abdomen. This port will be used for the ultrasonic shears
(Harmonic® scalpel, Ethicon Inc.), which has a shorter opera-
tive length than most other instruments on the current robotic
platform. An additional right lateral 5-mm subcostal port for
placement of the liver retractor is marked, as well as an addi-
tional 8-mm right midclavicular and midabdominal port for use
with the bipolar atraumatic grasper. A 12-mm port is marked
between the umbilical and the right midclavicular ports and is
used by the bedside assistant for both suctioning and additional
retraction. During later phases of the operation, this port may
be expanded to 15 mm to allow entry of larger stapler sizes dur-
ing gastric conduit formation, if needed. This assistant port can
also be used as an alternative camera entry site to improve visu-
alization along the greater curve of the stomach, if necessary,
during mobilization of the omentum and gastroepiploic arcade.

The patient is prepped and draped, and the 12-mm cam-
era is placed above the umbilicus using a direct Hassan
cutdown technique. Pressurized CO, pneumoperitoneum
is established to 15 mm Hg. A standard 5- or 10-mm 30°
laparoscope is used for the initial inspection of the perito-
neal cavity and for identification of any metastatic disease, as
well as for port placement. The robotic camera may be used
as well. The patient is placed in steep reverse Trendelenburg
position while the robotic cart is simultaneously positioned.
Trendelenburg positioning facilitates the caudal movement
of bowel and other abdominal viscera, allowing for better

exposure of the diaphragmatic hiatus. Importantly, once the
ports are docked to the robotic arms, further positioning of
the patient cannot occur without first undocking the arms.

For the thoracic phase, an insufflation needle with a
saline-filled open syringe is placed into the chest, with water
entry confirming intrapleural position. CO, insufflation is
instituted at a pressure of 8 mm Hg. A standard laparoscopic
10-mm camera is placed into the obturator of the camera
port, which is introduced into the chest in the eighth intercos-
tal space in the mid-to-posterior axillary line under direct
video guidance. The remaining ports are placed under direct
intrathoracic visualization (Fig. 35.2). A 5-mm robotic port
is placed in the third intercostal space in the mid-to-posterior
axillary line, and an 8-mm robotic port is placed in the fifth
intercostal space. An additional 8-mm port is placed laterally
in approximately the eighth or ninth interspace, roughly in
line with the scapular tip. A 12-mm assistant port is placed at
the diaphragmatic insertion. To avoid collisions with the
bedside assistant, this port should lie midway between the
camera port and the lateral 8-mm robotic port. The robotic
arms are docked to the ports, and the robotic camera is placed
within the chest at a 30° downward orientation.

Robotic arm collisions are minimized by maintaining a
minimum distance of 7-10 cm between robotic ports. An
experienced bedside assistant can perform simple intraoper-
ative adjustments to the arms as needed.

Fig. 35.2 Robotic port size and location for the abdominal phase (fop) and the thoracic phase (botrom) of RAMIE
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Surgical Procedure: Abdominal Phase
Step One: Hiatal Dissection

Initial dissection begins by opening the lesser sac
(Fig. 35.3). If a replaced left hepatic artery is encountered,
it is clipped temporarily; the left liver lobe is assessed after
a period of time, and the artery is often sacrificed if no
vascular compromise to the liver is identified. Dissection
is carried along the left gastric vessels. Complete lymph
node dissection is also performed. The right and left crus
are identified, and the peritoneal lining is preserved. Initial
circumferential esophageal dissection is performed bilater-
ally along the crural pillars and pleurae, anteriorly along
the pericardium, and posteriorly along the aorta and ver-
tebral column. For lower esophageal tumors, portions of
the right or left crus are removed en bloc with the esopha-
gus if tumor involvement is identified or suspected. It is
preferable to avoid pleural violation during the abdominal
phase, to prevent loss of intraperitoneal CO, insufflation
and potential hemodynamic instability. Should this occur,
an expedient temporizing measure is to stop insufflation
while applying suction directly through the pleural defect
within the operative field, while placing a pleural catheter.

