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Preface

As we began our preparations for the second edition of this textbook, we were
obliged to recognize the increasing implementation of laparoscopic and
robotic surgical techniques for routine and advanced cancer operations of the
gastrointestinal tract. We recruited authors that are experts in their respective
fields to provide details on the surgical procedures while providing experi-
enced insight to avoid technical errors. Similar to our first edition, the second
edition of our textbook provides different approaches for various organs of
the gastrointestinal tract. We are confident that surgeons at all levels of train-
ing will derive benefit from this work.

For the second edition, we recruited two assistant editors who have per-
formed numerous robotic procedures for upper (Dr. George Georgakis) and
lower (Dr. Garrett Friedman) cancers of the gastrointestinal tract. We owe
them a debt of gratitude for their tireless work in support of completing the
second edition. We were also fortunate to have Ms. Miranda Lin as an edito-
rial assistant, without whose help, this textbook would not have been com-
pleted. She is the glue that binds this book together.

As always, we thank the support of our family members: Elsa in the
Garcia-Aguilar family and Sarah, Anderson, and Lauren in the Kim family
for their patience and understanding as we committed our efforts to organize
a textbook that will benefit both early learners and advanced practitioners of
gastrointestinal surgery.

Lexington, KY, USA Joseph Kim
New York, NY, USA Julio Garcia-Aguilar
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Minimally Invasive
Esophagectomy

Nicholas Baker, Inderpal Sarkaria,

and James Luketich

Historical Perspective

Open approaches to esophagectomy have histori-
cally been associated with elevated morbidity
and mortality. A 10-year review of the Veterans
Affairs’ population demonstrated 50% morbidity
and 10% mortality [1]. In the 1990s, the growing
confidence in laparoscopic surgical techniques
and instrumentation led to the introduction of
various minimally invasive approaches to esoph-
ageal resection. Early minimally invasive resec-
tion techniques often hybridized more traditional
open techniques with newer less invasive
approaches. Collard was the first to describe a
thoracoscopic technique for esophageal dissec-
tion, and DePaula was the first to describe the
first entirely laparoscopic transhiatal esophagec-

Electronic supplementary material The online ver-
sion of this chapter (https://doi.org/10.1007/978-3-030-
18740-8_1) contains supplementary material, which is
available to authorized users.

N. Baker

Department of Cardiothoracic Surgery, University of
Pittsburgh Medical Center, UPMC Presbyterian-
Shadyside, Pittsburgh, PA, USA

1. Sarkaria (D)
Shadyside Medical, Pittsburgh, PA, USA
e-mail: sarkariais @upmc.edu

J. Luketich
Division of Thoracic and Foregut Surgery, UPMC
Presbyterian, Pittsburgh, PA, USA

© Springer Nature Switzerland AG 2020

tomy in 1995. In the following year, Luketich and
associates at the University of Pittsburgh began
performing totally minimally invasive esopha-
gectomy (MIE) via a McKeown approach and
later published one of the first, large series with
zero mortality in their first 77 patients [2].

Indications

Indications for MIE are the same as standard
open esophagectomy, including end-stage acha-
lasia, failed antireflux surgery, intractable esoph-
ageal stricture, high-grade Barrett’s esophagus
not amenable to ablative or endoscopic tech-
niques, and esophageal cancer. A thorough his-
tory of previous interventions to the chest and
abdomen, including endoscopic management
and pre-and postoperative symptoms in failed
benign esophageal surgery, is mandatory.
Chemoradiotherapy history, staging, and loca-
tion of tumor are also necessary in order to
appropriately plan the surgical approach.

There are multiple minimally invasive tech-
niques described throughout the literature. In our
experience, Ivor Lewis esophagectomy is the sur-
gery of choice for standard esophageal cancer
resections of the gastroesophageal (GE) junction
and low mid-esophageal tumors, benign stric-
tures, and failed antireflux surgery. McKeown
(three-hole) esophagectomy is indicated for high
mid-esophageal tumors, extensive high-grade

J. Kim, J. Garcia-Aguilar (eds.), Minimally Invasive Surgical Techniques for Cancers
of the Gastrointestinal Tract, https://doi.org/10.1007/978-3-030-18740-8_1
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dysplasia, or end-stage achalasia. Overall, the
goal is an RO resection for malignancy and com-
plete resection of diseased esophagus in benign
cases.

Preoperative Considerations

Anesthesia preoperative planning should focus
on the need for accurate hemodynamic moni-
toring, adequate intravenous access, and lung
isolation. Invasive arterial line placement is
necessary for accurate blood pressure monitor-
ing as perfusion pressure to the conduit is top
priority to prevent postoperative complications.
Most cases require central venous catheteriza-
tion to ensure adequate intravenous access
throughout the case. Double lumen endotra-
cheal tube is needed for the thoracic portion of
the case and is typically placed at the beginning
of the operation.

Positioning planning will include a well-
padded foot board for steep reverse Trendelen-
burg position. The patient should also be
positioned on the right lateral aspect of the sur-
gical table to allow room for the liver retractor.

Surgical Technique for MIE

Video 1.1

Endoscopy

Before beginning the operation, endoscopy is
used to confirm the pathology of the esophagus
and distance from the incisors. The decision on
approach may be altered at this time based on the
findings. Ivor Lewis esophagectomy would begin
with laparoscopy, whereas McKeown esophagec-
tomy would begin with right video-assisted tho-
racic surgery (VATS). Bronchoscopy is also
performed to confirm the absence of airway
involvement and confirm normal airway before
dissection begins.

Laparoscopy

The xiphoid process and the umbilicus are iden-
tified, and a ruler is used to measure 15 cm dis-
tal to the xiphoid with marks at 5 cm and 10 cm.
At the 10-cm mark, the right paramedian 10-mm
port is placed 2 cm to the right of the midline via
a Hasson cut-down technique. The right para-
median port is the primary working hand of the
surgeon. The abdomen is insufflated to
12-15 mm Hg, and the patient is placed in steep
reverse Trendelenburg position. Next, under
direct visualization with a 10-mm 30° laparo-
scopic camera, the remaining ports are placed.
The camera port is placed one hand-breadth to
the patient’s left from the right paramedian port.
Two subcostal 5-mm ports are placed, and a
right lateral subcostal port is placed just inferior
to the 12th rib and is used for the liver retractor.
Finally, a right lower quadrant 12-mm port is
placed at approximately at one-third the dis-
tance from the anterior superior iliac spine to
the umbilicus (Fig. 1.1). This port will be used
later for placement of the jejunostomy tube and
retraction for gastric conduit creation.

Fig. 1.1 Port placement for laparoscopic procedures. (©
Heart, Lung, and Esophageal Surgery Institute University
of Pittsburgh Medical Center)
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Abdominal Dissection

After all ports are placed, detailed diagnostic lap-
aroscopy is performed to rule out metastasis in
malignant cases and evaluate aberrant anatomy. A
self-retaining liver retractor is positioned to ele-
vate the left lobe of the liver to expose the hiatus.
Next, the dissection begins with incising the gas-
trohepatic ligament. With the hiatus completely
exposed, dissection continues up the right crus
anteriorly and down the left crus. Circumferential
exposure of the crus helps to gain access into the
chest, and mediastinal dissection is carried out
between the bilateral pleural, the pericardium, and
the spine/aorta. This can be carried up to the infe-
rior pulmonary veins to help with the thoracic dis-
section but only needs to be enough to place the
specimen into this space at the end of the abdomi-
nal portion of the procedure.

The left gastric pedicle is approached to iden-
tify the base, and lymph node tissues are dis-
sected from the base toward the specimen to
remove all nodal tissue associated with the celiac
axis. The dissection is carried out laterally on top
of the splenic artery and pancreas over to the
splenic hilum. All the lymph node tissues are
again pushed up toward the specimen, and using
an endovascular stapling device, the left gastric
artery is taken at its base.

Fig.1.2 Mobilization
of gastroepiploic
arcade. (© Heart,
Lung, and Esophageal
Surgery Institute
University of
Pittsburgh Medical
Center) Divided
lesser
omentum

Next, using a “no touch” technique, the short
gastric arteries are divided and the left gastroepi-
ploic artery is identified. The omental arteries are
now identified and divided leaving a couple of
centimeters of tissue on the lateral aspect of the
right gastroepiploic artery to ensure it is not dam-
aged. An omental flap can be created at this step
using approximately two to three of these omen-
tal branches creating a 3—4-cm-wide omental flap
to be used later to buttress the anastomosis. We
routinely do this on induction cases where radia-
tion is used. Complete mobilization of the entire
gastroepiploic artery is necessary for full mobil-
ity (Fig. 1.2). A Kocher maneuver is performed,
and retrogastric and duodenal attachments are
incised as well to help with mobilization. At this
step, the pylorus should reach to above the cau-
date lobe of the liver. This indicates adequate
mobilization. After full mobilization of the stom-
ach, the three remaining portions of the abdomen
include conduit formation, pyloroplasty, and
jejunostomy tube placement.

Laparoscopic Pyloroplasty

A Heineke-Mikulicz pyloroplasty is performed
laparoscopically with an endoscopic suturing
device (Endo Stitch 2.0, Medtronic) with 2-0

Divided short
gastric arteries

Left gastric
artery

Division of
omental
branches of

Greater
omentum

gastroepiploic
artery
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sutures placed at the most superior and inferior
aspect of the pylorus. The pylorus is incised using
ultrasonic shears (Harmonic Scalpel, Ethicon
Inc.) in the midline horizontally with care to
ensure complete full thickness incision. The
pylorus is then closed in a vertical fashion with
the Endo Stitch incorporating mucosa with each
suture (Fig. 1.3). Routinely, omentum is placed
over the pyloroplasty prior to completing the
abdominal portion of the procedure.

Laparoscopic Jejunostomy Tube

The patient is placed back in level supine posi-
tion and the insufflation of the abdomen is
reduced to 810 mm Hg. The omentum is
retracted cephalad and the ligament of Treitz is
identified. Approximately 40 cm distal to the
ligament of Treitz, a portion of mobile jejunum
is chosen and tacked to the anterior abdominal
wall. Using a 12-Fr needle jejunostomy kit, a
needle is passed into the jejunum and a wire is

Pyloroplasty
incision

Identification
of pylorus
muscle

a

Fig. 1.3 Laparoscopic pyloroplasty is performed by (a)
creating a longitudinal incision across the pylorus. (b) An

passed. Serial dilators are passed in a Seldinger
technique until the introducer is passed. Next
the jejunostomy tube is inserted into the jeju-
num. Two 2-0 Witzel sutures are placed around
the J-tube, and then a purse-string suture is
placed around the jejunostomy tube tacking it to
the anterior abdominal wall. One single inter-
rupted 2-0 suture is placed approximately 2 cm
distal to the feeding tube as an anti-torsion
suture (Fig. 1.4).

Creation of Gastric Conduit

The gastric conduit is formed by retracting the
fundus of the stomach into the left upper quad-
rant as far as possible, and the antrum is retracted
toward the patient’s right foot. The surgeon gen-
tly retracts the gastric conduit. The stapler is
passed though the right paramedian port. This
begins with a 2.5-mm endovascular staple to
divide the lesser curve vessels. These steps should
form the desired diameter of the tube. We prefer

Pyloroplasty closed
transversely with
auto suture device

Endo Stitch is used to close the pyloroplasty with a trans-
verse incision



1 Minimally Invasive Esophagectomy

Fig. 1.4 Laparoscopic
jejunostomy tube is placed
approximately 30 cm
distal to the ligament of
Treitz. One additional
suture is placed distal to
the catheter insertion to
prevent torsion of the
jejunal limb. (© Heart,
Lung, and Esophageal
Surgery Institute
University of Pittsburgh
Medical Center)

30 cm distal
to ligament of
Treitz

Fig. 1.5 Creation of the
gastric conduit with a
linear stapler. The
assistant provides gentle
traction and counter-
traction of the stomach.
(© Heart, Lung, and
Esophageal Surgery

I DS Divided
Institute University of left gastric
Pittsburgh Medical
Center) Surgical

specimen

Gentle
traction

a 3-4-cm-wide gastric tube (Fig. 1.5). Gastric
staple loads usually begin with a 5-mm endovas-
cular staple load and subsequently progress to
4 mm. The staple line should parallel the greater
curve in the desired width to ensure not spiraling
the conduit. After the conduit has been fully cre-
ated, the specimen is placed into the hiatus and
the conduit is sutured to the specimen maintain-
ing proper orientation with the specimen staple
line sewn and attached from the lesser curve to
the greater curve of the conduit (Fig. 1.6).

One additional
suture placed into
peritoneal wall

20 cm distance
into jejunum

(s Gentle
traction

Creation
of gastric tube

Division
parallel to
greater
curvature

Thoracoscopy

A nasogastric tube (NGT) is placed at this time,
and double-lumen endotracheal tube is placed if
not already done. The patient is placed in a left
lateral decubitus position, and with the
double-lumen tube confirmed in appropriate
position, the right lung should be isolated imme-
diately to provide adequate time for decompres-
sion. The operating table is flexed to move the
iliac crest away from the costal margin and
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Fig. 1.6 Attachment of
the specimen to the
gastric conduit with the
Endo Stitch and
maintaining proper
orientation. (© Heart,
Lung, and Esophageal
Surgery Institute
University of Pittsburgh
Medical Center)

expand the intercostal spaces, and the position of
the right scapula is marked.

A 10-mm camera port is inserted in the eighth
intercostal space just anterior to the mid-axillary
line. This typically places the port just above the
costophrenic recess. Another 10-mm port is
placed in the scapular tip line in the eighth inter-
costal space. This is the surgeon’s working port.
Next a 5-mm port is placed at the scapula tip, and
5-mm port is placed in the sixth intercostal space
at the anterior axillary line. The fifth and final
10-mm port is placed in the fourth intercostal
space anterior axillary line, and a fan retractor is
passed through this port to retract the lung. A
full-length Endo Stitch is placed in the central
tendon of the diaphragm and retracted through
the costophrenic recess via an Endo-close device
(Medtronic) and is secured to the outside of the
chest wall to retract the diaphragm inferiorly,
allowing full visualization of the distal esopha-
gus and hiatus.

The chest dissection begins with taking the
inferior pulmonary ligament down and identify-
ing the pericardium. This usually connects with
the hiatal dissection that was carried out in the
abdomen. The dissection is carried up the pericar-
dium to level 7 lymph nodes and the right bron-
chus intermedius. This is a critical dissection

Mobilized
at hiatus

Attaching
gastric tube
to specimen

point, and care must be taken not to injure the pos-
terior membrane of the airway. The anterior dis-
section is continued up the mediastinum to the
azygos vein that is taken with a 2.5-mm endovas-
cular staple load. The dissection above the azygos
vein should be carried out directly on the esopha-
geal wall, and this can be carried safely up to the
level of the thoracic inlet and beyond if needed.

The posterior dissection is performed in a
similar fashion, but clips are deployed in an
attempt to prevent thoracic duct injury. This is
carried up to the thoracic inlet as well. The last
remaining plane is the deep plane along the left
pleural and aorta. After all the periesophageal
tissue, esophagus, and level 7 lymph nodes have
been successfully mobilized up to the thoracic
inlet, the conduit is delivered into the mediasti-
num with care to ensure appropriate orientation
with the staple line facing toward the operators.

The access incision is created for passage of
the end-to-end anastomosis stapler (EEA) and
removal of the specimen. This is one rib space
above the surgeon’s working port and is <4 cm in
length. A wound protector (Applied Medical) is
placed to protect the wound from spillage and
tumor implants. The specimen is incised above
the level of the azygos vein and passed out of the
chest via the access incision.
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Assessment of the proximal esophagus is
then performed and the decision on which EEA
stapler to use is made. Most commonly, a
28-mm EEA stapler is used, and the esophagus
can be dilated with a Foley catheter if needed.
The anvil is passed into the chest and placed
into the proximal end of the esophagus. Two

Anvil in distal
esophagus

Fig. 1.7 The anvil has been placed in the esophagus. (©
Heart, Lung, and Esophageal Surgery Institute University
of Pittsburgh Medical Center)

Fig. 1.8 Insertion of the
EEA stapler into the
conduit in a “sock over
foot” fashion. (© Heart,
Lung, and Esophageal
Surgery Institute
University of Pittsburgh

Medical Center)
Circular stapler

inserted in
gastric tube

purse-string 2-0 sutures are placed around the
anvil with each stitch ensuring incorporation of
mucosa (Fig. 1.7). The conduit is completely
delivered into the chest and the stapler is passed
into the chest. It is placed into the conduit in a
“sock over foot” type fashion (Fig. 1.8). After
the stapler is inserted, it is progressed up to the
anvil, and an assessment of length is again
made. The staple line should be facing the oper-
ator and the spike can be brought out of the con-
duit in line with the gastroepiploic artery. The
stapler is locked and fired (Fig. 1.9a, b). The
rings of the stapler must be examined to confirm
they are complete. The excess conduit is resected
with a 3.5-mm endovascular stapler, and this is
the final gastric margin (Fig. 1.10).

Lastly the omental flap should be placed
around the anastomosis making sure there is
flap between the airway and the anastomosis. A
10-mm flat Jackson-Pratt drain is placed poste-
rior to the conduit with the tip adjacent to the
anastomosis. The chest is irrigated with copious
antibiotic solution. One 28-Fr chest tube is
placed in an apicoposterior position. After
wound closure, the patient is placed back in a
supine position and the oropharynx is irrigated
and suctioned. The double lumen tube is
exchanged for a single lumen tube and repeat
bronchoscopy is carried out to inspect and clear
the airway. The final reconstruction is depicted
in Fig. 1.11.
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Fig. 1.9 (a) Illustration of the alignment of the EEA stapler pin/trocar with the anvil. (b) Intraoperative image of the
stapler alignment. (© Heart, Lung, and Esophageal Surgery Institute University of Pittsburgh Medical Center)

Fig. 1.10 Resection of
proximal gastric conduit
with a linear stapler. (©
Heart, Lung, and
Esophageal Surgery
Institute University of
Pittsburgh Medical
Center)

I

Esophagus
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tube

Excess stomach
trimmed and
closed
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Fig.1.11 The finished
reconstruction with the
gastric conduit in the
chest and the
pyloroplasty near the
hiatus. (© Heart, Lung,
and Esophageal Surgery
Institute University of
Pittsburgh Medical
Center)

Right
crus

Pyloroplasty

Postoperative Care
and Complications

Thoracic Complications

Bleeding and transfusion requirements were less
with the minimally invasive approach, but it is
important to note that even small amounts of
bleeding can obscure the operative field, making
progress difficult and requiring conversion to an
open procedure. Hence, the aorto-esophageal ves-
sels must be identified and clipped and bleeding
from the azygos vein and peribronchial arteries
avoided. Injury to the posterior membranes of the
bronchus and trachea must be carefully avoided,
especially during mediastinal lymph node dissec-
tion. Cautery, auto-sonic, or harmonic scalpel use
in close proximity to the posterior membranous
airway can lead to tissue damage resulting in an
air leak, local ischemia, and subsequent develop-
ment of a tracheogastric conduit fistula.

The thoracic duct is at risk for subtle injuries
leading to the development of a chylothorax.
Early in our experience with our initial 77
patients undergoing MIE, we noted 3 patients
with delayed chylothorax, leading us to become
more cautious in this area and transitioning to
the liberal use of metal clips on thoracic duct

Left
crus

esophagectomy

branches. Vocal cord paralysis from injury to the
recurrent laryngeal nerve is minimized by divid-
ing the vagus nerve just above the azygos vein
and dissecting this away from the esophagus. We
generally do not perform a lymph node dissec-
tion above this level in an effort to avoid injury
to the recurrent laryngeal nerves and the lack of
definitive evidence that lymph node clearance in
the upper chest is essential for gastroesophageal
junction tumors.

Abdominal Complications

Disruption of the main gastroepiploic arcade can
be devastating to the viability of the gastric con-
duit. Likewise, one must be certain that there is
adequate room at the hiatus for the conduit to lie
without strangulation. In our series, there was an
incidence of gastric tip necrosis of 3.2%. Delayed
hiatal herniation of abdominal viscera is also a
possibility if the gastric conduit is not properly
tacked to the hiatus. Kent et al. reported approxi-
mately 2% incidence of diaphragmatic hernias
and 2% risk of redundant gastric conduit leading
to delayed gastric emptying, reflux, and obstruc-
tion. Eighty-five percent of patients with such
anatomical complications benefited from reoper-
ative revisional surgery [3].
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Other Major Complications

Cardiopulmonary complications, including atrial
fibrillation (2.9%), Acute Respiratory Distress
Syndrome (ARDS) (5.7%), and pneumonitis
(3.8%), were the most frequently encountered
complications following MIE in the multi-institu-
tion E2202 trial [4]. Our overall anastomotic leak
rate requiring surgery with the McKeown approach
was 5% and decreased to 4% with the Ivor Lewis
approach. The reported leak rate for the open pro-
cedure is approximately 9.1%. Other MIE series
demonstrate similar leak rates. Moderate strictures
at the gastroesophageal cervical anastomosis are
common and generally can be managed with one
or two outpatient dilations. Using the Ivor Lewis
approach and a 28-mm EEA stapler, strictures still
occur but generally are less clinically important
and respond favorably to dilations.

Robot-Assisted Minimally Invasive
Esophagectomy

Robot-assisted minimally invasive esophagec-
tomy (RAMIE) approach is largely adapted
from our MIE approach as described earlier.
There are several selected differences that we
will expand on below.

RAMIE Preoperative Planning

The robotic platform uses four arms with two
operating consoles with the operating surgeon
and trainee at the controls and an assistant at the
bedside. The tower is to the patient’s right and the
robotic cart is to the left of the patient. Bedside
positioning is similar to MIE except the left arm
may be tucked to avoid collision.

RAMIE Surgical Technique

Setup for the abdominal portion of RAMIE
involves docking the robotic cart (Da Vinci
Surgical Robot) and arms directly over the mid-

line of the patient with the patient in steep reverse
Trendelenburg position (Fig. 1.12). The camera
port is placed in the midline just above the umbi-
licus. A 5-mm left lateral subcostal port is placed
and is used for an atraumatic grasper. An 8-mm
left midclavicular port is placed and is used for
the harmonic scalpel (Ethicon). An additional
5-mm right lateral subcostal port is placed and is
used for placement of the liver retractor, and an
8-mm right midclavicular port is used for a bipo-
lar atraumatic grasper. An additional 12-mm
assistant port is placed by triangulating between
the umbilicus and the right midclavicular port
and is used for suction by the assistant as well as
jejunostomy tube placement. It is important to
maintain a minimal distance of 9-10 mm between
robotic ports to minimize collisions (Fig. 1.13).

The thoracic portion of the case setup begins
with placement of the camera port in the eighth
intercostal space in the mid to posterior axillary
line under direct video guidance (Fig. 1.14).
Carbon dioxide insufflation at 8 mm Hg is used
for better visualization. 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 addi-
tional 8-mm port is placed laterally in approxi-
mately the eighth or ninth interspace. A 12-mm
assistant port is placed under direct vision at the
diaphragmatic insertion midway between the
camera port and the lateral 8-mm robotic port
(Fig. 1.13). The robot is docked to the ports, and
the robotic camera is placed within the chest at a
30° downward orientation.

RAMIIE operative components are the same as
MIE. RAMIE allows the surgeon to perform all
exposures without the need for an assistant,
allowing the surgeon to be in complete control.
The camera offers better visualization with three-
dimensional optics. Wristed instruments offer
greater precision while suturing. Potential disad-
vantages of the RAMIE approach include reduced
versatility in large operative fields such as the
thorax with a large area between the hiatus and
the inlet. This can lead to multiple collisions and
decreased range of motion. Also, the robot has to
be undocked to change positions of the operative
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Fig. 1.12 Robotic setup for the abdominal steps of RAMIE
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Fig. 1.13 (a) Port placement for abdominal steps of robotic RAMIE. (b) Port placement for thoracic steps of robotic

AMIE

table. These disadvantages have been somewhat
reduced with newer technologies such as Da
Vinci Xi with an integrated operating room table
(Intuitive Surgical Inc.).

Conclusions

Our institutional approach at the University of
Pittsburgh Medical Center has evolved over
time, initially developed as a modified McKeown
(three-hole) technique with a cervical anastomo-
sis, and transitioned to a primarily Ivor Lewis
approach with intrathoracic anastomosis. In an
initial series of 222 patients, 8 initial cases were
performed as laparoscopic transhiatal opera-
tions, with quick adaptation thereafter to a modi-
fied McKeown approach with thoracoscopic
mobilization and cervical anastomosis. Results
from this early experience yielded a median hos-
pital stay of 7 days and an operative mortality of
1.4%, which is equivalent or better to the major-
ity of open series. An anastomotic leak rate of
11.7% and stage-specific survival were similar
to open series. In a follow-up institutional series
of 1011 patients undergoing elective MIE,
including 530 patients operated via the currently
preferred Ivor Lewis MIE approach, operative

mortality in this cohort was 0.9% and median
length of hospital stay was 8 days [2].

The safety and feasibility of MIE has been
demonstrated in several single-institution stud-
ies and meta-analyses, yet the results from a
large, prospective, multicenter trial investigat-
ing MIE has only recently emerged. The eastern
oncology cooperative group study (E2202)
examined the outcomes of 17 credentialed sites
in the USA that performed MIE on patients with
biopsy-proven high-grade dysplasia or esopha-
geal cancer of the mid-esophagus or distal
esophagus. Esophagectomy was performed
using either modified McKeown MIE or Ivor
Lewis MIE technique. Protocol surgery was
completed in 95 out of 104 patients (91.3%).
Median ICU and hospital stay were 2 days and
9 days, respectively. The 30-day mortality for
patients who underwent MIE was 2.1%. Adverse
events included anastomotic leak (8.6%), acute
respiratory distress syndrome (5.7%), and atrial
fibrillation (2.9%). At a median follow-up of
35.8 months, the estimated 3-year overall sur-
vival was 58.4%. Locoregional recurrence
occurred in only seven patients (6.7%). This
trial demonstrated that MIE is safe and feasible
and has low perioperative morbidity and mortal-
ity and good oncologic results and suggests that
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Minimally Invasive Ilvor Lewis
Esophagectomy

Jae Kim and Dan Raz

General Approach

We perform minimally invasive Ivor Lewis
esophagectomy through a combined laparo-
scopic/robotic approach. The abdominal portion
of the operation is typically performed laparo-
scopically without the robot, and the thoracic
portion is performed robotically. We have
observed limited advantage to using the robot for
the gastric mobilization; and additional ports are
required for robotic mobilization. In the abdo-
men, there is also the disadvantage of having to
undock the robot for any adjustment in table
positioning, unless an integrated operating room
table is used. In the chest, there is less need to
adjust table or patient positions during the course
of the procedure. The robotic wristed instrumen-
tation enables the circumferential esophageal
mobilization to be performed with greater ease
[1]. Likewise, suturing the esophageal purse
string for the esophagogastric anastomosis is also
facilitated by the robot.
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Laparoscopic Mobilization
of Gastric Conduit

Positioning and Preoperative
Esophagoscopy

The patient is positioned on the operating room
table with the right arm tucked and a foot board
well-secured on the bottom of the feet. Before pre-
paring the patient, the table should be placed in
steep reverse Trendelenburg to test bed positioning.
Esophagogastroduodenoscopy (EGD) should be
performed intraoperatively prior to prepping the
patient. It is important to assess the length of the
tumor and Barrett’s disease and to inspect the stom-
ach for ulcerations or other lesions. Excessive insuf-
flation should be avoided. During endoscopy, we
inject botulinum toxin (200 units) into the pylorus
and balloon dilate the pylorus. We do not perform
pyloroplasty or pyloromyotomy and instead favor
endoscopic botulinum toxin injection and pyloric
dilatation. Alternatively, botulinum toxin can be
injected into the pylorus during the laparoscopic
procedure using a 25-gauge needle. A nasogastric
tube (NGT) is then placed following endoscopy.

Surgical Technique
Port Placement

The surgeon stands on the patient’s right side with
the assistant standing on the patient’s left side
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(Fig. 2.1). A 12-mm port is placed two-thirds of the
distance between the xiphoid process and umbili-
cus to the right of the midline. Later, the linear sta-
pler will be inserted through this port to create the
gastric conduit. We use a 5-mm 30° laparoscope to
allow the camera to be used in multiple ports. The
peritoneum and omentum are inspected for carci-
nomatosis and the liver is inspected for metastases.
A 5-mm port is placed to the left of the midline in

Fig.2.1 Operating
room setup for
laparoscopic steps

Scrub nurse

the same line to mirror the other port. The patient is
then placed in reverse Trendelenburg position. A
5-mm port is placed along the costal margin in the
right mid-clavicular line and another 5-mm port is
placed in the left mid-clavicular line (Fig. 2.2). A
5-mm port is placed laterally on the right and close
to the costal margin. A 5-mm liver retractor is then
inserted, and the left lobe of the liver is retracted to
expose the esophageal hiatus.

Anesthesiologist
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Fig. 2.2 Port placement for laparoscopic steps

Gastric Mobilization

The dissection is started at the hiatus. The right
crus is exposed using an energy device and
blunt dissection. The LigaSure (Covidien) and
Harmonic Scalpel (Ethicon) are both adequate
instruments for this step. We typically remove
the peritoneal lining around the crus, but do not
routinely excise muscle fibers unless the tumor
is directly adherent. The dissection from the
right crus is followed anteriorly and over to the
left crus. If there is a hiatal hernia, it is helpful
to reduce the sac and completely separate the
sac from the crura. For patients who do not
have a hiatal hernia or only a small hernia, we
divide some of the right crural fibers to enlarge
the hiatus so that it will easily accommodate the
size of the gastric conduit. It is important not to
divide the fibers of the left crus to avoid devel-
opment of a paraesophageal hernia.

Next, the right gastroepiploic artery is visu-
ally identified. The stomach is separated from
the omentum and mesocolon by retracting the
omentum caudally near the point of transection
and dividing the omentum using an energy
device away from the gastroepiploic artery
(Video 2.1 Robotic Ivor Lewis Esophagectomy).
We avoid trauma to the gastric conduit by mini-

mizing grasping of the stomach itself. We usu-
ally harvest an omental flap by leaving a
pedicled portion of the omentum attached to the
conduit perfused by two to three branches of
the gastroepiploic vessels—any more vessels
would be too bulky. This “tongue” of omentum
is dissected directly off the colon. Then, the
dissection continues parallel to the gastroepi-
ploic artery until the short gastric vessels are
identified. All short gastric arteries are then
serially transected using a vessel-sealing
device, and the stomach is completely mobi-
lized free from the spleen and left crus.
Additional attachments to the mesocolon are
then divided. To prevent paraesophageal hernia
and to allow maximum mobility of the gastric
conduit, the gastrocolic ligament as well as
adhesions between the posterior stomach and
mesocolon are completely divided. Extreme
caution must be taken in the vicinity of the
takeoff of the right gastroepiploic artery from
the gastroduodenal artery to avoid accidental
injury of either artery. The lesser sac is then dis-
sected, freeing the stomach from the pancreas.
While the assistant retracts the gastric conduit
anteriorly, the left gastric artery pedicle is dis-
sected from the celiac axis. Nodal tissue is
carefully dissected and swept towards the stom-
ach (Fig. 2.3). Once this step is completed, the
left gastric artery pedicle is transected using a
vascular stapler cartridge or between clips.

Before the gastric conduit is created, we
check to ensure that the stomach is circumferen-
tially free, and that the pylorus easily reaches
the hiatus. A Kocher maneuver is not necessary
for an Ivor Lewis esophagectomy, but can be
easily performed laparoscopically. The poste-
rior gastroesophageal junction is then dissected,
and the mediastinal esophagus is circumferen-
tially dissected as cephalad as safely possible. It
is easy to enter one or both pleural cavities dur-
ing the mediastinal dissection, so it is best to
wait until the latter part of the laparoscopic pro-
cedure to perform this dissection. A pleural
defect can be a nuisance during laparoscopy and
impair the surgeon’s ability to insufflate the
abdomen adequately.
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Fig. 2.3 Key lymph
node stations for Ivor
Lewis
esophagogastrectomy

Left gastric
artery

Common
hepatic
artery

Creating the Gastric Conduit

The NGT is then pulled back into the pharynx. A
point on the lesser curvature of the stomach
between the right and left gastric arteries is identi-
fied just proximal to the incisura. Collateral vessels
overlying this point are divided. Medium/thick tis-
sue staple cartridges are then used to create the con-
duit, firing multiple stapler loads up until a point on
the gastric fundus. We do not oversew the staple
line. Ideally, the gastric conduit is no smaller than
4 cm in width. The gastric conduit is then sewn
back to the specimen with a single mattress stitch.
Alternatively, the last 2 cm of the stomach can be
left undivided while creating the gastric conduit
and can be later divided within the chest. We leave
a quarter inch Penrose drain around the GE junc-
tion, secured by a suture, to facilitate retrieval of
the gastric conduit and dissection within the chest.

Feeding Jejunostomy

Finally, the feeding jejunostomy is placed. A
loop of jejunum approximately 30 cm distal to

Short gastric
arteries

Splenic artery

the ligament of Treitz is identified and the prox-
imal bowel is tacked to the anterior abdominal
wall near the site of the proposed jejunostomy
using 2-0 silk suture. We insert a jejunostomy
catheter using a modified Seldinger technique
and a peel away catheter kit. An additional
stitch is placed on the opposite side of the first
stitch to secure the jejunum to the abdominal
wall in a Stamm fashion. One additional stitch
is placed 2-3 cm distally, tacking the jejunum
to the anterior abdominal wall to prevent twist-
ing of the jejunum around the jejunostomy
insertion site.

Closure

The fascia of the 12-mm port is closed with a
figure-of-eight O-vicryl suture. All the skin inci-
sions are then closed, and sterile dressings are
applied. If the left pleural cavity is entered during
the mediastinal dissection, a 19-Fr round Blake
drain may be placed through one of the abdominal
ports in the left pleural space to prevent accumu-
lation of an effusion postoperatively.
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Thoracic Procedure

The following narrative describes the robotic
esophagectomy technique with the Xi version of
the intuitive robot platform. The Si version is
nearly identical with the exception of using a
12-mm camera port and a 5-mm posterior retrac-
tion port rather than the 8-mm ports of the Xi sys-
tem. Also, the Si robot is docked over the patient’s
right shoulder rather than from an anterior
approach as described below for the Xi robot.

Esophageal Mobilization

After the abdominal incisions are closed, the
patient is placed in the left lateral decubitus posi-
tion. After single lung ventilation has been estab-
lished, an 8-mm port is initially introduced in the
anterior axillary line, at approximately the sev-
enth intercostal space. The chest is insufflated to
8-mm Hg pressure with a low flow rate to prevent
hypotension. An 8-mm port is placed approxi-
mately 1 cm posterior to the posterior axillary
line at the level of the major fissure to be used for
the robotic camera. This is typically in the same
interspace as the first port. Another 8-mm robotic
port is placed one-hand breadth posterior to the
camera port in the same intercostal space.
Another 8-mm robotic port is placed one inter-
costal space caudally, just lateral to the transverse
process. A 12-mm assistant port is placed in the
tenth intercostal space, just above the insertion of
the diaphragm (Fig. 2.4). The robot may be
docked from the patient’s anterior side, roughly
perpendicular with the table (Fig. 2.5).

We begin with a 30° down-viewing scope.
With the aid of insufflation, additional retraction
on the diaphragm is rarely necessary. The inferior
pulmonary ligament is divided and any lymph
nodes at that station should be removed. A tho-
racic grasper placed through the most posterior
port is used to retract the lung anteriorly, expos-
ing the esophagus. We divide the azygous vein
with a vascular staple cartridge. The mediastinal
pleura overlying the esophagus is then opened

Fig. 2.4 Trocar placement for robotic and thoracoscopic
dissection and anastomosis

anteriorly and posteriorly, allowing a layer of
mediastinal pleura to stay attached to the esopha-
gus. The esophagus is mobilized circumferen-
tially using the robotic harmonic scalpel or vessel
sealer to ligate small perforating vessels from the
aorta. This is typically performed using the
energy device in robotic arm 4 and a Cadiere for-
ceps in robotic arm 2. The borders of the dissec-
tion are the pericardium anteriorly, the aorta and
spine posteriorly, and the edges of the mediasti-
nal pleura laterally. All tissues within these bor-
ders should be mobilized and removed en bloc
with the esophagus. The network of lymphatics
overlying the aorta should be removed en bloc as
well. Using the Cadiere forceps to grasp the
Penrose drain and providing traction on the
esophagus greatly facilitate this part of the dis-
section (Fig. 2.6a, b). For our standard Ivor Lewis
operation, the esophagus is mobilized from just
above the azygous vein to the diaphragmatic hia-
tus. Above the level of the aortic arch, use of elec-
trocautery should be minimized, as the left
recurrent laryngeal nerve is at risk for injury.
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Fig. 2.5 Operative positioning for robotic dissection and esophagogastric anastomosis

Carina

Fig. 2.6 (a) Illustration showing lateral retraction of a Penrose drain encircling the esophagus. (b) Intraoperative image
showing retraction of the esophagus
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The subcarinal lymph node station should be
completely excised. To facilitate exposure, we
typically divide the bronchial branches of the
vagus nerve and the main bronchial artery to the
level of the right mainstem bronchus. The tho-
racic duct is easily ligated using the robot to
ligate all the tissue between the azygous vein and
the aorta at the level of the diaphragmatic hiatus
(i.e., mass ligation) using a O-silk tie.

Anastomosis

After the mobilization is complete, the gastric
conduit is gently pulled into the chest along with
the omental flap. The esophagus is divided sharply
at the level of the azygous vein. If the conduit has
not yet been divided completely from the speci-
men, it is done so at this point using a linear sta-
pler. Otherwise, the suture attaching the conduit
to the proximal stomach and specimen is cut. The

Fig. 2.7 Illustration
showing a circular
stapler inserted through
the staple line into the
gastric conduit. The
spike is attached to the
anvil in the distal end of
the esophagus

Robotic
retraction

on penrose
drain

Azygous vein

assistant port is enlarged to accommodate the
specimen and an extra-small wound protector is
placed. Frozen section is obtained on the proxi-
mal and distal margins. The proximal esophagus
is sized using a Foley catheter balloon to gauge
the appropriate-sized stapler. The anvil of an EEA
stapler is placed through the assistant port and
then placed into the proximal esophagus. Using a
robotic needle driver in robotic arm 4, a double
purse string suture using 2-0 absorbable suture is
placed around the anvil. A zero-degree camera
usually provides a better image for this step of the
operation. After confirming the absence of cancer
at the margins, the robot is undocked.

The remainder of the operation is performed
using a 5-mm 30° camera placed through the ante-
rior port. A gastrotomy is made in the proximal
conduit by opening up the lesser curve staple line.
The stapler is placed through the gastrotomy and
the spike is brought out in a well-perfused portion
of the greater curve (Fig. 2.7). The anastomosis

Subcarinal lymph node

Esophagus

Robotic arm
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should be made at the lowest point possible on the
greater curve that will not create tension. Creating
the anastomosis too high (i.e., too proximal) on the
conduit can result in a redundant conduit within
the chest, allowing the conduit to take on a sig-
moid shape above the diaphragm and impeding
conduit emptying. Also, the lower on the conduit
(i.e., more distal), the better the blood supply.
After firing the stapler, the donuts are inspected for
completeness. The NGT is advanced beyond the
anastomosis. The linear stapler is then used to
close the gastrotomy and remove the excess por-
tion of conduit that lies proximal to the anastomo-
sis. We routinely perform a repeat endoscopy at
this point to inspect the anastomosis and test for
leak by insufflating endoscopically while sub-
merging the anastomosis under irrigation. This is a
very safe maneuver and poses virtually no risk to
the anastomosis if performed by an experienced

endoscopist. The omental flap is placed between
the anastomosis and the posterior wall of the tra-
chea and secured to the pleura with sutures.

Closure

A 24-Fr chest tube and 19-Fr Blake drain are
placed in the posterior mediastinum. Local anes-
thetic is infiltrated into the intercostal spaces. The
lung is reinflated and the remaining port sites are
closed with absorbable sutures.
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Introduction

Minimally invasive esophagectomy (MIE) has
become a popular option for the treatment of
esophageal cancer. MIE reportedly decreases
postoperative complications [1-5], and its long-
term survival is comparable to open esophagec-
tomy [3-6]. Robot-assisted minimally invasive
esophagectomy (RAMIE) has been recently
introduced as an alternative option for MIE. The
robotic system enables more meticulous dissec-
tion of tissues and gentle handling of organs.
Several studies reported early and long-term
results of RAMIE, and the outcomes were com-
parable to other surgical modalities [7-9].
However, the techniques of RAMIE are diverse
because of the heterogeneous patient population
and different levels of experience in RAMIE. In
this chapter we will present the three-hole
RAMIE technique, which can be applied to
esophageal squamous cell carcinoma located
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mostly in the upper to mid-thoracic esophagus. In
our institute, the abdominal procedure in RAMIE
has been performed robotically rather than by a
laparoscopic technique. The detailed technical
features will be discussed.

Advantages of Robotic Esophageal
Surgery

RAMIE has several advantages over conven-
tional  thoracoscopic  and  laparoscopic
MIE. Because RAMIE enables well-controlled
fine motion during the operation, it facilitates
meticulous dissection of tissue with less trau-
matic manipulation of organs. These advantages
can be especially helpful during dissection of
lymph nodes along the recurrent laryngeal nerve
(RLN). Dissection along the RLN is a critical
and important procedure in mid- and upper tho-
racic esophageal cancers. The RLN lymph node
is the site of most frequent lymph node metasta-
sis and is more closely related to survival than
any other lymph node station [10, 11]. So, it has
been considered that RLN dissection is critical
for predicting prognosis and preventing locore-
gional recurrence. Robotic technology enables
the performance of this critical step more easily.
Radical and extensive dissection along the RLN
can be possible by robotic upper mediastinal dis-
section [12] and could reduce the rate of vocal
cord palsy [13]. These features of RAMIE may
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lead to reduction of locoregional recurrence and
improved overall survival in these patients.

The next important advantage with robotic
esophagectomy is gentle manipulation of
organs. This is an important advantage when
operating on the trachea and stomach. Excessive
tracheal retraction during esophagectomy or
lymphadenectomy may result in insufficient
ventilation or tracheal injury. Very close coordi-
nation between the operator and assistant sur-
geon is required during tracheal retraction in
thoracoscopic MIE. However, in RAMIE, the
force and extent of tracheal retraction can be
controlled by the surgeon and better visualiza-
tion can be easily achieved without the help of
assistant surgeons. Therefore, airway injury
during esophagectomy or lymphadenectomy
can be minimized. The robotic approach also
has advantages in stomach mobilization. Careful
handling of the stomach, as in open surgery, is
possible using robotic surgery. Excessive trac-
tion and traumatic manipulation can jeopardize
the submucosal vascular network and decrease
blood flow in the graft, which is an important
cause of poor healing of the anastomosis with
subsequent leakage. Using the robotic tech-
nique, the gastric graft can be manipulated gen-
tly and less traumatically, which helps to reduce
graft-related complications.

The final advantage of robotic surgery is its
flexibility in technically challenging situations,
which can be frequent during MIE. These situa-
tions are the main cause for open conversion.
Examples include extranodal metastatic LN,
anatomical variation, adhesion to critical organs
(trachea or descending aorta), and extreme left-
sided esophagus. The robotic technique can over-
come these challenging conditions. The approach
enables fine dissection and access to difficult
areas. In our series of RAMIE, only two cases of
thoracic conversion were necessary. In both
cases, the cause was secondary to diffuse severe
pleural adhesions. We did not experience any
thoracotomy conversion after docking the robot
or any conversion during robotic abdominal pro-
cedures. This low incidence of conversion is
indicative of the high performance of the robotic
system in difficult surgical situations.

Indications of RAMIE

RAMIIE has been performed in our institute since
2008. In the early period of its use, RAMIE was
performed sporadically for highly selected
patients. However, the indications of RAMIE
were expanded gradually from patients with low-
risk early esophageal cancer to patients at high
risk with advanced esophageal cancer. RAMIE
has become the most commonly performed sur-
gical procedure for esophageal cancer in our
institute. Currently, there are several contraindi-
cations for RAMIE, which depend on the condi-
tion of the patients and the progression of
esophageal cancer. The contraindications of tho-
racic robotic esophagectomy are severe pleural
adhesions, previous major chest surgery, large-
size esophageal cancer that is not reduced after
neoadjuvant treatment, suspicion for airway inva-
sion, intolerance to one lung ventilation, and sal-
vage esophagectomy after definitive
chemoradiation therapy. Contraindications of
abdominal robotic procedures are previous his-
tory of peritonitis, previous major abdominal sur-
gery, abdominal lymph node metastasis, and
suspicion for invasion to adjacent organs. Hybrid
RAMIE that comprises robotic esophagectomy
combined with open laparotomy can be per-
formed when the abdominal situation is not
favorable for robotic surgery. However, if the tho-
racic situation is not favorable for robotic sur-
gery, then we usually do not perform robotic
surgery at all. We think that avoiding thoracot-
omy is the most important component of MIE,
rather than avoiding laparotomy.

Position of Patient, Port Placement,
and Robotic Setup

In the thoracic procedure, patients are in the left
lateral decubitus position with a slight tilt in the
anterior direction (Fig. 3.1). In the early period of
robotic surgery, we used the prone position dur-
ing the thoracic procedure. However, we changed
to the decubitus position because of the difficul-
ties in airway management during anesthesia and
pleural adhesiolysis with whole pleural adhesion.



3 Robotic Three-Field Esophagectomy

27

With experience in RAMIE, we now know that
the decubitus position is not inferior to the prone
position for esophagectomy.

We prefer the four-arm technique during the
thoracic and abdominal procedures and usually
use four ports during the thoracic procedure
(Fig. 3.2). A camera port is made in the seventh

Anesthesiologist

Assistant

—

intercostal space just below the scapular tip. The
level of the camera port is very important because
an optimal surgical view cannot be obtained
when the location is too high or too low. The ver-
tebral body and lung parenchyma in high- and
low-position camera locations, respectively, can
hinder visualization of the esophagus and peri-

Surgeon

Scrub nurse

Monitor

Fig. 3.1 The position of the robot and patient during robotic esophagectomy
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esophageal structures. Other ports are usually
made to maintain distances >8.5 cm between the
arms. Arm 3 port is placed in the third intercostal
space of the axillary fossa. The location of this
arm should be checked after docking because it
can compress the right arm of the patient. Arm 3
is usually used for retraction of structures, so a
Cadiere grasper is usually used in this arm. Arm
1 port is made in the fifth intercostal space in the
posterior axillary line. This port can be used for
the robot but can also be used by an assistant sur-
geon. Therefore, we make a 4-cm sized port and
use a single incision silastic port (Glove port,
NELIS Co., South Korea). Arm 2 port is made in
the tenth intercostal space on the back of the
patient. This arm is exclusively used for the
robotic dissecting grasper. Robotic scissors or
harmonic scalpel is usually used as the dissection
device (Table 3.1). Minimizing clashing of the
arms is important and the surgeon should always
consider the relative positions of each arm and
use the arms properly in each surgical

procedure.

Fig. 3.2 Four ports are made for the robotic thoracic pro-
cedure. A silastic port can be applied using a small utility
incision. The utility incision can be used by robotic arm
#1 or by the assistant surgeon

In the abdominal robotic procedure, we always
place five ports. Four are robotic ports and the
remaining port is an assistant port. The camera port
is 2 cm in size and made just lateral to the umbili-
cus. The glove port used for the thoracic procedure
can also be inserted in this port. We place a feeding
jejunostomy catheter through this port after finish-
ing the robotic procedure. Other ports are placed as
depicted in Fig. 3.3. We also use the four-arm tech-
nique in the abdominal procedure; most of the
robotic arms used in thoracic procedure can be
used in the abdominal procedure.

We prefer to use carbon dioxide (CO,) insuf-
flation in both the thoracic and abdominal proce-
dures. We reduce the CO, pressure below 5—-8 mm
Hg to minimize hemodynamic instability during

Table 3.1 Robotic ports and instruments used in RAMIE

Arms
Port for arm 1

Instruments

Monopolar curved scissors
Harmonic ACE curved shears
Large suture cut needle driver
Medium-large clip applier
Large clip applier

Small clip applier

Curved bipolar dissector
Cadiere forceps

Port for arm 2

Port for arm 3

Fig. 3.3 Five ports are made in the robotic abdominal
procedure. A silastic port used in the thoracic procedure
can be also used in the periumbilical port. However, the
assistant surgeon uses a different port
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the thoracic procedure. Both bipolar and monop-
olar electrocoagulation are used during surgery
with dissectors in arm 2 connected to bipolar
coagulation and scissors in arm 1 to monopolar
coagulation.

Surgical Techniques (Video 3.1)
Thoracic Procedure

We start the esophagectomy from the level of
the azygous vein. After dividing the azygous
vein and the right bronchial artery, we open the
mediastinal pleura along the vagus nerve and
dissect the lymph nodes in the right upper medi-
astinum. Then we dissect peri-eosphageal tissue
downside along the azygous vein and thoracic
duct to the level of the diaphragmatic hiatus.
Lastly, we finish by dissecting the subcarinal
area and the left paratracheal area. The order of
dissection can be dependent on the surgeon’s
preference.

After dividing the azygos vein, the right bron-
chial artery can be divided by robotic hemoclips
from the origin of aorta. The right main bronchus
and vagus nerve can be visualized at this point,
and dissection can be performed along the vagus
nerve. The distal vagus nerve can be cut just dis-
tal to the right pulmonary branch of the vagus
nerve. Dissection can proceed to the upper medi-
astinum along the vagus nerve. The right RLN
can be identified at the junctional point between
the right subclavian artery and the vagus nerve.
Lymph nodes along the right RLN (station 2R in
American Joint Committee on Cancer [AJCC]
[14], 106recR in Japanese Esophageal Society
[JES] mapping [15]) can be dissected from this
point. The dissection can be performed up to the
level of the inferior thyroidal artery. A portion of
cervical paraesophageal lymph nodes can be
removed at this area (1R in AJCC, 101R in the
JES). Complete removal of lymph nodes and
perilymphatic tissue along the right RLN is pos-
sible. Figure 3.4 demonstrates lymph node dis-
section view around right RLN.

Mid- to lower thoracic esophageal dissection
is relatively easy compared to upper mediastinal

Fig. 3.4 Robotic view during dissection of lymph nodes
in the right upper mediastinum along the right recurrent
laryngeal nerve

dissection. Mediastinal pleura can be exposed by
sharp dissection with scissors. In other areas, the
harmonic scalpel is usually sufficient for dissec-
tion. Paraesophageal lymph nodes (8M and 8L in
the AJCC map, 108 and 110 in the JES map) are
usually dissected in an en bloc fashion with the
esophagus. Complete removal of the whole
thoracic duct is a routine procedure in our insti-
tute, and the thoracic duct is divided just above
the diaphragmatic hiatus. The contralateral lung,
left pulmonary vein, and left main bronchus
should be entirely exposed, and lymph nodes in
the left mediastinal side should be completely
removed. Anterior para-aortic lymph nodes
(112a0A in the JES map) can be removed by con-
verting the camera angle to 30° upside. Dissection
can be performed to the level of the hiatus and
supradiaphragmatic LNs can be removed (15 in
the AJCC map, 111 in the JES map). Along the
left main bronchus, the left vagus nerve can be
identified and divided just distal to the pulmonary
branch, similar to the right side. Subcarinal
lymph nodes (7 in AJCC and 107 in JES) can be
removed at this point. Esophageal encircling with
a traction band is not necessary because the third
robotic arm can be used for retraction and lifting
the esophagus during the entire procedure.

The most difficult part of the thoracic proce-
dure is the left upper mediastinal dissection. This
step requires sufficient experience to finish it
completely without damaging the trachea or left
RLN. We prefer to detach the esophagus
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completely from the trachea before lymph node
dissection. This is why we perform left upper
lymphadenectomy during the last stage of opera-
tion. A wide surgical view can be obtained after
complete dissection of the entire esophagus. The
trachea can be retracted in the anterior direction
using Cadiere robotic forceps. Complete control
of small vessel branches by monopolar robotic
scissors along the left tracheal border before
lymph node dissection is helpful for a bloodless
surgical field. The left RLN is embedded inside
of lymphatic tissue, therefore meticulous and fine
dissection of tissue is necessary to find the left
RLN. After identifying the RLN, the tracheo-
bronchial lymph nodes can be removed first (10L
and 5 in AJCC and 106tbL in JES). The most
important aspect at this point is to preserve the
left bronchial artery. Because the right bronchial
artery has already been divided, cutting both
arteries will induce significant ischemia in the
airway and increase the possibility of tracheo-
enteric fistula postoperatively. Then, lymph
nodes along the left RLN can be removed up to
the inferior thyroidal artery. This step can remove
whole lymph nodes in the left paratracheal area
(2L and 4L in AJCC and 107recL in JES) and a
portion of the left cervical paraesophageal lymph
nodes (1L in AJCC and 101L in JES). Figure 3.5
presents a post-dissection view of the left paratra-
cheal area.

As noted previously, RAMIE enables safe and
complete lymphadenectomy in precarious ana-
tomic regions. Its ability to do so is better than

the thoracoscopic technique; and we feel that it is
better than the open technique. The thoracic pro-
cedure is the most beneficial part of RAMIE in
esophageal cancer surgery. The role of the assis-
tant surgeon is limited in the thoracic procedure,
and delivering suture material or retrieving lymph
nodes is the major role of the assistant surgeon.
Suctioning blood is sometimes necessary, but the
amount of bleeding is minor in RAMIE.

Abdominal Procedure

The 4-arm technique can also be used for the
abdominal procedure. The Cadiere forceps can be
used for retraction of the liver and to hold the
stomach during the abdominal procedure. After
lifting the left lobe of the liver, the lesser omentum
can be divided using the harmonic scalpel. A wide
opening of the lesser curvature is necessary to gain
a wide view around the celiac axis. The common
hepatic artery lymph nodes (18 in AJCC map and
8a in JES), left gastric lymph nodes (17 in AJCC
and 7 in JES), and celiac axis lymph nodes (20 in
AJCC and 9 in JES) can be dissected at this point.
The left gastric artery and coronary vein can be
divided at the most proximal part of the celiac axis
by robotic polymer clips. Lymph node dissection
can be performed along the splenic artery (19 in
AJCC and 9 in JES). At the level of the splenic
hilum, short gastric vessels can be visualized and
divided, and the left side of the cardia can be mobi-
lized from the splenic hilum.

Fig. 3.5 Illustration of the paratracheal area after dissection of lymph nodes in the left upper mediastinum along the
left recurrent laryngeal nerve and intraoperative image showing the left recurrent laryngeal nerve following lymph node
dissection
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After finishing the lesser curvature steps, the
stomach can be lifted by the Cardiere forceps.
The greater omentum is divided along the left
gastroepiploic artery. To preserve collateral
blood supply, sufficient omentum should remain
with the stomach graft. On the right side, the
gastrocolic ligament should be completely
divided, and Kocher maneuver can be performed
for maximum mobilization of the stomach.
Pyloromyotomy is performed by sharp dissec-
tion at the pylorus. Grasping the pyloric muscle
using the robotic dissecting grasper and sever-
ing the muscle with the scissors enable com-
plete division of the pyloric muscle without
damaging the gastric mucosa. Ramstedt-type
pyloromyotomy is a routine procedure in our
institute. The greater omentum is then divided
along the right gastroepiploic artery to the level
of the left gastroepiploic artery. Sufficient
omentum should be preserved on the graft side
at this point to preserve collateral blood flow.
Attachments to the splenic hilum can be easily
divided by gentle traction of the stomach. The
hiatus should be opened only at the last stage of
the abdominal procedure to prevent CO, pres-
sure effects on the intrathoracic organs. The
right diaphragmatic crus can be widened using
the harmonic scalpel.

After finishing mobilization of stomach and
the lymph node dissection, the gastric tube can be
created intracorporeally. To maximize the advan-
tages of the minimally invasive approach, we do
not make additional laparotomy incisions or per-
form extracorporeal gastric tube formation. Close
coordination with the assistant surgeon is impor-
tant at this stage. The operator should hold the
stomach with the robotic arms and should estab-
lish proper position for stapling. The assistant
surgeon can divide the lesser curvature of the
stomach using an endo-stapler. Stapling starts
from 2 cm proximal to the pylorus and up to the
level of the cardia. Lesser curvature lymph nodes
(17 in AJCC and 3a/3b in JES) and cardiac lymph
nodes (16 in AJCC and 1/2 in JES) can be
removed during gastric tube formation. Usually
five or six 60-mm-sized staplers are necessary for
gastric tube formation. We usually make a 4 cm

wide graft for the cervical anastomosis. The
resected esophagogastic specimen is retrieved
thorough the cervical wound and a Foley catheter
is introduced into the abdomen. The gastric tube
can be pulled up to the neck after suturing the
tube to the Foley catheter. We routinely insert a
feeding jejunostomy catheter in all patients. The
jejunum is pulled out from the periumbilical port
site, and a Stamm-type jejunostomy catheter can
be inserted at the left port that is used for robotic
arm 1.

Cervical Procedures

After pulling up the gastric tube, the esophago-
gastric anastomosis can be made by side-to-side
anastomosis with linear staplers. The technique is
a modification of the Orringer technique [16]. In
the latter, the posterior walls are stapled and the
anterior walls are sutured by interrupted or con-
tinuous suturing. Conversely, we close the ante-
rior walls by stapling instead of suturing to
maximize the size of anastomosis. Before sta-
pling, the anterior walls are sutured by continu-
ous suture with barbed sutures (V-Loc, Medtronic,
MN) to approximate the esophageal and gastric
mucosa. Then anterior walls are stretched later-
ally and stapled using a linear stapler (ECHELON
FLEX GST-powered stapler with 60 mm size and
4.1 mm height, Ethicon, OH). This is a simple
and fast technique that ensures wide esophago-
gastric anastomosis. We have performed this
technique in 70 cervical anastomoses. The out-
comes remain excellent with one occult anasto-
motic leakage (1.4%) and no anastomotic
stricture over the past 2 years. The 2-year rate for
our freedom from intervention for anastomotic
stricture was 100% in our series.

Cervical lymph node dissection can be per-
formed in indicated patients. Recently, we per-
formed three-field lymph node dissections in
advanced stage or upper and mid-thoracic esoph-
ageal cancer. Supraclavicular lymph nodes (level
3 and level 4 in the AJCC map, 101 and 104 in the
JES map) can be removed during the cervical
procedure.
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Postoperative Management

Our institute started an enhanced recovery after
surgery (ERAS) program 3 years ago. Because
most patients were heavy smokers and chronic
alcoholics, chronic obstructive pulmonary dis-
ease, chronic liver disease, and malnutrition
were common in our series. We tried to optimize
the ERAS program with modifications over this
time period. Table 3.2 presents the ERAS pro-
gram currently being used in our institute.
Modifications to the program continue to be
implemented with the goal of further improving
postoperative outcomes.

We believe that early enteral nutrition is
important for early recovery of patients. This
issue has been emphasized in other studies [17—
19], and early enteral feeding is related to reduced
postoperative complications and early recovery
of patients. In our practice, we begin jejunostomy
feedings on postoperative day (POD) 1. Calorie
intake can be escalated up to 100 kcal/hr by POD
5. Jejunostomy feedings can be maintained until
4 weeks postoperatively when oral calorie intake
can be 80% of the feeding requirements.

We routinely use renal dose dopamine for
3 days postoperatively for the following reasons.
Our fluid management protocol is to restrict post-
operative fluid infusion to prevent pulmonary

Table 3.2 ERAS protocol at Seoul National University
Hospital

Postoperative
ERAS items periods
ICU stay POD 0 to POD 1
Pain management IV PCA until
POD 2
Chest tube removal POD 1
Enteral feeding through POD 1 to
jejunostomy 4 weeks
Nasogastric tube removal POD 3
Dopamine at renal dose (3 mcg/ POD 0 to POD 3
kg/min)
Laryngoscopic evaluation of POD 3
vocal cords
Esophagography POD 5
Initiation of oral feedings POD 6
Hospital discharge POD 8 to 12

PCA patient-controlled analgesia, POD postoperative day

complications. Therefore, relative hypotension
and transient renal insufficiency are expected,
and decreased splanchnic blood flow may induce
delayed healing of the esophagogastric anasto-
mosis. To improve hemodynamic stability and
maintain splanchnic blood flow, we therefore
routinely use renal dose dopamine [20, 21].
Vocal cord evaluation is performed on POD
3 in all patients regardless of whether hoarseness
is detected. Identifying the status of the vocal
cord is important to prevent aspiration after start-
ing oral feedings. Aspiration pneumonia is one of
most serious complications after esophagectomy.
Because very extensive lymph node dissection is
carried out along both RLNSs, transient vocal cord
palsy is quite common. However, well-controlled
management of vocal cord palsy can prevent
aspiration pneumonia in most patients.

Early Postoperative Outcomes

From May 2008 to August 2017, a total of 186
patients underwent RAMIE at Seoul National
University Hospital. There was one patient with
30-day mortality (0.5%) and three patients with
90-day mortality (1.6%). Overall in-hospital
mortality occurred in five patients, and operation-
related mortality rate was 2.7%. Thoracotomy
conversion was necessary in two patients (1.1%)
because of severe pleural adhesions even before
docking the robot. However, in our series, we did
not have any conversions after starting the robotic
thoracic procedure. Our overall complication rate
was 58%. The complications are listed in
Table 3.3. The highest Clavien-Dindo grade of
complications were grade 1 in 31 patients

Table 3.3 Postoperative complications after RAMIE

Complications Number %o
Respiratory complication 16 8.6
Gastrointestinal complication 20 10.7
(Anastomotic leakage) 17 9.1
Neurologic complication 54 29.0
(Vocal cord palsy) 50 26.9
Cardiac complication 24 12.9
(Atrial fibrillation) 24 12.9
Chyle leakage 19 10.2
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(16.7%), grade 2 in 47 patients (25.2%), grade
3 in 9 patients (4.8%), grade 4 in 5 patients
(2.6%), and grade 5 in 5 patients (2.6%). The
most common complication was vocal cord palsy
at a rate of 26.9%. Because we did extensive
lymph node dissection along the bilateral RLNs
and evaluated vocal cord palsy in all patients, the
incidence was relatively high. However, 24 of 50
patients (48.0%) with vocal cord palsy were
asymptomatic by routine evaluation and most
vocal cord palsies were transient and had
improved at long-term follow-up. Respiratory
complications occurred in 16 patients (8.6%) and
anastomotic leakage occurred in 17 patients
(9.1%). Although the respiratory complication
rate did not change during the study period, the
leakage rate decreased gradually. The leakage
rate of the most recent 100 cases was 4.0%.

Long-Term Outcomes

Complete RO resection was accomplished in 179
patients (96.2%). The mean number of dissected
lymph nodes was 44.3 + 21.2. A total of 32
patients died during the follow-up period and the
overall 5-year survival rate in those who under-
went RAMIE was 73.1%. Five-year survival rate

of patients who underwent upfront surgery was
75.0% and for patients who underwent neoadju-
vant chemoradiation followed by RAMIE was
59.0%. Survival rates according to pathologic
stage in patients who underwent upfront surgery
were 85.6% for stage 1, 66.0% for stage 2, and
62.2% for stage 3 (Fig. 3.6). We suspect that
higher survival rates in patients who underwent
upfront surgery were related to patient selection,
because most of these patients had clinical stage
1 or 2 and a significant number of patients had
stage migration after surgery. The patients who
received neoadjuvant treatment had more
advanced stage of disease, mostly clinical stage
3. Therefore, direct comparison between the
upfront surgery and neoadjuvant treatment
groups is not possible with our data. However,
long-term survival of the patients who under-
went RAMIE was excellent in both upfront sur-
gery and neoadjuvant treatment groups.

Conclusions

RAMIE is based on more advanced technology
when compared to thoracoscopic or laparoscopic
surgery. It consists of more meticulous dissection
of the upper mediastinal lymph nodes and safer
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preparation of the gastric graft. Major complica-
tion rates are acceptable and postoperative mor-
tality rates can be maintained at low levels. The
most important advantage of RAMIE was the
improved long-term survival when compared to
historical reports. We believe that improved sur-
vival can be achieved by the combination effect
of extensive lymphadenectomy and reduced post-
operative mortality. Further studies on the
RAMIE should be performed to clarify the onco-
logic role of RAMIE in the treatment of esopha-
geal cancer.
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Introduction

Gastrointestinal stromal tumors (GISTs) are the
most common soft tissue tumors of the gastroin-
testinal tract. They originate from mesenchymal
cells believed to be precursors of the interstitial
cells of Cajal [1, 2]. While the estimated annual
age-adjusted incidence of GISTs in the US was
0.78/100,000 in 2011 [3], the true incidence may
be underreported [4]. Most of these GISTs occur
within the stomach [5, 6] and although the exact
locations within the stomach are variable, the
majority of cases are detected in the antrum [7].
GISTs are predominantly initiated by gain-of-
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function mutations in KIT (c-KIT) [8], which is
the target for the tyrosine kinase inhibitor imatinib
that extends recurrence free survival and overall
survival in the adjuvant setting [9, 10]. Resectable
GISTs necessitate removal of the tumor with nega-
tive surgical margins [5], but there is no require-
ment for regional lymphadenectomy, given the
low incidence of lymph node metastases [11].

Minimally Invasive Techniques
for Resection of GIST

Open gastrectomy has been traditionally consid-
ered the gold standard operative approach for
GISTs. However, the introduction of minimally
invasive surgical techniques has shifted the trend
towards utilizing laparoscopic and robotic surgi-
cal approaches with the benefits of decreased
postoperative pain, shorter hospital length of
stay, and quicker recuperation.

Multiple studies have evaluated the role of min-
imally invasive techniques for resection of gastric
GIST. Laparoscopic surgery has been shown to be
safe and effective for the surgical management of
GISTs, including large tumors and tumors located
in technically challenging locations (e.g., gastro-
esophageal junction, lesser curvature, and poste-
rior wall of the stomach [12—-16]. There are few
studies that have examined robotic surgery for the
resection of GIST. Small case series have reported
the feasibility of robot-assisted techniques to
remove gastric and duodenal GISTs [17-19]. The
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enhanced maneuverability, improved visualiza-
tion, and ergonomic ease afforded by the robotic
platform compared to conventional laparoscopic
surgery may allow the surgeon to perform resec-
tions in more challenging locations [18]. In this
chapter, we outline the step-by-step surgical pro-
cedure in performing robotic segmental resection
of a large GIST located near the junction of the
cardia, fundus, and body.

Anatomy of the Stomach

The stomach has a rich vascular network of arter-
ies and veins. The major arterial inflow originates
from the branches of the celiac trunk, which gives
off three branches including the left gastric artery,
splenic artery and the common hepatic artery. The
left gastric artery supplies primarily the lesser
curvature of the stomach and the gastroesopha-
geal junction. The splenic artery courses behind
the superior border of the pancreas, and its
branches include the short gastric vessels and the
left gastroepiploic artery, which supplies the
greater curvature of the stomach. Finally, the
major branches of the common hepatic artery
include the right gastric artery that supplies the
lesser curvature and the pylorus and the gastro-
duodenal artery that joins the right gastroepiploic
artery to supply the greater curvature of the stom-
ach. Venous drainage follows that of the arterial

network, emptying into the portal venous system
via the splenic and superior mesenteric veins. The
coronary vein (aka left gastric vein) runs adjacent
to the left gastric artery and drains directly into
the portal vein. The stomach has an extensive
lymphatic drainage system; however, GISTs have
very low risk of lymph node metastases, and
regional lymphadenectomy is not required for
these cancers [11].

Case Evaluation

The patient is a 40-year-old male with an 8-cm
tumor originating from the submucosal layer of
the anterior wall of the stomach near the borders of
the cardia, fundus, and body of the stomach. The
patient initially presented to the emergency depart-
ment with hematemesis. Upper endoscopy was
performed and identified a large bleeding tumor
that appeared consistent with GIST. Endoscopic
biopsies were performed and confirmed the diag-
nosis. Computed tomography (CT) imaging of the
abdomen and pelvis demonstrated an 8-cm-wide
based tumor in the proximal stomach with no evi-
dence of distant metastatic disease (Fig. 4.1a, b).
We considered the option of a neoadjuvant
approach [20, 21]; however, given the bleeding
and need for blood transfusions, we elected to pro-
ceed to the operating room.

Fig. 4.1 (a) Coronal reconstruction of computed tomography scan demonstrating large proximal gastric cancer (black
arrow). (b) Axial reconstruction of the same proximal gastric cancer (black arrow)



4 Robotic Segmental Gastrectomy for Large Gastrointestinal Stromal Tumor 37

Pre-operative Considerations

After diagnosis of GIST has been confirmed, sev-
eral steps are necessary prior to surgical interven-
tion. This includes a staging workup consisting
of endoscopic ultrasound (EUS) and CT scans of
the chest, abdomen, and pelvis to evaluate the
extent of disease and to rule out distant metasta-
sis. Patients with unresectable or borderline
resectable disease or GISTs in technically chal-
lenging locations (e.g., gastroesophageal junc-
tion) may benefit from neoadjuvant therapy with
imatinib to downsize the tumor and increase the
likelihood of complete surgical resection [20,
21]. Other tests may be required based on patient
age and presence of comorbidities. No preopera-
tive bowel prep is administered.

Surgical Technique
Patient Positioning and Setup

After transport to the operating room, the patient
is placed in the supine position on the operating
room table. We do not use the lithotomy position
or split legs for gastrectomy. Prior to induction of
general endotracheal anesthesia, sequential com-
pression devices are placed on the bilateral lower
extremities, and intravenous antibiotics are
administered. After endotracheal intubation, a
Foley catheter and orogastric tube are placed. We
do not place central venous catheters, although
radial artery catheters are often placed to facilitate
accurate hemodynamic monitoring. Once these
initial steps have been completed, both arms are
tucked and the abdomen is prepped and covered
with an Ioban drape.

Instruments

For this procedure, we used the following robotic
instruments: fenestrated bipolar forceps, robotic
hook with monopolar cautery, prograsp forceps,
cadiere forceps, and needle driver. We used the

following laparoscopic instruments: scissors,
LAPRA-TY clip applier (Ethicon Endo Surgery),
suction/irrigation, endo-GIA linear stapler, and
thermal energy device.

Port Placement and Docking
the Robot

For gastric resection, we favor placing five ports
that are one hand-breadth apart in a semicircular
line with the camera port at the umbilicus
(Fig. 4.2). Initial entry at the umbilicus is estab-
lished using a modified Hassan technique with
placement of a 10/12-mm balloon port. Under
direct visualization, an 8-mm robotic port for
robotic arm 1 is placed in the left lateral abdomen
in the mid-axillary line. We place a 10/12-mm
assistant port in the right mid-abdomen in the
mid-clavicular line. Robotic arms 2 and 3 are
placed in mirror positions on the right and left
sides of the abdomen. Once the trocars are placed,
the Da Vinci robotic platform (Intuitive) is
brought in over the left side of the patient’s head
(Si) or on the patient’s left side (Xi). The Si plat-
form was used for this procedure (Fig. 4.3).

Fig. 4.2 Trocar placement for robotic wedge gastrec-
tomy. Robotic arm #3 may be unnecessary under select
conditions



38 S. Merchant et al.

Scrub nurse

(W

Fig. 4.3 Robotic setup for wedge gastrectomy using the Da Vinci Si platform
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Surgical Steps (Video 4.1)

Upon entry into the abdominal cavity, an explora-
tion was performed to assess for distant meta-
static disease and none was identified. The
approximately 8-cm tumor was visualized on the
anterior aspect of the proximal stomach near the
cardia (Fig. 4.4a, b). We considered surgical
options including proximal gastrectomy and
wedge resection. Given the size and location of
the tumor, we were concerned about potentially
narrowing the gastroesophageal junction with
partial gastrectomy. However, proximal gastrec-
tomy has considerable surgical risks including
anastomotic leak and bile reflux. We elected to
perform circumferential wedge resection of the
tumor to minimize the amount of resected tissue,
while obtaining negative surgical margins.

Although we did not utilize a dedicated liver
retractor, other surgeons could employ one of
several different options (e.g., Nathanson liver
retractor). We used a prograsp in robotic arm 3 to
retract the liver when needed. To minimize the
amount of tissue necessary for resection of the
GIST, the anterior aspect of the stomach was
opened using monopolar cautery with the hook in
robotic arm 1. Alternatively, the stomach could
have been opened with the Ligasure (Covidien)
through the assistant port. Opening the stomach
is an oncologically acceptable step for GISTs,
which are submucosal tumors, but it is not appro-
priate for gastric adenocarcinoma.

Fenestrated bipolar grasper in robotic arm 2
was used to retract the stomach, while an endo-
scopic GIA linear stapling device was placed
through the assistant port. Serial firings of the
stapler with 60-mm tan cartridges were used to
circumferentially resect the tumor, ensuring
grossly negative margins. We elected not to use
the robotic stapler because of the lack of vascular
cartridges and the need for a 15-mm trocar.
Alternatively, cautery or a thermal sealing device
can be employed to perform this resection. Once
the tumor was completely resected, the tumor
was placed in a specimen bag which was placed
through the assistant port.

We closed the gastrotomy defect along a lon-
gitudinal plane rather than a transverse plan to
avoid having the stomach fold over on itself. To
avoid potentially narrowing the gastroesophageal
junction with linear stapling devices, the closure
was performed with robotic suturing in two lay-
ers with 3-0 PDS running suture. First, the two
sides of the proposed incision line were loosely
approximated with sutures that were secured
with LAPRA-TY clips (Ethicon Endo Surgery).
A running suture was then started with the needle
driver in robotic arm 1 in a cranial to caudal
direction. We placed a LAPRA-TY clip at both
ends of the suture line instead of tying knots. A
second 3-0 PDS running suture was placed as the
second, outer layer. A final inspection for hemo-
stasis was performed and the robot was undocked.
The specimen bag is exteriorized by enlarging

Fig. 4.4 (a) Illustration showing the location of the large, proximal gastric tumor on the anterior surface of the stom-
ach. (b) Paired intraoperative image revealing only a small portion of the large gastric tumor
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the assistant port. The fascial incisions of the
10/12-mm port sites were closed with the Carter-
Thomason device using 0 Vicryl sutures and the
skin was closed with subcuticular absorbable
sutures. We did not leave an intraperitoneal drain-
age catheter.

Postoperative Care
and Complications

Postoperative management after robotic wedge
gastrectomy is the same as that after open sur-
gery. Patients are generally managed on the regu-
lar surgical floors without need for intensive care
units. It is our current routine to use nasogastric
tubes (NGTs), which are removed on postopera-
tive day #2. As we transition to enhanced recov-
ery after surgery protocols, we will no longer use
NGTs in the postoperative period. Furthermore,
we do not perform upper gastrointestinal radio-
graphic studies prior to removal of NGTs. After
the NGT has been removed, a liquid diet is started
and advanced as tolerated. Postoperative pain is
controlled by non-narcotic analgesia which is
supplemented as needed with patient-controlled
analgesia and oral narcotic regimens. Patients are
typically discharged home on postoperative day
#4. Although patients may be at risk for the same
postoperative complications observed with open
gastric resection, we have never had anastomotic
leak with wedge resection, and our rates of mor-
bidity are quite low with zero mortality over the
past decade.

Conclusions

Robotic wedge gastrectomy is feasible and safe
for gastric GISTs in challenging locations. The
greatest advantage with the robotic platform for
our procedure was the ease in closing the resec-
tion defect with long running sutures.
Straightforward robotic suturing can be per-
formed safely by both experienced gastric sur-
geons and trainees alike.
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Introduction

Laparoscopic resection of gastric tumors has
become increasingly adopted based upon numer-
ous clinical series demonstrating equivalent
oncologic outcomes as open resection [1-4]. The
first report of laparoscopic gastric wedge resec-
tion was initially described in 1994 for the treat-
ment of early gastric adenocarcinoma [5].
Minimally invasive gastric wedge resection has
now evolved to become the standard approach
for the surgical management of benign and
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malignant submucosal (i.e., non-adenomatous)
gastric tumors [6-8].

The differential diagnosis of benign gastric
tumors includes leiomyoma, schwannoma, pan-
creatic heterotopia, gastric cavernous hemangi-
oma, lipomas, and plexiform fibromyxoma.
Common malignant tumors include gastrointesti-
nal stromal tumor (GIST), leiomyosarcoma, gas-
tric carcinoid, and lymphoma. In contrast to
gastric adenocarcinoma and certain gastric carci-
noids, the safe treatment of the aforementioned
tumors only requires obtaining clear gastric mar-
gins. Thus, formal lymphadenectomy and gastro-
intestinal anastomoses are usually avoided. This
difference permits the use of a minimally inva-
sive wedge resection approach where an approxi-
mately 1-2-cm cuff of normal gastric tissue is
resected en bloc with both benign and malignant
tumors. Thus, selecting patients for this type of
operation relies upon accurate tissue diagnosis,
thorough preoperative workup, and careful
patient selection to yield best outcomes.
Consequently, patients undergoing laparoscopic
wedge resection as compared to larger, more for-
mal resections may benefit from reduced hospital
stays and postoperative recovery, as well as
equivalent oncologic outcomes [9, 10]. For the
present discussion, we will briefly address gen-
eral preoperative principles, and primarily focus
the discussion on the technical approach to lapa-
roscopic gastric wedge resection for benign and
non-adenomatous gastric tumors.
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Surgically Relevant Gastric
Anatomy

The stomach is the beneficiary of many redun-
dant arterial blood supplies from the celiac trunk.
The lesser curvature of the stomach and the gas-
troesophageal junction (GEJ) are supplied by the
left and right gastric arteries originating from the
celiac axis and proper hepatic artery, respec-
tively. The greater curvature of the stomach is
supplied by the left and right gastroepiploic ves-
sels originating from the splenic and gastroduo-
denal arteries, respectively. Additionally, the
short gastric vessels originating from the splenic
artery also supply the greater curvature and the
posterior wall. Finally, the pylorus is supplied by
the right gastric artery and gastroduodenal artery
originating from the proper hepatic artery and
common hepatic artery, respectively. The venous
drainage mirrors the arterial anatomy and is
delivered into the portal circulation via the
splenic vein or the portal vein. This includes the
coronary vein (also known as the right gastric
vein), which drains directly into the portal vein.
This rich blood supply and drainage makes the
stomach less prone to ischemia following surgi-
cal resection of one or more gastric vessels. This
absence of watershed zones makes it well suited
for wedge resections.

The stomach is also innervated by parasympa-
thetic nerves through the vagus nerve. The left
vagal nerve forms the anterior gastric plexus
along the antero-superior surface of the stomach,
while the right vagal nerve forms the posterior
gastric plexus along the postero-inferior gastric
surface. Sympathetic innervation of the stomach
is thru the celiac plexus originating from C5-9
nerve roots. The gastric vagal fibers provide for
pyloric relaxation, whereas the sympathetic
fibers control gastric acid secretion. The former
innervation will be noteworthy when performing
wedge resections of the lesser curve of the stom-
ach, which can lead to impaired pyloric relax-
ation and gastric emptying.

Finally, the lymphatic drainage of the stomach
is divided into 4 levels encompassing 16 stations.
However, lymphadenectomy is not generally per-
formed during most gastric wedge resection and
is therefore not relevant to the current discussion.

Preoperative Patient Selection

Minimally invasive gastric wedge resection of
tumors can be safely and effectively performed
when the goals of oncologic resection are met.
These include complete gross resection with
microscopically negative margins, total extracap-
sular resection, and avoidance of tumor rupture
or bleeding. In general, large or locally advanced
tumors with adjacent organ involvement are gen-
erally treated with open resection as achievement
of negative margins and avoidance of tumor frac-
ture are often challenging with a minimally inva-
sive approach. Moreover, adjacent organ
preservation may be more feasible via a laparot-
omy incision. Ultimately, surgical decision-
making must be a balance between applicability
of these approaches and the individual surgeon’s
technical skill set, as well as maintaining onco-
logic principles and preserving adjacent organs
when possible.

Appropriate patient selection is critical to
minimally invasive wedge resection of gastric
tumors. Although medical comorbidities among
cancer patients are common, patients must be
able to tolerate the cardiopulmonary strain asso-
ciated with general anesthesia, as well as
extended laparoscopy and pneumoperitoneum.
Accurate tumor localization is also a major deter-
minant of feasibility of wedge resection. Cross-
sectional imaging techniques and upper
endoscopy together can also provide valuable
anatomic information that can guide the surgical
approach. While the surgeon and patient may opt
for a laparoscopic approach over an open
approach, patients should be counseled about the
possibility of conversion to laparotomy, as well
as alternative approaches, including endoscopic
mucosal resection. Herein, we focus on laparo-
scopic approaches to gastric wedge resection.

Tumor Diagnosis and Imaging

Tissue diagnosis is essential in the workup of gas-
tric tumors in order to properly diagnose, stage,
and determine a proper course of treatment.
Gastric adenocarcinoma, some gastric carcinoids,
and metastatic lesions would not be properly
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treated with a wedge resection. The remainder of
the aforementioned submucosal gastric tumor
types in the introduction may all be considered for
wedge resection, and more specifically, minimally
invasive surgery if technically feasible.

Cross-sectional imaging (e.g., computed
tomography or magnetic resonance imaging) is
often part of the initial identification of gastric
tumors following symptomatic presentation or
during workup of other medical conditions.
Additionally, tumors may be identified during
upper endoscopy, in which case additional imag-
ing is usually obtained as part of the disease
workup in order to assess for metastatic disease.
Vice versa, patients with cross-sectional imaging
demonstrating a gastric mass should undergo
upper endoscopy as part of the initial tissue diag-
nosis. However, traditional upper endoscopy
alone is often inadequate as it frequently fails to
appreciate the submucosal tumor size and depth
of gastric masses. Advanced imaging techniques
including endoscopic ultrasound (EUS) provide
the highest level of resolution of gastric wall pen-
etration and neighboring structure involvement,
and can be used as a determinant of eligibility for
minimally invasive wedge resection [l1].
Moreover, EUS-guided fine-needle aspiration
and core-needle biopsy are often necessary to
obtain adequate tissue for diagnosis, because
superficial mucosal biopsies typically only iden-
tify normal mucosa and do not obtain tumor cells.
Taken together, preoperative cross-sectional
imaging and upper endoscopy with EUS are
complementary parts of the preoperative workup
of gastric tumors. These modalities are necessary
for proper selection of patients for minimally
invasive gastric wedge resection.

Operative Setup

In general, preoperative instructions include
nothing by mouth for at least 8 hours prior to sur-
gery, as well as discontinuation of antiplatelet or
anticoagulant medications if deemed medically
safe and appropriate. In the operating room, the
patient is placed in the supine position with both
arms either abducted or tucked. A split leg table
is preferable as it allows for the operating sur-

geon to be positioned between the patient’s legs.
The patient should be securely strapped to the
table to facilitate steep reverse Trendelenburg
positioning. The surgical assistant is positioned
on the patient’s left side. Monitors are ideally
positioned over the head of the bed in line with
the operating surgeon and across from the first
assistant (Fig. 5.1).

Upon induction of general endotracheal anes-
thesia, an orogastric tube may be placed to achieve
gastric decompression. This should be removed
prior to wedge resection in order to avoid acciden-
tal inclusion in the staple line. Alternatively, an
upper endoscope can be later used to decompress
the stomach. Urinary catheter may be placed and
usually can be removed upon completion of the
operation. This placement is dependent upon the
anticipated operative time.

According to Surgical Care Improvement
(SCIP) Guidelines, preoperative cefazolin should
be administered within 1 hour of incision.
Alternative agents in patients with f-lactam aller-
gies include clindamycin, vancomycin plus ami-
noglycoside, aztreonam, or a fluoroquinolone.
Following a time out or patient safety checklist
review by the operating team, nursing staff, and
anesthesia team, a supraumbilical 12 mm optical
trocar is introduced in the left abdomen just off-
set from midline within the rectus muscle. At this
time, a laparoscopic evaluation should be per-
formed for preliminary tumor localization,
assessment of additional disease (i.e., diaphragm,
liver surfaces, peritoneal lining, omentum, and
pelvis), and to determine optimal placement of
additional trocars. Two 5-mm ports are placed in
the left and right midclavicular positions approx-
imately 5 cm inferior to the costal margins. These
ports can be adjusted inferiorly if the tumor is
located in the distal stomach. An additional 5-mm
port is placed in the left midaxillary line approxi-
mately 2 cm inferior to the costal margin. If the
tumor is partially or completely obscured by the
left lateral section of the liver, a liver retraction
system is necessary. A stab incision is made in
the sub-xiphoid region just offset to the patient’s
left side. Using a hemostat, the peritoneal cavity
is entered. A Nathanson liver retractor can then
be placed thru this site (Fig. 5.2). Numbering the
ports 1 thru 4 for the patient’s right side, the
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Fig.5.1 Patient positioning and operating room setup
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Fig. 5.2 Placement of trocars and

Nathanson liver retractor

laparoscopic

operating surgeon will generally use ports 1
(right midclavicular) and 3 (left midclavicular),
while the assisting surgeon will generally use
port 2 (periumbilical) for the camera and port 4
(left midaxillary) for lateral retraction. Additional
trocars may be placed as deemed appropriate by
the operating surgeon.

Intraoperative upper endoscopy is a useful
adjunct to laparoscopic localization of gastric
tumors, particularly when the mass is endophytic
and difficult to appreciate from the extraluminal
approach. Intraoperative endoscopy is also often
utilized to confirm appropriate intragastric mar-
gins, adequate patency of the gastric lumen, and
sufficient distance from the gastroesophageal junc-
tion (GEJ) or the pylorus for proximal or distal
resections, respectively. Additionally, endoscopic
insufflation at the end of the procedure can be use-
ful to help re-confirm patency of the gastric lumen,
as well as a lack of gastric volvulization (mesen-
teroaxial), which may occur following wedge
resection of some pre-pyloric and antral tumors.

Operative Principles

The goals of complete resection for gastric tumors
include microscopically negative margins (i.e.,
RO), total extracapsular resection, and avoidance

of tumor rupture or bleeding. The method for
achieving these goals varies with tumor location,
the mobility of the tumor, and whether the tumor
has an endophytic or exophytic pattern of growth.
In general, the most common and simple approach
entails grasping normal gastric wall surrounding
an exophytic tumor with an atraumatic instrument
and elevating it toward the anterior abdominal
wall. With an upper endoscope functioning as a
bougie, anterior retraction is followed by dividing
the normal adjacent stomach with a linear endo-
scopic gastrointestinal anastomosis (GIA) stapler
just beyond the base of the tumor using the 12-mm
port. Gastric masses that are not easily retracted
and which are often endophytic can be mobilized
by the placement of proximal and distal seromus-
cular sutures, which then can be retracted to ele-
vate the tumor, thereby also facilitating GIA
stapler placement. Alternatively, difficult to ele-
vate masses (that are often endophytic) can be cir-
cumferentially excised with the use of ultrasonic
coagulating shears followed by GIA stapler clo-
sure or laparoscopic suturing of the resultant gas-
trotomy in a transverse fashion. This approach
may be useful for avoiding neighboring structures
such as the GEJ or pylorus. Selection of GIA sta-
pler cartridge is based on a subjective judgment
on the thickness of the gastric wall. Normal
appearing gastric wall is usually adequately
sealed with a blue load (open height 3.5 mm;
closed height 1.5 mm), while thickened gastric
tissue can require a green load (open height
4.1 mm; closed height 2.0 mm). Intermediate
thickness is handled with a gold load (open height
3.8 mm; closed height 1.8 mm). Additionally, bio-
absorbable staple line reinforcement may be uti-
lized to potentially reduce perioperative leaks and
bleeding. Finally, a laparoscopic retrieval bag is
used to safely remove the tumor from the perito-
neal cavity using the 12-mm port.