Fig. 35.3 Hiatal dissection. Upon entry into the lesser sac, the esopha-
gus is mobilized from the left and right crus. The proximal left gastric
artery is skeletonized and divided. All celiac, splenic, and retrogastric
lymph node tissue is removed en bloc with the specimen

Step Two: Retrogastric Dissection

The retrogastric space is entered through the lesser curve,
and the robotic assistant arm is used to gently retract the
stomach anteriorly (Fig. 35.3). This retraction exposes the
left gastric vascular pedicle, and additional retraction by the
bedside assistant provides optimal visualization. Complete
celiac and retrogastric lymphadenectomy is performed
along the superior border of the pancreas and splenic artery,
posteriorly to the retroperitoneal planes, cephalad to the hia-
tus, and medially along the initial part of the common
hepatic artery. Thus, all retrogastric lymph nodes are dis-
sected free circumferentially around the left gastric vascular
pedicle. During this dissection, the celiac axis is assessed
for bulky adenopathy with persistent disease, the presence
of which may preclude resection. We prefer to skeletonize
the proximal vascular pedicle, thus lifting all node-bearing
tissue en bloc toward the lesser gastric curve, to be removed
with the surgical specimen. The vascular pedicle of the left
gastric artery is divided with an endovascular stapler intro-
duced through the assistant port. Gentle retraction of the
stomach by the robotic assistant arm allows for exposure
and additional dissection of the left crus from the lesser gas-
tric curve.
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Step Three: Gastric Mobilization

Attention is next turned to the greater curve of the stomach, and
the termination of the gastroepiploic arcade is identified. Near-
infrared fluorescence imaging with indocyanine green may be
used to more clearly identify the course of the vascular arcade
[20]. The short gastric arteries are divided using the ultrasonic
shears, with careful dissection of the gastrosplenic attachments
and completion of the left crural mobilization (Fig. 35.4). The
lesser sac is entered through the greater omentum, and the gas-
tric mobilization is completed to the level of the pylorus, lysing
any remaining retrogastric attachments and taking great care to
visualize and preserve the gastroepiploic arcade at all times. To
better visualize the gastroepiploic vasculature, the left lateral
robotic assistant arm can be used to gently retract the greater
curve of the stomach medially and superiorly.

In the event of prior induction chemoradiotherapy, a ped-
icled omental flap, based off two or more robust omental per-
forating arteries, is created along the greater curve of the
stomach. This flap will later be interposed between the con-
duit and airway and around the future anastomosis.

Fig. 35.4 Gastric mobilization. The greater omentum and short gastric
arteries are divided from the greater curve. Care is taken to visualize
and preserve the gastroepiploic arcade at all points during the
dissection

Step Four: Pyloroplasty

The thickened muscle of the pyloric sphincter is identified;
this may be done by gently sweeping a handheld grasper or
the suction device along the stomach antrum toward the duo-
denum to delineate the pyloric muscle. The left lateral robotic
assistant arm is used to gently grasp the antrum of the stom-
ach and retract it laterally to the left (Fig. 35.5). Retraction
stitches are placed at the 12 o’clock and 6 o’clock positions.
Orientation of the pylorus is maintained by gentle traction on
the stitches by both the right robotic arm and the bedside

Fig.35.5 Pyloroplasty. A longitudinal pyloromyotomy is created, fol-
lowed by transverse closure using a Heineke-Mikulicz technique
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assistant. The pylorus is opened across its full width with the
ultrasonic shears, and it is closed transversely with 2—0 per-
manent braided suture on an SH needle. Proper retraction is
crucial to ensure a perpendicular incision while creating the
pyloromyotomy and to prevent transluminal injury. Typically,
five stitches are required for the transverse closure. The clo-
sure is reinforced with patch of omentum.