Resection by Location

Surgical approach is often determined by the
location of the tumor within the stomach. The
following sections describe the techniques
employed for each possible location.
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Greater Curvature

Tumors located along the greater curvature of the
stomach are accessed by first dividing the gastro-
colic ligament. Thermal coagulating and cutting
devices are often used to achieve hemostasis of
gastroepiploic branches. Care should be taken to
avoid unnecessary ligation of the right gastroepi-
ploic artery. Continuing along the greater curve,
division of the short gastric vessels allows for
further mobilization of the lateral stomach
enabling medial rotation of the greater curve.
This is facilitated by gentle retraction on the gas-
trosplenic ligament by the surgical assistant,
which improves visualization of these vessels. If
necessary, this dissection can be taken up to the
level of the superior pole of the spleen and left
crus of the diaphragm. Ultimately, this dissection
allows for anterior retraction of greater curvature
tumors and facilitates resection as described
above. These masses are usually resected with
either a single fire of a GIA stapler or successive
staple fires performed in a semi-perpendicular
manner creating a “V”-shaped resected margin.
If necessary, protrusion of the mass may be facili-
tated by using an endoscope to push the tumor
towards the stapler.

Lesser Curvature

Tumors located on the lesser curvature of the
stomach are slightly more difficult to access and
require division of the gastrohepatic ligament for
visualization. Early identification of the coro-
nary vein and utilization of preoperative imaging
for assessing the presence of a replaced/acces-
sory left hepatic artery are important for avoid-
ing iatrogenic injury. Division of the
gastrohepatic ligament is generally performed
with a hemostatic method to ligate branches of
the left gastric artery, coronary vein, and vagal
nerve fibers. Based on the location of the mass,
division of the short gastric vessels along the
greater curve of the stomach is sometimes neces-
sary to achieve full anterior rotation of the lesser
curve of the stomach. Mobilization of the lesser

Fig. 5.3 Minimally invasive wedge resection of a lesser
curvature gastrointestinal stromal tumor with an endolu-
minal stapler and bioabsorbable staple line reinforcement

Fig. 5.4 Minimally invasive wedge resection of an ante-
rior wall gastrointestinal stromal tumor

curvature permits rotation of the stomach to
patient’s left side and retraction of the tumor
toward the anterior abdominal wall (Fig. 5.3,
Video 5.1).

Anterior Wall

Anterior wall tumors are often readily visible
upon creation of pneumoperitoneum.
Occasionally, dissection of the greater omentum
can help to appreciate the extent of inferiorly
located masses. Tumors located on the anterior
gastric wall are often mobile and it is not always
necessary to divide the short gastric vessels to
perform anterior retraction of these masses
(Fig. 5.4, Video 5.1). In these cases, fewer laparo-
scopic ports may be needed.
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Posterior Wall

Posterior wall tumors can be accessed by one of
two approaches. The first method entails mobi-
lization of the posterior gastric wall by organo-
axial rotation of the stomach following
mobilization of the lesser and greater curves of
the stomach as discussed previously for the
aforementioned tumors. This permits elevation
of the posterior wall tumor toward the abdomi-
nal wall and resection as previously described.
This approach is best suited for lesions that are
located on the posterior surface of the stomach
along either the lesser or greater curves. In
these cases, care should be taken to avoid cork-
screwing the stomach with staple firing as this
can lead to narrowing or kinking of the gastric
lumen.

An alternative approach is the creation of an
anterior longitudinal gastrotomy through which
tumors located on the posterior wall or posterior
endophytic lesions can be accessed. It is often
useful to place peripheral sutures along the mar-
gins of the tumor which are used to elevate the
posterior wall mass through the anterior gastros-
tomy facilitating visualization of the tumor and
placement of the GIA stapler. Closure of longitu-
dinal gastrotomy should be performed horizon-
tally to minimize luminal narrowing. This is
usually performed with either a stapling device at
the base of the gastrostomy or full-thickness
suture closure of the defect.

Adjacent to Gastroesophageal
Junction

Tumors located at the gastroesophageal junction
must be approached cautiously to avoid proximal
narrowing of the stomach and dysfunction of the
lower esophageal sphincter (LES) complex.
Tumors that are located at least 3 cm away from
the GEJ can usually be safely resected using the
techniques described above. Exophytic tumors
located immediately adjacent to the GEJ are
often amenable to treatment with wedge resec-
tion. The tumor must be easily elevated off the

LES complex with a bridge of normal gastric tis-
sue for linear GIA stapler placement. It is ideal to
perform this with simultaneous upper endoscopy
wherein an endoscope can function as a bougie
and camera in order to avoid narrowing the GEJ
(Video 5.1).

In contrast, endophytic lesions adjacent to the
GEJ may be best treated through an intra-gastric
laparo-endoscopic resection approach. In this
method, one 12-mm trocar and one or two 5-mm
trocars triangulating the location of the tumor are
serially placed into the peritoneal cavity. An
endoscope is placed into the stomach which is
then insufflated. The stomach wall is penetrated
with cuffed trocars, which are advanced full
thickness thru the gastric wall and into the gastric
lumen with concomitant endoscopic and laparo-
scopic visualization. The balloon cuffs are then
insufflated and the trocars are retracted so that
gastric wall is opposed to abdominal wall. This is
somewhat analogous to the concept of the bal-
loon (inside) and bumper (outside) apposition of
a percutaneous endoscopic gastrostomy (PEG)
tube. The tumor is then resected using the same
principles of an intraperitoneal laparoscopic
resection; however, a retroflexed endoscope can
function as the camera in order to limit the num-
ber of trocars that must be introduced into the
gastric lumen. The endophytic gastric mass is
grasped intraluminally with normal gastric wall
surrounding it. Intraluminal retraction is followed
by dividing the normal adjacent stomach with a
linear endoscopic gastrointestinal anastomosis
(GIA) stapler just beyond the base of the tumor
using the 12-mm port (Fig. 5.5). Typically, this is
accomplished with serial gold stapler loads
except at the last staple fire, which is either a
white or gray load to minimize bleeding from the
gastric mucosa. If bleeding occurs, clips can be
placed on the staple line. The tumor may then be
placed into a laparoscopic retrieval bag. For
tumors less than 4 cm, the tail of the bag may be
grasped with an endoscope and removed via the
esophagus and mouth. For larger tumors, the
12-mm gastrostomy should be extended in order
to allow for moving the tumor into the perito-
neum and then out thru the abdominal wall
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Fig.5.5 Endoscopic-laparoscopic wedge resection of gas-
troesophageal junction gastrointestinal stromal tumor: (a)
intragastric trocar placement, lumenal view; (b) intragastric

defect. After the tumor is safely removed, the
gastrostomies are closed with intracorporeal
sutures or linear staple fires [12, 13]. A recent
variant of this approach utilizes a single port to
access the stomach. Entry to the stomach is
accomplished through a 2.5-cm laparotomy fol-
lowed by grasping and extracorporealizing the
gastric body. A single port device is placed into
the gastric body and the resection is performed.
Upon completion, the gastrostomy is closed
extracorporally [14]. While technically challeng-
ing with steep learn curves, these approaches are
quite useful in cases where the tumor is not visi-
ble from the serosal surface.

An additional approach for benign tumors
adjacent to the GEJ is enucleation off the LES
complex. This can be accomplished by first enter-

trocar placement, intraperitoneal view; (c) retroflexed
endoscopic view; (d) schematic depection of retroflexed
endoscopic view; (e) intragastric stapler placement

ing the lumen of the stomach with a linear gas-
trotomy. The mass can then be carefully dissected,
taking care to avoid fracture of the mass or
full-thickness penetration of the stomach wall.
After the mass is removed, the gastrotomy can be
reapproximated with intracorporeal suturing.
Injection of dilute epinephrine is often used to
minimize mucosal oozing from the resection bed.

Antrum

Tumors of pre-pyloric region also pose a chal-
lenge due to the proximity of the pyloric muscle
and tendency for luminal narrowing that can pro-
mote gastric outlet obstruction following resec-
tion. Analogous to the GEJ tumors, those located
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greater than 3 cm away from the pylorus can be
safely resected using the approach specific to the
surface of the stomach where the tumor occurs.
Resection using GIA stapler should generally be
performed in the perpendicular fashion to mini-
mize luminal narrowing. Alternatively, it may be
necessary to perform full thickness excision using
ultrasonic shears to precisely avoid the pylorus.
This may be performed with perpendicular clo-
sure of the resultant gastrotomy. Tumors that
occur on the posterior pre-pyloric region can be
approached through a longitudinal anterior gas-
trotomy that is generally made 5 cm proximally to
the tumor to improve visualization of the pylorus.
Particular caution should be exercised in the case
of large tumors where closure of the resection
defect may result in stenosis of the gastric outlet.
In this case, laparoscopic or open distal gastrec-
tomy should be considered with reconstruction
(Bilroth I, Bilroth II or roux-en-Y gastrojejunos-
tromy). In these situations, upper endoscopy is
critical for assessing luminal patency and whether
a more formal resection is necessary.

Postoperative Care

Postoperatively, patients may be started on sips of
water or a clear liquid diet on the day of the opera-
tion. Ambulation is encouraged. The diet may be
gradually advanced to full liquids with protein
shakes and patients are discharged to home within
2-4 days. Further advancement to a soft diet
occurs at home. At approximately 14 days postop-
eratively, a regular diet can be resumed. In con-
trast to anatomic gastric resections, permanent
alterations to the patient’s diet or dietary supple-
mentation are usually unnecessary.

Complications

There are several potential complications associated
with minimally invasive gastric wedge resection.
Perioperative hemorrhage is generally due to staple
line bleeding. Hematemesis should be promptly
investigated with upper endoscopy taking care to
avoid overinsufflation of the stomach to minimize

tension on the fresh staple line. Staple line bleeding
can usually be safely managed with endoscopic
hemostatic methods (e.g., injection of epinephrine
or placement of clips), as well as medical therapy
with proton pump inhibitors. Alternatively, bleeding
can rarely originate from unligated vessels encoun-
tered during the mobilization of the gastric body. If
the patient is hemodynamically stable with labora-
tory evidence of anemia but no enteral blood,
bleeding should be investigated with computed
tomography with intravenous contrast to identify
accumulation of intraabdominal blood or a hema-
toma. In select cases, this may be managed conser-
vatively versus returning to the operating room for
evacuation of the hematoma and ligation of any
bleeding vessels. If the patient is hemodynamically
unstable, they should be immediately resuscitated
and return to the operation room for exploration and
appropriate management.

Postoperative gastric leak is a feared, but fortu-
nately rare complication of minimally invasive
gastric surgery. Upper gastrointestinal series can
be useful to confirming the presence of gastric
leaks in ambiguous clinical scenarios. Prompt
operative or percutaneous drainage of intraabdom-
inal fluid collections along with initiation of broad
spectrum antibiotics are important first steps. The
decision about whether to attempt to close the gas-
tric fistula is based on the presence of peritonitis,
the size of leak, the rate drainage, the health of sur-
rounding tissues, and the timing of the leak rela-
tive to the operation. Alternative approaches to
operative closure include endoscopic over-the-
scope clip (OTSC) devices [15] and more recently
studies showing closure of gastric fistula with
endoluminal vacuum (E-Vac) therapy [16].

Narrowing of the gastric lumen can cause a gas-
tric outlet obstruction (GOO) due to mechanical nar-
rowing of the stomach due to the amount of stomach
resected. This is more likely in resections of the GEJ
or pylorus and present early in the postoperative
period. Performing upper endoscopy at the time of
resection may be one approach to avoid this. GOO
may also present in the subsequent weeks or months
as scar tissue forms and stenosis of a partially nar-
rowed gastric lumen occurs. Management should
first include endoscopic balloon dilation followed by
surgical revision if necessary.
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Gastric wedge resection modifies the structure
of the stomach anatomy. Although this change is
generally benign, certain resections can place the
stomach at high risk of mesentericoaxial gastric
volvulus. This is most commonly seen in moder-
ate to large wedge resections of the pre-pyloric
region, which can cause the stomach to kink upon
itself. This complication usually causes a func-
tional gastric outlet obstruction. In cases where
this may occur, the phenomenon can be repli-
cated by overdistension of the stomach upon
upper endoscopic insufflation. Immediate revi-
sion of the gastric resection to a formal distal gas-
trectomy with reconstruction should be performed
if this kinking or gastric volvulus is identified.
Thus, evaluation of the patency of the gastric
lumen by endoscopy at the end of the operation is
an important safeguard against development of
this serious complication.

Lastly, interruption of the vagal innervation of
the pylorus can result in pyloric tetany. This is usu-
ally due to transient disruption in vagal signaling
caused by manipulation of the stomach during
resection or due to resection of vagal fibers with a
lesser curve resection. This is easily treated with
endoscopic injection of botulinum toxin.
Temporary paralysis of the pylorus enables resto-
ration of normal pyloric regulation. Rarely, pyloric
tetany can persist and may require a revision pylo-
romyotomy to restore normal gastric function.

Conclusions

Minimally invasive gastric wedge resection is a
safe and effective approach for the management of
benign and malignant non-adenomatous gastric
tumors. Thorough preoperative diagnosis, workup,
and patient selection are critical to the successful
execution of this method. The oncologic principles
including RO resection and avoidance of tumor
rupture or bleeding must be achievable through
wedge resection in order to justify use of the
approach. This must also be weighed with func-
tional outcomes of partial gastrectomy. Surgical
technique varies with tumor location in the stom-
ach and the mobility of the tumor. Most regions of
the stomach are easily resected after appropriate

mobilization. Pre-pyloric and GEJ junction tumors
present unique challenges that can be overcome by
careful dissection and appropriate selection of sur-
gical approaches.

Key Operative Steps

1. Place the patient in the supine position with
both arms abducted on a split leg table in
reverse Trendelenburg position.

2. Place a 12-mm located port in the perium-
bilical position and three additional 5-mm
ports.

3. Perform a diagnostic laparoscopy to assess
for metastatic disease.

4. Place a Nathanson liver retractor displacing
the left lateral section of the liver in the cra-
nial position.

5. Mobilize the greater curvature of the stom-
ach by dissecting the short gastric vessels.

6. For lesser curvature tumors, open the gastro-
hepatic ligament.

7. Identify the tumor and elevate it towards the
anterior abdominal wall. Consider suture-
assisted elevation if the tumor is endophytic
or difficult to mobilize.

8. Place a GIA stapler at the base of the tumor
overlaying an approximately 1-cm cuff of
normal gastric tissue. The stapler should
be positioned in a direction that maintains
the patency of the gastric lumen. This can
be ensured with simultaneous verification
by upper endoscopy before firing the
stapler.

9. Remove the tumor with a laparoscopic bag.

10. Use upper endoscopy to verify that the staple
line is intact and without leakage or bleed-
ing, to confirm adequate luminal patency,
and to an absence of gastric mesenteroaxial
volvulus.
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Step-by-Step Description
of Pylorus-Preserving Gastrectomy

Felix Berlth, Naoki Hiki, and Han-Kwang Yang

Introduction

While gastric cancer remains one of the most
common causes of cancer-related deaths world-
wide [1], countries with a high rate of early
detection due to screening programs and general
awareness, especially Japan and Korea, have
developed advanced techniques to perform stom-
ach- and function-preserving surgery. As such,
pylorus-preserving gastrectomy (PPG) has been
established as a good option for clinically early
gastric cancer of the middle portion of the stom-
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ach [2, 3]. The principle of this operation is to
combine luminal segmental resection of the
stomach with preservation of pyloric function
with an oncologically accurate extended D1+
lymph node dissection. Prospective studies have
shown the long-term oncological safety of this
approach compared to distal gastrectomy; and we
await the results of a Korean prospective random-
ized trial regarding the functional outcome
(KLASS-04).

The Japanese gastric cancer treatment guide-
lines list the PPG operation as an option for
cT1INO cancers of the middle portion of the stom-
ach; however, the exact tumor location that is suit-
able for PPG is still under discussion, especially
regarding the proximal extent of the tumor [4].
The distal extent of the tumor should be no closer
than 4 cm from the pylorus to achieve a negative
resection margin and to preserve sufficient antral
tissue for pyloric function. Nevertheless, postop-
erative gastric stasis caused by pyloric spasm is
one of the potential complications and challenges
after PPG. Several technical alterations have been
suggested to improve this particular outcome,
which is a critical endpoint that is necessary to
realize the clinical benefits of PPG. As laparo-
scopic surgery has been confirmed, in Japanese
and Korean prospective randomized trials, to be
an oncologically safe option for early gastric can-
cer, the PPG resection is widely performed by the
minimally invasive approach followed either by
intracorporeal or extracorporeal gastro-gastros-
tomy [5, 6]. This chapter describes the technical
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steps of PPG for clinically early gastric cancer
and suggests anastomotic techniques.

Approach, Placement of Trocars,
and the Operative Field

For minimally invasive resection, the laparo-
scopic and robotic approaches represent possible
options. Laparoscopic PPG is the most estab-
lished and most standardized procedure; and
much of the published evidence regarding mini-
mally invasive PPG is based on the use of laparo-
scopic techniques. However, despite higher costs,
the robotic approach may be safe and accurate for
gastric cancer surgery as well, although a study
comparing laparoscopic and robotic PPG did not
reveal differences in outcomes [7].

In the laparoscopic setting, the patient is
placed in supine, reverse Trendelenburg position
with the legs elevated (Fig. 6.1). Typically, an
11-mm camera trocar is placed in the infra-
umbilical position. Additional two 12-mm ports
can be positioned right and left and cranial of the
camera port followed by one 5-mm port each in
the right and left upper lateral positions. If the
operator stays on the right side of the patient and
extracorporeal anastomosis is performed, two
5-mm trocars on the patient’s left side are suffi-
cient. The patient’s position is similar for the
robotic approach; but to achieve the longest dis-
tance between the external robotic arms, both
7-mm ports are placed more laterally (Fig. 6.2).

Operative Technique

Partial Omentectomy and Ligation
of the Left Gastroepiploic Vessels

After diagnostic laparoscopy, the resection is
started near the midline of the omentum. The
stomach can be lifted to inflate air into the lesser
sac to separate and provide distance between the
stomach and the colon for safer division. After
finding the correct plane in the lesser sac, omen-
tectomy is proceeded towards the direction of the
spleen. Typically, after visualization of the lower

splenic pole, the left gastroepiploic vessels can
be identified (Fig. 6.3a) and ligated with clips.
Two clips on the patient side and one clip on the
specimen side are recommended for safe ligation
of all landmark vessels during gastrectomy. After
ligation, the vessels can be followed to the stom-
ach to prepare the greater curvature for cleaning.

The portion of the greater curvature that will
be preserved is cleaned of tissues, vessels, and
lymph nodes. This maneuver of cleaning the
greater curvature is performed in a distal to proxi-
mal direction starting approximately at the loca-
tion of the proposed transection plane of the
stomach and heading proximal to the ligated left
gastroepiploic vessels (Fig. 6.3b). To facilitate
this step, the greater curvature of the stomach
should be aligned with the direction of the energy
device and proper traction and counter-traction
should be maintained with the assistant’s help.
The greater curvature should be cleaned layer by
layer (posterior and anterior layer) to remove
lymphatic tissues close to or on the stomach sur-
face while avoiding bleeding. These tissues
remain in continuity with the omentum at the dis-
tal stomach. Upon completion of skeletonizing
the proximal stomach, partial omentectomy is
completed towards the right side of the patient
until the infrapyloric area is approached. This first
part of the operation is similar to standard laparo-
scopic distal gastrectomy for early gastric cancer.

Infrapyloric Dissection

The infrapyloric dissection is the most crucial
and challenging part of the PPG operation. In
order to maintain good pyloric function, both
right gastroepiploic artery and vein should be
clipped only after it has branched to the pylorus
and antrum. On the other hand, the infrapyloric
region must be cleared of lymphatic tissues for
oncological accuracy and integrity. The partial
omentectomy can be finished by heading towards
the gallbladder and carefully separating the
greater omentum from the underlying fused
transverse mesocolon (Fig. 6.3c). In the last step
of partial omentectomy, the second portion of the
duodenum should be visualized (Fig. 6.3d). Now
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Fig. 6.1 Patient and surgeon positioning for minimally invasive pylorus-preserving gastrectomy
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Trocar positioning for laparoscopy

Trocar positioning for robotic surgery

Fig. 6.2 Trocar/port positioning for laparoscopic and robotic pylorus-preserving gastrectomy

Fig. 6.3 Intraoperative image showing (a) isolation of the left gastroepiploic vessels, (b) cleaning the greater curvature,
(c¢) completion of omentectomy, and (d) visualization of the duodenum

the fusion plane of infrapyloric tissue and meso-
colon should be identified to initiate the infrapy-
loric dissection. The assistant lifts up the antrum
by gently grasping the posterior wall and care-
fully retracting the mesocolon downward using

gauze to maintain a proper operative field
(Fig. 6.4a). The assistant’s retraction of the stom-
ach wall can facilitate effective counter-traction
during the infrapyloric dissection by altering the
direction of traction.
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Fig. 6.4 Intraoperative image showing (a) the infrapylo-
ric area prior to dissection, (b) the fusion plane between
the mesocolon and right gastroepiploic vessels, (c¢) the

The surgeon can approach the fusion plane by
dissecting on the posterior aspect of the right gas-
troepiploic vessels in the direction of the gastro-
duodenal artery. Depending on its origin, the
infrapyloric artery can be isolated and saved.
There are several variations to this artery with the
infrapyloric artery originating from the anterior
superior pancreaticoduodenal artery (64.2%), the
right gastroepiploic artery (23.1%), or the gastro-
duodenal artery (12.7%) [8]. Next, the fusion
plane is dissected to separate the mesocolon from
the tissues adherent to the stomach (Fig. 6.4b). At
this point, the root of the right gastroepiploic ves-
sels can be visualized. If the vessels appear during
this step of dissection, it should be determined
whether they supply blood to the pyloric region.
To perform safe dissection of lymphatic tissues
along the infrapyloric vessels, the assistant can
retract the antrum towards the left upper quadrant
which will place the infrapyloric vessels into a
direction that is parallel to the direction of the
energy device (Fig. 6.4b). Short bursts of coagula-
tion with the energy device can preclude damage

i

anterior region of the infrapyloric area, and (d) dissecting
along the right gastroepiploic vessels

to the pyloric blood supply. As the dissection of
the posterior side of the gastroepiploic vessels is
completed, the peritoneal layer is opened on the
anterior side of the vessels just proximal to the
distal end (Fig. 6.4c). Small vessels supplying the
pylorus are uncovered. If bleeding is encountered,
we suggest compressing with gauze and avoiding
thermal damage with an energy or bipolar device.

The distal resection line must be determined.
The proximal pyloric branches of the greater cur-
vature are cleaned of their lymphatic tissues. If
the antrum cuff is too long, then stasis in this seg-
ment can occur due to impaired motility. As the
posterior and the anterior sides are dissected, the
infrapyloric lymphatic tissues are dissected and
harvested along the gastroepiploic vessels in a
distal to proximal direction (Fig. 6.4d). Now, the
gastroepiploic vessels can be clipped after they
have supplied the branches to the pylorus. We rec-
ommended saving both the arterial and venous
branches to the pylorus to avoid postoperative
edema which may lead to malfunction of the
pylorus [9]. Before moving to the lesser curvature
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side, we recommend dividing the connection
between lymph node station 5 and 8a under the
stomach to facilitate later dissection of lymph
node station 8a on the lesser curvature.

Distal Lesser Curvature

In order to elevate and stretch tissues and protect
structures such as the common hepatic artery, we
place three gauze sponges under the lesser omen-
tum at the under surface of the stomach before
approaching the anterior side of the lesser curva-

ture. Lymph node station 5 along the right gastric
artery is not harvested in PPG [10]. In this area,
important perineural structures for the pyloric
region are located, and oncologically, it is not
mandatory to harvest nodes from this station for
the indicated tumor location. However, if suspi-
cious lymph nodes are visualized in the infrapylo-
ric or suprapyloric regions, we advise dissecting
the tissues for frozen section investigation or to
abort the PPG procedure and convert to formal dis-
tal gastrectomy to achieve radical resection in this
area. The right gastric artery arcade (Fig. 6.5a)
should be clipped distal from its origin and approx-

Fig. 6.5 (a) [llustration showing the right gastroepiploic
vessels with preservation of the pyloric branches. (b)
Paired intraoperative image with lifting of the right gas-
troepiploic vessels to highlight preservation of branches

to the pylorus. Intraoperative images showing (c) the right
gastric arcade, (d) clipped left gastric artery, and (e) clean-
ing the lesser curvature of the stomach
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imately 3 cm from the pylorus. The assistant can
place counter-traction on the lesser curvature by
retracting the antrum in a caudal direction using
gauze to maximize the force of retraction. Similar
to dissection of the greater curvature, the lesser
curvature can be skeletonized. The lesser omen-
tum is divided in the direction of the gastroesopha-
geal junction. During this step, preservation of the
hepatic branches of nervi vagi can be achieved.
Potential lymph nodes in this location or an aber-
rant left hepatic artery can complicate this step.
With respect to oncological principles, the preser-
vation of an aberrant left hepatic artery is an appro-
priate maneuver. The result of these steps now
permits the suprapancreatic area to be visualized
from above the lesser curvature of the stomach.

Supra-pancreatic Lymph Node
Dissection

Lymph node station 8a dissection is performed
along the common hepatic artery to the root of the
left gastric artery. As mentioned above, it is better
to separate tissues between lymph node station 5
and 8a on the posterior aspect of the distal stom-
ach. If a coronary vein is visualized early, it should
be clipped and divided. The assistant can grasp
and lift the pedicle of the left gastric vessels in an
orthogonal position to the supra-pancreatic border
(Fig. 6.5b. The assistant’s counter-traction on the
pancreas using gauze sponge is optional. Attention
should be paid to avoid excessive retraction on the
pancreas which can lead to injury to the vessels
[11]. The left gastric artery and vein are skeleton-
ized and clipped at its roots (Fig. 6.5c). For D1+
dissection, harvesting lymph node station 11p is
not mandatory; however, if dissection is desired it
can be performed after the left gastric vessels are
divided. The tissue behind the root of the left gas-
tric artery should be harvested as part of lymph
node station 9.

Lesser Curvature Dissection

After completion of the necessary steps for dis-
section along lymph node station 8a, the tissues of
the supra-pancreatic area along the diaphragmatic

crus are dissected towards the direction of the
esophagogastric junction. The necessity of dis-
secting lymph node station 1 in middle stomach
for early gastric cancer is controversial and defer-
ring dissection of these nodal tissues could pre-
serve vagal innervation to the pylorus. However,
the guidelines for PPG suggest that these nodal
tissues should be removed as part of the surgical
specimen. The nodal tissues along the lesser curve
(i.e., lymph node station 3) are dissected layer by
layer similar to the dissection of the greater curva-
ture up to the location of the proximal resection
line (Fig. 6.5d). Gentle retraction by the assistant
is crucial to stretch the tissues for clean dissection
of lymphatic tissues while avoiding bleeding. The
lesser curvature of the stomach can be quite thin
and tearing or thermal penetration of the stomach
should be avoided (Fig. 6.5¢).

Gastro-gastrostomy

Extracorporeal Anastomosis

If an extracorporeal anastomosis is performed, a
mini-laparotomy (5 cm) is sufficient in most
cases. For the exact location of the incision, lapa-
roscopic views can be helpful. For the most com-
mon location of early cancer in the middle portion
of the stomach (i.e., lower body/corpus), a trans-
verse incision represents a comfortable approach.
For higher locations (i.e., mid-body), a vertical
midline incision can be used.

After laparotomy, the mobilized stomach can
be gently extracted. To easily determine the lumi-
nal extent of resection, preoperative endoscopic
clipping is a good option. For extracorporeal
anastomosis, the clips are palpable and can be
located. Distal resection can be performed by
clamping the proximal portion of the stomach
and dividing the stomach layer by layer with
electrocautery. The distal margin is sent for fro-
zen section evaluation.

One maneuver to decrease postoperative
pyloric spasm is manual dilatation of the pylorus,
which can easily be achieved at this point in the
procedure [12]. A ring forceps is inserted into the
lumen and the pylorus is gently stretched for
10-15 seconds (Fig. 6.6a). For the proximal
resection, an Allen clamp is applied across the
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Fig. 6.6 Intraoperative images showing (a) distal resection of the stomach and dilatation of the pylorus, (b) proximal
resection of the stomach, (¢) creation of the gastro-gastrostomy, and (d) the pathologic specimen

proposed transection line from the greater to
lesser curvature; and another clamp is placed in a
similar fashion at the distal transection line. The
proximal clip, the cancer, and the resection lines
can all be marked with ink on the external surface
of the stomach. Then, the middle portion of the
stomach is resected using a linear stapler
(Fig. 6.6b). After retrieving the resected stomach,
we check the resection margin macroscopically.
Then, a proximal margin can be sent for frozen
section examination.

At last, the gastro-gastrostomy is performed
with a single-layer continuous interlocking hand-
sewn anastomosis using 3—0 polyfilament absorb-
able sutures (Fig. 6.6c). In case of tension or
bleeding, the anastomosis can be reinforced with
single sutures. Since the specimen without con-
nective tissue represents a segmental resection, it
is important to provide orientation for the pathol-
ogist to ensure precise documentation of appro-
priate resection margins before tissues are fixed
(Fig. 6.6d).

Intracorporeal Anastomosis

If intracorporeal anastomosis is desired, the lumi-
nal extent of resection can be determined using
different methods. Endoscopic clipping of the
desired margins seems beneficial; and x-ray,
ultrasound, or intraoperative gastroscopy can be
used to localize the clips. A combination of clip-
ping and intraoperative gastroscopy is a safe
option for intracorporeal anastomosis [13]. This
intracorporeal technique is performed using lin-
ear staplers. For reconstruction, the first option
appears similar to the delta-shape intracorporeal
anastomosis in Billroth I resection. Both parts of
the remnant stomach are opened at the end of the
stapler line along the greater curvature. A linear
stapler is inserted first in the proximal stomach
and followed by the distal stomach and both parts
are gently brought together. The staple lines of
both parts of the stomach (proximal and distal
stomach) should be positioned parallel above the
inserted stapler. Special care should be taken to
ensure that the distal remnant stomach does not
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slip in the direction of the pylorus during this
maneuver. After firing the linear stapler and con-
necting the proximal and distal stomach, the
common channel/opening can be closed using
another firing of the linear stapler, while carefully
avoiding narrowing of the lumen.

The second option for intracorporeal anasto-
mosis after PPG was developed by one of our
authors (N.H.) as the “piercing method”. This
technique was developed since a linear stapler
that is inserted in the distal remnant stomach can-
not transversely reach the opposite side for the
widest anastomoses when there are also large dis-

Fig. 6.7 Illustration
demonstrating the
piercing method. (a) For
wide remnant antrum,
the linear stapler may
not fully reach from the
greater to lesser
curvatures. (b) If a small
gastrotomy is made at
the lesser curvature, the
linear stapler can
successfully reach from
the greater curvature to
the lesser curvature

Fig. 6.8 Illustration
showing end-to-end
gastro-gastrostomy by
the piercing method. (a)
The posterior
anastomosis is created
by the piercing
technique. (b) The two
linear stapler lines and
the common gastrotomy
are closed/resected by 3
staple piercing method
technique that results in
a completed end-to-end
gastro-gastrostomy

tances from the stapler line to the pylorus. For
this technique, the distal part of the stomach is
opened at both greater and lesser curvature sides
and the stapler is gently pushed through both
openings (Fig. 6.7). We recommend placing the
stapler first in the distal stomach followed by
placement in the proximal stomach. The staple
lines of the resection are brought into parallel
position above the inserted stapler. After firing
the stapler and connecting both parts of the stom-
ach, both common channels/openings and the
parallel staple lines are closed/resected with
another linear stapler (Fig. 6.8). For this purpose,

New anastomotic procedure for PPG

Piercing Method
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Fig. 6.9 Endoscopic images showing ideal end-to-end
gastrogastrostomy by the piercing method. (a) There was
no sign of bleeding with a widely patent anastomosis. (b)

stay sutures should be placed on the edge of the
greater and lesser curvature openings, as well as
at the parallel staple lines to safely include these
tissues/staples in the resected tissues. After
applying at least two linear staple lines, the open-
ings should be closed and the parallel staple lines
should be replaced by a single one. Endoscopic
views show a wide and sufficient anastomosis
(Fig. 6.9).
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Minimally Invasive Sentinel Lymph
Node Biopsy for Gastric Cancer

Hiroya Takeuchi and Yuko Kitagawa

Introduction

In East Asian countries such as Japan and Korea,
early-stage gastric cancer [i.e., American Joint
Committee on Cancer (AJCC), clinical T1 (cT1)
T stage] is found in many asymptomatic patients
due to recent advances in endoscopic diagnosis
and surveillance programs; and the population at
risk currently exceeds 50% in these major institu-
tions [1]. Endoscopic submucosal dissection
(ESD) has already been accepted as the most
minimally invasive procedure for resection of
early gastric cancer [1]. Laparoscopic gastrec-
tomy represents an important intermediate option
between ESD and distal or total gastrectomy by
open laparotomy for patients with gastric cancer
[2]. Currently, laparoscopic distal gastrectomy
(LDG) is comparable with conventional open
distal gastrectomy and can be performed in rou-
tine clinical practice [3, 4]. Many patients with
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early gastric cancer are currently treated with
advanced laparoscopic gastrectomy procedures,
such as LDG and laparoscopic total gastrectomy
(LTG) with appropriate lymph node dissection in
many countries [1—4]. LDG and LTG contribute
to better aesthetics and earlier postoperative
recovery [5]. However, patients’ quality of life
(QOL) is mainly affected by late-phase compli-
cations including dumping syndrome and body
weight loss resulting from disturbances in oral
intake due to the extent of gastric resection.
Therefore, both minimal invasive techniques for
early-phase recovery by laparoscopic surgery and
late-phase  function-preserving  gastrectomy
should be carefully considered in patients indi-
cated for these procedures.

Function-preserving gastrectomy such as par-
tial gastrectomy, segmental gastrectomy, and
proximal gastrectomy with limited lymph node
dissection is known to improve postoperative
late-phase function. However, a certain incidence
of skip metastasis in the second or third compart-
ment of regional lymph nodes remains an obsta-
cle to wider application of these procedures. To
overcome these issues, the concept of sentinel
lymph node (SLN) mapping may become a novel
diagnostic tool for the identification of clinically
undetectable lymph node metastasis in early gas-
tric cancer.

SLNs are defined as the first draining lymph
nodes from the primary tumor site [6, 7], and
they are thought to be the first possible site of
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micrometastasis along the route of lymphatic
drainage from the primary lesion. The pathologi-
cal status of SLNs can theoretically predict the
status of all regional lymph nodes. If SLNs are
recognizable and negative for cancer metastasis,
unnecessary radical lymph node dissection could
be avoided. SLN navigation surgery is defined as
a novel, minimally invasive surgery based on
SLN mapping and the SLN-targeted diagnosis of
nodal metastasis. SLN navigation surgery can
prevent unnecessary lymph node dissection, thus
preventing the associated complications and
improving the patient’s QOL.

SLN mapping and biopsy were first applied to
melanoma and breast cancer patients and were
subsequently extended to patients with other solid
tumors [7-9]. The clinical application of SLN
mapping for early gastric cancer has been contro-
versial for years. However, single institutional
results and a multicenter trial of SLN mapping and
biopsy for early gastric cancer observed accept-
able SLN detection rate and accuracy of determin-
ing the lymph node status [10, 11]. On the basis of
these results, we are developing a novel, minimally
invasive function-preserving gastrectomy tech-
nique combined with SLN mapping and biopsy.

Laparoscopic SLN Biopsy
Procedures

A dual-tracer method that utilizes radioactive
colloids and blue or green dye is currently con-
sidered the most reliable method for stable detec-
tion of SLNs in patients with early gastric cancer
[10, 11]. An accumulation of radioactive colloids
facilitates the identification of SLNs even in
resected specimens by using a handheld gamma
probe, and the blue dye is effective for intraop-
erative visualization of lymphatic flow, even
during laparoscopic surgery. Technetium-99 m
tin colloid, technetium-99 m sulfur colloid, and
technetium-99 m antimony sulfur colloid are pref-
erentially used as radioactive tracers. Isosulfan
blue and indocyanine green (ICG) are the cur-
rently preferred choices as dye tracers.

In our institution, patients with cT1 tumors,
primary lesions <4 cm in diameter, and cNO gas-

tric cancer undergo SLN mapping and biopsy
[10, 11]. In our procedures, 2 ml (150 MBq) of
technetium-99 m tin colloid solution is injected
the day before surgery into four quadrants of the
submucosal layer of the primary tumor site using
an endoscopic puncture needle. Endoscopic
injections to the submucosal layer facilitate accu-
rate tracer injection rather than laparoscopic
injection from the seromuscular side of the gas-
tric wall. Technetium-99 m tin colloid with rela-
tively large particle size accumulates in the SLNs
after local administration.

The blue or green dye is injected into four
quadrants of the submucosal layer of the primary
site using an endoscopic puncture needle at the
beginning of surgery. Blue lymphatic vessels and
blue-stained nodes can be identified by laparos-
copy within 15 min after injection of the blue or
green dye. Simultaneously, a handheld gamma
probe is used to locate the radioactive
SLN. Intraoperative gamma probing is feasible
even in laparoscopic gastrectomy using a special
gamma detector that can be introduced through
trocar ports [10, 11].

For intraoperative SLN sampling, the “pick-
up method” is well established for the detection
of melanoma and breast cancer. However, it is
recommended that the clinical application of
intraoperative SLN sampling for gastric cancer
should include sentinel lymphatic basin dissec-
tion, which is a modified focused lymph node
dissection involving hot and blue lymph nodes
[10, 11]. The gastric lymphatic basins are divided
in the following five directions along the main
arteries: left gastric artery area, right gastric
artery area, left gastroepiploic artery area, right
gastroepiploic artery area, and posterior gastric
artery area [12].

ICG is known to have excitation and fluores-
cence wavelengths in the near-infrared range
[13]. Until now, some investigators have used
infrared ray electronic endoscopy (IREE) to
demonstrate the clinical utility of intraoperative
ICG infrared imaging as a new tracer for laparo-
scopic SLN mapping [13, 14]. IREE might be a
useful tool to improve visualization of
ICG-stained lymphatic vessels and SLNs even in
the fat tissues. More recently, ICG fluorescence
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imaging has been developed as another promis-
ing novel technique for SLN mapping [15, 16].
SLNs could be clearly visualized by laparoscopic
ICG fluorescence imaging compared to the lapa-
roscopic observation of ICG with normal light.
Further studies would be needed to evaluate the
clinical efficacy of ICG infrared or fluorescence
imaging and to compare those with radio-guided
methods in prospective studies. However these
new technologies might revolutionize laparo-
scopic SLN mapping procedures in early gastric
cancer.

Results of SLN Mapping
in Gastric Cancer

To date, more than 100 single institutional stud-
ies have demonstrated acceptable outcomes of
SLN mapping for early gastric cancer in terms of
the SLN detection rate (90-100%) and accuracy
(85-100%) in determining the lymph node sta-
tus; these outcomes are comparable with those of
SLN mapping for melanoma and breast cancer
[11]. A large-scale meta-analysis, which included
38 relevant SLN mapping studies with 2128 gas-
tric cancer patients, demonstrated that the SLN
detection rate and accuracy of predicting lymph
node metastasis based on SLN status were 94%
and 92%, respectively [17]. They concluded that
the SLN concept is technically feasible for gas-
tric cancer, especially patients with early T stage
(cT1) by combining tracers and submucosal
injection methods during the SLN biopsy
procedures.

Our group in Japan has conducted a multi-
center prospective trial (UMIN ID: 000000476)
of SLN mapping using a dual-tracer method with
a radioactive colloid and blue dye [10]. In the
trial, SLN mapping was performed between 2004
and 2008 for 397 patients with early gastric can-
cer at 12 comprehensive hospitals, including our
institution. Eligibility criteria were that patients
had ¢cTINOMO or ¢cT2NOMO single tumor with
diameter of primary lesion less than 4 cm and
without prior treatments.

The SLN detection rate by using the dual-
tracer method was 97.5% (n = 387 of 397), and

lymph node metastasis was diagnosed in 57
(14.7%) of 387 patients. Of the 57 patients with
lymph node metastasis, 53 (93.0%) had positive
SLNs. The accuracy of determining the meta-
static status based on SLN evaluation was 99.0%
(n = 383 of 387). In 32 (60.4%) of 53 patients
with positive SLNs, lymph node metastases were
limited to only SLNs. Of 21 SLN-positive/non-
SLN-positive patients, 15 (71.4%) had metastatic
non-SLNs within SLN basins and 6 (28.6%) had
metastatic non-SLNs located outside the SLN
basins but within the extent of D2 lymph node
dissection. Four patients had false-negative SLN
biopsy results of whom three had pT2 and/or pri-
mary tumors more than 4 cm in size [10]. The
results of that clinical trial are expected to pro-
vide us with perspectives on the future of mini-
mally invasive SLN navigation surgery for early
gastric cancer.

Clinical Application of SLN
Navigation Surgery in Early
Gastric Cancer

The distribution of sentinel lymphatic basins and
the pathological status of SLNs would be useful
in deciding on the extent of gastric resection and
avoiding the universal application of distal or
total gastrectomy with D2 dissection. Appropriate
indications for laparoscopic surgery such as par-
tial (wedge) resection, segmental gastrectomy,
pylorus-preserving gastrectomy, and proximal
gastrectomy (LPG) for cTINO gastric cancer
could be individually determined on the basis of
SLN status (Figs. 7.1 and 7.2a—c) [18-20]. Earlier
recovery after surgery and preservation of QOL
in the late phase can be achieved by limited lapa-
roscopic gastrectomy with SLN navigation. Our
study group in Japan has currently been conduct-
ing the multicenter prospective trial (UMIN ID:
000014401) which will evaluate function-
preserving gastrectomy with SLN mapping in
terms of long-term survival and patients’ QOL. A
Korean group is also conducting a multicenter
prospective phase III trial to elucidate the
oncologic safety including long-term survival of
laparoscopic stomach-preserving surgery with
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Fig.7.1 Individualized cT1 (<4cm)NOMO gastric cancer
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sentinel lymphatic basin dissection compared to
a standard laparoscopic gastrectomy [21].

A combination of laparoscopic SLN biopsy
and ESD for early gastric cancer is another attrac-
tive option as a novel, whole stomach-preserved,
minimally invasive approach. If all SLNs are
pathologically negative for cancer metastasis,
then theoretically ESD instead of gastrectomy
may be sufficient for the curative resection of cT1
gastric cancer beyond ESD criteria (Fig. 7.2d)
[20, 22]. However, further studies are required to
verify the safety and effectiveness of combined
treatments involving laparoscopic SLN biopsy
and ESD.

Currently, LDG or LPG are frequently applied
to patients with early gastric cancer according to
the results of pathological assessment of primary
tumor resected by ESD. To date, it has not been
clarified whether SLN mapping is even feasible
after ESD. One of the most important issues is
whether lymphatic flow from the primary tumor
to the original SLNs might change after ESD. In
our preliminary study, however, the sentinel lym-
phatic basin is not markedly affected by previous
ESD [20, 22]. Thus, modified gastrectomy
according to SLN distribution and metastatic sta-
tus might be feasible even for the patients who
underwent ESD prior to surgery.

Nonexposed Endoscopic Wall-
Inversion Surgery Plus SLN Biopsy
(Video 7.1)

In current function-preserving surgery such as
laparoscopic local resection or segmental gas-
trectomy, the approach of gastrectomy is only
from the outside of the stomach, in which the
demarcation line of the tumor cannot be visual-
ized at the line of resection. Therefore, the sur-
geon cannot limit resection of the stomach to
prevent a positive surgical margin. The recent
introduction of a new technique, referred to as
nonexposed endoscopic wall-inversion surgery
(NEWS), is a technique of partial gastric resec-
tion, which can minimize the extent of gastric

Fig.7.3 Trocar/port placement for laparoscopic function-
preserving gastrectomy with sentinel lymphatic basin
dissection

resection using endoscopic and laparoscopic sur-
gery without opening the gastric wall to treat gas-
tric cancer. During this procedure, a gastrotomy
penetrating the full stomach wall is not created,
and cancer cells, which are on the mucosal sur-
face, would be neither touched nor disseminated
to the peritoneum. The NEWS is thought to be
useful to prevent the peritoneal dissemination of
cancer cells [23]. We have been accumulating
cases of NEWS with laparoscopic SLN biopsy
for early gastric cancer with the risk of lymph
node metastasis in our clinical trial [23-25].