Step Five: Gastric Conduit Formation

In preparation for gastric tubularization, the left lateral
robotic assistant arm is used to retract the most mobile
portion of the gastric fundus toward the left upper quadrant
(Fig. 35.6). If a nasogastric tube is in place, it must be with-
drawn into the esophagus. An endovascular stapler is used to
divide the lesser curve vasculature at a point approximating
the incisura. The gastric tube is constructed with multiple

Fig. 35.6 Conduit formation. The stomach is retracted, employing a
“no touch” technique with respect to the future neo-esophagus. The
conduit is created with multiple applications of the linear stapler

fires of the endo-gastrointestinal stapler, introduced through
the 12-mm assistant port. Care is taken to maintain proper
orientation of the evolving conduit at all times, with lateral
visualization of the short gastric line in order to prevent spi-
raling. The staple line is extended parallel to the greater
curve of the stomach, and a conduit width of approximately
4 cm is maintained. A final stapler fire divides the conduit
from the specimen. A “no touch” technique is employed dur-
ing conduit creation, with care to avoid grasping any portion
of the usable conduit. Grasping of the lesser curve/specimen
is generally sufficient to manipulate the conduit as needed.
The conduit is reapproximated to the specimen with a broad-
based, horizontal mattress suture to allow for proper orienta-
tion as it is advanced through the hiatus and into the chest
during the thoracoscopic phase of the operation. If an omen-
tal flap is to be used, it is also secured to the tip of the con-
duit. The abdominal phase concludes with placement of a
standard laparoscopic feeding jejunostomy.
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Surgical Procedure: Thoracic Phase
Step Six: En Bloc Esophageal Mobilization

Initial Pericardial and Hiatal Dissection

Using the 5-mm robotic assistant arm, the lower lobe of the
lung is retracted superiorly, and the inferior ligament is divided
to the level of the inferior pulmonary vein. The initial en bloc
dissection is begun along the pericardium adjacent to the infe-
rior vena cava. A combination of gentle blunt and sharp dis-
section readily allows the surgeon to completely mobilize the
esophageal hiatus down to the contralateral pleura.

Subcarinal Dissection

Dissection is continued cephalad by first opening the
mediastinal pleura along the hilum, with the lung retracted
anteriorly. Great care is taken to identify the airway early
in this dissection. This is imperative during dissection of
the subcarinal lymph nodes to avoid injury to the membra-
nous airway, leading to potential fistulous complications.
The surgeon must be careful to maintain distance between
the dissection plane and the airway when using the ultra-
sonic shears (Fig. 35.7). Use of alternative energy sources
for dissection, such as the robotic bipolar Maryland for-
ceps, is highly recommended during this portion of the

Fig.35.7 Subcarinal dissection. The level 7 nodal packet is removed, taking care to avoid thermal injury to the membranous trachea and left main

stem bronchus
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procedure. At all times, the bedside assistant’s use of tho-
racoscopic suction to maintain a clear surgical field aids in
this dissection.

Superior Mediastinal and Para-Aortic Dissection

Dissection is continued en bloc up to the level of the azygos
vein, which is divided with an endovascular stapler. The
vagus nerve is also divided at this level to avoid traction
injury to the recurrent laryngeal nerve. The dissection is con-
tinued superiorly along the esophagus 3—4 cm above the
azygos vein. The posterior mediastinal pleura is divided
anterior to the thoracic duct, and the posterior dissection is
completed along the aorta to the level of the hiatus. During
this para-aortic dissection, surgical clips placed through the
assistant port are used liberally to ligate perforating aorto-
esophageal arteries and lymphatics prior to division with the
ultrasonic shears. The thoracic duct is not routinely resected.

Conduit Advancement and Deep Mediastinal
Dissection

The conduit is carefully brought into the chest in proper ori-
entation, with the longitudinal staple line facing laterally.
The specimen and conduit are separated, and the conduit is
reattached to the diaphragm to prevent retraction into the
abdomen during the remainder of the dissection. The speci-
men is retracted laterally and superiorly with the assistant
robotic grasper, and the deep dissection along the contralat-
eral pleura and left main stem bronchus is completed. Thus,
all node-bearing tissues along the pericardium, airway, con-
tralateral pleura, and aorta are removed en bloc with the
specimen.

The nasogastric tube is withdrawn proximally, and the
esophagus is divided above the azygos vein. The posterior
8-mm robotic port is extended to a mini access incision 4 cm
in length, and a wound-protector device is placed. The speci-
men is removed and the surgical margins are assessed grossly
and by frozen section.