In brief, under general anesthesia, one camera
port at the umbilicus and four trocars were
inserted for laparoscopic surgery at four quad-
rants of the upper left, upper right, lower left, and
lower right, respectively (Figs. 7.3 and 7.4) [23].
Subsequently, the primary lesion was clearly
observed by conventional endoscopy, narrow
band imaging with magnifying endoscopy, and
chromoendoscopy to demarcate the tumor mar-
gin and to decide the resection area, and several
circumferential mucosal markings of the primary
tumor were placed approximately 5-10 mm out-
side the lesion using the tip of a 2.0-mm Dual
knife (KD-650 L; Olympus Medical Systems,
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Fig. 7.4 Patient positioning and operating room setup

Co., Ltd., Tokyo, Japan). After placing mucosal
markings, ICG was injected endoscopically into
the submucosa around the lesion to examine
SLNs (Figs. 7.5 and 7.6a—k) [23]. The SLN basin
including hot or stained SLNs was dissected, and
an intraoperative pathological diagnosis con-

firmed that no metastasis had occurred.
Subsequently, NEWS was performed for the pri-
mary lesion (Fig. 7.6f=k) [23].

In the placing of serosal markings using a spat-
ula-type electrode (A6284; Olympus), mucosal
markings were protruded toward the outer side
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Sentinel
lymphatic basin

. Primary tumor

Non-exposed
endoscopic wall-
inversion
surgery (NEWS)

Sentinel
lymph node

Fig. 7.5 Nonexposed endoscopic wall-inversion surgery
(NEWS) with SLN mapping and sentinel lymphatic basin
dissection. ESD, endoscopic submucosal dissection

using the Dual knife for the laparoscopist to rec-
ognize the location of these markings. A transpar-
ently visible shadow of the device from the
opposite side was also used to make the serosal
markings. Sodium hyaluronate solution (MucoUp;
Seikagaku Corporation, Tokyo, Japan) with a
small amount of ICG was additionally injected
endoscopically into the submucosal layer around
the circumference of the primary lesion, followed
by a laparoscopic circumferential seromuscular
incision 5 mm outside the serosal markings. In
order to avoid perforating the mucosa from the
outside, the seromuscular layer was cut carefully

up to the level of the submucosa stained with
green. After deeper cutting of the submucosa
toward the outer side to create a flap, the seromus-
cular layers were linearly sutured, with the lesion
inverted toward the inside of the stomach. On the
way to the suturing, a laparoscopic surgical
sponge (Securea; Hogy Medical Co., Ltd., Tokyo,
Japan) that was cut elliptically according to the
size of the lesion was inserted between the serosal
layer of the inverted lesion and the suture layer, in
order to provide a counter-traction to the mucosa
and to prevent cutting the suture during the subse-
quent endoscopic procedure. Finally, the circum-
ferential mucosal and submucosal incision was
made endoscopically 5 mm outside of the muco-
sal markings around the inverted lesion using the
Dual knife, while the inserted spacer was dug out.
The detached primary lesion and the sponge were
retrieved perorally, and the mucosal edges were
closed with several endoscopic clips (HX-610-
90 L; Olympus). After confirming no air leakage
by pooling with normal saline on the serosal side
of the suture, endoscopy and laparoscopic devices
were withdrawn and scars were sutured
(Fig. 7.6f-k).

The NEWS combined with laparoscopic SLN
biopsy can minimize not only the area of lymph-
adenectomy but also the extent of gastric resec-
tion with full-thickness partial gastrectomy for
patients with negative SLNs [24, 25].
Furthermore, NEWS does not require iatrogenic
perforation of the stomach, which enables us to
apply this technique to cancers without risk of
cancer dissemination. The combination of NEWS
with laparoscopic SLN biopsy is expected to
become a promising, minimally invasive,
function-preserving surgery to cure cases of cNO
early gastric cancer.
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Fig. 7.6 Technique for nonexposed endoscopic wall-
inversion surgery (NEWS) with SLN biopsy and sentinel
lymphatic basin dissection. (a) Indocyanine green (ICG)
was endoscopically injected into the gastric submucosal
layer surrounding the primary tumor, (b) laparoscopic
observation of ICG with normal light, (¢) observation of
ICG with infrared ray electronic endoscopy, (d) illustra-
tion showing ICG within lymphatic vessels and a sentinel
lymph node, (e) paired intraoperative image showing that

infrared ray electronic endoscopy can clearly visualize
SNs and lymphatics, (f) serosal markings on the primary
tumor, (g) laparoscopic seromuscular incision around the
circumference of the lesion, (h, i) laparoscopic seromus-
cular suturing for closure of the circumferential incision
and inversion of the primary lesion, (j) endoscopic cir-
cumferential mucosal incision, and (k) endoscopic
retrieval of the primary tumor
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Vanessa Palter, Laz Klein, and Natalie Coburn

Introduction

Gastric cancer is highly fatal with an overall
5-year survival of approximately 30-50% [1-3].
In North America, gastric cancer tends to be
detected at a later stage than in Asia; with stage at
presentation, variations in adherence to surgical
guidelines and tumor biology likely lead to poor
overall survival. In Japan and Korea, survival is
much higher reflecting earlier detection through
population-based screening and a more aggres-
sive surgical approach. Stage-matched series
show that through appropriate surgical technique,
Western surgeons are able to achieve surgical
outcomes equivalent to Asian series [4—7].
Surgical resection, either alone or in combina-
tion with chemotherapy and/or radiation, offers
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the only possibility of cure for gastric cancer. The
extent of resection for gastric adenocarcinoma is
determined by the location of the tumor in the
stomach, the stage at presentation, and the need
to obtain microscopically negative margins. The
majority of tumors in the antrum and pylorus can
be adequately resected with a distal or subtotal
gastrectomy, whereas lesions proximal to this,
diffuse histology, or patients with familial gastric
cancer often require total gastrectomy [8, 9].
Minimally invasive approaches for gastrec-
tomy offer several advantages over the open
approach including less blood loss, decreased
analgesia requirements, fewer wound complica-
tions, and shorter hospital stay, yet at the cost of
longer operative time [10, 11]. In early gastric
cancers (EGC), which are cancers limited to the
mucosa or submucosa regardless of lymph node
status, it is well established that laparoscopic dis-
tal gastrectomy offers several short-term advan-
tages over the open technique with equivalent
lymph node harvest, morbidity, and perioperative
mortality [12, 13-15]. EGC has a predicted
lymph node involvement of 5% for mucosal can-
cers and 20% for submucosal cancers, with series
from Japan and Korea having a S5-year overall
survival of EGC of over 95% [16—-19]. Although
the final 5-year results from the KLASS-01 trial,
a randomized controlled trial (RCT) comparing
laparoscopic to open distal gastrectomy for clini-
cal stage 1 gastric cancer, are not yet published,
the interim results are encouraging. In Asia,
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laparoscopic distal gastrectomy for EGC, which
represents up to 57% of all gastric cancers, is rou-
tinely performed [9, 14, 20].

The role of laparoscopic gastrectomy for more
advanced tumors has not yet been established.
The KLASS-2 trial, an ongoing Korean multi-
institutional RCT, seeks to provide large-scale
prospective data to help answer this question for
distal tumors [21]. Tumors included in the
KL ASS-2 trial include c¢T2-T4a lesions, with at
most limited perigastric nodal metastases [21].
Data from retrospective studies investigating
patients with more advanced gastric cancer, how-
ever, are encouraging. A recent case-matched
study investigating total gastrectomy for gastric
cancer in over 3000 patients demonstrated no dif-
ference in long-term survival rates between lapa-
roscopic and open conventional gastrectomy
[22]. In addition, several nonrandomized studies
support both the oncologic and clinical safety of
laparoscopic D2 lymphadenectomy for advanced
gastric cancer [10, 12, 23-28].

As surgeon experience grows both in Asia and
North America, there is interest in applying mini-
mally invasive techniques to total gastrectomy
for both early and advanced gastric cancer.
Creating the anastomosis and performing D2
lymph node dissection are significantly more
technically demanding for total gastrectomy than
for distal gastrectomy [10]. With experience,
however, the results seem promising. Several
meta-analyses comparing laparoscopic to open
gastrectomy for advanced gastric cancer showed
no statistical difference in overall survival and
disease-free survival between the laparoscopic
and open groups [29, 30]. In addition, a single-
institution retrospective study assessing 336
patients who received either open or laparoscopic
gastrectomy with D2 lymph node dissection for
advanced gastric cancer showed no difference in
morbidity, survival, or pattern of recurrence [31].
In Asia, other published studies have shown com-
parable 5-year survival rates for laparoscopic
gastrectomy to open gastrectomy [32, 33]. The
results from the KLASS-03 trial, a large-scale
RCT comparing open to laparoscopic total gas-
trectomy for early gastric cancer, will provide
additional critical information to help with

patient selection for this technically demanding
operation [34].

As evidence and experience in minimally inva-
sive techniques develop, minimally invasive gas-
trectomy appears to be an attractive option for
appropriately selected cases. This chapter will dis-
cuss appropriate patient selection and learning
curve of the procedure, the technique of laparo-
scopic gastrectomy with D2 lymphadenectomy,
and considerations for postoperative management.

Learning Curve

Several earlier studies have assessed the learning
curve of laparoscopic distal gastrectomy. Using a
composite score looking at postoperative compli-
cations, operating room time, as well as adequacy
of lymph node dissection, Jin et al. showed a
learning curve of approximately 40 cases [35].
Moreover, Kunisaki et al. demonstrated that out-
comes for laparoscopic distal gastrectomy
approached that of open distal gastrectomy after
60 cases [36]. There is little data in the literature
regarding the learning curve for laparoscopic
total gastrectomy. In a study assessing 256
sequential laparoscopic total gastrectomies at a
single institution, Jung et al. describe a learning
curve of 100 cases, after which point operative
time and blood loss stabilize [37]. Interestingly,
in this study, when assessing lymph node harvest
as the outcome, learning curves seem somewhat
shorter, with a significant improvement in lymph
node retrieval rate between the first 33 cases
compared to the next 21 cases [37]. A second
study assessing 203 sequential laparoscopic total
gastrectomies for early gastric cancer among two
surgeons showed a slightly shorter learning curve
of approximately 45 cases [38].

These aforementioned studies are limited by
the fact that they do not describe the surgeons’
experience with open gastrectomy, nor their
experience with other advanced minimally inva-
sive operations. Additionally, they do not report
oncologic outcomes. Since an examination of the
learning curve for open gastrectomy suggests
that oncologic outcomes are improved after 100
cases, short- and long-term outcomes should be
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examined for programs incorporating a new tech-
nique, such as laparoscopic gastrectomy for can-
cer [39]. Finally, to date, all learning curve data
are from Asia where both open and laparoscopic
surgeries for gastric cancer are performed more
frequently than in North America. Some of these
centers perform 700-1000 gastrectomies annu-
ally, by a team of surgeons with fellowship train-
ing in gastric cancer, while the median annual
number of gastrectomies reported in the National
Cancer Database (NCDB) is 9 [40]. In the
Western context where tumors are more
advanced, patients tend to have a higher body
mass index and less favorable anatomy, and sur-
geons have less laparoscopic experience with
gastrectomy for cancer, the learning curve is
likely to be more significant.

There is data suggesting that robotic gastrec-
tomy may have a shorter learning curve com-
pared to laparoscopic gastrectomy. In a
single-institution study, the learning curve for
robotic surgery was between 12 and 14 cases for
two experienced surgeons, each of whom had
performed more than 250 laparoscopic gastrecto-
mies [41]. This learning curve is shorter than that
described by others with learning curves between
20 and 25 cases [42—44]. In all situations, how-
ever, these reported learning curves apply to sur-
geons who have significant experience with both
open and laparoscopic gastrectomy.

Exposure to this procedure, not just as a sur-
geon but also as an assistant, has been shown to
shorten the learning curve for the procedure. A
Japanese study demonstrated that surgical train-
ees who had assisted in over 60 cases, either as
the camera operator or as the first assistant, had
learning curves shortened to 6 cases (while under
the assistance of an experienced surgeon) [45]. In
addition, in an educational system where trainees
had significant exposure to laparoscopic gastrec-
tomy, there was no difference in morbidity, blood
loss, or lymph node harvest when comparing
cases at the early and late phases of the learning
curve [46]. Training opportunities either through
assisting in the operating room or in simulated
environments, therefore, have potential to shorten
the learning curve for this technically demanding
procedure.

Patient Selection

Appropriate patient selection is essential when
deciding whether to perform laparoscopic or
open gastrectomy for adenocarcinoma. Although
the only patient-related contraindication for the
procedure is inability to tolerate pneumoperito-
neum, other patient factors should be considered
including experience of the surgeon, location of
the tumor, and degree of lymph node dissection.
Indeed, especially when surgeons are in the early
phase of their experience, selecting patients with
few medical comorbidities, low body mass index,
and small early tumors is critical.

Preoperative Planning
and Diagnostic Laparoscopy

Prior to surgical intervention for gastric cancer,
patients should have a complete work-up. At
minimum, this includes upper endoscopy and
biopsy of the tumor and CT scan of the chest and
abdomen and pelvis to assess for T stage, the
potential for nodal involvement, and for meta-
static disease. Endoscopic ultrasound may be of
benefit to differentiate between early and more
advanced lesions. A meta-analysis, which
included 5601 patients, demonstrated that endo-
scopic ultrasound had good sensitivity and speci-
ficity (0.86 and 0.91, respectively) to differentiate
between T1 and T2 lesions with T3 and T4
tumors [47]. The accuracy of the endoscopic
ultrasound, however, is highly operator depen-
dent and likely related to the volume performed,
which is very institution dependent, especially in
the West where gastric cancer is infrequently
assessed using endoscopic techniques.
Frequently, preoperative imaging is inaccurate
in advanced gastric cancer and can miss radio-
logically occult metastatic disease [48].
Therefore, if a patient has no evidence of meta-
static disease on imaging, has T3 or T4, or nodal
involvement, then we recommend performing
staging laparoscopy with peritoneal washings for
cytology. This approach is supported by various
national and society guidelines including Cancer
Care Ontario (CCO), Society of American
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Gastrointestinal and Endoscopic  Surgeons
(SAGES), and the Scottish Intercollegiate
Guidelines Network (SIGN) [49, 50]. Positive
cytology at diagnostic laparoscopy is a signifi-
cant predictor of mortality and is defined as pM|1
disease [51]. If peritoneal deposits or positive
cytology are identified at diagnostic laparoscopy
and the patient has no symptom, the REGATTA
RCT demonstrated that chemotherapy provides
equivalent survival with fewer complications
compared to resection [52].

Technique of Diagnostic Laparoscopy

For diagnostic laparoscopy, the patient is posi-
tioned in the supine position with arms extended
and padded appropriately. A minimum number of
ports are placed (one camera port and either one
or two working ports). The camera port (12 mm)
is created using an open Hassan technique at the
umbilicus. The working ports (5 mm) are in the
right upper and left upper quadrant, respectively.
Once pneumoperitoneum is established, then the
abdominal cavity is systematically inspected for
any signs of metastatic disease. The pelvis, liver,
right and left paracolic gutters, greater and lesser
omentum, as well as transverse mesocolon are all
systematically assessed. If the tumor is located
on the posterior wall of the stomach, then the gas-
trocolic omentum is opened and the retrogastric
space assessed. If any lesions are identified that
are concerning metastatic disease, they are biop-
sied and sent for pathological analysis. If ascites
is identified, then it is sampled and sent for
cytology.

Washings for cytology are then performed.
Warmed normal saline (250 ml) is infused
sequentially into the left upper quadrant, right
upper quadrant, and pelvis. The patient is gently
agitated after each infusion of warmed saline to
allow contact over all organs and tissues. Saline
(30 ml) is then sequentially collected from each
area and sent separately for cytology. Once path-
ological analysis has confirmed no metastatic
disease, then we plan for definitive surgery.

Patient Positioning and Operating
Room Setup for Laparoscopic
Gastrectomy

The patient is positioned supine on a split-leg
table. The arms are extended from the body and
secured on arm boards or tucked at the sides of
the patient. All pressure points are padded. Safety
straps ensure that the patient is secured to the
table, and footboards are used to avoid the patient
sliding when in reverse Trendelenburg position.
Monitors for the laparoscopic camera are posi-
tioned near the patient’s head.

Various positions for the surgeon and assis-
tants have been described. These include (1) the
surgeon operating from between the legs, the first
assistant on the patient’s right side, and the sec-
ond assistant holding the camera on the patient’s
left side or (2) the camera operator standing
between the patient’s legs, the surgeon initially
standing on the patient’s left side with the first
assistant on the right side, and then the surgeon
switching to the patient’s right side as the case
progresses [53-55] (Fig. 8.1). We prefer the latter
approach as it gives the greatest amount of
flexibility.

Port Placement

Access to the abdomen is gained either via Veress
needle technique under the left costal margin or
via open Hassan technique at the superior aspect
of the umbilicus [55]. Pneumoperitoneum is then
established. Various port placement strategies
have been described; however, general principles
include having the camera port just superior to
the umbilicus and working ports approximately
5 cm or a hands-breadth apart. Our practice is to
place the camera just superior to the umbilicus
through a Hassan port, place a 5/12-mm right
upper quadrant port and a 5/12-mm left upper
quadrant port, and then place two more 5-mm
ports. One in the left upper quadrant and one in
the right upper quadrant (Fig. 8.2). We place a
liver retractor (Nathanson) through a small
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Fig. 8.1 Patient positioning
and operating room setup

Fig. 8.2 Trocar/port placement for laparoscopic total
gastrectomy

Camera person

incision just under the xyphoid process and use
this to retract the liver during the operation.
Alternatively, the liver can be suspended with a
sponge over a suture, bringing it up to the ante-
rior abdominal wall [56].

Gastrocolic Omentum and Station
4sb and 4sa Lymph Nodes

After diagnostic laparoscopy to ensure no meta-
static disease, definitive resection commences
(Video 8.1). The patient is placed in reverse
Trendelenburg position. The assistant retracts
the transverse colon inferiorly, and the surgeon
retracts the greater omentum cephalad using
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atraumatic bowel graspers. Using hook electro-
cautery, the surgeon incises the avascular plane
between the colon and greater omentum, thus
entering the lesser sac. Entry into the lesser sac
is usually around the midpoint of the transverse
mesocolon. The surgeon then retracts the stom-
ach and greater omentum cephalad and proceeds
toward the spleen taking down the attachments
of the omentum to the transverse mesocolon
using an energy device. As the surgeon
approaches the spleen, it is important to identify
the splenic flexure of the colon in order to avoid
inadvertent injury. Once the tail of the pancreas
is identified, the origin of the left gastroepiploic
vessels can be seen between the tail of the pan-
creas and the lower border of the spleen. These
are identified and divided separately with clips.
As the surgeon moves cephalad, they will
encounter the short gastric vessels. These are
isolated and divided either using clips or an
energy device under direct visualization. Nodal
tissue around the short gastric vessels (station
4sa) is included with the specimen. Of note, if
there is clinical suspicion for involved 4sb
nodes, then the 2014 Japanese Gastric Cancer
Association guidelines advocate for total gas-
trectomy even if the lesion itself can be removed
with distal gastrectomy [9].

Dissection continues as far as possible to the
left crus of the diaphragm. Without performing a
splenectomy, it can be very technically challeng-
ing for station 10 nodes (splenic hilar nodes) to be
included with the specimen due to the complex
and variable anatomy of the splenic vessels.
Should a complete station 10 lymphadenectomy
be required for tumor factors, then local technical
expertise should be taken into consideration when
deciding whether or not to perform a spleen-pre-
serving procedure. Our practice is to perform a
splenectomy if we plan to include a complete sta-
tion 10 lymphadenectomy in our dissection.

Greater Curve, Right Gastroepiploic
Vessels, and Station 4d and 6
Lymph Nodes

The surgeon then reverses direction and contin-
ues the omentectomy toward the patient’s right
side. The stomach continues to be retracted ceph-

alad and the transverse colon retracted caudally.
The surgeon continues to take the omentum off
the transverse colon mesentery working toward
the gallbladder, thus including nodal tissue along
the greater curvature of the stomach (station 4d).

Posterior attachments of the stomach to the
anterior surface of the pancreas are divided as the
surgeon moves toward the pylorus. This maneu-
ver facilitates anterior retraction of the stomach
and exposes the second part of the duodenum and
head of the pancreas. This step is facilitated by
gentle traction on the pancreas with a small
sponge.

In order to retrieve infra-pyloric nodal tissue,
the right gastroepiploic vein is cleared at its root
and clipped. Then the same is done with the right
gastroepiploic artery. If possible, the anterosupe-
rior pancreaticoduodenal vein is identified to
confirm the limit of dissection for station 6 nodal
tissue. Nodal tissue is then meticulously removed
from the head of pancreas working up toward the
duodenum and infra-pyloric area. Dissection is
performed keeping in mind the borders of the sta-
tion 6 nodal area (the first branch of the right gas-
troepiploic artery, the lower border of the
pancreas, and the anterosuperior pancreaticoduo-
denal vein).

Division of Duodenum

The gastroduodenal artery (GDA) is identified as
it travels posterior to the duodenum. Staying
anterior to the GDA, a window/tunnel is made
under the duodenum going inferior to superior.
From this inferior window, a sponge is then
placed posterior to the duodenum. The stomach
and duodenum are reflected caudally. At this
point, the surgeon will be able to visualize the
sponge on the cranial aspect of the first part of the
duodenum. The peritoneum over the sponge is
incised. This will create a window to allow for
the division of the duodenum approximately
1-2 cm distal to the pylorus. The duodenum is
then divided with one firing of an endovascular
linear stapler (staple height 3—4 mm). Prior to
duodenal transection, ensure that both the naso-
gastric tube and temperature probe (if inserted by
anesthesia) have been removed. Our practice is to
oversew the duodenal stump.
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Right Gastric Vessels and Station 5
Lymph Nodes

After the duodenum is divided, the stomach is
retracted caudally. The hepatoduodenal ligament
is dissected, and the pars flaccida is opened.
Carefully follow the GDA from where it was
identified posterior to the first part of the duode-
num and trace it to the hepatic artery proper. The
left lateral aspect of the hepatic artery proper is
exposed, and the root of the right gastric artery is
identified as it comes off the hepatic artery proper.
Clip and divide the right gastric artery at its
origin.

Left Gastric Vessels and Station 7, 9,
and 11 Nodes

Retract the stomach superiorly and cranially to
patient’s right side. Incise the peritoneum over the
superior border of the pancreas with the assistant
retracting the pancreas caudally with a sponge.
Using a closed instrument, the assistant gently
retracts the pedicle containing the left gastric ves-
sels. The left gastric vein will be visualized at the
intersection of the common hepatic artery and the
splenic artery. We clear the left gastric vein and
divide it at the point of drainage into the portal or
splenic vein. Then we continue the dissection
toward the patients’ left side and carefully dissect
nodal tissue from the proximal portion of the
splenic artery and vein (11p) using an energy
device. We clear soft tissue from around the left
gastric artery (station 7) and isolate and clip it at
its origin. Proceed toward the hiatus posteriorly
on the stomach clearing station 9 nodes.

We clear the splenic vessels going toward the
splenic hilum (including nodal station 11d). In
over 50% of patients, there is a posterior gastric
artery originating from the splenic artery. Be cog-
nizant of this anatomy and identify and divide it
formally if present or the surgeon risks running
into troublesome bleeding.

Computed tomography (CT) scans should be
reviewed preoperatively to determine if there is
an accessory or replaced left hepatic artery. If
possible, the surgeon should attempt to preserve
these during the D2 dissection. This necessitates
avoiding dividing the left gastric artery at its ori-

gin; however, studies have shown that nodal har-
vest is equivalent if the accessory or replaced
vessel is skeletonized and preserved [57].

Lesser Curve and Station 12 and 8a
Nodes

Staying on the GDA and the divided right gastric
artery, clear off the anterior surface of the hepatic
artery proper, reflecting nodal tissue to the speci-
men and to the patient’s left-hand side. Be mind-
ful of the portal vein posteriorly. This step will
enable inclusion of station 12a lymph nodes with
the specimen. Continue reflecting nodal tissue
toward the patient’s left side and clear station 8a
nodes (from the anterior aspect of the common
hepatic artery) with the specimen.

Hiatal Dissection and Station 1
and 2 Lymph Nodes

At this point, the only remaining attachments of
the stomach are at the hiatus. The pericardial
lymph nodes (stations 1 and 2) are resected en
bloc with the specimen. Station 2 lymph nodes
should be preserved if performing subtotal gas-
trectomy. The anterior fat pad of the distal esoph-
agus is cleared and the esophagus
circumferentially dissected. The esophagus is
then divided with one firing of an endovascular
linear stapler. The specimen is either placed into
an appropriately sized endocatch bag (usually
15 cm) or it can be removed from the abdomen
after extending the supra-umbilical port site or by
creating a Pfannenstiel incision. Margins are sent
for frozen section analysis dependent upon tumor
type and location.

Reconstruction

Laparoscopic reconstruction from total gastrec-
tomy is made with a Roux-en-Y esophagojeju-
nostomy. This is a technically challenging
anastomosis and can be classified as intra- or
extracorporeal and further classified as a side-to-
side anastomosis with linear staplers or end-to-
side anastomosis with circular staplers.
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Intracorporeal End-to-Side
Anastomosis

Our preference is the intracorporeal end-to-side
anastomosis with the transorally inserted Anvil
(OrVil, Medtronic). Following esophageal tran-
section, the OrVil tube (consisting of a nasogas-
tric tube attached to an anvil) is inserted
transorally. Once the tube reaches the esophageal
stump, an esophagotomy is made on the stump
using electrocautery. The nasogastric tube is
delivered through the esophagotomy and the
anvil thus deployed in the distal esophagus. The
nasogastric tube is cut from the anvil and removed
from the abdominal cavity. The temperature
probe and nasogastric tube should be removed
from the esophagus prior to placement of the
OrVil device.

A loop of jejunum from the ligament of Treitz
that comes up easily to the esophageal stump is
chosen. The jejunum is then divided with a linear
stapler. The staple line is then removed with elec-
trocautery and four stay sutures placed around
the open roux limb. The 5/12-mm port in the left
upper quadrant is upsized and the EEA stapler
inserted through the abdominal wall. Using the
stay sutures, the open end of the small bowel is
manipulated over the stapler. After the end-to-
side anastomosis is created intracorporeally with
the jejunum in an antecolic position (Fig. 8.3),

the circular stapler is withdrawn and the jejunal
stump is closed laparoscopically with an endolin-
ear stapler.

The jejuno-jejunostomy is then performed in
the usual fashion, choosing a point approximately
40-60 cm distal from the esophagojejunostomy
to prevent bile reflux. The anastomosis is made
with one firing of a linear stapler, and then the
common enterotomy is sewn closed. The result-
ing mesenteric defects are conventionally sutured
closed to prevent internal hernias.

Postoperative Care

In general, we do not recommend nasogastric
tube or intraperitoneal drainage tubes [58].
Patients may begin clear fluids on postoperative
day one. As the patient progresses, their diet is
advanced to a post-gastrectomy diet. Dietician
referral and counseling regarding  post-
gastrectomy diet is helpful prior to discharge. We
do not routinely perform gastrograffin swallow to
evaluate for a leak if a patient is clinically well.
Should there be clinical concern for a leak, how-
ever, prompt resuscitation and CT scan with oral
contrast or an oral contrast study is required. After
discharge, close follow-up to ensure adequate
nutrition and supplementation for vitamin B12,
iron, and calcium are indicated as required [59].

Fig. 8.3 (a) Illustration of the EEA stapler within the
Roux limb. The trocar/pin of the EEA stapler is attached
to the anvil within the distal esophagus. (b) Paired intra-

operative image showing the white base of the anvil (black
arrow) attached to the trocar/pin of the EEA stapler
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Minimally Invasive Gastrectomy

Jenny Lam, Catherine Tsai, Santiago Horgan,

and Kaitlyn J. Kelly

Introduction

Utilization of minimally invasive approaches,
including laparoscopic and robotic platforms, for
resection of gastric cancer has been increasing
rapidly in recent years. The benefit for patients of
minimally invasive compared with open gastrec-
tomy is improvement in short-term outcomes like
narcotic requirements, time to return of bowel
function, length of hospitalization, postoperative
morbidity, and likelihood of receipt of adjuvant
systemic therapy when indicated [1, 2].

There are a variety of techniques available for
the different steps of the operation, such as gas-
tric mobilization, lymphadenectomy, and recon-
struction. Anastomoses can be performed by
either intracorporeal or extracorporeal methods
[3-5]. These include circular stapling, linear sta-
pling, and hand-sewing, with or without con-
struction of a jejunal pouch in cases of total
gastrectomy. While no single technique has been
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shown to be superior, this chapter will provide a
detailed description and video of the techniques
adopted at a high-volume center for minimally
invasive gastrectomy (MIG) in the USA. The
majority of the procedure is performed laparo-
scopically, and the robot is utilized for the modi-
fied D2 lymphadenectomy.

Technical Aspects of Minimally
Invasive Gastrectomy

Patient Positioning

MIG is performed with the patient positioned
supine on a split-leg table with a bean bag or non-
slip pad to prevent slippage with reverse
Trendelenburg and Trendelenburg positioning.
Patient arms can be tucked or left abducted on
arm boards with appropriate padding of elbows
and hands and other pressure points. The patient
is secured to the table at the arms and calves with
tape and at the thighs with safety straps. Once
patient positioning is completed, it is important
to place the patient in steep reverse Trendelenburg
as a test to assure stability on the table (Fig. 9.1).

Port Placement

Port placement for MIG follows the same princi-
ples as for any laparoscopic or robotic procedure.
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Fig. 9.1 Operating

room setup for robotic Ve
gastrectomy

Laproscopic
assistant
(optional)

Anesthesiologist

Laproscopic
assistant

Primary surgeon

This includes placement of the camera port at a
distance of 15-20 cm from the target anatomy
and placement of ports 5-8 cm apart. Initial
access is obtained with a 5-mm optical viewing
trocar placed through the left rectus abdominus
muscle approximately 1 inch cephalad and 1 inch
left of the umbilicus. This port is later converted
to a 12-mm port once the others are placed and is
used for the camera. Two additional robotic ports
are then placed on either side of and slightly
cephalad to the camera port, both approximately
5-8 cm away from it. The one to the left of the
camera port should be at about the level of the
left mid-clavicular line or slightly lateral to it,
and the one to the right of the camera port should

be at or slightly to the right of the midline of the
abdomen. An additional 12-mm port is placed as
far laterally as possible off the left costal margin.
An optional additional 5- or 12-mm assistant port
can be placed caudal to and between the left-
sided robotic port and this left lateral port if nec-
essary. A laparoscopic self-retaining retractor is
placed in the epigastrium slightly to the left of the
midline to retract the left lobe of the liver and
expose the esophageal hiatus (Fig. 9.2).

The operating surgeon stands between the
patient’s legs and utilizes the two robotic ports.
The first assistant stands on the patient’s left side
and uses the left lateral port. If available, an
optional second assistant stands on the patient’s
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Fig. 9.2 Trocar/port placement for robotic gastrectomy

right side to hold the camera. This can alterna-
tively be done by the first assistant.

Procedural Steps

Video 9.1

The abdomen is explored for adhesions and
for evidence of peritoneal or other metastatic dis-
ease, although ideally patients would have had a
previous staging laparoscopy with peritoneal
washings to evaluate for metastatic disease. If the
lesion is not appreciable on the extraluminal sur-
face, an endoscope is passed to verify the loca-
tion of the lesion. For gastroesophageal junction
(GEJ) tumors, the distal esophagus and Z-line
should be carefully examined to localize the
proximal extent of the lesion. It is critical to
ensure that an adequate esophageal resection
margin (24 cm from the lesion) can be obtained
from the transabdominal approach. Once this is
confirmed, the patient is placed in reverse
Trendelenburg position.

Mobilization of Greater Curvature
and Partial Omentectomy

The procedure commences by identifying the
gastroepiploic vessels coursing along the greater

curvature of the stomach and incising the greater
omentum approximately 1 inch from these ves-
sels in a clear area to ensure that the level 4 peri-
gastric lymph nodes remain with the specimen
[6]. This can be done with hook cautery or an
energy sealing device (ESD) such as the laparo-
scopic ~ Harmonic  Scalpel or Ligasure.
Visualization of the posterior wall of the stomach
confirms entry into the lesser sac. The posterior
wall of the stomach is then grasped by the operat-
ing surgeon and retracted anteriorly and to the
patient’s right side. The assistant utilizes the left
lateral port to provide counter-traction on the
peri-splenic fatty tissues and splenic flexure. This
dissection is carried out toward the spleen and
short gastric vessels. The short gastric vessels are
preserved when distal subtotal gastrectomy is
being performed but are ligated with the ESD for
total gastrectomy. This maneuver provides expo-
sure up to the left crus of the diaphragm.

Hiatal Dissection for Total
Gastrectomy

The peritoneum overlying the left crus is incised
with cautery or ESD. Gentle blunt dissection is
then performed between the crus and the postero-
lateral aspect of the esophagus. The edge of the
left crus is dissected down to the level where
crossing fibers from the right crus are seen.
Attention is then turned to the lesser omentum.
The pars flaccida is incised sharply or with hook
cautery, and the lesser omentum is divided with
ESD until the right diaphragmatic crus is visual-
ized. The peritoneum overlying the right crus is
then incised and opened up over the anterior
aspect of the hiatus keeping the gastroesophageal
fat pad with the specimen. Blunt dissection is
then performed between the right crus and the
esophagus to enter the mediastinum, and the
aorta is identified.

Once this step is complete, a grasper is passed
posteriorly behind the distal esophagus and a
penrose drain is introduced via the left lateral
12-mm port. The penrose is secured around the
distal esophagus with an Endoloop tie and is used
for retraction. The distal esophagus is then



88

J.Lametal.

mobilized for a short distance. The vagus nerves
are divided both anteriorly and posteriorly with
the ESD.

Mobilization of the Distal Stomach

Attention is turned back to the greater curvature.
The posterior wall of the stomach is now grasped
by the first assistant and is elevated. The posterior
attachments between the stomach and pancreas
are then divided sharply or with cautery in the
direction of the pylorus. The gastrocolic liga-
ment/greater omentum is incised in the direction
of the origin of the right gastroepiploic vessels.
Complete omentectomy is not routinely per-
formed [7]. Once this area is reached, the vessels
are identified and dissected circumferentially at
the level of the superior border of the pancreas.
The vessels are then ligated with clips or vascular
stapler. It is for this portion of the operation
where the additional optional assistant port
placed caudally in the left mid abdomen may be
helpful. The remaining fatty tissue between the
proximal duodenum and colon mesentery is then
divided until the wall of the duodenum is reached
just distal to the pylorus.

Division of Proximal Duodenum

Attention is then turned toward the suprapyloric
region. The previously made opening in the pars
flaccida is carried over to the peritoneum overly-
ing the porta hepatis with the ESD, and the right
gastric artery is divided. The peritoneum and vas-
cular tissue along the superior border of the duo-
denum are carefully divided. A laparoscopic
gastric band passer can be useful at this point in
the dissection to develop a window around the
proximal duodenum for subsequent passage of a
stapler. The lap band passer is placed under the
proximal duodenum at the level where the infe-
rior wall was cleared and is then flexed to bluntly
develop the plain between the superior aspect of
the duodenum and the underlying portal struc-
tures. An endovascular stapler with thick tissue
(approx. 3.0 mm height) staple load is then intro-

duced, and the proximal duodenum is stapled and
divided just distal to the pylorus. The authors pre-
fer to use bioabsorbable staple line reinforcement
on the duodenum. It is often necessary to tempo-
rarily change to a 5-mm laparoscope to use the
12-mm camera port for passage of the stapler for
this step.

Modified D2-lymphadenectomy
(D1 +p)

Once the duodenum is divided, the stomach can
be placed in the left upper quadrant to facilitate
exposure of the N2 lymph nodes [6]. The robot is
docked at this time (directly over the patient’s
head for the Si system and from the patient’s
right side for the Xi system). In most cases, only
two of the robot instrument arms are necessary. A
fenestrated bipolar grasper is placed in the sur-
geon’s left hand, and the hook cautery is placed
in the right hand. The bedside assistant utilizes
the left lateral 12-mm port for introducing the
suction irrigator device or graspers to assist with
retraction as needed.

The peritoneum overlying the proper hepatic
artery is opened with the hook cautery starting
in the region where the right gastric artery was
divided previously. The fatty and nodal tissue
from the left side of the porta hepatis is then
carefully dissected away from the hepatic artery
and portal vein (Fig. 9.3). Hook cautery is usu-
ally sufficient to control the small crossing ves-
sels and lymphatics in this tissue. The
peritoneum along the anterior border of the pan-
creas is then similarly incised with hook cau-
tery, and the underlying hepatic artery lymph
node and common hepatic artery are identified.
The dissection is continued along the common
hepatic artery toward the origin of the left gas-
tric artery. The coronary, or left gastric, vein is
encountered and is ligated with clips placed by
the bedside assistant and is divided sharply.
Once the left gastric artery is identified, the dis-
section is carried further to the patient’s left side
to clear the fatty and nodal tissue from the prox-
imal aspect of the splenic artery. This tissue is
swept up toward the specimen. It is helpful to
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Lymph node

Fig. 9.3 (a) Illustration showing exposure of the proper
hepatic artery and left lateral aspect of the portal vein. (b)
Paired intraoperative image showing the starting point for
modified D2-lymphadenectomy. The peritoneum overly-

ask the bedside assistant to elevate the stomach
either directly or with the Penrose around the
esophagus so that the left gastric artery is run-
ning straight up (i.e., anteriorly) and down (i.e.,
posteriorly). The artery is then circumferentially
dissected and ligated with large clips or is sta-
pled at its origin.

Division of Distal Esophagus or
Proximal Stomach

If distal subtotal gastrectomy is being performed,
the fatty and nodal tissue from the proximal
stomach on the lesser curve side is dissected
down off of the esophagus and stomach to the
level where the stomach will be divided. This is
done with hook cautery as there is usually mini-
mal bleeding once the left gastric artery has been
divided. This step is not necessary in total gas-
trectomy. At this point, the robot is undocked and
the 8-mm robotic trocar on the patient’s left side
(corresponding to the surgeon’s right hand work-
ing port) is upsized to a 12-mm trocar. The distal
esophagus or proximal stomach is divided with a
linear stapler depending on the extent of gastrec-
tomy being performed. It is important to ensure
that no orogastric or nasogastric tube or tempera-
ture probe is in place before stapling.

1

coper hepatic artery -
“ & .'l
- L.

ing the porta hepatis was incised, and the fatty and nodal
tissue from the left lateral aspect of the proper hepatic
artery is swept over toward the specimen

Reconstruction

In distal subtotal gastrectomy, an ante-colic
Billroth II gastrojejunostomy is created if over
one-half of the stomach is remaining and a Roux-
en-Y gastrojejunostomy is preferred if less than
one-half of the stomach remains. For total gas-
trectomy, a Roux-en-Y esophagojejunostomy is
performed. The patient is placed in Trendelenburg
position, and the transverse colon is elevated in a
cephalad direction. The ligament of Treitz (LOT)
is identified. A mobile piece of jejunum approxi-
mately 3040 cm downstream from the LOT is
selected based on mobility and tension-free reach
to the gastric remnant or distal esophagus. For
Billroth II reconstruction, the jejunum is sutured
to the posterior wall of stomach at least 2 cm
from the gastric staple line with two interrupted
silk stay sutures. The bowel is oriented so that the
afferent limb is on the patient’s left side and the
efferent limb is on the right. A marking suture is
placed on the afferent aspect of the bowel to
maintain orientation. Small enterotomies are then
made in both the stomach and the jejunum at the
efferent aspect of the anastomosis, and a linear
stapler (60 mm preferred) is advanced into the
lumens and fired. The remaining enterotomy
from the staple passage is closed in a single layer
with an absorbable barbed suture.
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For Roux-en-Y esophagojejunostomy, a sin-
gle quadrant technique is utilized to minimize the
number of ports and repositioning required.
Again, the bowel is brought into proximity to the
divided distal esophagus as a continuous loop, so
that the afferent limb is on the patient’s left side
and the efferent limb is on the right. A marking
stitch is again placed on the afferent side between
the esophagogastric or esophagojejunal anasto-
mosis and the LOT. A trans-oral anvil (OrVil,
Covidien) is then passed, usually by the anesthe-
siologist. Once the tip of the tubing is visible
against the stapled off distal esophagus, a small
hole is made in the esophagus with electrocau-
tery to facilitate passage of the tubing through the
wall of the esophagus. Care is taken to minimize
contact between the contaminated tubing and the
abdominal viscera. The tubing is grasped with a
grasper and is pulled out of the abdomen via the
12-mm port. The tubing is then gently detached
from the anvil by cutting the suture and is
removed through the 12-mm port. A large enter-
otomy is then made at the anti-mesenteric border
of the afferent limb of bowel, near the marking
suture. The left lateral port site is then enlarged,
and a circular stapler is passed directly through
the abdominal wall and is advanced into the
bowel through the enterotomy. It is advanced into
the bowel, and a stapled, end-to-side esophagoje-
junostomy is created. The stapler is then removed
keeping it closed as it is brought back out through
the abdominal wall. A 15-mm port is then placed
through that port site, and a penetrating towel clip
is used to maintain pneumoperitoneum. Two
reinforcing 2-0 silk sutures are then placed on
either side of the esophagojejunal anastomosis.

Next, the Roux limb is run 50-70 cm distal to
the esophagojejunal anastomosis, and a silk stay
suture is placed between the afferent limb, proxi-
mal to the enterotomy, and the Roux limb at this
site. These two loops of bowel should be directly
adjacent to each other in the left upper quadrant.
The tails of this stay suture are left long enough
that they can be used for retraction. The first
assistant grasps them and retracts the two bowel
loops in the cephalad direction. Two small enter-
otomies are then made, and a linear 60-mm lapa-
roscopic stapler is advanced into them. A
side-to-side stapled anastomosis is created. The

remaining enterotomy is closed in a single layer
with a barbed absorbable suture. Lastly, the seg-
ment of bowel between the two anastomoses con-
taining the enterotomy created for passage of the
circular stapler is excised. For subtotal gastrec-
tomy where a Roux-en-Y anastomosis is per-
formed, this same technique is used, but the
gastrojejunal anastomosis is performed with a
linear stapler if the gastric remnant is large
enough. In either case, an upper endoscopy is
then performed to visually inspect the intralumi-
nal aspect of the anastomosis for hemostasis and
to assess for any leakage of insufflated air.

Specimen Retrieval

Both the segment of jejunum and the stomach are
placed in a specimen bag and are removed from
the abdomen via the left lateral port site that was
enlarged for the circular stapler. The specimen
extraction site is then thoroughly irrigated and
the fascia usually closed with an open technique
in two layers. If there is concern for margin posi-
tivity, the specimen can be removed earlier in the
operation to allow for frozen section examination
and the extraction site can be managed with a gel
port or can be partially closed with interrupted
sutures around a 12- or 15-mm trocar to allow for
the reconstruction to be done after specimen
removal.