Step Seven: Creation of Circular-Stapled
Anastomosis

Securing the Stapler Anvil

The orifice of the open esophagus is gently retracted and
held open by the bedside assistant with the aid of the atrau-
matic robotic grasper. With the orifice retracted open, a run-

ning baseball purse-string suture (2-0 permanent
monofilament on SH needle) is placed along the circumfer-
ence of the opening (Fig. 35.8). Care should be taken to
incorporate the muscular and mucosal layers within each
stitch and to maintain an even and relatively shallow depth of
approximately 5 mm or less to each bite. This helps prevent
“rose-budding” and excessive bundling of tissue within the
housing of the end anastomotic stapler. Next, the anvil of the
end anastomotic stapler is grasped with the robotic forceps

Fig. 35.8 Anvil insertion into the proximal esophagus. The proximal

esophagus is retracted open, and a purse-string suture is placed circum-
ferentially. The anvil is placed within the open proximal esophagus and

secured with a second purse-string suture
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and introduced into the esophagus, and the purse-string is
tied. A second running purse-string suture is placed to rein-
force and secure any additional tissue or areas of concern.

Stapler Insertion and Firing

The conduit is brought gently into the chest, maintaining
proper orientation with the longitudinal staple line facing
laterally. A gastrotomy is created at the most proximal por-
tion of the conduit and carefully held open with the assis-
tance of robotic retraction and by the bedside assistant.
The end anastomotic stapler is introduced through the mini
access incision and placed through the gastrotomy and into
the proximal conduit. The conduit-stapler pair is carefully
advanced into the chest and positioned, and the stapler
spike is deployed along the greater curve in close apposi-
tion to the gastroepiploic arcade (Fig. 35.9). Some authors
have advocated visualization of the conduit with near-
infrared imaging to assess perfusion at this time, although
the current authors have not found this routinely necessary
if deployment of the spike can be performed close to the
gastroepiploic vascular supply [24]. The spike and anvil
are married, and the stapler is fired. Once the anastomosis
has been created, the stapler is removed from the chest and
examined to ensure complete anastomotic esophageal and
gastric tissue “rings.” The nasogastric tube is advanced into
the gastric conduit under direct vision. The proximal redun-
dant conduit is resected with the endo-gastrointestinal sta-
pler. Care is taken to allow a distance of 2 cm between
the anastomotic and gastrotomy closure staple lines. If an
omental flap was created, this flap is then wrapped around
the anastomotic area. The chest cavity is irrigated and a
retro-anastomotic Jackson-Pratt drain is placed to a suc-
tion-free bile bag. A single 28-French chest tube is also
placed in the right hemithorax. Patients are routinely extu-
bated in the operating room.

Postoperative Care

Early ambulation on the first postoperative day is routine.
Tube feeding is initiated and slowly advanced on postopera-
tive day two. Nasogastric tubes are left in place for 3—5 days.
An esophagram is performed upon removal of the nasogas-
tric tubes to assess for leak. If no leak (or only a small,
asymptomatic, and contained leak) is identified, a liquid diet
can be started. Patients are typically discharged home
between postoperative days 6-8 and return to the clinic in
approximately 3 weeks. At that time, the peri-anastomotic
drain is removed. If the patient is able to tolerate a soft diet
and maintain adequate oral caloric intake, the feeding jeju-
nostomy tube is removed during this visit.

Fig.35.9 Stapler preparation and anastomosis. Gastrotomy is made in
the distal aspect of the conduit, where the end-to-end anastomotic sta-
pler is inserted. The stapler spike is deployed and met with the anvil,
and anastomosis is created
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Clinical Results in the Literature

Although it is growing, the current experience with RAMIE
is still in its early stages, and the literature remains limited.
Table 35.1 provides a summary of the current worldwide
experience with RAMIE.

In 2002, Melvin et al. [25] published the first description
of RAMIE as part of an early institutional experience with
robotic surgery for upper gastrointestinal operations.
Giulianotti et al. [26] included a series of five esophagecto-
mies with robotically-assisted thoracoscopy featuring three-
hole resection as part of their overall experience with robotic
surgery. Additional small case series include reports by
Bodner et al. [27] and Dapri et al. [28].