Summary

Numerous variations in technique for laparo-
scopic and robotic gastrectomy for cancer have
been described, with no single approach being
clearly superior. In the approach described here,
the majority of the procedure is performed lapa-
roscopically with full mobility to visualize and
work in the upper abdomen. The robot is utilized
for the celiac lymphadenectomy where the
wristed instrumentation and stable camera allow
for a more precise dissection than what can be
achieved with standard laparoscopy. The authors
have found this technique to be safe and effective
and to routinely result in adequate lymph node
retrieval.
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for Gastric Cancer

Timothy E. Newhook and Brian Badgwell

Introduction

The peritoneum is the most common site of
metastases in gastric cancer and also of recur-
rence after potentially curative gastrectomy [1].
While the long-term survival rates for localized
gastric cancer treated with multimodality therapy
are approximately 60%, patients with stage IV
metastatic disease are unlikely to survive beyond
a few years [2]. Current National Comprehensive
Cancer Network treatment recommendations for
gastric cancer metastatic to the peritoneum
include systemic chemotherapy alone or best sup-
portive care [3]. Of note, patients with positive
peritoneal cytology obtained at staging laparos-
copy are classified as having Stage IV incurable
disease [4]. Staging laparoscopy identifies disease
metastatic to the peritoneum, either carcinomato-
sis or positive cytology, in approximately 30% of
gastric cancer patients that appear to have local-
ized disease on imaging [5]. Therefore, a regional
technique of treating gastric adenocarcinoma
metastatic to the peritoneum is appealing and
could expand treatment options beyond tradi-
tional systemic therapy. Hyperthermic intraperi-
toneal chemotherapy (HIPEC) has many
theoretical advantages in the treatment of gastric
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cancer, but the true benefit remains a question to
be answered in the context of a clinical trial.
Minimally invasive HIPEC may offer advantages
in decreasing complications and allowing for the
repeated use of HIPEC. The purpose of this chap-
ter is to review the technique of laparoscopic
HIPEC and our experience based on recently
completed and ongoing clinical trials.

Historical Perspective

Administration of cytotoxic chemotherapy
directly to the peritoneum is an accepted approach
to offer relatively high doses of chemotherapy
while limiting systemic effects. Hyperthermia
also offers several theoretical advantages such as
increasing the depth of chemotherapy penetra-
tion, heat-associated synergistic effects with che-
motherapy, and a direct antitumor effect. Heated
peritoneal chemotherapy has demonstrated effec-
tiveness in appendiceal tumors and mesothelioma
and is considered a standard of care treatment
option [6, 7]. There has been increasing interest in
peritoneal therapy for carcinomatosis from colon,
ovarian, and, recently, gastric origins. There have
been 13 randomized trials of adjuvant intraperito-
neal chemotherapy for gastric cancer, and a recent
meta-analysis demonstrated improved
OS. Collectively, these studies displayed 40%
improvement in survival (hazard ratio = 0.60;
95% confidence ratio [CI], 0.43-0.83) for patients
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treated with adjuvant HIPEC [8, 9]. Further
investigations into HIPEC for gastric cancer are
also supported by recent trials of HIPEC in com-
bination with gastrectomy and cytoreduction,
demonstrating improvements in survival [10].
However, the complications from gastrectomy
and debulking are considerable, with a recent US
clinical trial failing to accrue, stopping after
enrollment of 17 patients (out of 136 planned),
and reporting a 89% morbidity rate, 33% reoper-
ative rate, and 11% mortality rate [11]. Therefore,
methods to diminish complications are warranted
and may be enhanced by a minimally invasive
approach.

Background and Indications
for Laparoscopic HIPEC in Gastric
Cancer

The use of HIPEC for gastric cancer, particularly
for patients with peritoneal carcinomatosis, has
shown to positively influence survival for patients
with poor prognoses [8, 9, 12]. However, there is
considerable morbidity and mortality associated
with this procedure. Data exists suggesting that
laparoscopic HIPEC without cytoreduction and
gastrectomy is a low-risk procedure. A recent
systematic review of laparoscopic HIPEC, pri-
marily for palliation of malignant ascites, sug-
gested that this is a safe procedure, with no
mortality and <10% morbidity in 183 patients
[13]. There is also a relatively large experience
from a single center in Japan with laparoscopic
HIPEC followed by neoadjuvant bidirectional
induction chemotherapy in gastric cancer [14]. In
this strategy, laparoscopic HIPEC is performed
following laparoscopic diagnosis, and patients
continue to receive systemic therapy along with
intraperitoneal administration of cytotoxic ther-
apy, followed by cytoreductive surgery (CRS)
and HIPEC for patients who have had a good
response. Utilizing this strategy in 194 patients,
78% of patients proceeded to CRS and HIPEC
with an almost 16-month median survival [15].
Laparoscopic HIPEC is a crucial component of
this option for patients, as pathologic response to

the neoadjuvant bidirectional therapy was an
independent predictor of better prognosis.

Our group recently published the first com-
pleted trial of HIPEC in gastric cancer and also
the first of laparoscopic HIPEC in the USA [16,
17]. Although the laparoscopic HIPEC procedure
was associated with survival beyond that expected
from previous reports for patients with peritoneal
disease, any statement regarding survival benefit
will require comparative analysis. Nonetheless,
we were able to clearly demonstrate that the pro-
cedure was safe with a major morbidity rate of
3%, and no mortality in 38 procedures performed
in 19 patients. Importantly, 26% of patients went
on to undergo gastrectomy in this trial. Strategies
affording these patients potential CRS, such as
laparoscopic HIPEC, may lead to better survival
with low morbidity.

Preoperative Work-Up

Patient preparation for laparoscopic HIPEC first
requires similar preoperative workup undertaken
for standard laparoscopic operations. Patient can-
didacy to tolerate general anesthesia and the sys-
temic effects of pneumoperitoneum must be
ascertained, including cardiopulmonary evalua-
tion and electrocardiogram. A thorough surgical
history, including previous operations that may
preclude safe laparoscopic surgery due to adhe-
sive disease, must be completed. Standard preop-
erative laboratory testing should be performed,
including a complete blood count, metabolic
panel, and coagulation indices.

Confirmation of the diagnosis of gastric ade-
nocarcinoma, including a review of existing
pathologic specimens should be performed to
ascertain candidacy for laparoscopic
HIPEC. Cross-sectional imaging of the abdomen
and pelvis should be performed, most commonly
via CT scan, as well as either CT scan of the chest
or chest X-ray to identify nonperitoneal meta-
static cancer. Once the diagnosis has been con-
firmed and degree of metastatic disease has been
ascertained, if any, the operation may be offered
to the patient.
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Discussion regarding the risks and benefits of
laparoscopic HIPEC should occur with patients,
despite this typically being a low-risk procedure.
Risks of general laparoscopy should be men-
tioned, along with the risks of anesthesia.
Moreover, risks relating to the chemotherapeutic
agent utilized for HIPEC should be discussed.
Lastly, and perhaps most importantly, the risks of
disease recurrence and the need for additional
HIPEC procedures to control disease must be
made clear to the patient and their caregivers.

Chemotherapy

A number of therapeutic strategies have been uti-
lized in various studies of laparoscopic
HIPEC. Currently, cytotoxic chemotherapeutic
agents are used most often. Multiple investigators
have reported single-agent or combination strate-
gies of mitomycin C and cisplatin at varying dos-
ages [17-20]. Also, 5-fluorouracil and oxaliplatin
have also been used in the palliative setting for
gastric cancer with laparoscopic HIPEC [21].
Yonemura and colleagues have reported exten-
sively on laparoscopic HIPEC as part of a bidi-
rectional chemotherapeutic strategy in the
neoadjuvant setting for peritoneal metastases
from gastric cancer utilizing a regimen of
docetaxel and cisplatin, along with oral adminis-
tration of S1 [22]. Reported studies can be
reviewed in Table 10.1.

Table 10.1 Reported therapeutic regimen of laparo-
scopic HIPEC for gastric cancer

Study Setting Therapy

Badgwell Neoadjuvant | Mitomycin-C 30 mg,

[17] cisplatin 200 mg

Baet al. Palliative 5-Fluorine 1.5 g,

[21] oxaliplatin 200 mg

Valle et al. Palliative Mitomycin-C

[20] 12.5 mg/m?

Facchiano Palliative Mitomycin-C

etal. [19] 120 g/m?, cisplatin
200 mg/m?

Chang etal. | Neoadjuvant | Mitomycin-C 8 mg/L

[18] perfusate, cisplatin
250 mg/m?

Yonemura Neoadjuvant | Docetaxel (30 mg/m?),

et al. [22] cisplatin (30 mg/m?)

Port Placement and Operative
Details

Following induction of general anesthesia and
successful endotracheal intubation, the entire
abdomen is prepped and draped. A Foley catheter
is advised for accurate wurine output.
Pneumoperitoneum may be established in a fash-
ion according to surgeon preference; however,
our practice is direct entry via Hassan technique
in the supraumbilical position. The abdomen is
insufflated to 15 mm Hg, and diagnostic laparos-
copy is performed to ascertain the extent of carci-
nomatosis or other metastatic disease. Patients
may have undergone previous laparoscopy to
diagnose their disease and thus may have prior
port sites in the lateral abdominal wall. Bilateral,
mid-abdominal 12-mm working ports are placed.
Peritoneal washing is next performed for cytol-
ogy, and biopsies are obtained from suspicious
lesions.

Following the diagnostic phase of the opera-
tion, the bilateral working ports are exchanged
for inflow and outflow catheters (Sorin, USA)
and are placed under laparoscopic visualization
as shown in Fig. 10.1. The patient’s right port is
utilized to position the outflow cannula into the
patient’s right upper quadrant over the liver

Fig. 10.1 Cannula placement for laparoscopic hyper-
thermic intraperitoneal perfusion with chemotherapy
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(Fig. 10.2). An inflow cannula is placed into the
patient’s left upper quadrant, anterior to the stom-
ach, via the patient’s left-sided port.

To initiate HIPEC, crystalloid perfusate is then
circulated using an extracorporeal circulation
device (Medtronic COBE Century Heart Lung
Machine, Minneapolis, MN, USA) at a flow rate of
700-1500 mL/min. Figure 10.3 demonstrates the
operating room setup for HIPEC. Once the flow
rate and outflow temperature are optimized (typi-
cally >39 °C), the appropriate chemotherapeutic
agents are added to the peritoneal perfusion circuit.
Target inflow temperatures are 4142 °C, and tar-
get outflow temperatures are 39—40 °C. The abdo-
men is consistently manipulated over the course of
60 min to effectively distribute the perfusate (and
chemotherapy) evenly throughout the abdomen.

After 60 min, abdominal washout is performed
with 3 L of crystalloid solution. Pneumoperitoneum
is then re-established, the peritoneal cavity is re-
inspected, and any structures (typically, omentum)

Fig. 10.2 Image demonstrating the location of the out-
flow cannula over the dome of the liver

Anesthesiologist

Monitor

SR TL”

Monitor

1st assistant

Perfusion Perfusionist

tubing

Perfusion
machine

Fig. 10.3 Operating room setup for hyperthermic perfusion utilizing an extracorporeal circulation device
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adherent to the cannulas are removed. Lastly, the
cannulas are removed under direct visualization.

Perioperative Management
and Complications

Patients typically receive a 1-L bolus of normal
saline fluid preoperatively as prehydration in the
holding area. To limit the systemic toxicity of
cisplatin, a loading dose of 7.5 g/m? of sodium
thiosulfate is given to the patient prior to addition
of cisplatin to the perfusion circuit. Sodium thio-
sulfate 25.56 g/m? is administered as a continu-
ous infusion over the next 12 h. As compared to
traditional cytoreductive surgery and HIPEC for
gastric cancer, patients require less resuscitative
volume postoperatively, and thus, maintaining
urine output greater than 30 cc/h is sufficient.

Patients should expect an approximate 2-day
length of stay in the hospital following laparo-
scopic HIPEC for gastric cancer. A clear liquid
diet beginning immediately postoperatively is
advanced as tolerated quickly to regular over the
subsequent 24 h. Careful attention must be paid
to avoiding renal insufficiency via adequate
resuscitation and maintenance of urine output.

The use of HIPEC may improve survival fol-
lowing resection for gastric cancer; however, an
open approach following cytoreductive surgery
has significant morbidity [8—11]. Benefits of lap-
aroscopy, including lack of a large incision, lower
postoperative pain, and faster recovery make
laparoscopic HIPEC an attractive modality.
Systematic review of the literature for laparo-
scopic HIPEC for any indication demonstrates an
approximate 7% rate of complications, all of
which were minor and not requiring reoperation
[12]. Moreover, laparoscopic HIPEC is a low-
risk operation for gastric cancer. In a randomized
controlled phase II trial of laparoscopic HIPEC
with mitomycin C and cisplatin following sys-
temic therapy for patients with stage IV gastric
cancer, the procedural complication rate was
11% with 0% 30-day mortality rate [17].

Results from our recently reported Phase II
clinical trial show an overall complication rate of

11% for laparoscopic HIPEC covering 38 proce-
dures in patients with peritoneal carcinomatosis
or positive peritoneal cytology from gastric can-
cer [17]. Most complications were minor,
including transient rise in creatinine and intraop-
erative arrhythmia.

Variation in Technique

Minimally invasive laparoscopic HIPEC is a rela-
tively novel surgical procedure, and there are
multiple variations of this technique among
different centers, including varying strategies to
deliver therapy locally to the peritoneum.
Pressurized intraperitoneal aerosol chemother-
apy (PIPAC) has been only very recently
described as a novel technique to deliver chemo-
therapy to the peritoneum for patients with peri-
toneal metastases from gastric cancer [23]. In this
technique, diagnostic laparoscopy is performed
as previously described, followed by administra-
tion of pressurized aerosol of doxorubicin
(1.5 mg/m?) followed by cisplatin (7.5 mg/m?).
Utilizing this minimally invasive technique, a
total of 24 patients underwent 60 PIPAC proce-
dures with 50% of patients having an objective
tumor response [23].

Further, laparoscopic HIPEC is a component
of a recently reported protocol of neoadjuvant
laparoscopic HIPEC followed by neoadjuvant
intraperitoneal/systemic ~ chemotherapy  for
patients with gastric cancer metastatic to the
peritoneum [22]. Neoadjuvant laparoscopic
HIPEC utilizing docetaxel and cisplatin (both
30 mg/m?) is performed, followed by a series of
3-week cycles of docetaxel and cisplatin admin-
istration via a peritoneal port system (NIPS).
Systemic therapy is administered in conjunction
with NIPS in a bidirectional fashion. Patients
then proceeded to undergo laparotomy and cyto-
reductive surgery. Utilizing this strategy, the
Peritoneal Cancer Index score at the time of lap-
arotomy was significantly lower than at the time
of initial laparoscopic HIPEC; and 57.6%
(n = 30) of patients subsequently underwent
complete cytoreduction.
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Summary

As the peritoneum is commonly involved in
patients with metastatic gastric cancer, there is
increasing support for direct delivery of chemo-
therapy to the peritoneum via HIPEC. Laparoscopic
HIPEC allows patients to have their peritoneal
disease treated directly yet avoid the typical high
morbidity associated with HIPEC via laparotomy.
Moreover, as laparoscopic HIPEC is a procedure
that can be performed serially, eradication of low-
volume peritoneal disease may lead to gastrec-
tomy for some patients, as demonstrated in recent
clinical trials. Laparoscopic HIPEC thus remains
a safe and attractive option for patients with peri-
toneal carcinomatosis or positive peritoneal cytol-
ogy from gastric cancer.
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Introduction

Minimally invasive surgery, a widely adopted tool
for most domains of gastrointestinal surgery, has
been relatively slow to evolve in the field of pan-
creatic surgery. The reasons include proximity to
the great vessels, retroperitoneal location, need
for advanced intracorporeal suturing skills, and
increased risk of complications associated with
these procedures. With enormous development in
surgical technology coupled with improved ana-
tomical knowledge and refined skills, minimally
invasive pancreatic surgery has grown out of its
infancy and is an established speciality in hepato-
pancreatobiliary surgery today. As a result, the
initial skepticism and reluctance associated with
minimally invasive pancreatic resection have
decreased, and many surgeons are now attempting
to enter this difficult terrain [1-6]. Recent publi-
cations highlight potential advantages of mini-
mally invasive pancreatic resection (MIPR) over
open pancreatic resection (OPR) which include
reduced pain, decreased blood loss and need for
transfusion, earlier return of bowel function,
decreased wound infection rates, and shorter
intensive care unit and overall hospital stays [7—
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10]. Although the number of MIPRs performed
for benign and malignant diseases of the pancreas
has increased in recent years, cost considerations
and financial implications of these new approaches
need to be well defined. Furthermore, clear guide-
lines and standardization of surgical technique are
paramount for the safe and steady expansion of
this novel surgical approach [11, 12].

Evolution of Minimally Invasive
Pancreaticoduodenectomy

The first description of laparoscopic pancreatic
head resection was reported in 1994 by Gagner
and Pomp, where they used a hybrid approach
using a right subcostal hand port for tumor assess-
ment and for the anastomosis [13]. In their first
attempt at laparoscopic pancreaticoduodenec-
tomy (LPD) in a patient with chronic pancreatitis,
they wrote with great skepticism questioning the
benefit of a laparoscopic approach to surgery of
this magnitude. They also voiced their concerns
regarding the significant technical challenges
demanded by the procedure. Given the respect for
Gagner’s technical skills with minimally invasive
techniques in the surgical community, LPD was
mostly abandoned. Palanivelu in India continued
working on LPD, and he presented his early expe-
rience in 2001 and later published additional
experience with LPD in 42 patients, demonstrat-
ing a complication rate of 31% with no surgical
death or conversion to open procedure. This report
showed that in select patients, the procedure may
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be performed safely with good oncologic out-
comes and acceptable perioperative results [14].
Over the years, technical modifications in energy
source, radicality of surgery, type of reconstruc-
tion, and specimen extraction were made. These
refinements in technique resulted in better out-
comes as reported with a 75-patient series in 2009
[15]. Oncologically, margin status and lymph
nodal yield were comparable to the open approach
which translated to equal survival rates.
Palanivelu’s group also reported in 2015 that the
radicality of LPD is comparable to the open
approach when performed by experienced mini-
mal access surgeons [16]. They have also assessed
long-term survival outcomes following LPD in
130 patients with pancreatic and periampullary
cancers, showing excellent short-term results and
acceptable long-term survival [17]. More recently,
Palanivelu and colleagues published the first RCT
comparing LPD and OPD for periampullary
tumors demonstrating a significant reduction in
hospital stay and trends toward decreased blood
loss, fewer transfusions, and reduced wound
infection rates in the LPD arm [18].

Laparoscopic
Pancreaticoduodenectomy

Indications

Patient selection is extremely important for suc-
cessful application of the laparoscopic approach.
It is prudent to select early, small lesions for
beginners; and later, with experience, larger
tumors can be attempted. Associated conditions
like obesity, previous upper abdominal surgery,
and borderline resectable tumors should be
avoided. The preferred indications early in the
learning curve include ampullary tumors, distal
common bile duct tumors, early carcinoma of the
head of pancreas, and duodenal carcinoma.

Port Position

A total of seven trocars are used for this proce-
dure (Fig. 11.1). The exchange of the camera
between the midline and right lateral 10-mm port
facilitates performance of critical steps like the

Fig. 11.1 Trocar/port positioning for laparoscopic
pancreatectomy

extended Kocher maneuver, parenchymal tran-
section, and uncinate dissection.

Team Setup, Patient Positioning,
and Instrumentation

The patient is placed supine with split legs and in
reverse Trendelenburg position. The monitor is
placed at the head end of patient. The position of
the surgeon varies depending on the area of dis-
section and reconstruction.

Position of the Surgeon

The position of the operating surgeon varies
depending on the area of dissection or recon-
struction. Mostly, the surgeon stands between the
legs of the patient (Fig. 11.2). For certain steps
like hepatic flexure mobilization and hepaticoje-
junostomy (HJ) anastomosis, the surgeon moves
to the left side of the patient with the camera sur-
geon standing between the legs of the patient.

Phase 1: Resection
Video 11.1

For descriptive purposes, the procedure can be
divided into two phases: resection and recon-
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Fig.11.2 Patient Monitor

positioning and

operating room setup for

laparoscopic \ Anesthesiologist

pancreatectomy

Assistant

struction. After staging laparoscopy to rule out
intra-abdominal distant metastasis, the procedure
is started by taking down the hepatic flexure and
exposing the entire duodenum (Fig. 11.3). The
gastrocolic ligament is divided and the lesser sac
is entered. The head of the pancreas is completely
exposed by dividing the right gastroepiploic ves-
sels and gastrocolic trunk. The resectability of
the lesion is assessed by two important maneu-
vers. The first is extended Kocherization which
allows the surgeon to assess the tumor in relation ~ Fig. 11.3 Intraoperative image showing takedown of the
to the superior mesenteric artery (SMA) Eﬁﬁt;fhiingfcggﬁoﬁ?& arrow) adjacent to the duode-
(Fig. 11.4). The second is tunneling behind the
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Fig. 11.4 (a) lllustration demonstrating structures in the
retroperitoneum following extended Kocherization. (b)
Paired intraoperative image demonstrating retraction of

Fig. 11.5 Intraoperative image showing the creation of a
tunnel posterior to the neck of the pancreas

neck of the pancreas to assess portal vein involve-
ment (Fig. 11.5). If those pancreatic margins are
both free of disease infiltration, then the opera-
tion proceeds.

If the decision is made to proceed, the antrum
or first part of the duodenum is transected using
an Endo GIA stapler, thus exposing the entire
field of dissection (Fig. 11.6). The dissection of
portal structures begins with decompression of
the gallbladder since this step provides better
visualization of the structures in the porta hepatis.
Calot’s triangle is dissected, and the cystic artery
and duct are clipped and divided. The gallbladder
is left attached to the liver until the reconstruction
is completed, since it will provide good retraction
of the liver.

The common bile duct (CBD) is then tran-
sected above the level of the cystic duct junction,

structures to the left, exposing the inferior vena cava
(IVC), left renal vein (LRV), superior mesenteric artery
(SMA), and celiac axis (CA)

Fig. 11.6 Intraoperative image showing duodenal divi-
sion with a laparoscopic linear stapler

and the entire fibro-fatty and lymphatic tissues
along the hepatoduodenal ligament are cleared
exposing the common hepatic artery and portal
vein. Bile spillage from the opened CBD is
avoided by applying an endoscopic bulldog
clamp. The common hepatic artery is traced
along the superior border of the pancreas in the
gastrohepatic omentum, where the gastroduode-
nal artery is identified and ligated at its origin
from the common hepatic artery (Fig. 11.7).
Dissection continued toward the celiac axis along
the superior border of the pancreas taking down
lymphatic tissues with the specimen.

The mobilization of the duodenum continues
toward the third and fourth parts, including the
proximal 15 cm of jejunum. Attention is taken to
ligate the first jejunal branch followed by transec-
tion of the jejunum with the Endo GIA stapler with
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Fig. 11.7 Intraoperative image showing silk suture liga-
tion of the gastroduodenal artery

Fig. 11.8 Intraoperative image showing an umbilical
tape that has been tied around the neck of the pancreas

a white cartridge. This facilitates delivery of the
transected jejunum toward the specimen side.
Alternatively, after dissecting the ligament of
Treitz and completely mobilizing the duodenoje-
junal flexure, the jejunum may be transected in the
supracolic compartment. This technical modifica-
tion, which is now our preference, facilitates clear
delineation of the first jejunal artery and vein.
Pancreatic transection at the neck begins after
placing stay sutures on the superior and inferior
borders on either side of the proposed transection
line which helps for retraction and hemostasis
(Fig. 11.8). The pancreas is transected using the
harmonic shears, while the suspected area of the
pancreatic duct is divided with scissors to avoid
injury to the ductal mucosa (Fig. 11.9). The
attachments of the uncinate process to the SMA
are visualized including the inferior pancreatico-
duodenal vessels which are clipped and divided
ensuring complete removal of the gland along the
right border of SMA (Fig. 11.10). This remains
one of the most important and technically chal-

Fig. 11.9 Intraoperative image demonstrating the identi-
fication of the pancreatic duct (white arrow)

Fig. 11.10 Intraoperative image demonstrating clips that
have been placed on the inferior pancreaticoduodenal
artery

Fig. 11.11 Intraoperative image demonstrating comple-
tion of resection phase with exposure of the inferior vena
cava (IVC), left renal vein (LRV), superior mesenteric
artery (SMA), and superior mesenteric vein (SMV)

lenging steps of the operation (Fig. 11.11). Once
completed, the specimen is placed into an endo-
scopic specimen bag and delivered through a
Pfannenstiel incision at the end of the procedure.

Steps to achieve adequate exposure and
proper handling of the pancreas
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e Attach the falciform ligament to the anterior
abdominal wall

e Adequate takedown of hepatic flexure and
extended Kocherization

e Create wide tunnel posterior to the neck of the
pancreas

e Divide gastrocolic trunk at its junction with
the superior mesenteric vein

*  SMA-first approach to assess resectability

e Early ligation of inferior pancreaticoduodenal
artery decreases bleeding during pancreatic
division

e Tie umbilical tape around the neck of the pan-
creas early to facilitate duct dilatation and
easy identification of the duct during neck
transection

e Use hemostatic and traction sutures to avoid
direct handling and bleeding of pancreas

* Dissect pancreatic parenchyma with harmonic
shears for bloodless dissection followed by
slow side-to-side movements to tease apart
pancreatic tissues

e Use scissors to divide midportion of pancre-
atic parenchyma when nearing the pancreatic
duct

e Leave 3-mm cuff of pancreatic duct beyond
divided parenchymal transection line to facili-
tate duct-to-mucosa anastomosis

e Use laparoscopic vessel retractor and switch
camera to the right 12-mm port for uncinate
dissection

e Use laparoscopic 3-mm instruments for han-
dling pancreatic duct and suturing over small
feeding tube

e Leave gallbladder attached to the liver until
final steps to facilitate traction for HJ
anastomosis

Phase 2: Reconstruction

Video 11.2

The jejunum is brought to the supracolic com-
partment in retrocolic fashion. The pancreatic
stump is mobilized for a length of 2-3 cm to
facilitate the pancreatic anastomosis. A duct-to-
mucosa pancreaticojejunal (PJ) reconstruction is
done by modified Blumgart technique. Up to

Fig. 11.12 Intraoperative image demonstrating sutures
placed across the pancreatic duct in preparation for duct-
to-mucosa suturing of the modified Blumgart technique

Fig. 11.13 Intraoperative image demonstrating suturing
of the anterior layer of the hepaticojejunal anastomosis

three 3-0 Prolene trans-pancreatic sutures are
taken from the anterior to posterior capsule of the
pancreas, then taking a horizontal mattress bite
on the jejunum, and reversing direction from pos-
terior to anterior through the pancreas and finally
tying the suture. About 4—6 duct-to-mucosa 4-0
PDS sutures are taken along the diameter of the
pancreatic duct (Fig. 11.12). The mucosal anasto-
mosis is reinforced using 3-0 polypropylene
seromuscular to pancreatic capsule sutures
anteriorly.

Approximately 7-8 cm distal to the PJ anasto-
mosis, the HJ is performed by creating an enter-
otomy in the jejunum that is anastomosed with
the cut end of the hepatic duct in single layer with
4-0 PDS interrupted sutures. If the duct is dilated,
the anterior layer can be completed using a con-
tinuous suture (Fig. 11.13).

Distal to the HJ anastomosis, duodenojejunos-
tomy is performed in antecolic fashion using 2-0
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Fig. 11.14 Intraoperative image demonstrating near
completion of the duodenojejunostomy

PDS for continuous, extramucosal sutures
(Fig. 11.14). When the antrum is resected, a gas-
trojejunostomy is performed using an Endo GIA
stapler on the dependent posterior aspect of the
stomach. Nasojejunal and nasogastric tubes are
used for feeding and decompression, respec-
tively. A 24-Fr drain is routinely placed close to
the PJ.

Conclusion

The question remains as to what the future holds
for MIPR. Evolution in MIPR techniques has
enabled performance of technically demanding
steps like SMA-first approaches and major vessel
resection and reconstruction during pancreatic
resections. The addition of the robot to the pan-
creatic surgeon’s armamentarium may facilitate
adoptability and expansion of MIPR. Large-
scale, multi-institutional randomized controlled
trials are essential to demonstrate the safety, non-
inferiority, and possible advantages of MIPR
over the open approach. Focused training pro-
grams, dedicated fellowship courses, proficiency-
based virtual training, and video analysis and
proctorship are essential for large-scale pene-
trance of MIPR among the surgical fraternity.
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Development of the Robotic
Approach

Although several iterations of the pancreaticodu-
odenectomy (PD) existed dating back to the
1890s, the first recorded one-stage procedure for
the complete excision of the head of the pancreas
and duodenum by Whipple was reported in 1941
[1, 2]. In the minimally invasive era, the first lap-
aroscopic PD (LPD) was reported in 1994 by
Gagner [3], but widespread adoption of this mini-
mally invasive procedure has not caught on and is
only practiced at high-volume specialized centers
[4-7]. Laparoscopy has several limitations for
procedures requiring complex reconstruction,
such as two-dimensional imaging, tremor with
long instruments, difficulty to be ambidextrous
for difficult suture angles, and lack of wrist artic-
ulation in laparoscopic instrumentation. Hand
assistance with laparoscopic resection and partial
open reconstruction has been used in some cen-
ters but has failed to gain popularity [6, 8, 9].
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Using the robotic platform overcomes many of
the shortcomings of laparoscopy with improved
three-dimensional imaging, 540° movement of
surgical instruments, improved dexterity, and
precision in complex tasks like vascular dis-
section and intracorporeal suturing [10-12]. In
2010, Giulianotti and colleagues reported the
first large series of robotic pancreatic resections
where 134 patients underwent various pancre-
atic procedures of which 60 patients underwent
robotic PD (RPD) [6].

At the University of Pittsburgh, we performed
our first RPD in 2008 and published the first
description of our technique in 2011 [11, 13]. Since
that time, our approach to the operation has under-
gone continuous refinement and has shifted from
utilizing a hybrid of laparoscopic mobilization and
robotic resection to a completely robotic proce-
dure. Zureikat et al. reported the first 250 consecu-
tive robotic procedures which included 132 RPD
with low mortality and morbidity rates [7]. These
encouraging early results have allowed the robotic
approach to pancreatic surgery to become our pre-
ferred approach. Subsequently, Boone et al.
reported that based on 200 consecutive RPD, the
learning curve was 80 cases [14]. After 20 cases,
there was an improvement in estimated blood loss
and conversion; and after 40 cases, there was an
increase in lymph node yield. However, time was
the most difficult outcome to improve and an
inflection point was noted using cumulative sum
control chart (CUSUM) analysis at 80 cases. As of
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2017, over 60% of PDs at our institution are com-
pleted using the robotic approach; and we recently
completed the 500th RPD in September 2017.

Lessons from this evolution and prospective
scrutiny of outcomes have allowed us to identify
the learning curve for RPD and ultimately lead to
the development of a standardized curriculum for
training surgeons at all training levels [15, 16].
As RPD has matured as a technique, it has also
been possible to perform multi-institutional anal-
ysis of its outcomes as compared to OPD. In
2016, Zureikat et al. reported a comparison of
211 RPDs from 2 institutions and 817 OPD from
8 high-volume institutions [17]. While operative
times for RPD were longer than OPD, there were
no difference in 90-day mortality, clinically rele-
vant postoperative pancreatic fistula (POPF),
wound infection, length of stay, 90-day readmis-
sion, or oncologic-related factors such as margin
status or suboptimal lymphadenectomy.

Indications

Indications for RPD are the same as for OPD with
the exception of patients who cannot tolerate
pneumoperitoneum. Though our initial experi-
ence also excluded patients requiring vascular
reconstruction, we have concluded that limited
vascular resection and reconstruction can be per-
formed safely through the robotic approach. The
indications include, but are not limited to, cholan-
giocarcinoma, duodenal cancer, ampullary can-
cer, pancreatic adenocarcinoma, pancreatic acinar
cell carcinoma, pancreatic neuroendocrine tumor,
intraductal papillary mucinous neoplasm (IPMN),
mucinous cystic neoplasm (MCN), chronic pan-
creatitis, and other less common etiologies.

All patients must have a preoperative pancre-
atic protocol, triple-contrast computed tomo-
graphic (CT) scan to stage the tumor, identify
the configuration of the arterial anatomy, and
determine whether there is tumor freedom or
abutment or encasement of the portal vein (PV),
superior mesenteric vein (SMV), superior mes-
enteric artery (SMA), and hepatic arteries. This
CT scan also identifies anomalous or aberrant
hepatic arteries which can aid in operative plan-
ning. Endoscopic ultrasound (US) allows fine

needle aspiration (FNA) for cytologic diagnosis,
demonstration of nodal disease, and character-
ization of vascular involvement of the tumor.
Endoscopic retrograde cholangiopancreatogram
(ERCP) allows brushings for cytology, provides
a cholangiogram to delineate ductal anatomy,
and offers therapeutic decompression of the bil-
iary tree using plastic stents, covered metal
stents, and uncovered metal stents. Serum
CA19-9 levels, once bilirubin has normalized,
are obtained preoperatively for all patients as a
prognostic marker for pancreatic cancer and
cholangiocarcinoma.

Based on preoperative work-up, patients with
pancreatic cancer are classified as resectable,
borderline resectable, locally advanced, or meta-
static [18-20]. Resectable patients are either
taken to surgery or given neoadjuvant therapy.
Borderline resectable patients are all given neo-
adjuvant chemotherapy + radiotherapy. Locally
advanced patients are given systemic therapies,
and if they respond, these patients will be reeval-
uated for surgical consideration. Patients with
venous encasement that need portal vein resec-
tion with interposition graft are not approached
robotically.

Anatomic Highlights
and Landmarks

Ligament of Treitz

The identification and division of the ligament of
Treitz are performed robotically following the
Kocher maneuver. This dissection is critical for
freeing the retroperitoneal attachments to the
duodenum and pancreas. It is of critical impor-
tance to dissect directly onto the duodenum and
not into the mesentery encompassing the SMV
and SMA. This dissection is complete when the
proximal portion of the jejunum can be pulled
into the right upper quadrant (RUQ).

Hepatic Artery Lymph Node

This lymph node is large even when it is not
pathologically involved and it is easy to identify.
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Once identified and removed, the common
hepatic artery (CHA), the PV, and the gastroduo-
denal artery (GDA) can be easily identified. This
lymph node is highly vascular and friable, and
removing it whole with the “no touch” technique
is recommended to avoid venous oozing.

Superior Pancreaticoduodenal Vein
or Vein of Belcher

This vessel is usually located at the superior
aspect of the pancreas and enters the PV poste-
riorly. It is easy to avulse and may create signifi-
cant bleeding from the PV. It is best to locate
this vessel after the pancreatic neck dissection
but to defer ligation until the end of pancreatic
resection. This allows for ease of ligation to
avoid potential hemorrhage.

First Jejunal Branch of the SMV

This branch is usually quite large and may have
several branches to the uncinate process
(Fig. 12.1). Ligating these branches without
injuring the primary trunk is tedious but critical
to free the inferior border of the uncinate from
the small bowel mesentery allowing for better
visualization of the lateral wall of the SMA.

Fig. 12.1 Important Duodenum
venous anatomy of the
pancreas, including the

first jejunal vein

Portal vein

Preoperative Preparation

Recent paradigm shifts in the preoperative
preparation of patients undergoing major
abdominal surgery have led us to adopt an
enhanced recovery after surgery (ERAS) proto-
col for patients undergoing RPD. While patients
still receive a bowel preparation the day before
surgery, they are permitted to continue drinking
clear liquids up until 2 h prior to surgery. As
part of this protocol, patients also receive intra-
thecal morphine and an oral dose of extended-
release opioid (e.g., OxyContin) prior to
induction of anesthesia to facilitate postopera-
tive pain management. Using this pathway, nar-
cotics are limited in favor of other non-narcotic
supplements (i.e., acetaminophen, ketamine,
lidocaine, gabapentin, etc.). Prophylaxis includes
sequential compression devices, 5000 units of
subcutaneous heparin, and intravenous antibi-
otics which are re-dosed throughout the case.
Arterial line placement is routinely used for
blood pressure monitoring, while central
venous access is placed at the discretion of
anesthesiology. A Foley catheter and gastric
decompression tube are also placed. While a
nasogastric tube may be used, our ERAS proto-
col does not employ routine postoperative gas-
tric decompression, and a temporary orogastric
tube is therefore acceptable.

Spleen

Superior mesenteric vein

First jejunal branch of the SMV
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Positioning (Fig. 12.2a). To minimize patient movement during

the case, the table is padded with Pigazzi pads
A split-leg table is utilized with the patient’s right (Xodus Medical). If this is not available, crate
arm tucked and the left arm extended at 60 ° sponges may be used as an alternative. Pressure

a Anesthesiologist
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Surgeon
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E Scrub nurse

st

Fig. 12.2 Patient positioning and operating room setup for (a) laparoscopic mobilization and (b) robotic
pancreatectomy
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Fig. 12.2 (continued)

points are padded with additional crate sponges,
and the patient is secured to the bed with a chest
strap. Once the patient is secured, the legs are
abducted, knees are padded to prevent hyperexten-
sion, and footboards are placed. To assist in main-
taining euthermia throughout the case, the legs are

covered with blankets and secured by tape; and the
upper body is covered with a forced-air warming
blanket positioned above the nipple line. Once the
patient is appropriately positioned, the table is
rotated to allow robot docking directly over the
head (Si) or over the right shoulder (Xi) (Fig. 12.2b).
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The preference of our group is the Si platform due
to better visual optics within the high-definition
12-mm camera of the Si compared to the chip-on-
tip technology of the 8-mm camera of the Xi which
does not allow manual focus. Supplies for position-
ing and steps of RPD are listed in Table 12.1.

Port Placement

As with all minimally invasive approaches to sur-
gery, port placement is a key component to the
successful completion of RPD. In general, all
ports should be separated by at least 5-6 cm to
prevent instrument collisions. Standard port selec-
tion includes three 8-mm robotic working ports
and a 12-mm camera port for the robot, as well as
5-mm and 12-mm ports for the assistant and an
additional 5-mm port for the self-retaining liver
retractor (Fig. 12.3). When using the Xi platform,

Fig. 12.3 Port placement for robotic pancreatectomy,
indicating the positions of the assistant ports in the bilat-
eral lower quadrants (5 and 12 mm), robotic ports (§ mm),
and camera port at the umbilicus (12 mm). When using
the da Vinci Xi platform, the camera port is an 8-mm port

Table 12.1 Equipment

Positioning

General laparoscopic

Specific laparoscopic

Robotic?

Open

Split-leg bed

5 mm 0 and 30° lenses®

Battery-powered
suction-irrigator®

4-arm da Vinci drape
kit

2 x 19-Fr Round
Blake!

3" silk tape

10 mm 0 and 30° lenses®

Bulldog clips®

8 mm disposable
obturator

Bovie'

Blue foam rolls

5 and 10 mm Endoclip

Carter-Thomason

3 x 8 mm ports (4

Pancreatic stents

appliers' suture passers with Xi) (4-, 5-, or 7-Fr)"
Egg crate 5 and 12 mm bladeless DHELP! Cadiere forceps Slush drape
Versaports®
Foot boards 2 x Alligator grasper 2 x 10 mm Bipolar cord SureClose
Endocatch’
Left arm board 4 x Duckbill grasper (2 1 x 15 mm Monopolar cord Surgicel, Nu-Knit,
short, 2 long) Endocatchf Gelfoam?
Pigazzi Pink Pad’ | Camera and light cord® Gelpoint gelport’ Fenestrated bipolar Thompson
retractor*
Velcro chest strap | 5 mm Blunt tip LigaSure’ | Hem-o-lok appliers | Hook cautery Triad’
Forced-air 2 x insufflation tubing Lapra-Ty 2 x Large needle Ultrasound
warming blanket' (Applier-KA200/ driver machine™

Clips-XC200)!

Warm blankets

Mediflex retractor”

Endo-GIA stapler®

2 x Prograsp forceps

6” Umbilical
tapes’

Optical separator’

Angle-tipped gold
staple loads (45 and
60 mm)*

Scissor cautery

6" Yellow vessel
loops

General laparoscopic
instruments

Purple staple loads
(45 and 60 mm)f

Suture cut needle
driver

General open
instruments

General robotic
instruments

Suppliers: “Intuitive, *Storz, °Stryker, “Ethicon, *Aesculap, ‘Covidien, 2€Cook Surgical, "Hobbs Medical, Xodus Medical,
JApplied Medical, *Thompson, 'Arizant Healthcare, "Aloka, "Velmen
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the 12-mm robotic camera port is exchanged for
an 8-mm robotic port. Access is first gained in the
left upper quadrant (LUQ) utilizing an optical tro-
car. After exploration, if no metastatic disease is
found, additional ports are placed.

To provide the best visualization during the
uncinate dissection, the 12-mm or 8-mm robotic
camera port should be placed 2-3 cm above and
approximately 2-3 fingerbreadths to the right of
the patient’s umbilicus in an “average”-sized
patient. These may be adjusted for body habitus.
When using a 12-mm camera port, a Carter
Thomason suture-passing device (Cooper
Surgical) is used to place a “figure of eight”
suture around the 12-mm port prior to docking
the robot. Two additional 8-mm robotic working
ports are placed in the mid-clavicular line and
anterior axillary line on the right. Assistant ports
are positioned in the right lower quadrant (5-mm)
and left lower quadrant (12-mm) on a line which
bisects the distance between the camera port and
its neighboring port on each side. The 12-mm
LLQ assistant port will eventually serve as the
specimen extraction site. Finally, a LUQ self-
retaining liver retractor (Mediflex Surgical
Products) is placed in the left anterior axillary
line and the LUQ optical trocar is exchanged for
an 8-mm robotic working port. It should be noted
that port placement must be tailored to the patient,
specifically in patients with shorter or longer
torsos where the ports can be adjusted caudally
or cranially, respectively.

Operative Steps

Video 12.1

Mobilization

When we first adopted the robotic-assisted tech-
nique, the mobilization steps were carried out
laparoscopically. With refinement of our tech-
nique, however, the procedure is now completed
entirely with a robotic approach. Following port
placement, the robot is docked and instruments
passed into the abdomen. Most of the operation is

completed with the monopolar hook cautery in
the right (R1) hand, fenestrated bipolar in the left
(R2) hand, and the cadiere or prograsp in R3. We
utilize a 30° robotic laparoscope, and when using
the Si platform, it is oriented in the “down” posi-
tion. The assistant uses an energy sealing device
(LigaSure, Covidien) and suction-irrigator and a
laparoscopic stapler when indicated.

To begin the dissection, the hook electrocau-
tery or LigaSure is used to enter the lesser sac
through the gastrocolic omentum sparing the gas-
troepiploic vessels. Congenital adhesions from
the posterior body of the stomach to the pancreas
are common and should be carefully lysed with a
combination of blunt dissection and electrocau-
tery. During this dissection, care is taken to
remain in the appropriate plane, thereby avoiding
injury to the gastroepiploic and middle colic
veins. This dissection continues to the right side
facilitating takedown of the hepatic flexure.

Once the hepatic flexure has been taken down,
full Cattell-Braasch maneuver is performed by
mobilizing the right colon along the white line of
Toldt to the level of the appendix. Once this is
completed, the right colon may be medialized
allowing excellent exposure of the duodenum.
Mobilization continues with Kocherization of the
duodenum to the level of the left renal vein,
which provides exposure of the inferior vena
cava (IVC), SMA, and ligament of Treitz. During
this dissection, anteromedial retraction of the
duodenum is provided by R3, while the assistant
can use the suction-irrigator to keep the dissec-
tion plane free of blood and the LigaSure to con-
trol larger vessels. When the Kocher maneuver is
complete, resectability can be determined. With
resectable tumors, the procedure proceeds with
mobilization of the posterior duodenum, pancre-
atic head, and uncinate to the level of the root of
the small bowel. A key maneuver is to release the
ligament of Treitz from the patient’s right side
through an extended Kocher maneuver, thereby
allowing delivery of the jejunum under the small
bowel mesentery and into the RUQ.

After the proximal jejunum is delivered into
the right supracolic compartment, a window is
made in the jejunal mesentery approximately
10 cm from the uncinate and the jejunum is



116

P.Varley et al.

transected from the assistant’s 12-mm port utiliz-
ing a laparoscopic linear stapler with a 60-mm
hook-tipped gold load (Covidien). The assistant
then uses the LigaSure to transect the jejunal
mesentery on the specimen side to the level of the
uncinate process. Care must be taken to stay very
close to the intestine and immediately under it to
avoid injury to the vascular supply within the
small bowel mesentery. Any remaining retroperi-
toneal attachments to the duodenum and jejunum
are the transected to allow “linearization” of the
specimen.

With pancreaticoduodenal mobilization and
distal intestinal transection complete, attention is
then turned to the proximal extent of resection.
The gastrohepatic ligament is entered through the
pars flaccida using electrocautery or the LigaSure
with care taken to avoid injury to a replaced left
hepatic artery if present. The LigaSure is then
used to ligate the right gastric artery (RGA) at the
point of planned antral transection. Though
pylorus-preserving PD can be performed as part
of RPD, we generally favor the classic PD. A
position immediately opposite to the ligation of
the RGA is identified on the greater curvature,
and the LigaSure is used to divide the gastrocolic
omentum and ligate the gastroepiploic artery. This
dissection is continued for a few centimeters
proximally along the greater curvature to facili-
tate future anastomosis. After anesthesia has
withdrawn the gastric tube, the stomach is tran-
sected using a purple load of the linear stapler
(Covidien).

Portal Dissection

The first step of the portal dissection is identifica-
tion and excision of the hepatic artery lymph
node, which allows excellent exposure of struc-
tures within the porta hepatis. The node is excised
using a combination of hook electrocautery and
LigaSure. This node can cause bothersome bleed-
ing refractory to coagulation, but which stops
with gentle pressure and application of Surgicel
(Ethicon). After excision, the node is sent for per-
manent pathology. R3 can then be used to grasp
and retract the specimen staple line and retract it
laterally, providing a window for dissection of

the CHA. The tissue overlying the CHA/GDA
junction can be dissected with electrocautery, fol-
lowed by gentle anterior traction with R2 and
careful blunt dissection with the hook to develop
the plane between the CHA and portal vein. With
the anterior surface of the portal vein identified,
its attachments to the superior border of the pan-
creas are divided to provide an adequate landing
zone for future pancreatic transection.

Attention then returns to the arterial dissection,
where the RGA is identified in the plane anterior
to the CHA/GDA confluence and divided with a
combination of titanium clips and LigaSure. We
believe that lateral portal dissection with identifi-
cation of the CBD prior to GDA transection is an
important safety consideration as it allows identi-
fication of aberrant vascular anatomy prior to
GDA transection. If there is any concern regard-
ing adequate hepatic flow, we perform a Doppler
ultrasound exam of the CHA before and after test
clamping the GDA. The lateral aspect of the porta
hepatis is approached by using R3 to retract the
gallbladder cephalad, and the lateral and posterior
nodal tissue along the CBD is dissected toward
the specimen side. Once the lateral aspect of the
CBD has been cleared, careful medial dissection
from the PV follows. The GDA and CBD are then
encircled with yellow vessel loops to facilitate
provision of counter-tension and transected with
angle-tipped gold loads of the linear stapler
(Covidien). The GDA stump is marked with a tita-
nium clip for later identification.

Uncinate Dissection

The uncinate dissection begins with identification
of the inferior border of the pancreas at the
SMV. The first goal of this dissection should be to
identify the SMV both superiorly under the pancre-
atic neck and inferiorly as it enters the mesocolon.
Dissection of the SMV from the pancreatic neck is
then facilitated with both gentle anterior retraction
using R2 and use of the assistant’s suction-irrigator
to provide counter-traction and to perform blunt
dissection. During this dissection, several small
pancreatic venous branches may be encountered
which can bleed significantly. These may be con-
trolled with bipolar cautery or LigaSure.
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Once the retro-pancreatic tunnel has been com-
pleted, an umbilical tape may be passed underneath
the pancreatic neck to provide a handle during pan-
creatic transection. R1 is exchanged for a monopolar
scissor, and the assistant places the suction-irrigator
within the retro-pancreatic tunnel to protect the por-
tal venous confluence during transection. The scis-
sors are then used with monopolar cautery to
partially transect the pancreas on the anterior and
inferior borders. Bipolar or LigaSure is used to con-
trol bleeding from the transverse pancreatic arteries
when encountered. After transection has proceeded
approximately halfway through the gland from cau-
dal to cranial and halfway from anterior to posterior,
the cold scissors are used to transect until the pan-
creatic duct is identified. Following division of the
duct, transection may be completed with
electrocautery.

The SMV dissection is completed through
identification of the origin of the gastroepiploic
vein, middle colic vein, trunk of Henle (if present),
and the first jejunal branch. This is accomplished
by completely dissecting both the medial and lat-
eral borders of the SMV and then transecting the
gastroepiploic vein atits origin using the LigaSure.
If feasible, the middle colic vein is preserved.
This allows the portal vein to be “rolled” medially
off the uncinate, exposing the first jejunal branch.
While this is generally preserved, the recurrent
branches to the uncinate are coagulated with the
fenestrated bipolar. With the uncinate free from
the first jejunal branch, R3 can be used to roll the
specimen “up and out” to expose the SMA.

The final dissection of the specimen begins with
approach to the vascular groove of the SMV to the
backside of the pancreas. The approach to this dis-
section can depend not only on gland texture but on
potential for portal vein or SMV involvement. With
asoft glad, we favor the “medial to lateral” approach
where the layers are sequentially taken from ante-
rior to posterior. In the case of a hard gland or sus-
pected vein involvement requiring potential robotic
vein resection, we prefer an “artery first” approach
facilitated by a “hanging maneuver.” To accomplish
this, the SMV is dissected above and below the first
jejunal branch which is then ligated. The SMV,
which is still attached to the pancreas, is then sus-
pended off the retroperitoneum with gentle traction
of the pancreas, which allows medial to lateral dis-
section of the SMA from under the SMV (Fig. 12.4).
During either of these approaches, close coordina-
tion is required between the robotic surgeon and
assistant since it requires a combination of monopo-
lar and bipolar electrocautery as well as the LigaSure
to complete the maneuver safely. Unlike open PD,
the inferior and superior pancreaticoduodenal arter-
ies can be visualized during dissection with the help
of the high-definition optics and magnification pro-
vided by the robotic platform. When encountered,
these should be ligated with titanium clips in addi-
tion to the LigaSure. Once the uncinate dissection is
complete, the specimen should be completely free,
and it is placed into an extraction bag, removed
from the abdomen, and sent to pathology for frozen
section analysis of the common bile duct and pan-
creatic margins.

Fig. 12.4 (a) Illustration demonstrating pancreatic can-
cer with invasion of the side wall of the superior mesen-
teric vein (SMV). Vascular clamps have been placed
transversely across the SMV above and below the level of

the lesion. Vessel loops have been placed on the SMV
above and below the lesion. (b) Paired intraoperative
image showing robotic vein resection for locally advanced
pancreatic cancer
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Cholecystectomy

Robotic cholecystectomy can be performed in
either an antegrade or retrograde manner. The
cystic artery is ligated with 5-mm clips and the
energy sealant device; and the cystic duct is
ligated with 5- or 10-mm clips. In the case of a
distal cholangiocarcinoma, the CBD may be
reexcised above the cystic duct as part of the gall-
bladder specimen and sent as an additional mar-
gin. The gallbladder is placed into a 10-mm
extraction bag and removed.

Pancreaticojejunostomy

To begin reconstruction, the proximal jejunum in
the supracolic compartment is oriented with the
mesentery facing the SMA/SMV. R1 and R2 are
exchanged for needle drivers, and a duct-to-mucosa
modified Blumgart pancreaticojejunostomy (PJ) is
then created over a pancreatic duct stent (4, 5, or 7
Fr, Hobbs Medical). The anastomosis begins with
three 8 in 2-0 silk sutures on a V-20 needle which
forms the back row. These stitches are taken full
thickness through the pancreas from anterior to pos-
terior, then seromuscular through the jejunum near
the mesenteric border, then posterior to anterior
back through the pancreas. The middle stitch should
straddle the pancreatic duct, and care must be taken
that this stitch does not go through the duct itself.
The stitches are tied with care being taken that the
pancreatic duct is not occluded by tying the middle
stitch too tightly, which can be confirmed by gently
moving the stent in and out of the duct. The needles
are left attached to these stitches as they will be used
to complete the anterior outer layer. A small enter-
otomy in the jejunum is made opposite the pancre-
atic duct and the pancreatic duct stent temporarily
removed. The duct-to-mucosa anastomosis is com-
pleted in anterior and posterior layers with inter-
rupted 5-0 PDS (Ethicon) suture. The first suture is
taken inside-outside on the pancreatic duct at the
7-0’clock position and then outside-inside on the
jejunum ensuring that mucosa is included in the
bite. Prior to tying, the second posterior suture is
taken in the same fashion at the 5-0’clock position.
Both stitches are then tied. The pancreatic duct stent

is replaced and the anterior row of the anastomosis
is completed. This anterior duct-to-mucosa row is
composed of two to five sutures depending on duct
size which are taken outside-inside on the jejunum
and inside-outside on the pancreas duct. The silk
sutures from the posterior outer layer are then used
to create an anterior outer layer by taking seromus-
cular bites of the jejunum anterior to the
anastomosis.

Hepaticojejunostomy

An appropriate site for the hepaticojejunostomy
(HJ) is identified approximately 10 cm down-
stream from the PJ at a point that will not create
tension on the PJ. For normal or larger caliber
ducts, we prefer a running anastomosis in ante-
rior and posterior layers utilizing two 6 inches,
4-0 V-Loc sutures (Covidien). An enterotomy is
made on the jejunum to match the size of the
CBD, and the staple line is removed sharply
from the CBD. Beginning at the lateral
(9-0’clock) edge of the CBD, the posterior row
is completed inside-outside on the duct and out-
side-inside on the jejunum, again ensuring that
mucosa is included in each bite. The anterior
layer is completed in the same lateral-to-medial
direction but is taken outside-inside on the duct
and inside-outside on the jejunum. When com-
pleted, the anterior and posterior layer sutures
are tied to each other. For smaller ducts, the
anastomosis can be completed over the stent
with interrupted 5-0 PDS suture. A corner stitch
is first taken outside-inside on the bile duct and
inside-outside on the jejunum at the lateral
9-0’clock position. This stitch is left long but not
tied. The tails of the corner stitch are then
grasped in R3 and retracted anteriorly to set up
the remainder of the anastomosis. The posterior
stitches of the anastomosis continue from lateral
to medial with bites taken inside-outside on the
duct and outside-inside on the jejunum, tying
each stitch as it is completed. After the posterior
aspect of the anastomosis is completed, the stent
is placed and the anterior row is completed from
lateral-to-medial with stitches outside-inside on
the duct and inside-outside on the jejunum.
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Gastrojejunostomy

With the jejunum in the supracolic compartment,
two 2-0 silk marking stitches are placed in the jeju-
num to provide a way of easily identifying the
proper orientation for the gastrojejunostomy (GJ).
The transverse colon is then retracted anteriorly
and the jejunum reduced back to the left side of the
abdomen. With the marking stitches identified, the
loop of jejunum is grasped and brought up to the
stomach anterior to the transverse colon. Though
we have occasionally utilized a stapled anastomo-
sis for the GJ, we prefer a four-layer hand-sewn
end-to-side anastomosis. A 2-0 silk Lembert suture
which imbricates the gastric staple line is placed
medially and is then taken as a seromuscular bite
through the jejunum. This corner stitch is tied and
left long for retraction with R3. A posterior row of
interrupted 3-0 silk Lembert sutures is then placed,
and the gastric staple line removed for a distance
of 6 cm. The inner, posterior layer is completed
with a continuous 3-0 9-inches, V-Loc suture
(Covidien) beginning at the medial aspect of the
anastomosis and taken in full-thickness bites
through the stomach and jejunum. This layer con-
tinues around the lateral corner of the anastomosis
and then continued in a Connell fashion anteriorly.
With the anterior portion approximately three-
quarters complete, a second V-Loc suture is started
medially and continued laterally until it meets the
first suture. The sutures are tied together, and the
anastomosis is completed with an anterior outer
layer of 3-0 silk Lembert sutures.

After reconstruction, we thoroughly irrigate
with normal saline and then create a falciform
flap that is used to cover the GDA stump. The
integrity of all three anastomoses is ensured, and
we inspect for adequate hemostasis. A 19-Fr
round blake drain is placed through the R3 port
site and positioned anterior to the PJ and HJ and
posterior to the GJ. The drain is secured to the
skin with a 2-0 nylon suture, the robot is
undocked, and all ports are removed under direct
vision. The 12-mm port site is closed with the
previously placed O-Polysorb stitch, and the
extraction site is closed with interrupted #1
Polysorb. The skin incisions are closed with 4-0
absorbable subcuticular stitches and skin glue.

Postoperative Care

Though patients undergoing RPD were initially
sent to the intensive care unit (ICU) postopera-
tively, our patients now go to a regular surgical
floor postoperatively which has both reduced
length of stay (LOS) and costs [21]. Postoperative
care for RPD patients also incorporates ERAS
principles. We do not routinely utilize postopera-
tive gastric decompression, but patients are kept
NPO on POD #0. On POD #1, they are permitted
clear liquids in the absence of significant nausea
and/or vomiting. Pain is initially managed with
scheduled intravenous acetaminophen and inter-
mittent intravenous opioids and transitioned to oral
medications once tolerating clear liquids. We gen-
erally avoid the use of ketorolac in these patients as
it has been our observation that this may be associ-
ated with increased risk for POPF (data in submis-
sion). Patients are encouraged to ambulate early on
POD #1, and the Foley catheter is removed, a clear
liquid diet is begun, and fluids are minimized.
Fluids are ceased on POD #2, and diet is advanced
if the patient is tolerating clear liquids. Though we
have previously utilized a modified Verona proto-
col for drain management, drain amylase levels are
measured on POD #1 and #3 with the drain
removed if the POD #3 level is less than 5000 [22,
23]. Most patients are discharged by POD #5 if
they have no complications, and they are seen in
clinic at 2 and 4 weeks postoperatively.

Acute Complications

Morbidity after pancreaticoduodenectomy is
documented to be about 40% [24—-26], and recent
multi-institutional analyses have confirmed the
equivalence of RPD and OPD with respect to
these outcomes [17, 27]. We use the International
Study Group of Pancreatic Surgery grading sys-
tem for classification of POPF, delayed gastric
emptying (DGE), and postoperative pancreatic
hemorrhage (PPH) [28-30]. Within our learning-
curve optimized cohort, we have reported a clini-
cally significant morbidity rate (Clavien-Dindo
Grade > 3) of 23.3%, 90-day mortality of 3.3%,
and clinically significant POPF (Grade B/C) rate
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of 6.9%. We do not routinely place gastric tubes
or jejunal feeding tubes. In older patients with
poor functional status or patients with malnutri-
tion, we will occasionally place an 18-Fr gastro-
jejunal dual port tube. Treatment of DGE varies
case by case, but we have found metoclopramide
and erythromycin to be largely ineffective. For
mild cases, we will sometimes allow oral feeds
and manage vomiting with TPN support. For
severe cases, nasogastrojejunal tubes or percuta-
neous gastrojejunal tubes are placed endoscopi-
cally to allow for gastric decompression and
distal feeds.

We treat suspected PPH very aggressively. The
typical time window is 3 weeks post-op; however,
this complication can occur any time after POD #5
[31]. PPH typically presents as a decrease in hemo-
globin/hematocrit, blood in the drain, or gastroin-
testinal bleeding. If clinical suspicion is high,
patients are managed by interventional radiology
(IR) for celiac and SMA angiography. The GDA
stump is marked with a 10-mm clip, and the RGA
stump is marked with a 5-mm clip intraoperatively.
We do not leave a stump on these vessels so the
clips aid with identification. We manage bleeding
with covered stents. If no extravasation is identified,
but our suspicion remains high for a sentinel bleed,
we will prophylactically use a stent or leave the
femoral access catheter in place and watch the
patient for evidence of re-bleed. If the clinical suspi-
cion is low, we will obtain a CT angiogram to look
for pseudoaneurysm or extravasation of contrast. If
IR and/or CT scan are both negative and they con-
tinue with gastrointestinal bleed, our gastroenterol-
ogists perform endoscopic evaluation of the GJ
anastomosis and afferent limb to the HJ and PJ.

Education and Learning Curve

PD has a long learning curve. Tseng et al. looked
at the outcomes of high-volume pancreatic sur-
geons from early in their career and found that
outcomes did not improve significantly until they
had performed more than 60 PDs [32]. Schmidt
et al. showed that perioperative morbidity was
higher in surgeons who had done less than 50
PDs [33]. Gagner and Pomp reported the first

laparoscopic PD, but laparoscopy was never
adopted owing to the high technical demands.
Introduction of RPD brings higher dexterity
compared to laparoscopy but added technical dif-
ficulties due to the loss of haptic feedback. This
has necessitated additional surgical training.

The low volume of RPDs during training and
its long learning curve necessitate a deliberate
proficiency-based approach to training surgeons.
The University of Pittsburgh has developed a
five-step curriculum for teaching advanced
robotic hepato-pancreatico-biliary (HPB) proce-
dures. It includes (1) proficiency-based virtual
reality simulation curriculum, (2) inanimate
biotissue curriculum, (3) HPB video library, (4)
intraoperative evaluation, and (5) skills mainte-
nance with ongoing assessments (Fig. 12.5). This
program has graduated trainees with interest in
HPB surgery, many of whom have developed
robotic programs at their new institutions.

Robotic curriculum at the University of Pittsburgh

Pre-test Simulation curriculum Post-test

HJ, GJ and PJ Feedback

Trainee video review: Troubleshooting & tissue planes

Progress through operation from easier to harder

Need to meet specific criteria to progress to harder step

Technical skill Patient outcomes Feedback

Fig. 12.5 Organization of the University of Pittsburgh
mastery-based robotic curriculum
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Conclusion

The robotic approach to pancreatic resections has
been shown to be safe and feasible and has out-
comes on par with the open approach. The train-
ing programs and the enhanced dexterity and
stability of the platform make it superior to the
laparoscopic approach for widespread dissemi-
nation of techniques. The RPD is our preferred
approach for pancreatic head resection whenever
indicated and feasible. Though learning RPD has
an identified learning curve, an innovative,
proficiency-based curriculum developed at our
institution helps shorten the learning curve and
could serve to facilitate further spread of RPD.
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Historical Perspective

Pancreatic head adenocarcinoma is a common
solid malignancy with aggressive course and
high mortality. Despite significant progress in
chemotherapeutic regimens and other adjunctive
treatments, its median survival remains less than
2 years with overall 5-year survival rate less than
10% [1]. Pancreaticoduodenectomy (PD) is con-
sidered to be the only potential cure, but unfortu-
nately, only a minority of patients are candidates
for resection at the time of diagnosis. In 1935, Dr.
Allen Oldfather Whipple reported the first suc-
cessful PD in a two-stage procedure in three
patients [2], and 6 years later, he described the
first single-stage PD [3]. Since then, more than
80 years have passed, but the technique has not
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dramatically changed and PD is still considered
one of the most complex and technically chal-
lenging abdominal operations with high periop-
erative morbidity and mortality.

In an effort to improve postoperative out-
comes, less invasive approaches were adopted.
Improvements in technology and technique over
the last two decades have allowed us to perform
laparoscopic and robotic pancreatic surgeries.
These approaches have become popular for distal
pancreatectomy, such that minimally invasive
procedures are now considered to be the standard
of care [4]. The first laparoscopic PD was reported
by Ganger and Pomp in 1994 [5]. It was a 10 hour
operation for chronic pancreatitis with prolonged
postoperative hospital stay. Since then, the litera-
ture supports that laparoscopic PD is safe and
feasible [6, 7]. Despite being performed in spe-
cialized centers, laparoscopic PD has not been
widely adopted for numerous reasons including
difficult anatomic location of the pancreas with
close proximity to important vascular structures,
limited working space of the retroperitoneum,
complexity of the procedure requiring three anas-
tomoses, and limitations of laparoscopy such as
two-dimensional view, lack of depth perception,
limited range of instrument motion, and long
learning curve [8].

The introduction of the daVinci robotic sys-
tem (Intuitive Surgical, CA) has helped to over-
come some of these limitations. It offers improved
ergonomics for the surgeon to decrease fatigue,
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offers fine motor control while eliminating
tremor, provides 540° of articulating wrist move-
ment and enhanced 3-D vision, and allows for
more precise dissection and suturing on delicate
tissues [9]. Using these advantages, Giulianotti in
2003 reported the first robotic-assisted PD
(RAPD) [10]. Over the next 15 years, multiple
pancreatic centers have incorporated the robot in
their practice and have reported very promising
results [4, 7-9, 11]. The paradigm has shifted
from RAPD to hand-assisted robotic PD to purely
robotic PD. Current literature supports when
compared to open PD, the robotic approach pro-
vides comparable oncologic results in margin
positivity and harvested lymph nodes, periopera-
tive fistula rate, morbidity, and mortality and
likely reduces blood loss, length of stay, pain,
wound complications, and delayed gastric emp-
tying [7-9, 11]. On the other hand, robotic PD is
associated with longer operative times, especially
for those at the beginning of the learning curve,
and higher direct costs [8, 9, 11]. These results
are better reproduced by highly trained and
skilled surgeons in high-volume centers. It is our
belief and experience that robotic PD is safe with
equivalent technical and oncologic results in
appropriately selected patients. In this chapter,
we will present a reproducible step-by-step tech-
nique for robotic PD that follows the natural flow
of open PD.

Indications

With experience, most patients who would qual-
ify for open PD (OPD) would also qualify for
robotic approach. It is our preference to reserve
RAPD for patients that are felt to have clearly
resectable tumors. Patient selection is critical,
and the novice robotic surgeon should not engage
in resecting a large periampullary tumor in a dif-
ficult abdomen early in the learning curve. Some
groups have routinely performed robotic vein
resection, but this is not our preference at this
time. The robotic technique can be applied for
pancreatic  adenocarcinoma, neuroendocrine
tumor (NET), intraductal papillary mucinous

neoplasm (IPMN), common bile duct cholangio-
carcinoma, duodenal lesion, pancreatitis, and
others. At this time, our contraindications for this
approach are patients with hostile abdomen from
numerous previous operations and tumors that
require vascular resection. As with OPD, patients
with contraindications such as presence of meta-
static disease, short life expectancy due to comor-
bidities, uncontrolled coagulopathy, and
contraindications to general anesthesia should
not be considered for robotic PD. Inability to tol-
erate pneumoperitoneum automatically excludes
patients from this minimally invasive approach.

Preoperative Workup

For patients requiring PD, detailed history and
physical exam are performed, including the
onset of symptoms, presence of upper abdomi-
nal and/or back pain, jaundice, and symptoms of
pancreatic insufficiency. Past medical history
including onset of diabetes, cardiac disease, and
respiratory comorbidities is pertinent, as well as
family history, including first-degree cancer his-
tory and history of pancreatitis. Smoking and
alcohol history is obtained and cessation coun-
seling is held. Focused physical examination of
the heart, lungs, and abdomen and exams for
lymphadenopathy and peripheral vascular dis-
eases are conducted.

Preoperative laboratory values including com-
plete blood count, comprehensive metabolic
panel, coagulation panel, cancer marker CA19-9,
and HbA1C are obtained. Computed tomography
(CT) of the chest is obtained to rule out meta-
static disease to the lungs. CT of the abdomen
and pelvis with triple phase contrast is also
obtained to evaluate for metastatic disease and to
assess for anatomic resectability. Routine endo-
scopic ultrasound (EUS)-guided biopsy of peri-
ampullary lesions is controversial. With the
increased use of neoadjuvant chemotherapy,
there has been a need to obtain tissue diagnosis
prior to chemotherapy. It is imperative that the
surgeon not insist on tissue diagnosis; the pres-
ence of a solid mass or distal CBD stricture in the
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appropriate clinical scenario should warrant
PD. If there is any doubt of the diagnosis, liberal
use of EUS is encouraged. If the patient has a
duodenal mass requiring PD, esophagogastrodu-
odenoscopy and colonoscopy are obtained.

Anesthesia, Patient Positioning,
and Port Placement

Use of an Enhanced Recovery After Surgery
(ERAS) pathway is encouraged in patients under-
going PD [12]. This will include high carbohy-
drate liquid intake until 2 h prior to surgery, use
of aggressive pre-emptive pain regimen with
acetaminophen and gabapentin, and use of
alvimopan.

The patient is laid supine on a well-padded
operating table. After induction of anesthesia,
appropriate lines are placed. Arterial line is rou-
tinely used. For patients without many comorbidi-
ties, at least two large bore intravenous lines are
sufficient for surgery. However, central lines are
often placed in patients that require more invasive
monitoring. After securing lines and pulse oxime-
try monitoring, both arms are tucked to the patient’s
side, using egg crate rolls to pad the elbows and
hands. It is preferable to use a nonslip foam and
restraint belts on the bed to prevent sliding when
the patient is in reverse Trendelenburg position.

Positioning is Different for the Xi or Si
Robotic Platforms

For the Si configuration, the patient is placed in
split-leg position with the assistant surgeon
between the legs. The patient’s legs are secured
well with straps and foot boards. Positioning is
checked by both anesthesia and the surgeon to
ensure that the patient does not move when
placed into reverse Trendelenburg position.

For the Xi configuration, a foot board is
secured at the bottom of the table, with the
patient’s feet in slight “V”” configuration for ergo-
nomic comfort, using appropriate foam rolls to
pad the bottom and heel of the feet. Pillows are

used to pad the legs at the knees. The assistant
stands at the patient’s left side. Again, position-
ing is checked with the patient in reverse
Trendelenburg position to ensure that the patient
does not move.

The patient is prepped from mid-chest to the
groin. Appropriate warming devices such as the
Bair hugger and blankets are placed in the head/
shoulder area and on the lower extremities.
After appropriate draping and an operative time-
out, we place a 5-mm port using an optical tro-
car and a 0 degree 5-mm camera at the midline
in the supraumbilical area. Pneumoperitoneum
is achieved with CO, insufflation to 15 mm Hg.
Under direct visualization, two additional tro-
cars on the patient’s left are placed: an 8-mm
port in the left midclavicular line one hand-
breadth away from the midline port and a sec-
ond 8-mm robotic port in the left, anterior to the
mid-axillary line that is one handbreadth away
from the first 8-mm port (Fig. 13.1). Then an
additional 12-mm camera port on the patient’s
right midclavicular line in the subcostal region
that is one handbreadth away from the midline
port (Fig. 13.1) is placed. The camera is placed
to the patient’s right of midline because it gives

Fig. 13.1 Trocar placement for the Si system. RRP right
robotic port, LRP left robotic ports 1 and 2. Arm 2 con-
nects to RRP. Arm 1 to LRP 1, and Arm 3 to LRP 2
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the best visualization of the superior mesenteric
vein (SMV) and portal vein (PV) structure,
which is the critical anatomic structure to iden-
tify and dissect around during PD. All ports are
at least one handbreadth away from each other
so that the robotic arms will not conflict with
each other. Finally an 8-mm robotic port is
placed on the patient’s right, anterior to the mid-
axillary line that is one handbreadth away from
the last 12-mm midclavicular port. Subsequently,
the original midline 5-mm port is upsized to a
12-mm air seal port (SurgiQuest Airseal,
Medline) which can be used by the bedside

Fig.13.2 Patient
positioning for robotic
pancreaticoduodenectomy
with the Da Vinci Si
system. The Si platform is
docked from above the
patient’s head. The Xi
platform can come from
above the head or from
the patient’s left or right
side. The authors prefer to
position the Xi from the
patient’s left side

assistant as an extra laparoscopic port
(Fig. 13.1). Notably, the Airseal port must be
placed last, because once Airseal mode is initi-
ated, it becomes difficult to place additional tro-
cars. Furthermore, for the Xi system, the trocars
are placed in a more linear fashion, while the
trocars for the Si system are placed in a more
curvilinear fashion (Fig. 13.1). After an initial
brief laparoscopic portion of the case, the patient
is placed in slight reverse Trendelenburg posi-
tion. The robot (Si system) is docked just above
the patient’s head. Figure 13.2 shows our typical
port placements and robot docking position.

Robot

Anesthesiologist

Assistant

Primary surgeon
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Operative Technique

Step 1: Laparoscopy and Robot
Docking

The procedure starts laparoscopically by
inspecting the abdomen for peritoneal disease.
If there is no evidence of metastasis, the case
continues. The greater curvature of the stom-
ach is mobilized, entering the lesser sac
through the gastrocolic ligament. The operat-
ing surgeon uses an atraumatic grasper (such
as a DeBakey grasper) and a harmonic scalpel,
and posterior gastric adhesions to the pancreas
are taken down during this step. The transverse
colon with its mesentery is retracted cephalad
and the ligament of Treitz is identified. The
small bowel is run distally and the anti-mesen-
teric side of the small bowel, approximately
40-60 cm distal to the ligament of Treitz, is
sutured to the posterior wall of the stomach
using 2-0 Ethibond and a Ti-KNOT device near
the greater curvature, proximal to the future
location of the gastrojejunostomy (Video 13.1
ref. 0:01” to 0:30”). This step is performed
before the robot is docked. Notably, the suture
between the stomach and jejunum is placed
toward the left of the patient with the small
bowel traveling from left to right. This is
important to prepare for the gastrojejunostomy
at the end of the PD.

Robotic Resection

The robot is docked over the patient’s head (Si)
or over the patient’s head or from the patient’s
left or right sides (Xi).

Instrument selection for initial dissection with
Si system: arm 1, vessel sealer; arm 2, fenestrated
bipolar; and arm 3, prograsp.

Instrument selection for initial dissection with
Xi system: arm 1, fenestrated bipolar; arm 2, cam-
era; arm 3, vessel sealer; and arm 4, prograsp.

Step 2: Identify SMV and Create
the Tunnel

The next step is to identify and follow the right
gastroepiploic vein to the superior mesenteric
vein (SMV) at the inferior edge of the pancreas.
The right gastroepiploic vein joins with the mid-
dle colic vein to form the gastrocolic trunk of
Henle which leads the surgeon to the SMV and
should be viewed as the key step to identifying
the SMV. There is tendency to be far to the
patient’s right at this point of dissection.

The gastroepiploic vein may have to be sac-
rificed at this point with a single hemolock clip
at its origin followed by ligating the vein with
the vessel sealer. A tunnel is started under the
neck of the pancreas using the vessel sealer,
staying just anterior to the SMV (Fig. 13.3).

Fig. 13.3 Creation of the tunnel posterior to the neck of the pancreas



128

Fig. 13.4 Division of the stomach with the pancreas
lying underneath

The assistant should use an atraumatic instru-
ment to retract the transverse colon mesentery
inferiorly and to provide counter-traction. The
tunnel over the SMV is created for as long a
distance as possible (Video 13.1 ref. 0:31” to
0:50”"). The assistant can also use the bedside
suction to assist with development of this
tunnel.

Step 3: Division of the Stomach

At this time, as long as the surgeon is certain
that the SMV is free, it is reasonable to divide
the stomach (Fig. 13.4). This is completed much
earlier in RAPD than OPD, where our practice
is to fully commit to PD only after all critical
structures are dissected and isolated. The lesser
and greater curvature vessels of the stomach are
dissected and ligated using the vessel sealer
device and the antrum is transected using a Flex
60-mm gold load stapler entered through the
12-mm Airseal port by the bedside assistant
(Video 13.1 ref. 0:51” to 1:10"). Care must be
taken to ensure that the nasogastric tube is not
included in the staple line. The proximal stom-
ach is reflected toward the patient’s left upper
quadrant and the transected antrum toward the
patient’s right side.

E.Choetal.

Step 4: Hepatic Artery Dissection
and Identification
of the Gastroduodenal Artery

The lesser omentum is opened and the superior
pancreatic node lying just anterior to the com-
mon hepatic artery (CHA) (station 8a) is identi-
fied. The superior pancreatic node is dissected
and sent to pathology for permanent section only
(Video 13.1 ref. 1:24" to 1:57"). It is important to
be aware that the CHA lies directly between this
node and the superior aspect of the pancreas. If
the portal vein is found directly underneath this
node, this indicates replaced anatomy. The sur-
geon must be prepared for a replaced (and not
accessory) right hepatic artery.

Then the CHA is traced to the patient’s right
side until the gastroduodenal artery is identified. It
is important to practice good vascular technique
and identify the correct “shiny white” plane of the
artery to avoid bleeding. The gastroduodenal
artery is carefully isolated (Fig. 13.5) and doubly
clipped on the patient side and singly clipped on
the specimen side with hemolock clips. The artery
is transected with robotic scissors, whereas dissec-
tion of the vessels is performed using the vessel
sealer. Other surgeons may find that the scissors
can be useful for dissection.

Step 5: Creation of the Tunnel
and Division of the Pancreas

The portal vein at the superior edge of the pan-
creas is identified. It is normally directly under-
neath the hepatic artery and to the patient’s left of
the gastroduodenal artery. The tunnel is com-
pleted starting inferiorly from the SMV toward
the portal vein superiorly (Video 13.1 ref. 1:59”
to 2:20”) . An umbilical tape is passed through
this tunnel so that the pancreas can be pulled
anteriorly away from the vein. This is achieved
using robotic arm 3 (Si) or robotic arm 4 (Xi)
with the prograsp to hold the umbilical tape taut
anteriorly. Then the pancreas is transected at the
neck using the robotic scissors with electrocau-
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Fig. 13.5 Isolation of the gastroduodenal artery

tery (Fig. 13.6) (Video 13.1 ref. 2:23” to 2:36").
The pancreatic duct is identified during the tran-
section. Hemostasis is achieved with monopolar
electrocautery attached to the scissors or bipolar
energy attached to the fenestrated bipolar instru-
ment. This technique can control bleeding effec-
tively. Notably, some surgeons use the harmonic
scalpel to transect the pancreas. While this may
reduce bleeding, the pancreatic duct can be
obstructed using this technique. In the instance
that the pancreas is firm and the pancreatic duct is
large, we may elect to use the harmonic scalpel.

Step 6: Kocher Maneuver
and Division of the Jejunum

A wide Kocher maneuver is started in retrograde
fashion on the right side of the abdomen. This
can be very difficult, so it is imperative to mobi-
lize the hepatic flexure completely. In this man-
ner, the duodenum is exposed and can be
dissected away from the vena cava (Fig. 13.7).
The duodenum is passed to robotic arm 3 (Si) or
robotic arm 4 (Xi) using the prograsp to retract
the duodenum up and toward the patient’s head.
The dissection is continued until the ligament of
Treitz is reached from the right side of the patient
and the proximal jejunum is prolapsed toward the
patient’s right side. The proximal jejunum is tran-
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Fig. 13.6 Division of the pancreas, which is held anteri-
orly with an umbilical tape

Fig. 13.7 Kocher maneuver exposing the inferior vena
cava

sected using a Flex 60-mm blue load stapler
(Video 13.1 ref. 2:38” to 3:20"). The proximal
jejunal mesentery is divided using the vessel
sealer and the fourth part of the duodenum is
“unwound” such that the duodenum is now
straightened and is in the right upper quadrant.

Step 7: Uncinate Process Dissection
At this point, only the uncinate pancreatic pro-

cess and bile duct are left to be dissected. The
uncinate is dissected off the SMA using the
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Harmonic scalpel inserted through the assistant
port (Video 13.1 ref. 3:22” to 3:51”). The authors
often utilize the SMA first approach, dissecting
the mesopancreas off the SMA and then teasing
the uncinate process away from the SMV.

Retraction of the uncinate process toward the
patient’s right side is best achieved with the
fenestrated bipolar in robotic arm 2 (Si) or robotic
arm 1 (Xi). The robotic suction can be placed to
retract the SMV toward the patient’s left side.
This allows an excellent angle for the bedside
assistant to use the harmonic scalpel to take the
uncinate process off the SMA. Care must be
taken to control the most superior venous branch
off the SMV that is always at the most cranial
portion of the specimen. This is usually con-
trolled with hemoclips.

Step 8: Bile Duct Dissection

Next the common hepatic duct is dissected. This
is located at the most superior aspect of the speci-
men, and the lateral common bile duct node will
need to be taken to the patient’s right of the com-
mon hepatic duct. Then, the common hepatic
duct is isolated and transected using the robotic
scissors. A margin is sent to pathology for frozen
section examination at the time of transection of
the duct. The entire specimen is placed in a large
endocatch bag and placed in the left upper quad-
rant for later retrieval. It is our preference to leave
the specimen in the endobag for the remainder of
the operation which usually lasts about 1 hour.

Step 9: Pancreaticojejunostomy

The reconstruction now begins. The transected
jejunum is already in the RUQ quadrant. The jeju-
num is oriented appropriately in a C-loop fashion
in the RUQ. An end-pancreas to side-jejunal anas-
tomosis is performed with the Blumgart technique
[13]. Three 2-0 silk sutures on MH needles are
placed through the pancreas near the transected
neck, then to the anti-mesenteric side of the jeju-
num, and back through the pancreas again in a U
stitch configuration. These three silk sutures with

Fig. 13.8 Completed pancreaticojejunostomy with the
Blumgart technique

needles are left in, and the cephalad most suture is
retracted toward the patient’s LUQ using the pro-
grasp in robotic arm 3 (Si) or robotic arm 4 (Xi).
The pancreatic duct-to-jejunal mucosa inner layer
is completed using four 5-0 Monocryl sutures
placed at the 3-, 6-, 9-, and 12-o0’clock configura-
tions (Video 13.1 ref. 3:55” to 5:37”). It is useful
to use a dyed suture in order to visualize it. We
frequently insert a 5-Fr pediatric feeding tube cut
at 10 cm into the pancreatic duct and passed
through the enterotomy into the jejunum before
the last monocryl suture is placed and tied. Then
the Blumgart anastomosis is completed by using
the three 2-0 silk sutures and taking a bite of the
anti-mesenteric side of the jejunum again and
tying the silk sutures, thus completing the outer
anterior and posterior invaginating layers of jeju-
num over the transected pancreatic edge
(Fig. 13.8).

Step 10: Hepaticojejunostomy

The hepaticojejunostomy is performed next. If
the gallbladder remains in place, we use a 2-0
V-Loc suture to tie the fundus of the gallbladder
to the anterior abdominal wall, using this method
of liver retraction to help visualize the common
hepatic duct. An enterotomy in the anti-
mesenteric side of the jejunum distal to the pan-
creatic anastomosis is made, and an end-to-side
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Fig. 13.9 Creation of the hepaticojejunostomy with run-
ning 4-0 monocryl suture

hepaticojejunostomy using running 4-0 monocryl
suture is created (Fig. 13.9). Some surgeons will
use two V-Loc 4-0 sutures for this anastomosis,
but the barbs on the V-Loc can be traumatic so it
has been our practice to use a 4-0 monocryl
suture instead (Video 13.1 ref. 5:39” to 6:18") .
Afterward, a cholecystectomy is performed. The
gallbladder is dissected from the triangle of Calot
using the robotic scissors, and the specimen is
placed in another endocatch bag and placed in the
patient’s left upper quadrant for later retrieval.

Step 11: Gastrojejunostomy

The area where the distal jejunum was attached to
the stomach is identified. A gastrotomy and enter-
otomy are made distally on the stomach and jeju-
num after the small bowel and stomach are lined
up. A flex 60-mm blue load stapler is inserted by
the bedside assistant, with each lip of the stapler
entering into the two holes that were made, and
the stapler is fired to create a gastrojejunostomy.
The ensuing hole between the stomach and small
bowel is closed with a running 2-0 V-Loc suture.

Step 12: Specimen Retrieval
The endocatch bags are retrieved through the

12-mm midline port and hemostasis is achieved.
A drain is placed through the R1 port near the

pancreaticojejunostomy and hepaticojejunos-
tomy anastomosis. The robot is undocked and
moved away. Using laparoscopic camera visual-
ization, the 12-mm camera port is closed with
0-Vicryl suture using an endoneedle device. The
abdomen is then deflated, and all ports are
removed. The midline 12-mm port site is enlarged
to retrieve the specimens. Often, the final incision
at this site is no more than 3 cm in length. The
fascia at this site is closed with 0 PDS suture and
skin is closed with 4-0 monocryl sutures and
Dermabond is placed on the skin.

Postoperative Care Algorithm

The majority of the postoperative course after
robotic PD is routine and consistent with the
ERAS pathway; and most patients are admitted
directly to the surgical ward. Patients with peri-
operative arrhythmia, hypotension, and increased
blood loss requiring intraoperative transfusion or
patients with significant comorbidities requiring
close monitoring may warrant ICU admission. In
our practice, patients do well when admitted
directly to the floor. Patients are admitted from
the OR with an abdominal drain, a nasogastric
(NG) tube on low intermittent wall suction, and
Foley catheter. Immediate postoperative blood
work is obtained. Fluids at slightly higher than
maintenance rate are given, and the urine output
is trended along with vital signs to evaluate for
resuscitation. Pain is controlled in multimodality
fashion, with intravenous acetaminophen given
for 24 h (Ofirmev, Mallinckrodt Pharmaceuticals),
intravenous  nonsteroidal  anti-inflammatory
agents given for 48 h (Caldolor, Cumberland
Pharmaceuticals) and patient-controlled analge-
sia with a narcotic agent such as hydromorphone.
Transverse abdominis plane (TAP) block is also
administered by anesthesia during the preopera-
tive period using a mix of Exparel (Pacira
Pharmaceuticals), 0.25% marcaine, and saline in
a 1:1:1 ratio. The patient is maintained nothing
per os with limited oral intake, although alvimo-
pan is given postoperatively and continued for 12
days. Pneumatic compression devices are used
for deep vein thrombosis (DVT) prophylaxis, but
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chemical prophylaxis is held in the immediate
postoperative period. Per ERAS pathway, patients
are encouraged to walk with assistance 4-6 h
postoperatively.

On postoperative day (POD) 1, the NGT is dis-
continued and the patient is placed on sips of lig-
uids, gum, and hard candy. Unless contraindicated,
the Foley catheter is removed and intravenous flu-
ids are lowered. Chemical DVT prophylaxis, usu-
ally lovenox, is started. Activity is increased,
often with help from physical and/or occupational
therapy. Drain fluid is sent amylase analysis, and
levels three times above normal or greater are
considered positive for pancreatic leak [14].

On POD3, diet is slowly advanced to clears
and full liquid diet. The patient is weaned from
the PCA and started on oral pain medications. If
the patient has symptoms of delayed gastric emp-
tying, metoclopramide is given. A second drain
fluid is sent for amylase analysis. If the amylase
is lower than three times above normal levels, we
often remove the drain at this time.

On PODS5, the patient is tolerating regular
diet. Postoperative pain should be controlled with
oral pain medication. If the drain has not been
removed, a third fluid sample is sent for amylase
check. If the amylase level is lower than three
times above normal values, the drain is removed.
The patient will be normally discharged between
POD4-6 unless complications arise. If drain amy-
lase levels remain high, the patient will be dis-
charged with the drain.

Conclusions

It is well documented that robotic PD is a safe
technique in appropriately selected patients with
good oncologic and perioperative results. Despite
the fact that the daVinci surgical platform offers
significant advantages compared to traditional
laparoscopy, robotic PD still remains a very com-
plex and challenging procedure with a long learn-
ing curve. This is the main reason that robotic PD
has not been universally adopted. It is expected
that with improved robotic technology, increased
competition, and decreasing cost, the utilization
of robotic techniques in pancreatic surgery will

increase and surgeons will become more profi-
cient and skilled [9]. Following the example of
urology and gynecology, many general surgery
residency programs provide robotic exposure and
have adopted specialized training programs to
teach their residents this new technology [9]. On
the other hand, the benefit of this rapid adoption
of robotic technology must be examined against
the backdrop of an expensive health care system.
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Introduction

A systematic approach to performing robotic pan-
creaticoduodenectomy has been developed over
the past decade. Nevertheless, its application has
been limited to a handful of centers around the
world due to (1) requirements for advanced train-
ing of surgeons in complex surgery and use of
robotic technology, (2) financial and time commit-
ment from surgeons and their institutions to utilize
the robotic platform, and (3) lack of adequate clin-
ical volumes to ensure depth and breadth of train-
ing and development of expertise. In any event, it
is clear that we are witnessing an increasing inte-
gration of computer assistance in the operating
room with the emergence of surgeons who
embrace these advanced technologies and have the
technical skills to perform complex operative pro-
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cedures at a computerized console. Although it is
widely accepted that there is a lengthy learning
curve for mastering new techniques and technolo-
gies, the questions of “what is required?” and “for
how long?” remain unclear, especially when a pro-
gram may already have both advanced hepatobili-
ary and robotic experiences. In this chapter, we
share our experience and provide answers to these
questions in the setting of having pre-existing hep-
atobiliary experience and advanced robotic skills.