In 2004, Kernstine et al. [29] reported the first case of a
total thoraco-laparoscopic robotic approach to three-hole
esophagectomy. The operative time was 660 min, but the
authors noted that more than half of the operating room time
was nonsurgical in nature, highlighting the need to develop
an experienced team.

Larger series of three-hole esophagectomy with robotic
assistance during the thoracoscopic phase vary widely in
reported outcomes. Ruurda et al. [30] and van Hillegersberg
et al. [31] reported on the same cohort of more than 20
patients. The overall morbidity was 64%, with a predomi-
nance of pulmonary complications. One death (5%) was
reported, due to tracheal-esophageal fistula. The median
operative time was 451 min, and the median estimated blood
loss was 950 mL (range, 250-5300 mL). Boone et al. [32]
updated this institutional series in 2009 with a total of 47
patients. Reported morbidity remained high, with 47% of
patients experiencing pulmonary complications. Anastomotic
leaks developed in 21% of patients, and mortality was
reported to be 6%.

Puntambekar et al. [33] reported a thoracoscopic-assisted
approach with the patient in prone position. Kernstine et al.
[34] documented the first case series of completely robotic
three-hole esophagectomy in a subset of eight patients. One
patient died from respiratory failure, and one suffered bilat-
eral vocal cord paralysis requiring a tracheostomy. One
patient suffered intraoperative airway injury, which was
repaired robotically. In a follow-up report from the same
institution, Anderson et al. [35] reported an additional 25
cases operated on after the initial report, 22 of whom under-
went total robotic three-hole esophagectomy. In this series,
operative time decreased to a median of 480 min, and there
was no operative mortality.

In 2003, Horgan et al. [36] described a transhiatal
approach to RAMIE in a detailed case report of a patient
with early-stage distal adenocarcinoma. Espatet al. [37],in a
later publication from the same institution, reported a series
of 15 patients with high-grade dysplasia or early-stage can-

cer who underwent transhiatal RAMIE. The operative time
was 274 min (range 180-360); minimal blood loss and no
postoperative mortality were reported. The overall complica-
tion rate was 50%, and reported anastomotic leak and stric-
ture rates were 33% each. The mean operative time decreased
to 210 min for the last five cases. Average lymph node
retrieval was 14 (range, 7-27). Although the initial gastric
mobilization was performed with standard laparoscopy, the
authors considered the robotic approach to be greatly benefi-
cial during the mediastinal dissection.

In 2013, Cerfolio et al. [38] reported the first series of
cases with a robotically-assisted hand-sewn, double-layer
intrathoracic anastomosis. Twenty-two patients underwent
Ivor Lewis resection with robotic thoracoscopic assistance.
The abdominal portion was completed by standard laparos-
copy. Among the initial six patients undergoing a posterior
stapled and anterior hand-sewn anastomosis, the authors
noted significant morbidity, with anastomotic leak, gastric
conduit leak, and five reoperations during the hospital stay.
Among the remaining 16 patients, who underwent roboti-
cally hand-sewn two-layer anastomosis, there was a signifi-
cant decrease in morbidity, leading the authors to advocate
for intrathoracic robotic approaches to this anastomosis.

The senior author of this chapter (I.S.S.) reported on an
initial 21 patients undergoing RAMIE at Memorial Sloan
Kettering Cancer Center, including a first description of total
robotically-assisted  laparo-thoracoscopic  Ivor Lewis
RAMIE in 17 patients; 4 other patients underwent total
RAMIE with a three-hole approach [39]. Intrathoracic anas-
tomoses were performed with standard circular anastomotic
staplers, as described above. Anastomotic leaks occurred in
three patients. Of concern, three patients in this early experi-
ence developed airway fistulas (a complication associated
with minimally invasive esophageal resections), accounting
for the single mortality from respiratory failure at 70 days in
this report. The authors caution that these injuries are likely
caused by the use of rigid thermal devices such as the ultra-
sonic shears and fixed tangential instrument angles. These
features, combined with a lack of haptic feedback offered by
robotic systems, may increase the risk of thermal insult to the
airway, which is not immediately apparent at the time of ini-
tial injury. The authors advise selective use of wristed bipolar
energy dissectors during the subcarinal dissection.