The Stony Brook University Experience

The desire for a robotic pancreaticoduodenectomy
program must be a component of a larger plan to
develop a robotic gastrointestinal or hepatobiliary
surgery program. The technical skills to perform
robotic cholecystectomy, gastrectomy, small and
large bowel resection, etc., are necessary and com-
plementary to the performance of robotic pancre-
aticoduodenectomy and to the maintenance of
skills to continue to safely perform all of these
procedures. There must be commitment from
three resources to establish a robotic program for
complex gastrointestinal surgery: (1) surgeons, (2)
operating room, and (3) institution.

Surgeon Commitment
Multiple levels of training are required for sur-

geons to develop initial comfort with and
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subsequent mastery of the robotic platform. The
initial training may involve the development of
console and bedside skills, and subsequent train-
ing may require animal labs and observation of
robotic procedures. The novice robotic surgeon
should begin with less complex procedures and
work toward performing the technically demand-
ing operations later in the robotics learning curve.
Additionally, the surgeon should anticipate that
all robotic procedures will likely have longer
length of surgery times than the corresponding
laparoscopic or open procedures during this ini-
tial development of the robotic program.

For the most complex procedures, two spe-
cialty trained surgeons are required. The necessity
of two surgeons is based on the need for surgeons
to have both the clinical expertise and surgical
skill for both operation and robotic platform (con-
sole and bedside). In our experience, neither the
console nor the bedside is an appropriate setting
for residents or fellows who have not completed
formal robotic training curriculum.

Operating Room Personnel

The second level of commitment involves the
operating room and its personnel. In addition to
the commitment from surgeons, operating room
staff require the appropriate training to utilize the
robotic platform. The training is essential to
maintain positive metrics for operating room
safety and efficiency (e.g., room preparation,
patient positioning, robotic docking time, instru-
ment exchange, and overall flow of the opera-
tion). The necessity of proper training becomes
especially evident when longer robotic proce-
dures crossover into late work shifts with cover-
age by operating room personnel who may not
have robotic experience.

Institutional Commitment

There must be strong commitment from the insti-
tution. The investment in new technologies is
long term, and the implementation and use of
new technology cannot be measured by single
procedure productivity metrics, since robotic

pancreaticoduodenectomy  necessitates  two
attending surgeons, longer operative times, addi-
tional training, etc. With promising advances in
surgical technology, the institution will also need
to provide financial support to test and purchase
new devices and instrumentation.

Our Current Environment

At Stony Brook University, we have recently
embarked on performing robotic pancreaticoduo-
denectomy. In our division, we have an experi-
enced surgical oncologist with experience using
the robotic platform for gastrointestinal and fore-
gut procedures over the past decade. A formal
robotic training curriculum was not available
during his early career, but he participated in sev-
eral off-site training programs and received infor-
mal mentorship from senior robotic surgeons.
The division recently recruited a surgical oncolo-
gist who had specialized training in complex
robotic gastrointestinal surgery and who com-
pleted a formal robotic surgical oncology curric-
ulum. Together, the two surgeons were the critical
mass with combined experience in pancreatic
surgery and robotic surgery to plan and perform
the first robotic pancreaticoduodenectomy. In
brief, our preoperative planning included discus-
sion of the technique, review of previously
recorded robotic procedures, and coordination
with the operating room staff.

Operating Room Setup
General Preparations

On the day of surgery, plans are reviewed with
operating room staff (anesthesia and nursing)
regarding positioning, room setup, instruments,
staff roles, etc. At our institution, we use the da
Vinci Surgical System with Si platform. The
patient is positioned in the supine position with
the legs placed in split position, the right arm
tucked, and the left arm placed on an arm board.
The split legs enable the assistant to better access
the assistant ports, especially in tall or morbidly
obese patients. In smaller patients, standard
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supine position is also acceptable. The carts and
tables are arranged as depicted in Fig. 14.1.

Trocar/Port Placement

We position our ports as depicted in Fig. 14.2. The
peritoneum is accessed via a 5-mm left upper
quadrant Optiview trocar (Ethicon), which is typi-
cally placed in the mid-axillary line. This port will
be exchanged for robotic arm number 1, and the
exact distance from the subcostal margin may vary
depending on the patient’s habitus. After exclud-
ing metastatic disease, the remaining ports are
placed. For tall or obese patients, the ports are gen-
erally placed more cephalad because CO, insuffla-
tion of the abdominal cavity will increase the
space/distance between the port insertion sites and
target lesion. In contrast, port placement may
require more inferior/caudal locations in smaller
patients. We use a 12-mm blunt balloon trocar
(Applied Medical) for our camera port, which is

Robotic

Surgeon
bedside module

console module

Monitor

typically placed two fingerbreadths cephalad and
two fingerbreadths to the right of the umbilicus; an
8-mm robotic trocar in the right upper quadrant in

Fig. 14.2 Trocar/port  placement for  robotic
pancreaticoduodenectomy
Anesthesiologist
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Fig. 14.1 Patient positioning and operative setup for robotic pancreaticoduodenectomy
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the mid-clavicular line for arm number 2; and
another 8-mm robotic trocar in the anterior axil-
lary line for arm number 3, and we exchange the
initial 5-mm trocar with a robotic 8-mm trocar for
arm number 1. The assistant ports are placed in the
lower abdomen as shown in Fig. 14.2: one 5-mm
trocar positioned between the camera port and arm
number 2 and one 12-mm trocar positioned
between the camera port and arm number 1.

Before docking the robot, we routinely place a
figure-of-eight 0-Vicryl suture in the fascia at the
camera port with a Carter Thomason needle to
avoid converting to laparoscopy after the robot
has been undocked at the end of the operation.
We do not pre-emptively place a suture at the
12-mm assistant port site in the left lower quad-
rant, since it will be later extended to remove the
surgical specimen and will require formal open
closure at the end of the operation.

Placement of Liver Retractor

We routinely use the liver retractor for robotic
pancreaticoduodenectomy. We prefer to use the
Snowden-Pencer® laparoscopic articulating tri-
angular retractor that is stabilized at the bed rail
by a Thompson Laparoscopic Flexible Holder for
Elite Rail Clamp. The liver retractor must be
placed as cephalad and laterally on the left abdo-
men as possible to avoid interaction and colli-
sions with the robotic arms. Since the liver
retractor requires readjustments during the proce-
dure, we keep the left arm untucked to avoid inju-
ries. We prefer to place the liver retractor centrally
at the porta hepatis to facilitate retraction simul-
taneously of both left and right lobes of the liver.

Robotic Steps

Video 14.1

Entrance into Lesser Sac

Once the robot is docked over the patient’s right
shoulder (Fig. 14.1), we place the monopolar
hook in robotic arm number 1, a fenestrated bipo-

lar grasper in robotic arm number 2, and a Cadiere
or Prograsp forceps in robotic arm number 3. A
suction-irrigator and energy sealing device
(LigaSure™) are placed through the assistant
ports. Dissection begins centrally at the gastro-
colic ligament, at the level of the proposed antrec-
tomy, by lifting the stomach anteriorly and
cephalad with forceps in robotic arm number 3.
We divide the avascular gastrocolic ligament
using the robotic hook or LigaSure. Upon
entrance into the lesser sac and identification of
the posterior wall of the stomach, the forceps in
robotic arm number 3 grasps the posterior stom-
ach, and the attachments to the anterior surface of
the pancreas are divided with the robotic hook or
LigaSure. We separate the gastrocolic ligament
from the transverse mesocolon at a location that
enables easy identification of anatomic land-
marks (lesser sac, posterior wall of the stomach,
and anterior surface of the pancreas), which can
be challenging in obese patients. Once we iden-
tify the avascular plane on the anterior surface of
the pancreas, we follow it to the right all the way
toward the hepatic flexure, staying anterior to the
duodenum in preparation for Kocher maneuver.
The surgeon must avoid injury to the right
gastroepiploic vessels, which will be ligated later
in the operation after identification of the supe-
rior mesenteric vein (SMV) during creation of
the pancreatic tunnel. The left lateral dissection
of the stomach does not extend beyond the pro-
posed location of the gastrojejunostomy.

Cattell-Braasch Maneuver
and Extended Kocherization

Our attention is turned to the right abdomen,
where we proceed with take down of the hepatic
flexure. Robotic arm number 3 and forceps or
graspers in the assistant ports are used to continu-
ously provide traction and counter-traction.
Generally, robotic arm number 3 and assistant
instruments are used to retract tissues in cephalad
and caudal directions, respectively, thus avoiding
collisions. Near-complete Cattell-Braasch maneu-
ver (i.e., near-complete right medial visceral
rotation) is required to facilitate extended
Kocherization toward the ligament of Treitz
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(LOT) entirely from the right side of the abdo-
men. The extent of this maneuver requires medi-
alization of the cecum and terminal ileum to the
axis of the inferior vena cava (IVC).

The extended Kocher maneuver is facilitated
by gently grasping the duodenum with forceps in
robotic arm number 3 and retracting it toward the
patient’s left side, while the forceps in robotic
arm number 2 gently retracts the retroperitoneal
tissues overlying Gerota’s fascia in a lateral
direction. With this exposure, the robotic hook in
arm number 1 is used to divide the tissues as
close to the duodenum as possible along its right
lateral aspect. Dissection to separate the duode-
num from the IVC proceeds cephalad toward the
right lateral aspect of the porta hepatis. The porta
hepatis must be separated from the retroperito-
neum and the IVC to identify the lateral struc-
tures of the porta hepatis. In case of replaced
right hepatic artery, this will be the most lateral
structure in the porta hepatis.

During dissection of the porta hepatis, we
expose the entire length of the common bile duct
(CBD) on the lateral side. Additionally, lymph
nodes on the posterolateral side of the porta hepa-
tis (stations 12bl, 12b2, and 12c¢) are harvested,
which facilitates exposure of the lateral aspect of
the CBD. It is important to perform lymph node
excision at this point of the procedure because
the exposure to the right side of the porta hepatis
will be obscured later in the procedure when the
stomach is transected and retracted to the patient’s
right side. Isolation and identification of all portal
structures, i.e., CBD, common hepatic artery, and
portal vein, will be completed later in the proce-
dure. We defer isolation and transection of the
CBD until later in the operation when the porta
hepatis is approached from the left side.

After completing dissection at the porta hepatis,
our attention is turned in a caudal direction to com-
plete the extended Kocher maneuver. A full, com-
plete Kocherization is advised to facilitate complete
mobilization of the third and fourth portions of the
duodenum. Care must be taken to ensure that the
dissection plane remains close to the duodenum to
avoid vascular injury to the IVC or mesenteric ves-
sels. Anatomically, the third portion of the duode-
num follows a transverse course in the
retroperitoneum from right to left and the fourth

portion follows a slightly cephalad path, until the
LOT, when it turns caudally and becomes the jeju-
num. During this step, we mobilize the third and
fourth portions of the duodenum from its anterior,
inferior, and posterior retroperitoneal attachments.
On the anterior side, we free the duodenum from
the root of the mesentery and the SMA/SMV. On
the inferior side, we free the duodenum from the
transverse mesocolon. On the posterior side, we
free the duodenum from the aorta and the retroperi-
toneum. We perform these maneuvers to mobilize
the duodenum using the robotic hook or LigaSure.
Exposure for this step is facilitated by retracting the
transverse mesocolon inferiorly which requires
extended Cattell-Braasch maneuver. Since the
SMA/SMYV course in the root of mesentery in a
craniocaudal fashion anterior to the third portion of
the duodenum, the assistant must gently retract the
root of the mesentery to the left to provide exposure
(Fig. 14.3). Working in this space is one of the most
challenging steps of this robotic operation.

Once the final fibers of the LOT are divided, the
first portion of the proximal jejunum will be visible
and can be drawn under the SMA/SMYV into the
right side of the abdomen. The monopolar hook in
arm number 1 is exchanged with a grasper, and
additional small bowel is gently pulled into the
right side of the abdomen, where it is divided with
a laparoscopic linear stapling device. The mesen-
tery of the proximal jejunum is divided close to the
serosa surface of the bowel with the LigaSure until
the uncinate process is reached. The distal jejunum
will remain in the right side of the abdomen until it
is used later for reconstruction.

Transection of the Stomach

Our attention is then turned to the stomach. The
grasper in robotic arm number 3 is then used to
retract the lesser omentum anteriorly. The pars
flaccida of the gastrohepatic ligament is opened,
and the lesser omentum is divided along the
lesser curvature of the stomach with the LigaSure
or robotic hook to the proposed line of transec-
tion in the distal antrum. The greater omentum is
similarly divided with the LigaSure to the pro-
posed line of transection on the greater curvature
of the stomach. We use a laparoscopic linear sta-
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Fig. 14.3 (a) Illustration showing mobilization of the
third and fourth portions of the duodenum. (b) Paired
intraoperative image showing anterior retraction of the
duodenum, inferior retraction of the transverse mesoco-

pler through the 12-mm assistant port to transect
the stomach. The proximal stomach is then gen-
tly placed in the left upper quadrant, and the dis-
tal stomach is retracted to the right side with the
grasper in robotic arm number 3, which exposes
the anterior surface of the pancreas and the
hepatic artery lymph node (station 8A).

Hepatic Artery Lymph Node
and Gastroduodenal Artery

To fully identify the structures in the porta hepa-
tis, the hepatic artery lymph node must be
excised. The fibrinous tissues of the lymph node
are gently grasped with forceps with arm number
2 and the lymph node is carefully separated from
the anterior surface of the common hepatic artery
(CHA) by dividing loose areolar tissues and vas-
cular pedicles with the robotic hook and LigaSure
device, respectively.

Dissection proceeds toward the gastroduode-
nal artery (GDA), which can be traced from the
CHA and runs caudally on the anterior surface of
the pancreas. The robotic hook is usually ade-
quate to isolate the GDA, used as a right angle
dissector, but the Maryland instrument can also
be used, especially for dissection in the posterior
aspect of the artery. Care should be taken to con-
trol the posterior branches of the GDA to the pan-
creas. Once the GDA is isolated to an adequate
length, it is divided with the laparoscopic stapling

lon, and left lateral retraction of the mesenteric root to
expose the posterior aspect of the third and fourth portions
of the duodenum

device with a vascular load. Other smaller ves-
sels, including the right gastric artery, are divided
with the LigaSure device.

Dissection with bipolar forceps in arm num-
ber 2 and hook in arm number 1 proceeds to fully
delineate the structures in the porta hepatis. Now,
we fully isolate the CBD from the left side and
carefully separate the CBD from the CHA and
portal vein. When all three structures are identi-
fied and isolated, the CBD is divided with the
laparoscopic stapling device.

Finally, we turn our attention to the portal vein
and create a landing zone on the anterior surface
of the portal vein at the superior border of the
pancreatic neck, by dividing the fibrinous tissues
with the robotic hook. The superior border of the
pancreas can be vascular, and attention must be
paid to maintaining hemostasis.

Creating the Pancreatic Tunnel
and Pancreatic Transection

We identify the SMV at the inferior border of the
pancreatic neck. Identification of the right gastro-
epiploic vessels or middle colic vein may aid
in locating the SMV. Once we identify the SMV,
we ligate the right gastroepiploic vessels while
preserving the middle colic vessels.

For creation of the pancreatic tunnel, we pre-
fer to use closed graspers in robotic arm number
2 to carefully lift the pancreatic neck in an ante-
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rior direction to help create the tunnel space.
While robotic arm number 2 provides anterior
retraction, the robotic hook is used to gently sep-
arate the SMV from the fibers of the posterior
pancreatic neck. Simultaneously, the assistant
gently retracts the retropancreatic tissues to either
side of the tunnel (Fig. 14.4). Both robotic arms
are advanced together into the progressively
enlarging tunnel until the landing zone on the
superior border of the pancreas is reached. The
pancreas is then divided using electrocautery
while protecting the SMV from thermal injury.
We prefer to place the LigaSure device across the
anterior border of the SMV to protect the vessel.
This step concludes with the separation of the
pancreas from the lateral aspect of the SMV and
the separation of the uncinate process from the ret-
roperitoneal tissues. Arm number 3 holds the head
of the pancreas laterally and we prefer to use either
the robotic hook or robotic scissors for the dissec-
tion. The assistant plays a key role by gently retract-
ing the SMV medially and by using the
suction-irrigator to keep the field dry for better
hemostasis. There are multiple bridging vessels
between the pancreas and the SMV that are con-
trolled with either bipolar electrocautery or with
the LigaSure. We advise having 4-0 and 5-0 Prolene
sutures quickly available for repair of bleeding
from the SMV. The first jejunal branch of the SMV
is typically visible on the inferolateral side, and all
attempts should be made for its preservation.
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Fig. 14.4 Intraoperative image showing creation of the
tunnel posterior to the neck of the pancreas. Robotic arm
number 2 is used to gently provide anterior lift on the pan-
creas, while the robotic hook separates the fibers of the
posterior pancreatic neck from the anterior surface of the
superior mesenteric vein

We perform the final dissection of the unci-
nate process with the Ligasure device, along the
lateral course of the SMA. In this step, arm num-
ber 3 is important for holding the uncinate pro-
cess cephalad and lateral, which straightens the
retroperitoneal tissues and facilitates division of
tissues along the SMA. With aberrant anatomy
(e.g., replaced right hepatic artery from the
SMA), care must be taken to preserve the vessels.
Once the specimen is completely detached, it can
be placed in a specimen bag.

If the gallbladder is still present, then it is
removed at this step. All the specimens (lymph
nodes, duodenum, pancreas, and gallbladder) can
be placed in separate specimen bags through the
12-mm assistant port. Once the dissection is
completed, the specimens can be removed from
the abdominal cavity through a transverse exten-
sion of the left lower assistant (12-mm) port.
Once specimen extraction is completed, the inci-
sion is covered with a Gelport to re-establish
pneumoperitoneum and continue with the recon-
struction. There is no need to undock the robot
for this step, but it is important to remove the
instruments for safety.

Reconstruction

For the reconstruction, we perform the pancre-
atojejunostomy, hepaticojejunostomy, and gas-
trojejunostomy in a sequential manner. The
complexity of the procedure requires that during
the dissection and transection of the pancreas, the
operating surgeon and bedside assistant are
highly experienced attendings. For reconstruc-
tion, there is no need for a second attending, and
a skilled bedside assistant (resident or fellow) is
adequate for the remainder of the operation, since
there is no dissection and little retraction for the
three anastomoses.

Pancreaticojejunostomy
For the pancreaticojejunostomy, we utilize a

modified duct-to-mucosa modified Blumgart
technique, similar to the open Whipple proce-
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dure. We begin with three horizontal mattress
2-0 silk sutures with full-thickness bites of the
pancreas and seromuscular bites of the small
intestine. Before placing the central suture, we
insert a 5 Fr pediatric feeding tube to stent the
pancreatic duct to avoid inadvertent ligation of
the pancreatic duct. We tie the sutures, but do
not cut off the needles, because they will be
used to incorporate an anterior seromuscular
layer of jejunum. For these steps, we prefer
robotic needle holders for arm numbers 1 and 2
and either a Cadiere or Prograsp forceps in arm
number 3. For the duct-to-mucosa anastomosis,
we create an enterotomy using robotic shears in
the antimesenteric surface of the small intestine
directly facing the open pancreatic duct. For the
anastomosis, we use two posterior row 5-0 PDS
interrupted sutures with the suture placed
through the pancreatic duct first. Each suture is
tied before another suture is placed. For the
anterior row, we first place the pancreatic stent
and then place three or more 5-0 sutures. At the
completion of the anastomosis, we will have
placed five to six 5-0 PDS sutures in an around
the clock fashion. Finally, we use the previ-
ously placed 2-0 silk sutures to create the ante-
rior layer of the pancreaticojejunostomy.

Hepaticojejunostomy

For sizeable common bile ducts (>1 cm), we
use two running 4-0 V-Lock sutures (Ethicon).
We first start with the anterior suture, placing it
initially on the right posterolateral corner with
outside-in bites. After three to four throws,
when the suture is on the right anterolateral cor-
ner, we place the suture on gentle tension with
arm number 3. Then we start the posterior row,
exactly next to where the first suture was
started, in a lateral-to-medial direction with
inside-outside bites. Once this second suture
reaches the left/medial corner, we take the first
suture and sew it toward the second suture from
a lateral-to-medial direction on the anterior
wall. We do not tie the V-Lock suture at the
meeting point.

Gastrojejunostomy

We use a stapled technique for the gastrojejunos-
tomy. The robotic arm numbers 1 and 2 are
equipped with graspers, and they are used to hold
the transverse colon anteriorly. The assistant then
identifies the proximal jejunum at the prior loca-
tion of the LOT, gently retracting it in a left lat-
eral direction to reduce redundant bowel out of
the right upper quadrant. We then bring up the
jejunum to the stomach in a tension-free manner
and prepare for an antecolic retrogastric anasto-
mosis. An enterotomy and gastrotomy are cre-
ated, and the common channel is created with a
laparoscopic linear stapler. The common enter-
otomy is then closed with a running 3-0 V-lock
suture in a two-layer fashion.

At this point, we remove the arm number 3
robotic port, and a 19 Fr Blake drain is placed
through this incision, anterior to the hepaticojeju-
nostomy and laying superior to the pancreati-
cojejunostomy. A vascularized pedicle of the
falciform ligament can be created and laid on the
GDA stump.

The only incisions that require closure are the
12-mm camera port and the left lower quadrant
extraction port. If the camera port is closed prior
to docking of the robot, the only incision that
remains to be closed after undocking the robot
would be the extraction port. The skin is closed
with routine techniques.

Conclusions

There remains much debate regarding the util-
ity of implementing the robotic technique in
hepatobiliary surgery. There are definitely chal-
lenges that must be overcome, including the
ones that we described in the introduction. The
performance of this operation requires a highly
skilled surgeon with mastery of the open tech-
nique and the robotic platform and an equally
skilled assistant. Currently, this procedure is
mostly performed in high-volume, tertiary aca-
demic centers. However, it is clear that this
technique can be performed by surgeons with
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considerable experience with open pancreatico-
duodenectomy and mastery of the robotic tech-
nique. Our early experience with development
of a complex gastrointestinal surgery robotic
program suggests that robotic pancreaticoduo-
denectomy can be performed safely and effi-
ciently. We have completed six totally robotic
Whipples with no conversions, no mortality,
and improved short-term outcomes with our
two-surgeon experienced team.
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Indications

The laparoscopic technique has been adapted to
essentially all operative approaches for small
bowel resection. Specific indications include iso-
lated small bowel Crohn’s disease, ischemia or
gangrenous segment of bowel, diverticula, benign
strictures, vascular malformations, and neo-
plasms [1]. Approximately 75% of small intesti-
nal tumors are malignant, with carcinoid tumors
being the most common histological type, fol-
lowed by adenocarcinoma, gastrointestinal stro-
mal tumors (GIST), and lymphomas; altogether,
these account for nearly 98% of all small bowel
tumors [2].

Preoperative Work-Up
and Perioperative Preparation

The preoperative work-up is guided by the
underlying etiology and presenting symptoms.
Imaging can help establish the diagnosis and
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provide a “road map” for planned surgical inter-
vention. An upper gastrointestinal series with
small bowel follow-through (UGI-SBFT), com-
puted tomography (CT), or magnetic resonance
(MR) enterography can be quite useful as initial
studies. An esophagogastroduodenoscopy (EGD)
or colonoscopy with intubation of the terminal
ileum can be beneficial to further characterize
the lesion in question and obtain biopsies. Small
bowel segments beyond the proximal jejunum
and terminal ileum that are not easily accessible
by conventional colonoscopy or EGD can be
evaluated with double-balloon enteroscopy.
Further imaging studies depend on the initial
findings and may include ultrasound, positron
emission tomography (PET), octreotide scan, or
capsule endoscopy [2].

Mechanical bowel preparation and oral anti-
biotics may be administered preoperatively but
are not essential unless colon resection is
planned. A chlorhexidine shower is recom-
mended the night before and the morning of the
operation. Deep venous thrombosis prophylaxis
with both sequential compression devices and
subcutaneous heparin is advisable. Preoperative
antibiotics are administered within an hour of
initial incision using a first-generation cephalo-
sporin and metronidazole; gentamicin and
clindamycin are prescribed in patients with beta-
lactam allergies [2, 3].
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Patient Positioning and Room
Setup

The procedure is performed under general anes-
thesia. A nasogastric or orogastric tube and urinary
catheter are placed following induction of anesthe-
sia. The patient may be placed in either supine,
split leg, or low lithotomy position with the arms
padded and out or tucked by the patient’s sides to
allow more ergonomic positions for the surgeons,
especially if two operators need to stand side-by-
side. The surgeon usually stands across the table
from the lesion, e.g., on the patient’s right side for
lesions in the patient’s left abdominal cavity or for
lesions involving the proximal bowel, and the sur-

Fig. 15.1 Patient
positioning and
operating room setup for
minimally invasive small
bowel resection

/\

geon stands on the patient’s left side for lesions in
the patient’s right abdominal cavity or for lesions
involving the terminal ileum. The camera operator
stands on the same side as the surgeon. The assis-
tant surgeon stands on the opposite side of the sur-
geon (Fig. 15.1). At least two monitors are
required — one on each side of the patient. They
should be easily movable toward the head and foot
of the patient, as to be in line with the operating
surgeon’s direction of work. An ultrasound
machine with laparoscopic probe may be needed
in certain circumstances, such as intestinal isch-
emia or with neoplasm requiring hepatic assess-
ment. Intraoperative endoscopy is occasionally
needed to localize the lesion in question.
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Port Placement
and Instrumentation

The first port is placed above or below the umbi-
licus to insufflate the abdomen and to introduce a
laparoscope. The open Hasson technique is the
preferred method to gain entry into the abdomen.
Alternatively, the Veress needle and a trocar with
Optiview technology can be used. An initial sur-
vey of the abdominal cavity is performed to eval-
uvate the intestine and, if lesion is readily
identified, additional port placement is planned
accordingly. An angled (30 ° or 45 °) laparoscope
provides the optimal view of the small bowel and
its mesentery and is preferred over a 0 ° scope.
The working ports should be positioned at the
corners of an equilateral triangle across from the
site of pathology with 8-9 cm length on each side
(Fig. 15.2). In most circumstances, three ports
are sufficient to accomplish the procedure. A
fourth port in the supra-pubic area may be helpful
for retraction or exposure. The size of trocars can
be 5 mm or 10-12 mm depending on the instru-
ments used during the case. Table 15.1 illustrates
specific instruments recommended for laparo-
scopic small bowel resection, including atrau-
matic graspers, and laparoscopic linear staplers.
Mesenteric vascular control may be accom-
plished by vascular endoscopic staplers, clips, or

Fig. 15.2 Trocar/port placement for minimally invasive
small bowel resection

Table 15.1 Instruments recommended for laparoscopic
small bowel resection

No. Instrument type
Trocars (10-12 mm and 5 mm)

|
[}

Needle holders (optional)
Laparoscopic graspers
Laparoscopic dissector
Laparoscopic scissors

Laparoscopic vessel sealing device
Laparoscopic intestinal stapler
Laparoscopic vascular clips

— == = = oW

bipolar energy devices. The choice of the device
largely depends on individual surgeon’s prefer-
ence and experience. Laparoscopic scissors with
monopolar cautery are helpful in performing
enterolysis and fine dissection [3].

Techniques of Small Bowel
Resection

Because of the potential for multifocal lesions
or unsuspected disease in other parts of the
abdomen, small bowel resection should be pre-
ceded by a thorough exploration and visualiza-
tion of abdominal organs, particularly the liver,
and the entire small bowel. If preoperative stud-
ies clearly localize the lesion, and there are
extensive adhesions that preclude “running” the
entire small bowel, then this recommendation
may not apply [4, 5].

Laparoscopic-Assisted Small Bowel
Resection

Video 15.1

The small bowel is typically evaluated lapa-
roscopically, with the use of atraumatic graspers,
from proximal to distal by placing the patient in
slight reverse Trendelenburg position, with the left
side elevated. This maneuver displaces the small
bowel into the lower abdomen. The colon can be
lifted cephalad, thereby exposing the ligament of
Treitz. Beginning at the Treitz, the bowel is run
by “hand over hand” technique. Once the proxi-
mal jejunum is evaluated, the patient’s position
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is progressively changed to Trendelenburg posi-
tion, with right side elevated to evaluate the distal
half of the small intestine. Alternatively, a distal
to proximal evaluation of the small bowel can
be performed. Once the segment to be resected
is identified, it can be marked and suspended
by traction sutures on both sides of the lesion.
It is helpful to use a 2-0 Prolene suture with a
straight needle. The needle is passed through the
tissue to be suspended, and the two ends of the
suture are held together outside the abdominal
wall with a small clamp. It is advantageous to
divide the mesenteric vessels before exterior-
ization of the specimen through the abdominal
incision using either an endoscopic linear stapler
or a bipolar vessel sealer. This may be espe-
cially helpful in a patient with a thick abdomi-
nal wall. Once the specimen is fully mobilized,
an incision measuring 3-5 cm is made in order
to accommodate the section of the small intes-
tine that will be resected. Depending on the size
of the specimen, the location of the segment of
the small bowel, and mobility of the mesentery,
either a Pfannenstiel or a periumbilical midline
incision is preferred. The wound is protected
using a plastic wound protector, and the loop of
the intestine with the lesion is drawn out through
the incision. The exteriorization of the bowel
before resection allows the palpation of the small
bowel so that more subtle disease is not missed
and avoids the contamination of the abdominal
cavity. The resection and anastomosis are then
performed in a standard extracorporeal fashion,
by either hand-sewn or stapled method. The
mesenteric defect can be left open or closed with
a running absorbable suture either through the
incision or intracorporeally after reestablishment
of pneumoperitoneum. The abdomen is then
copiously irrigated with warm sterile saline solu-
tion through the incision. After irrigation of the
peritoneal cavity, the abdominal wall is closed.
The peritoneal cavity can be finally inspected
laparoscopically to assure hemostasis [6].

Technical tips for laparoscopic-assisted small
bowel resection:

1. Evaluation of proximal small bowel
(a) Surgeon and camera holder stand on the
patient’s right side.

(b) Allow gravity to assist with retraction.
Place patient in reverse Trendelenburg
position. Small intestine will fall down to
pelvis, away from the transverse colon.

(c) Lift transverse colon to identify the liga-
ment of Treitz.

(d) Run the small intestine between a pair of
atraumatic bowel clamps or endoscopic
Babcock clamps.

2. Evaluation of distal small bowel

(a) Small bowel is grasped by the assistant at
the midpoint of its course.

(b) Both surgeon and camera holder switch to
the patient’s left side to complete evalua-
tion of the small bowel to the level of the
ileocecal valve.

(c) Identify the segment with the disease.
Lyse adhesions to surrounding loops of
bowel if necessary.

3. Prepare for bowel resection

(a) Mark and suspend the section of bowel by
placing traction sutures.

(b) Use cautery to score the peritoneum
overlying the mesentery on the side fac-
ing the surgeon along the line of intended
resection. This outlines the V-shaped
segment of small bowel and mesentery
that is planned for resection. Make the V
large enough for the intended purpose:
for example, wide mesenteric excision is
appropriate when operating for cancer
but unnecessary when a resection is per-
formed for a benign stricture.

(c) Divide the mesentery using clips, staplers,
or a bipolar energy device (Fig. 15.3).

4. Bowel resection

(a) Make an incision (3-5 cm) to exteriorize
and resect the bowel segment. Use wound
protector.

(b) Divide the bowel at the sites of the divided
mesentery using a standard extracorpo-
real technique.

(c) Remove the specimen.

5. Anastomosis

(a) Construct the anastomosis extracorpore-
ally using a standard technique (hand-
sewn or stapled method).

(b) Close the mesenteric defect (optional)
extracorporeally or intracorporeally.
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Fig. 15.3 Dissection to produce mesenteric defect in
preparation for bowel resection

(c) Return the anastomosed bowel to the peri-
toneal cavity.

(d) Close the small incision in layers, rees-
tablish the pneumoperitoneum, confirm
hemostasis, and inspect the bowel
anastomosis.

Totally Laparoscopic Small Bowel
Resection

The laparoscopic technique is similar to the
laparoscopic-assisted technique described above
except that resection and entero-enteric anasto-
mosis is performed entirely intracorporeally [7].

1. Laparoscopic preparation for small bowel
resection is outlined in steps 1 through 3 of the
laparoscopic-assisted section.

2. Bowel resection
(a) Divide the bowel at the sites of the mesen-

teric division using an endoscopic stapler
(Fig. 15.4).

(b) Make an incision (usually around 4 cm) to
allow removal of the resected bowel
segment.

3. Intracorporeal anastomosis
(a) Align the divided bowel ends with stay

sutures placed through the anti-mesenteric
border of the bowel. The anastomosis can
be constructed either in antiperistaltic

Fig. 15.4
stapler

Bowel resection using a laparoscopic linear

Fig. 15.5 Creation of enterotomy on the antimesenteric
border of the small intestine

(side-to-side, functional end-to-end) or
iso-peristaltic (side-to-side) fashion.

(b) Create an enterotomy in both limbs of the
bowel close to the antimesenteric borders
(Fig. 15.5) with monopolar scissors or
hook cautery, and then pass the limbs of
the endoscopic gastrointestinal stapler
into each enterotomy, approximating the
segments. Close the stapler and verify the
correct alignment (Fig. 15.6).

(c) Fire and remove the stapler.

(d) Use the traction sutures to inspect the
anastomotic staple line for bleeding. The
incidence of bleeding can be minimized
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by ensuring that the antimesenteric sides
of each limb are used to construct the
anastomosis. Control any bleeding sites.
Bleeding areas at the staple line can be
controlled with sutures or clips.
4. Closure of the enterotomies with stapled

technique

(a) Place three traction sutures (one at each end
and one in the middle) to approximate the
enterotomy defect and elevate the edges.

(b) Place an endostapler (3.5 mm) or an Endo
GIA with Tri-Staple technology (tan or
purple) through a 12-mm port, just
beneath the cut edges, and close it trans-

Fig. 15.6 The stapler is inserted into the two limbs of
small for side-to-side functional end-to-end anastomosis

versely. Be certain to ensure that both
edges are completely enclosed within the
stapler, but avoid including excessive
amount of bowel.

(c) Fire the stapler, and use scissors to remove
excess tissue from the staple line.

5. Alternatively, a closure of the common enter-
otomy with intra-corporeal running V-Loc
suture can be performed (Fig. 15.7) [8].

Complications
Anastomotic Leak

One of the most serious complications of
any bowel anastomosis is anastomotic leak.
Compared to the large intestine, the small bowel
has a much lower leak rate. In fact, as long as
the segments of bowel for anastomosis are
well vascularized and the anastomosis is free
of tension, small bowel leaks are exceedingly
rare. Leaks in small bowel anastomosis most
frequently result from technical error, excess
tension on the anastomosis, or poor blood sup-
ply. A gross technical error can contribute to
anastomotic leak, such as incomplete closure
of the enterotomy with the linear stapler or if
the enterotomy is hand-sewn and the sutures are
not placed accurately.

Fig. 15.7 (a) Illustration showing closure of the common enterotomy with laparoscopic suturing. (b) Paired intraop-
erative image showing laparoscopic suturing of the common enterotomy with V-Loc barbed sutures
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If an anastomotic leak does occur, it may pres-
ent with peritonitis, necessitating re-exploration,
or the leak may decompress through the skin as
an enterocutaneous fistula. An enterocutaneous
fistula typically presents a few days after resec-
tion with what initially appears to be a wound
infection. Once wound discharge becomes
enteric, the diagnosis of enterocutaneous fistula
can be established with certainty. Some enterocu-
taneous fistula will close spontaneously, although
it may take several weeks of bowel rest and par-
enteral nutrition for complete resolution.

Anastomotic Stricture

The three factors thought to cause anastomotic
stricture are technical error, ischemia, or tension
on the anastomosis. The technical errors that
most frequently result in anastomotic stricture
include creation of an inadequate size opening
(i.e., using short staple load), incorporating
excess bowel wall in a stapled enterotomy clo-
sure, and bleeding with hematoma at the anasto-
motic site. Tension on the anastomosis may result
in leakage or complete disruption. Occasionally,
subclinical anastomotic leaks may result in anas-
tomotic scarring and narrowing of the lumen.

Recognition of intraoperative technical errors
is critical. If an error is recognized, it is highly
recommended to redo the anastomosis. When
anastomotic strictures are recognized during the
postoperative period, the severity of the obstruc-
tive symptoms dictates whether reoperation and
revision of the anastomosis is indicated. In some
circumstances, anastomotic strictures can be
dilated endoscopically.

Small Bowel Obstruction

Abdominal adhesions are one of the most com-
mon causes of postoperative small bowel obstruc-
tion. Even though adhesions can occur after any
intra-abdominal operation, they tend to be less
common following laparoscopic surgery. It is

unknown why some patients form diffuse adhe-
sions, while others remain adhesion-free even
after multiple laparotomies. While there is no
certain way to avoid this problem, limiting the
amount of dissection and intraoperative hemor-
rhage may limit the extent of postoperative adhe-
sions. Early postoperative small bowel
obstruction after laparotomy should initially be
managed with bowel rest, nasogastric tube
decompression, and intravenous fluid support.
Although cases of small bowel obstruction fol-
lowing laparoscopic surgery are rare, conserva-
tive management is not advised, as many of the
cases are caused by a single adhesive band result-
ing in angulation or kinking of the bowel [9, 10].
Reoperative laparoscopic surgery is advised for
early postoperative small bowel obstruction after
laparoscopic surgery.

Prolonged Postoperative lleus

Some degree of postoperative ileus is expected
after small bowel surgery, but the minimally
invasive approach often shortens its duration. The
signs and symptoms of postoperative ileus may
include a lack of intestinal peristalsis, abdominal
bloating and distention, nausea, and vomiting.
Prolonged postoperative ileus should raise the
suspicion of a postoperative intra-abdominal
infection, particularly an anastomotic leak. The
condition must be differentiated from mechanical
obstruction with physical examination and radio-
graphic imaging (abdominal X-ray or computed
tomography). Treatment for ileus is nonoperative
and consists of intravenous fluids and bowel rest
until bowel function resumes [11].

Short Bowel Syndrome

Short gut syndrome may develop as a result of
excessive resection of the small bowel, leading
to a malabsorptive state. The minimum length
of bowel necessary to prevent short bowel syn-
drome is approximately 2 m, but this varies
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significantly among individuals. Children can
adapt better than adults in tolerating massive
bowel resection, since over time intestinal
adaptation can occur allowing relatively nor-
mal intestinal function. A shorter length of
small bowel can be tolerated if the ileocecal
valve and pylorus remain intact. Tailored
enteral diets have been created to maximize
digestion, and total parenteral nutrition (TPN)
can be used to supplement oral intake.

Conclusion

Small bowel resections are very common in the
adult and pediatric general surgery practice.
The reasons for performing a small bowel
resection are numerous and include bowel
obstruction, vascular damage, hemorrhage,
neoplasms, inflammatory diseases, fistulas, and
congenital anomalies. In spite of the numerous
indications, the approach is generally similar
for each situation. We usually prefer a totally
laparoscopic approach. However, the main dis-
advantages of a complete laparoscopic small
bowel resection are (1) the unavoidable con-
tamination of the abdominal cavity when the
bowel is transected, (2) the slightly longer
operative times, and (3) the limited tactile feed-
back and intraluminal surveillance of the staple
line for hemostasis.
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Introduction

There are many indications for small bowel
resection including obstruction, disorders such as
Meckel’s diverticulum or Crohn’s disease, malig-
nancy, and trauma. In this chapter, we will
describe small bowel resection for malignancy.
Primary small bowel malignancies, including
adenocarcinoma, carcinoid, lymphoma, and stro-
mal tumors, and small bowel metastases from
distant sites are indications for small bowel resec-
tion [1, 2]. Malignancy can result in obstruction
or bleeding, which was observed in our patient.
In this chapter, we present a step-by-step
approach to robotic small bowel resection.
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Preparation

Detailed patient history and physical examination
are important measures for preoperative planning.
Laboratory studies including complete blood
count, coagulation status, and electrolytes help to
determine perioperative risk factors. Prior to sur-
gery, fluid and electrolyte balance should be
established and blood volume should be opti-
mized. Prophylaxis for deep venous thrombosis is
initiated with subcutaneous heparin or enoxaparin
and mechanical sequential compression devices.
Perioperative antibiotics are administered to
reduce the risk of surgical site infection [3].
Under select circumstances, early surgical
planning may not be available. Emergent small
bowel resection is mandatory for uncontrolled
bleeding, while endoscopic and interventional
radiologic procedures are typically ineffective.
Under urgent conditions, it is important to obtain
type and screen and cross-matching of blood, to
administer perioperative antibiotics, and to expe-
dite bringing the patient to the operating room
while concurrently providing resuscitative care.
Once in the operating room, a nasogastric tube is
placed (if not already placed) for gastric and
intestinal decompression, and a Foley catheter is
recommended to monitor urinary output during
the procedure. We do not advocate performing
minimally invasive procedures when the patient
is unstable and requires immediate exploration.
We will consider robotic small bowel resection
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when the patient is hemodynamically stable. For
this procedure, the patient will be placed supine
with the legs split. It is our routine to have both
arms tucked for all robotic procedures for patient
safety when docking the robot.

Port Placement

We first place a 5-mm port in Palmer’s point in
the left lateral upper quadrant. This port will be
replaced by a robotic 8-mm port. A second
5-mm port may be placed to verify the location
of the lesion. Typically, we prefer placing five
ports along a semicircular line with the base of
the semi-circle near the right lower quadrant
facing toward the left upper quadrant. Under
direct visualization, ports are placed approxi-
mately 10-20 cm away from the area of interest
with the periumbilical camera port in the middle
of the semicircular line. Three robotic 8-mm
ports are placed one handbreadth apart to avoid
collisions of the robotic arms during surgery
(Fig. 16.1). We use one 10-/12-mm assistant
port, which is also placed in the semicircular
line. Distances between the ports are measured
after insufflation for improved accuracy. After
placement of the ports, the robot is docked over
the left shoulder with the Da Vinci Si [4].

Fig. 16.1 Modified trocar/port placement for robotic
small bowel resection

Instruments and Materials

We use a 5-mm 30 °-angled laparoscope for ini-
tial exam of the abdomen and a 10-mm 30 °
robotic camera. We use the following robotic
instruments: fenestrated bipolar forceps, cadiere
forceps, monopolar hook, the vessel sealer, and
the mega needle driver. We also utilize the endo-
scopic gastrointestinal anastomosis (GIA) stapler
and an endoscopic specimen bag. We employ two
different techniques for intracorporeal suturing
including 3-0 V-Loc 90 suture on a taper point
needle and the Lapra-Ty Absorbable Suture Clip
with 3-0 Vicryl sutures on a taper point needle.
The Carter-Thomason device is used to close the
fascia at the 10-mm ports with 0 Vicryl suture.

Small Bowel Resection

Video 16.1

First, the location of the cancer is verified by
laparoscopy prior to docking the robot. After the
robot is docked (Fig. 16.2), we utilize the fenes-
trated bipolar grasper in arm 2 and the cadiere
forceps in arm 1 to lift up the intestine proximal
and distal to the tumor. The robotic hook is
placed into arm 1 to create a mesenteric defect
proximal and distal to the location of the tumor
at the proposed sites of small bowel transection
[5]. We prefer to use the endo-GIA stapler to
divide the small intestine, rather than creating a
15-mm port to utilize the robotic stapling device.
We utilize 60-mm tan cartridges to divide the
small intestine. The small bowel mesentery is
then divided using the vessel sealer. For adeno-
carcinoma, we obtain generous margins (5 cm)
and harvest lymphatic tissue in the mesentery at
the base of the cancer. The surgical tissues are
placed in a specimen bag and brought out
through the 10-mm assistant port site.