In a follow-up experience of 100 sequential RAMIE
cases, no such additional injuries were identified with adjust-
ment of technique as described [22]. Between the first and
second half of the experience, there were significant
decreases in conversion to open surgery (8 vs. 2%, p = 0.003),
median operative time (448 vs. 356 min, p < 0.001), esti-
mated blood loss (300 vs. 200 mL), and complications
(p = 0.05). There was a non-statistically significant rise in
median lymph node count (22 vs. 25). The anastomotic leak
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rate was 6%, and there was no additional surgical mortality
(0% 30-day and 1% 90-day mortality).

Other significant institutional series have also been
reported. A report from de la Fuente et al. [40] covered a
series of 50 RAMIE cases with intrathoracic anastomosis,
approximately half of which underwent total robotic Ivor
Lewis procedures. Anastomoses were created using a tran-
soral 25-mm end anastomotic stapler. The authors reported
no 30-day mortality, a 2% anastomotic leak rate, and a
median lymph node retrieval of 19 (range, 8-63).

Trugeda Carrera et al. [41] reported on their case series of
32 patients, 20 of whom underwent Ivor Lewis operations;
11 had McKeown operations with robotic assistance for the
thoracic portion. They reported a morbidity of 28% and a
mortality of 3%. Console time ranged from 190 to 285 min
(218 average), the average hospital length of stay was
12 days, and an average of 16 lymph nodes were retrieved.
Similarly, Hodari et al. [19] reported their experience in a
retrospective review of 54 patients who underwent RAMIE
with a robotically-assisted thoracic phase and a standard
laparoscopic approach for the abdominal portion. The most
common complication in this series was cardiac arrhythmia
(25%). They also reported a 6.8% leak rate and 2% 30-day
mortality.

Van der Sluis et al. [42] reported a prospective study of
108 patients undergoing robotically-assisted laparoscopic
and/or thoracoscopic esophagectomy with two-field
lymphadenectomy and hand-sewn cervical anastomosis.
Twenty patients were converted to an open approach (11
transthoracic and 9 transhiatal). Three patients required a
conversion to open laparotomy for uncontrolled bleeding,
advanced tumor requiring a total gastrectomy with colonic
interposition, or unusual anatomic features. There was a
significant decrease in the rate of conversions between the
two sequential cohorts of 54 patients. The total median
procedure time was 381 min (range, 264-550). Similarly,
the authors reported a learning curve effect, with a signifi-
cant decrease in the thoracoscopic operative time between
the first and second cohort of patients (199 vs. 166 min;
p < 0.001). Postoperative complications included pneumo-
nia (36 [33%]), esophagogastric leak (20 [19%]) chylotho-
rax (19 [18%]), and vocal cord paralysis (10 [9%]), with a
permanent paralysis in 2% of the individuals. The median
lymph node harvest was 26 nodes (range, 5-57), and the
hospital length of stay was 16 days (range, 9-123).
In-hospital mortality was 5%. 30-day and 90-day mortali-
ties were not reported. RO resection was achieved in 95%
of patients, and median disease-free survival was
21 months.

Summary

Robotically-assisted MIE is still in relatively early stages of
development, dissemination, and adoption within the surgical
field. Early institutional series have suggested that RAMIE is a
feasible and reasonable alternative to standard MIE or open
esophagectomy. Care must be taken during the learning phase
of these operations to avoid known pitfalls leading to signifi-
cant morbidity and potential mortality. High-volume single-
center series have reported operative and oncologic outcomes
comparable with other minimally invasive and open approaches,
although more long-term cancer survival data are necessary.
There is a paucity of prospective trials directly comparing
RAMIE with these procedures. A prospective trial comparing
quality of life and operative outcomes in RAMIE versus open
esophagectomy at Memorial Sloan Kettering Cancer Center
has completed accrual. Short-term outcomes are expected to be
reported in the near future. The first randomized, controlled
trial comparing RAMIE versus open approaches (ROBOT
trial) also is expected to be nearing completion soon. Early
experiences are promising, but further study into the cost-effec-
tiveness, short-term and long-term oncologic outcomes, and
patient quality of life is warranted to better identify the com-
parative utility of RAMIE in esophageal cancer.
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