Anastomosis

We perform a side-to-side, functional end-to-end
anastomosis. First, the stapled ends of the proxi-
mal and distal bowel are aligned. Using the
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Fig. 16.2 Patient
positioning and
operating room setup for
robotic small bowel
resection

Console

robotic hook, small bowel enterotomy is created
approximately 1 cm from the stapled end on the
superomedial aspect of the proximal and distal
small bowel. The two jaws of the endo-GIA sta-
pler are placed in each enterotomy, ensuring that
the mesenteric borders of the proximal and distal
small bowel are aligned (Fig. 16.3). The jaws are
fully inserted to maximize the diameter of the
anastomosis. Once the two ends of small bowel
are parallel and the anti-mesenteric border is
aligned, the stapler is fired to create a common
channel. After stapling, the suture line is inspected
for bleeding. Any bleeding is controlled with the
fenestrated bipolar grasper or with sutures as
necessary.

o

Assistant

Closure of Common Enterotomy

We prefer to close the common channel with
suturing rather than stapling. We employ two dif-
ferent techniques to close the common channel,
either with robotic suturing using running suture
with Lapra-Ty Absorbable Suture Clips or with
V-loc sutures. When using the Lapra-Ty, we place
one of these clips at the end of the suture and then
perform standard serosa-to-mucosa and mucosa-
to-serosa suturing in running fashion. Another
Lapra-Ty Absorbable Suture Clip is placed on the
completed end of the suture line. This precludes
the need for robotic tying of knots. With the
V-Loc suture, the needle must be threaded
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Small
intestine

Endo:GIA!
Staplen

Fig. 16.3 (a) Illustration demonstrating placement of the
linear stapler into the enterotomy defects in the small
intestine. (b) Paired intraoperative photo demonstrating

through the loop at the end of the suture follow-
ing the first set of corner bites to lock the suture.
Standard robotic suturing can be performed along
the length of the common enterotomy. It is impor-
tant to cinch the sutures while closing the defect.
We do not tie a knot at the end of the suture line
and instead simply cut the suture. We are careful
to avoid leaving exposed barbs of the V-loc
suture.

We typically perform a second, outer layer of
the common channel closure. The second layer of
the bowel wall anastomosis is completed in a
similar fashion with running suture using either
the Lapra-Ty or V-Loc techniques. However, we
employ seromuscular bites for the outer layer.
The small bowel mesenteric defect is approxi-
mated with running 3-0 Vicryl suture.

Fascial and Skin Closure

Once the anastomosis is complete, the laparo-
scope is used to view the abdominal cavity and
ensure hemostasis. The fascia at the 10-/12-mm
port site is re-approximated using the Carter-
Thomason device. We do not close the fascia at
the robotic port sites. The pneumoperitoneum is
deflated, and ports are removed. Skin is then
closed at all port sites with 4-0 Monocryl subcu-
ticular interrupted sutures.

robotic assistance to place the linear stapler into the enter-
otomy defects of the two limbs of the small intestine

Postoperative Care

At the end of the operation and prior to leaving the
operating room, the nasogastric tube is removed.
Routine intravenous fluids are administered and a
clear liquid diet is started on postoperative day 1.
The diet is advanced to a regular diet as bowel
function returns. Pain management with minimal
narcotics and deep venous thrombosis prophylaxis
are continued. Early ambulation is encouraged,
and patients are routinely discharged in 2-3 days
following robotic small bowel resection.

Conclusion

Robotic small bowel resection can be performed
safely and effectively for small bowel malignan-
cies. The robotic platform enables the common
enterotomy to be closed securely and with ease.
In our experience, the utilization of small inci-
sions has resulted in less pain, quicker return of
bowel function, and shorter hospital stays.
Randomized studies to directly assess the bene-
fits of the robotic platform for small bowel
malignancies may be difficult to organize and
complete due to the lower incidence of these
cancers. Additional nonrandomized retrospec-
tive and prospective data will be important to
provide outcome data.
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Indications

A malignancy that appears in any location from
the cecal appendix to the transverse colon is the
main indication for resection of the right colon.
Benign polyps are also an indication for right
hemicolectomy, since the ascending colon has a
relatively thin wall and endoscopists are more
reluctant to perform resections, which is why sur-
gery is recommended more frequently. Other
indications are inflammatory bowel disease,
diverticular disease, bleeding vascular ectasia,
ischemic colitis, and large appendiceal neo-
plasms located in the appendicular base or with
unfavorable pathological anatomy.

Operative Technique
Anatomical Considerations
The ascending colon, with an approximate size of

15 cm, is located at the right side of the abdomi-
nal cavity from the right iliac fossa to the liver; its
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posterior wall is fixed to the retroperitoneum,
while the lateral and anterior walls are intraperi-
toneal structures. The nephrocolic ligament sup-
ports the hepatic flexure and is attached to the
right kidney, duodenum, and hepatic hilum. The
transverse colon measures about 45 cm in length,
is suspended between the hepatic and splenic
flexures, which constitute its fixation points, and
is totally invested with visceral peritoneum.

The main arterial supply of the terminal ileum,
cecum, and appendix comes from the ileocolic
artery, a direct branch of the superior mesenteric
artery. The right colic artery irrigates the ascend-
ing colon and has wide variability among patients,
being absent in up to 20% of patients. The next
important arterial branch to consider is the right
branch of the middle colic artery. The arc of
Riolan establishes communications between the
middle colic artery and the left colic artery.

The main venous and lymphatic drainage runs
parallel to the arterial vessel. The ileocolic lym-
phatic vessels drain into the para-aortic lymphatic
system. Other important lymph nodes are the
paracolic (located next to the marginal artery),
the epicolic (on the wall of the colon), and the
intermediate (located between the venous and
arterial branches).
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Preoperative Planning

Right hemicolectomy is associated with consid-
erable morbidity, making a proper preoperative
evaluation mandatory. All patients should
undergo a complete colonoscopy (identification,
labeling, and biopsy), a thoracoabdominal scan
(extension study), and an MRI or PET when dis-
tant metastases are suspected.

All patients should have medical clearance
prior to surgery. The intestinal preparation prior to
colectomy continues to be a controversial issue,
and currently, it is often performed according to
the preference of the surgeon, pending further evi-
dence. Intravenous or even oral and intravenous
antibiotic prophylaxis is always indicated.

Patient Positioning

The patient is placed in the supine position with a
slight reverse Trendelenburg tilt and left lateral
decubitus, with both arms folded toward the trunk
(or at least the left arm must be folded). The pres-
sure points are adequately protected, and a device
is applied to hold the patient. Gastric decompres-
sion is recommended (only at the time of surgery),
as well as bladder decompression (only for 24 h),
unless it is needed to control the risk of intestinal
injury or to improve the field of vision. The use of
stirrups depends on the surgeon. The laparoscopic
screen should be positioned on the right side at a
suitable height to ensure proper ergonomics for
the surgeon and the assistant, who will be located
on the left side (Fig. 17.1). Placement of trocars
should be arranged taking into account the dissec-
tion of the hepatic angle.

Trocar Positioning

Pneumoperitoneum is created with a Veress nee-
dle for initial insufflation to 12 mmHg. An umbil-
ical trocar is placed in the periumbilical region.
The peritoneal cavity is first examined for evi-
dence of, in the case of malignant disease, perito-
neal or hepatic metastasis. Under direct vision, in
the left lower quadrant and left suprapubic region,

additional 5- and 12-mm trocars are inserted. A
5-mm assistant port is placed in the left upper
quadrant (Fig. 17.1).

Surgical Technique

Several approaches have been proposed for right
hemicolectomy, such as the lateral-medial
approach, the medial-lateral approach, and the
retroperitoneal approach [1-3]. The medial
approach is the most commonly used, since, in
addition to allowing a good exeresis of the meso-
colon, the early proximal ligation of the vessels
can prevent neoplastic cells from passing into the
bloodstream; it also allows entry into a suitable
retroperitoneal plane [4]. If there are adhesions
present, they should be separated carefully, and
the abdomen is scanned to assess metastasis and
potential resectability. For a good surgical field,
we must move the transverse colon toward the
upper part of the abdomen and the small bowel to
the left. The initial step is the identification of the
ileocolic branch. To do this, medial exposure of
the mesentery and the ileocolic region is per-
formed, tracing the cecum to the iliac fossa, in
the direction of the patient’s right leg. If the trac-
tion is adequate, the vessels are clearly marked
(Fig. 17.2). We must open the peritoneum using
an electric scalpel, with an incision parallel to the
vessels to be able to dissect them. Pulling the ves-
sels upward and the retroperitoneum downward
using tweezers will facilitate dissection of the
correct retroperitoneal plane [5]. Before the liga-
tion of the vessels, the duodenum should be iden-
tified (Fig. 17.3). The division can be performed
with an endostapler or endoclips or sealed with
energy devices (Fig. 17.4). This depends on the
preference of the surgeon but always considering
the thickness and state of atherosclerosis of the
vessels.

After ligation, a careful dissection will be car-
ried out in the duodenum and in the caudal por-
tion of the pancreas for exposure of the middle
colic vessels. The dissection around the trunk of
Henle (union of the right gastroepiploic vein with
the right branch of the middle colic vein or the
main middle colic vein) can lead to the exposure
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Fig.17.1 Trocar
positioning and
operating room setup for
the abdominal portion of
laparoscopic right
hemicolectomy
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of an accessory right colic vein. The accessory
right colic vein and the right branches of the mid-
dle colic vessels must be sealed or ligated
(Fig. 17.5). Up to this point, the primary tumor
has been minimally manipulated by the medial-
to-lateral approach. Finally, the right flexure and
the right colon, including the tumor-bearing seg-
ment, are separated laterally, which completes
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the mobilization of the entire right colon [6, 7].
During the dissection of the right parietocolic
ligament (Fig. 17.6), it is not necessary to change
the position of the patient; instead, the hepatic
flexure portion of the procedure should always be
performed with the patient in the Trendelenburg
position. For dissection of this area, the assistant
using the clamp in the trocar on the mid-clavicular
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Fig.17.2 TIleocolic vessels dissection

Fig. 17.3 Mediolateral dissection through embryological
planes. The duodenum and pancreas have been identified

Fig. 17.4 Division of ileocolic vessels

Fig. 17.6 Right colon lateral attachments

line presents it to the surgeon for dissection from
the middle transverse colon to join the dissection
of the parietocolic ligament. It is essential that
the terminal ileum and right colon be well mobi-
lized. In the laparoscopic approach, the creation
of extra- or intracorporeal anastomosis is usually
decided according to the laparoscopic experience
of the surgeon or the form chosen for the extrac-
tion of the specimen (Video 17.1).

Extracorporeal Anastomosis
Once the entire right colon is mobilized, we must

hold it with a clamp so that the mesentery does
not twist and in order to facilitate extraction of
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the specimen by an enlargement of the port site in
the umbilicus or a right subcostal incision. The
wound should be covered with a wound guard.
There are multiple anastomosis techniques, and
the choice usually depends on the preference of
the surgeon or a standardized approach in the
institution. In many texts, lateral-lateral anasto-
moses, either manual or mechanical, are recom-
mended. The anastomosis is returned to the
peritoneal cavity with extreme care. The closure
of the mesocolon is not mandatory, nor is a new
laparoscopic view of the cavity, provided that we
are sure that the mesocolon is not twisted.

Intracorporeal Anastomosis

The transverse colon is transected with a laparo-
scopic linear stapler; we find a 60-mm load with
3.5-mm staples appropriate. The terminal ileum
is divided 5-10 cm from the ileocecal junction
with a second firing of the stapler (Figs. 17.7 and
17.8). The specimen is moved to the pelvis or left
abdomen. The orientation of the terminal ileal
and transverse colon stumps is confirmed, and
the antimesenteric surfaces are approximated
with a seromuscular suture. An enterotomy is
created in each limb, and the limbs are anasto-
mosed in a side-to-side fashion with a third firing
of a 60-mm load of a laparoscopic linear stapler

Fig. 17.7 Division of small bowel mesentery

with 3.5-mm staples (Fig. 17.9). The resulting
enterotomy is closed with a running intracorpo-
real suture (3—0 Vicryl) or a fourth application of
the GIA stapler (Fig. 17.10). The closure of the
mesocolon is not mandatory. After deflation of
the abdomen through the ports, a small
Pfannenstiel incision is made in the suprapubic
region, and after placement of a wound protector,
the specimen is extracted.

The abdominal wound is closed, the perito-
neal cavity is reinsufflated, and all trocars are
removed under direct visualization. The fascia of
any trocar larger than 5 mm is closed. All wounds
are closed, and the operation is completed.

A

Fig. 17.8 Division of the small bowel with an endostapler

Fig. 17.9 Side-to-side anastomosis
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Fig.17.10 Closure of the anastomosis

Oncological Objectives

The concept of total excision of the mesocolon,
developed in open surgery by Hohenberger, [8]
arose from the good oncological results second-
ary to the total excision of the mesorectum pro-
posed by Heald. Mainly, it upholds the importance
of the embryological planes, which should be fol-
lowed when performing the dissection to ade-
quately remove all the mesocolon and its ganglia,
with ligature of the vessels at their origin. The
quality of the surgical specimen has been shown
to be related to a lower recurrence of disease and
increased survival.

The three main concepts for an adequate tech-
nique are as follows:

1. Obtain an adequate plane of mesofascial or
retrofascial dissection to fully mobilize the
mesocolon, en bloc and without defects

2. Central ligation of the vessels, close to their
roots to maximize the inclusion of vertical
lymph nodes (central expansion of the disease)

3. Adequate and sufficient visceral resection to
maximize the elimination of pericolic lymph
nodes (longitudinal expansion of the disease).

With regard to the lymph nodes, at present, a
minimum of 12 nodes are considered necessary
in a specimen of oncological colon surgery for
adequate staging.

Complications and Their Resolution

Correct knowledge about the potential complica-
tions associated with any surgical procedure is
essential for early diagnosis and treatment.
However, our priority should be to avoid such
complications; therefore, it is vital to have an
adequate knowledge of the abdominal anatomy,
the tissue planes, and the steps of the procedure
and to systematize all the actions that are carried
out before, during, and after the procedure.

Injuries Associated
with the Laparoscopic Approach

The most frequent complications are nerve
lesions due to hyperextension and tissue injuries
due to compression, especially in the upper
extremities and in areas under pressure. Correct
patient positioning to minimize the risk of com-
plications is in the supine position, with the arms
folded toward the trunk, protection of the wrists
and fingers, the lower extremities maintained at
an angle of 180 ° with respect to the trunk (avoid-
ing hyperextension), and protection of the ankles.
The patient must be positioned prior to the place-
ment of the surgical drapes.

Injuries associated with the use of trocars and
other surgical instruments are varied and can be
avoided by exercising caution.

Creation of Pneumoperitoneum The abdomi-
nal cavity can be accessed using different tech-
niques: a Veress needle, Hasson open technique,
or optical trocar. The main lesions that we must
avoid during this step are damage to vascular
structures (mainly the aortic artery, vena cava,
and iliac vessels) and injury to intra-abdominal
organs. The use of the Hasson open technique or
the optical trocar minimizes the risk of injury. A
Veress needle can be introduced into the left
hypochondrium, where the probability of damag-
ing large vessels is lower, or at the umbilical
level, where the abdominal wall is thin and the
pressure that must be applied is lower, allowing
adequate traction of the fascia and avoidance of
the internal organs. Regardless of the method
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used, routine adherence to the following steps
reduces the risk of injuring vital structures: visu-
alization, stabilization of the abdominal wall,
adequate incision, controlled penetration, and
proper direction.

Injury During Placement of Trocars Lesions
are more frequent in the small intestine than in
the colon. Vascular lesions, although of low inci-
dence, can have devastating consequences. To
avoid these injuries, flat patient positioning,
avoiding the great vessels during trocar insertion,
and placement of trocars under direct vision are
recommended.

Injuries Produced by Surgical Instruments and
Thermal Injuries Dispersion of energy to
neighboring tissues is more frequent with mono-
polar than bipolar instruments. Injuries can occur
as a result of direct application, involuntary acti-
vation of the electrosurgical equipment, direct
coupling to another metal instrument (so it is
important to keep the instrument in the field of
vision at all times and avoid metal trocars), or
failure in the insulation of the instrument.
Mechanical injuries can occur as a result of
crushing when trying to extract a clamp that sup-
ports an intra-abdominal structure, penetration of
the handle or a vessel, inadvertent tearing, or
tearing during traction. To avoid these injuries, it
is essential to be methodical and always check
that the jaw of the clamp is free before removing
it, insert the instrument in ventral direction and
under direct vision, and not advance an instru-
ment without visualization if resistance is found.
As much as possible, have all the forceps within
the field of vision and use atraumatic forceps.

Lesions Associated with Right
Hemicolectomy

The main abdominal structures that can be dam-
aged during a right colectomy, and that therefore
must be well controlled, are the duodenum, the
middle colic and ileocolic vessels, and the right
ureter. As already mentioned, a systematic
approach, adequate knowledge of the anatomy,

good exposure, and achievement of the correct
plane of dissection from the beginning are essen-
tial to avoiding problems.

Exposure In any type of surgery, achieving ade-
quate exposure is a basic requirement to avoid
complications. The area on which the surgeon
works should be the highest area of the patient to
avoid interposition of handles or other structures.
With the patient in the Trendelenburg and partial
left lateral decubitus positions, it is important to
have adequate fixation of the patient to the surgi-
cal table, which allows subsequent mobilization
according to the technical needs. In this way, the
transverse colon along with the greater omentum
is directed cephalad, and the terminal ileum turns
to the pelvis.

Identification of the Correct Dissection
Plane One of the difficulties encountered with a
medial-to-lateral approach is differentiation of
the correct medial tissue plane, which can lead to
entry into the retroperitoneum and, consequently,
unnecessary bleeding and/or injury. To avoid
entering the wrong plane, the right colon and its
mesentery must be strongly tractioned in the ven-
tral direction, while the retroperitoneum moves
downward. The correct plane is usually a more
superficial layer of the perceived plane. The dif-
ficulty of accessing this plane results from the
embryological displacement of the colon from
the midline to the lateral line, merging with the
retroperitoneum. With the main vessels (ileocolic
and superior mesenteric artery) medial to the
fusion plane, unwanted entry into the retroperito-
neum is possible. A lateral-to-medial approach is
therefore easier from the anatomical-plane
perspective.

Identification and Management of the
Duodenum Identification of the duodenum is a
key step in laparoscopic right colectomy. The
relationship between the ileocolic vessels and the
duodenum is the same in all patients, and the ileo-
colic artery constitutes the first branch of the infe-
rior mesenteric artery under the duodenum. To
ligate the ileocolic vessels, we must obtain ade-
quate traction of the mesocolon at the ileocecal
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level until the vessels are identified. Subsequently,
we must make a large window in the mesocolon
and carefully dissect the field. At this point and
prior to the ligation of the vessels, we must iden-
tify and keep the duodenum localized, to avoid
injury. A common error is creating the mesocolon
window too distal to the duodenum, which forces
extension of the dissection superiorly until the
duodenum is identified. Duodenal injury can
occur unexpectedly if this structure is not con-
trolled, or thermal injury can occur if the distal
end of the instrument is kept very close while dis-
secting the ileocolic and/or middle colic pedicle.
For this reason, it is essential to always direct
visualization of the instrument and to minimize,
as much as possible, direct manipulation of the
duodenum. If injury occurs, it must be detected
and treated immediately. If it is small, it can be
repaired by laparoscopic suture. A more extensive
injury requires conversion to open surgery for bet-
ter control and appropriate treatment.

Another structure susceptible to being injured
at this level is the gastrocolic trunk of Henle
(arising from the confluence of the right gastro-
epiploic vein and the right branch of the middle
colic vein). Injury of this structure can lead to
severe bleeding, which is difficult to control,
since it drains into the superior mesenteric vein.
To prevent injury, dissection should be performed
with great care near the pancreas and not move
away from the mesocolon in the direction of the
duodenum. If bleeding occurs, a broad exposure
must be obtained, and by using a bipolar device,
we usually manage to control the bleeding.

Ligation of Vascular Pedicles The main risk
associated with ligation of vascular pedicles is
subsequent bleeding due to an incorrect ligation
[9]. Proper ligation can be achieved with multiple
techniques: bipolar thermal energy, ultrasonic
energy, endostaplers, or Endoloop. The limita-
tions of each technique must be taken into
account to prevent subsequent bleeding.

The right ureter and the gonadal vessels are
usually removed from the plane of dissection, and
their identification is not routinely necessary.

Injury to the right ureter may occur while incising
at the base of the mesentery of the terminal ileum.
The medial-to-lateral approach and adequate ven-
tral and cephalic traction of the terminal ileum in
this step can help avoid this complication.

Final Considerations

The use of the laparoscopic technique for right
colectomy is widely accepted, both for benign
and malignant pathologies. Multiple studies have
demonstrated the noninferiority of the laparo-
scopic approach in terms of oncological results
[10, 11]. In addition, this approach has benefits
such as shorter postoperative hospital stay, the
best aesthetic result, shorter duration of paralytic
ileus, earliest onset of oral tolerance, the least
postoperative pain (reducing the need for analge-
sics), and quicker return to work. However, we
must take into account the learning curve associ-
ated with the laparoscopic approach, which can
sometimes increase the duration and cost of sur-
gery. Obese patients are a subgroup with a higher
prevalence of postsurgical complications due to
multiple comorbidities. In comparison with the
open approach, laparoscopic colectomy is associ-
ated with lower morbidity (surgical site infection,
intra-abdominal infection, wound dehiscence,
pneumonia, urinary tract infection or sepsis, and
renal failure) and lower postoperative mortality.

Conclusion

Laparoscopic surgery of the right colon is safe
from the oncological point of view and is associ-
ated with multiple advantages in the short term
compared to open surgery. However, complica-
tions are inevitable, regardless of the skill level of
the surgeon, and it is necessary to take measures
to avoid them, both those associated with the
laparoscopic technique and those associated with
colorectal surgery. Conversion may be necessary
in certain situations, and although it is controver-
sial, an early proactive conversion in patients
with a high conversion risk will probably mini-
mize the risk of complications, whereas reactive
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conversion at the end of the procedure in response
to an unexpected injury will probably lead to
worse results.
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Introduction

Adoption of the robotic platform as a minimally
invasive option for right colectomy has not been as
rapid as for robotic rectal resection, possibly
because laparoscopic technical challenges are more
evident in the narrow confines of the pelvis. Even
outside of the pelvis, where laparoscopic colectomy
has been conducted since 1991, adoption of the
laparoscopic approach appears to have plateaued at
50-60%, suggesting the need for a minimally inva-
sive option that surgeons are more willing to
embrace than traditional open colectomy [1-5].
Interest in learning robotics for right colec-
tomy appears to be increasing recently because of
data suggesting short-term outcomes advantages
for intracorporeal anastomosis when compared to
extracorporeal anastomosis [6, 7]. Indeed, intra-
corporeal right colectomy is now part of the
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annual standardized National Association of
Program Directors for Colon and Rectal Surgery
Fellowship robotics course curriculum. For many
surgeons, robotic instruments allow the skill set
for complete colonic detachment from the retro-
peritoneum and an intracorporeal anastomosis
that is considerably more challenging when
attempted with the laparoscopic approach. In fact,
most who perform laparoscopic right colectomy
construct an extracorporeal anastomosis [8, 9].
The extracorporeal anastomosis for most laparo-
scopic and robotic surgeons is conducted by stan-
dard open techniques through a midline extraction
incision, where incisional hernia rates are consid-
erably higher than when extraction sites are off
the midline [10-12]. Complete colonic mobiliza-
tion followed by an intracorporeal anastomosis
allows the specimen extraction site to be any-
where off the midline, most commonly the
Pfannenstiel position.

Overview of Technique

As part of the enhanced recovery pathway, nutri-
tional modulation is started 5 days prior to sur-
gery and carbohydrate loading up to 2 hours prior
to surgery. Multimodal pain management pro-
grams vary in composition with respect to oral
acetaminophen, oral gabapentin, and transversus
abdominis plane blocks in the preoperative suite.
In the operating room, the patient is placed in the
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supine position. After induction of general anes-
thesia, upper extremities are placed at the side
and pressure points are padded. A standard strap
is placed across the waist, and a foam strap is
placed across the chest. Urinary catheters are
used selectively based on patient comorbidities
and intraoperative fluids are goal-directed. The
skin is prepped, and the patient is draped in a
standard fashion. The following operative steps
are those favored by the author and taught at the
national colon and rectal surgery fellowship
course. There are several reasonable and accept-
able variations taught by other faculty not
described in this chapter.

Da Vinci Si System

Pneumoperitoneum and Port
Placement

There are several options to establish pneumoperi-
toneum including the use of a Veress® needle or
Optiview® trocar either at the proposed camera
trocar site or in the left upper quadrant to avoid
midline vessel or small bowel injury. There are
also several port placement options. After estab-
lishing pneumoperitoneum, we prefer to place the
8.5-mm or 12-mm camera trocar 2 cm to the left of
the umbilicus and either at the level of the umbili-
cus or below depending on the craniocaudal level
of the umbilicus. The camera trocar should be at or
slightly below a point halfway between the sub-
costal midline and the symphysis pubis.

Under direct vision with the robotic camera,
8-mm robotic trocars are then placed in the supra-
pubic region and subcostal region just to the left
of the midline. A 13-mm robotic trocar is then
placed in the left upper quadrant on a “V” orien-
tation between the camera and subcostal trocars
as depicted in Fig. 18.1. External arm collisions
for this operation are typically between the left
upper quadrant (D1) and subcostal (D3) trocars
and rarely between the camera and suprapubic
(D2) trocar, so placing the camera and left upper
quadrant (D1) trocars a few centimeters more
caudal increases the distance from the subcostal
D3 trocar, thereby avoiding collisions. When an

Fig. 18.1 Trocar/port placement for robotic right colec-
tomy for Da Vinci Si platform

assistant port is used, a 5-mm trocar is typically
placed in the left lower quadrant. An experienced
assistant will recognize external collisions
between D1 and D3 when they occur. Simply
moving D3 about 2-3 cm away from D1 at the
bedside often resolves the collision issue.

Docking the Robot

After port placement, the patient is placed in
either slight Trendelenburg or slight reverse
Trendelenburg and rotated right side up depend-
ing on surgeon preference. Complete laparo-
scopic abdominal exploration is more difficult
after docking and is therefore performed prior to
docking the robot. The small bowel is placed in
the left side of the abdomen with the ileal mesen-
tery splayed into the natural position, thereby
exposing the ileocolic vessels. The robot is
docked over the right side (Fig. 18.2). The robotic
arms are attached to the respective trocars and the
instruments passed under direct robotic camera
vision. Instrument choice is based on surgeon
preference. One option for the right-handed sur-
geon is to place the scissors, Vessel Sealer®, and
the robotic stapler through the 13-mm trocar
(D1) in the left upper quadrant. The fenestrated
bipolar or cadiere instrument for fine retraction is
placed in the 8-mm suprapubic trocar (D2), and



18 Robotic Right Colectomy

171

Fig. 18.2 Patient
positioning and
operating room setup for
robotic right colectomy
with Da Vinci Si/Xi
platform

Robot

the third arm for fixed retraction (e.g., small
grasper) is placed in the subcostal (D3) trocar.

Medial to Lateral Dissection
and Division of Vascular Pedicles

Video 18.1
The order of operative steps depends on which
are easiest to perform in a particular patient. It is

Assistant

best to proceed from what is anatomically clear
rather than pursue a plane that is not obvious.
The operation starts with identification of the
ileocolic vessels. The short grasper in subcostal
D3 is used to lift the ileocolic vessels about 1/3 of
the distance between the ileocecal wall and ves-
sel origin. This maneuver provides exposure of
the origin of the ileocolic vessels. A window is
made in the mesentery beneath the ileocolic ves-
sels about 2-3 cm distal to the origin with hot
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scissors, and the mesentery is dissected from the
retroperitoneum in a medial to lateral fashion
toward the terminal ileum, cecum, ascending
colon, and over the duodenum to the hepatic flex-
ure. Lifting the mesentery with closed fenestrated
bipolar forceps in suprapubic D2 often demon-
strates the plane between the mesentery and ret-
roperitoneum. This medial to lateral dissection is
done using a combination of hot and cold scissors
for fine dissection and the closed tip of the Vessel
Sealer® for broad blunt dissection.

The duodenum and Gerota’s fascia are land-
marks that help guide dissection in the correct
plane. The more the medial-to-lateral dissection
that is done, the less the lateral-to-medial dissec-
tion that is required. For the intracorporeal anas-
tomosis, all attachments must be divided, and
medial-to-lateral ~dissection facilitates these
steps. In some patients with high body mass
index (BMI), the medial to lateral plane is not
obvious, and one should not hesitate to start lat-
eral to medial in those situations. Those who per-
form central mesocolic excision will maximize
the medial to lateral and inferior to superior dis-
section over the duodenum and head of the pan-
creas, thereby exposing the origins of the right
colic and middle colic vessels on the ventral side
of the mesentery. Depending on the pathology
and the operative plan, the ileocolic, right colic,
and right branch or main trunk of the middle
colic vessels are divided at their origin either with

the Vessel Sealer® or after placing clips. Partial
medial-to-lateral dissection to clearly demon-
strate the ileocolic vessels is usually followed by
division of the ileocolic vessels, then further
medial to lateral dissection is performed prior to
addressing division of the right and middle colic
vessels.

It is important in the learning curve to remem-
ber that the robotic advantage is operating with
three instruments and that the third arm for fixed
retraction should be used to maximize operative
efficiency. After dividing the ileocolic vessels,
placing an open short grasper horizontally under
the mesentery tents up the mesentery and facili-
tates medial-to-lateral and inferior-to-superior
dissections of the mesentery from the retroperito-
neum (Fig. 18.3). The short grasper is then used
to lift the proximal transverse colon toward the
liver splaying the mesentery and allowing clear
visualization of the right colic and middle colic
vessels. The mesentery is then divided with the
Vessel Sealer® from point of transection of the
ileocolic vessels to the proposed point of trans-
verse colon transection.

It is important to know where the pancreas is
located, and this is typically determined during
medial-to-lateral dissection. If visualization of
the ventral aspect of the mesentery is too difficult
even with proper third arm tenting retraction
under the mesentery, or after third arm retraction
of the proximal transverse colon above the liver,

Fig. 18.3 (a) Illustration demonstrating the retroperito-
neal space, once the ileocolic vessels have been divided
and the posterior mesenteric attachments have been swept
away. (b) Paired intraoperative image showing the robotic

forceps lifting the mesentery away from the retroperito-
neum after medial to lateral and inferior to superior
dissection
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the third arm short grasper can be used to retract
the proximal transverse colon toward the left
lower quadrant underneath the other operating
instruments, exposing the dorsal surface of the
mesentery. If enough medial to lateral dissection
is performed prior to this maneuver, dissection of
the right and middle colic vessels should be safe
from the dorsal angle. An experienced assistant
may serve as a fourth arm and help with any of
these maneuvers as instructed by the operating
console surgeon. The omentum is retracted ceph-
alad above the liver with the third arm and
detached from the hepatic flexure and proximal
transverse colon with hot scissors and the Vessel
Sealer®. Assistant retraction of the transverse
colon toward the left lower quadrant facilitates
this dissection.

For most surgeons performing an extracorpo-
real anastomosis, mobilization of the colon and
mesentery and vessel division concludes the
robotic part of the operation. Prior to undocking
the robot and making the extraction site incision,
viability of the proposed points of transection of
the ileum and transverse colon may be confirmed
using immunofluorescence with intravenous
injection of 3 ml of indocyanine green.
Alternatively, immunofluorescence may be done
extracorporeal prior to the anastomosis using the
robotic camera. Details on extracorporeal anasto-
mosis can be found elsewhere.

Intracorporeal Anastomosis

For those constructing an intracorporeal anasto-
mosis, all mesenteric attachments to the retro-
peritoneum are divided by medial-to-lateral,
inferior-to-superior, and lateral-to-medial dissec-
tions. The mesentery is taken from the point of
transection of the ileocolic vessels to the terminal
ileum using the Vessel Sealer®. The mesentery to
the mid-transverse colon is divided from the
point of transection of the ileocolic vessels. The
right colic and right branch of the middle colic or
main middle colic vessels are divided after the
application of clips or with the Vessel Sealer®.
Immunofluorescence is then performed by intra-
venous injection of 3 ml of indocyanine green to

confirm viability of the proposed point of tran-
section of the terminal ileum and transverse
colon. The terminal ileum and mid-transverse
colon are then divided with blue loads of the
45 mm robotic stapler. The completely detached
specimen is placed in the right upper quadrant
using the “roll” technique, confirming that all ret-
roperitoneal attachments have been divided. The
terminal ileum is then placed next to the mid-
transverse colon in either isoperistaltic or anti-
peristaltic configuration (Fig. 18.4).

Seromuscular 3-0 Vicryl or silk sutures are
placed to align the ileum and colon. The third
arm (prograsp or Vessel Sealer®) in subcostal D3
raises the cut end of the seromuscular suture
toward the right abdominal sidewall, facilitating
exposure and construction of the anastomosis.
Ileal enterotomy and transverse colotomy are
made with hot scissors. The robotic stapler with
blue load is placed through the openings,
clamped, and fired, thereby creating the anasto-
mosis. Another seromuscular 3-0 Vicryl stay
suture is placed at the end of the staple line near
the common enterotomy. This allows the pro-
grasp or Vessel Sealer® to be repositioned to
retract the cut end of this stay suture toward the
right abdominal side wall, allowing clear visual-
ization of the common enterotomy in preparation
for suture closure. The common enterotomy cre-
ated with the stapler is then either closed with a
running barbed 3-0 suture in one or two layers, or
another application of the stapler. It is important
to sew the common enterotomy in an inferior to
superior direction because the inferior limit of
the common enterotomy is most difficult to visu-
alize and can be missed, resulting in an anasto-
motic defect that escapes detection. The
advantage of using the Vessel Sealer® for stay
suture retraction prior to suturing the common
enterotomy is that it can also be used to cut the
suture rather than having the assistant perform
this maneuver.

The omentum is draped over the anastomosis.
A locking grasper is placed on the specimen sta-
ple line to allow easy specimen extraction.
Specimen extraction is done in the Pfannenstiel
location after extending the suprapubic trocar
incision and inserting a wound protector. The
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Fig. 18.4 Bowel anastomosis can be performed in an isoperistaltic or antiperistaltic fashion

13-mm D1 trocar site fascia is closed with poly-
glactin using the Carter-Thomason® device and
the trocars are removed under direct vision. The
Pfannenstiel site peritoneum and fascia are closed
with running 2-0 polyglactin in separate layers.
The skin is closed with running subcuticular 4-0
Monocryl®.

Da Vinci Xi System

Pneumoperitoneum and Docking
the Robot

Pneumoperitoneum is established in the same
way as that for the Si system using an Optiview®
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Fig. 18.5 Trocar/port placement for robotic right colec-
tomy for Da Vinci Xi platform

trocar in the subcostal region left of the midline.
An orogastric tube will keep the stomach deflated
and decrease the risk of gastric injury. The Xi
options for port placement are different from the
Si platform because of sleeker Xi arms with addi-
tional adjustable joints that require parallel rather
than angled robotic arm spatial configurations
that decrease the risk for external collisions. One
commonly used option is shown in Fig. 18.5.
Four trocars are placed 7-8 cm apart in a diag-
onal arrangement from the suprapubic region to
the subcostal region, left of the midline and left
of the umbilicus. The 0 ° or 30 ° down camera
can be used in any of these ports but is typically
started in the 8-mm D2 trocar. The 13-mm trocar
is often inserted in the D3 position and used for
scissors, hook, Vessel Sealer®, and stapler
depending on surgeon preference. The suprapu-
bic (D1) 8-mm trocar is for the fenestrated bipo-
lar instrument used by the surgeon’s left hand.
The subcostal (D4) location also accommodates
an 8-mm trocar and is the third arm for fixed
retraction, typically the fenestrated “tip-up”
grasper. A 5-mm assistant trocar best serves the
surgeon in the left lower quadrant. The patient is
placed in either slight Trendelenburg or slight
reverse Trendelenburg and right side up rotation.
After laparoscopic abdominal exploration and
moving the small bowel mesentery to the normal

anatomic position, the robot is docked over the
right side of the patient. The camera arm is
attached to the camera D2 trocar and the camera
is inserted for targeting the other robotic arms
and instruments are passed under direct vision.

The operation is then conducted as described
for the Si platform. The Xi operation is ideal for
the intracorporeal anastomosis with specimen
extraction through a Pfannenstiel incision created
by extending the suprapubic D1 port incision, the
size of which is limited only by the size of the
pathology in the specimen.

Conclusions

The adoption of the robotic platform as a surgical
option for right colectomy is increasing. There
are outcomes advantages to the intracorporeal
anastomosis and the robotic approach allows an
intracorporeal anastomosis without a steep learn-
ing curve. There may be value to adopting the
robotic approach for those surgeons who find the
laparoscopic intracorporeal anastomosis too
challenging. The value of robotic right colectomy
may also relate to increasing minimally invasive
surgery options that potentially decrease the
prevalence of open colorectal surgery.
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Introduction

Minimally invasive surgery (MIS) has revolu-
tionized the traditional approach to colectomy.
By minimizing trauma to the abdominal wall and
the field of resection, MIS colectomy has been
associated with less postoperative pain, shorter
return of bowel function, and reduction in hospi-
tal length of stay [1, 2]. Single-incision laparos-
copy (SIL) is a derivative of traditional multiport
laparoscopy, combining trocar and specimen
extraction sites with the intention of reducing
pain and scarring.

SIL or single-port access (SPA) surgery falls
under the umbrella of natural orifice transluminal
endoscopic surgery (NOTES). As implied by the
name, NOTES utilizes orifices such as the stom-
ach, vagina, anus, and umbilicus for primary
instrument access and extraction of specimens.
The umbilicus is considered a natural orifice
from an embryologic standpoint. The first
reported SIL procedures include appendectomy
and cholecystectomy in the late 1990s [3, 4].

The original enthusiasm around SIL centered
on the goal of minimizing the size and multiplicity
of abdominal incisions for both postoperative pain
and recovery, in addition to enhancing cosmesis.
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As feasibility and safety were demonstrated, SIL
was applied to more complex procedures, such as
gastric banding, colectomy, nephrectomy, hyster-
ectomy, and hernia repair [5-9].

In 2008, separate reports by Bucher et al. [7]
and Remzi et al. [10] described the first single-
incision laparoscopic surgery (SILS) for right
colectomy utilizing an umbilical port site. In both
reports, laparoscopic mobilization of the right
colon was followed by creation of an extracorpo-
real ileocolic anastomosis. These successful ini-
tial forays into SILS encouraged others to apply
this approach within the realm of colorectal sur-
gery with case reports of segmental colectomy,
total abdominal colectomy, and total proctocolec-
tomy with ileoanal pouch creation [11-13].

Patient Selection and Preoperative
Planning

Patients undergoing SILS right colectomy should
undergo appropriate preoperative evaluation for
major abdominal surgery. This should include
thorough cardiopulmonary assessment to deter-
mine a patient’s fitness for both general anesthe-
sia and abdominal insufflation. In the setting of
malignancy, patients should also have imaging
performed for staging with careful attention to
the resectability of the tumor.

The onus is on the surgeon to determine
whether or not SILS is feasible and appropriate for
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each patient, taking into consideration the sur-
geon’s laparoscopic experience and the complex-
ity of the patient’s condition. Early in the SILS
learning curve, it is generally advisable that the
surgeon select patients with lower body mass
index (BMI), minor or no prior abdominal surgery,
and less complicated pathology. As experience is
gained, more technically challenging disease can
be approached (i.e., higher BMI, larger tumor,
inflammatory mass, extensive adhesive disease)
according to the surgeon’s comfort level.

Preoperative Care and Patient
Positioning

After induction of general anesthesia and endo-
tracheal intubation, the patient should be placed
in the supine position with the left arm tucked at
the side. It is important to adequately secure the
patient to the bed with generous padding and
straps, as the patient may require rotation into the
left side down/right side up position. Urinary
bladder catheterization should be performed for
urine output monitoring. Lower extremity
sequential compression devices should be
engaged at the time of anesthesia induction. In
the setting of malignancy, subcutaneous heparin
(5000 units) should be administered for addi-
tional thromboembolic prophylaxis. Preoperative
prophylactic antibiotics should be administered
within 30 minutes of incision time. Iodophor- or
chlorhexidine-based skin preparation is recom-
mended for reduction of surgical site infection.

Port Placement

Two generally accepted port placement sites have
been utilized for SILS: the umbilicus and the
suprapubic location. Laparoscopically, our pre-
ferred approach is through a 2.5 cm incision at
the umbilicus, which allows for a 4 cm fascial
incision below (Figure 19.1a, b). Although sev-
eral commercial single-incision ports are avail-
able, we typically use the Gelport™ platform by
Applied Medical (Fig. 19.2) as it includes a
wound protector for specimen extraction.

Fig. 19.1 (a) Measurement of the single-site incision
with a ruler. Incision with ruler. (b) The postoperative
appearance of the single-site incision

Alternatively, we have also used a wound retrac-
tor with an attached surgical glove as a single-
incision port (Fig. 19.3). Insufflation can be
initiated either through a port placed through the
platform or through an insufflation valve on the
platform. Insufflation pressure is based on
distensibility of the abdominal wall but typically
set at 10-15 mmHg.
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Fig. 19.2 Image of a commercially available single-site
port

Fig. 19.3 Intraoperative image of a glove modified to
serve as a single-site port

Trocars, Camera,
and Instrumentation

Given spatial constraints, three ports are placed
through the SILS platform: one 5/12-mm trocar
for the camera and two 5-mm ports for instru-
mentation. It can be difficult to find room for an
assistant port; however, this depends on the size
of the platform and the configuration of trocar
placement. Some authors report using an assis-
tant port outside the SILS platform in a technique
described as a ‘‘single-incision plus one”
approach. Unlike with standard multiport lapa-
roscopy, triangulation of the tissues can be diffi-
cult with SILS because of limited space and
range of motion. Adequate exposure and traction/
counter-traction can be achieved with smaller
and less dramatic movements. Despite these con-
siderations, external collisions can occur. A 30 °
bariatric length laparoscope with a right-angle
light cord is recommended to allow the assistant
to avoid excessive external collisions.
Alternatively, a flexible tip 5 mm laparoscope can
also be utilized. A grasper and energy device
(monopolar or bipolar) can be used through the
two working trocars.

Surgical Technique
Colonic Mobilization

Our preference is for a medial-to-lateral approach
once insufflation has been achieved. It can be
useful to suspend the ileocecal region using a
0-silk suture by passing a transabdominal Keith
needle or by intracorporeally tacking the cecum
to the anterior abdominal wall. This maneuver
allows the surgeon to elevate the cecum and
stretch out the ileocolic pedicle, without commit-
ting the grasper to this action. The dissection can
then be carried out by carefully separating the
right colonic mesentery from the retroperitoneum
and, in particular, the duodenum. The lateral
attachments and hepatic flexure can then be
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mobilized. The gastrocolic ligament should be
released allowing entrance into the lesser sac. We
use a 5 mm blunt-tipped LigaSure™ vessel seal-
ing device by Covidien to ligate the ileocolic,
right colic, and right branch of the middle colic
vessels. The mesentery of the terminal ileum and
the transverse colon can be taken with the energy
device up to the edge of bowel.

Creation of the Anastomosis

Once the right colon has been completely mobi-
lized, a resection of the bowel and creation of the
anastomosis are then performed. We favor per-
forming the anastomosis in an extracorporeal
fashion, given the limited range of motion of the
instruments and the technical challenge of intra-
corporeal anastomosis. An iso- or antiperistaltic
anastomosis can be created. After reduction of
the anastomosis back into the abdomen, we close
the fascia with a 0-PDS and the skin with 4-0
Vicryl and Dermabond®.

Overall Outcomes

An early study by Papaconstantinou et al. [14]
reported improvement in postoperative pain and
decreased length of stay with SILS colectomy
compared to multiport laparoscopic resection. In
this case-matched study, 29 patients who under-
went SILS right colectomy were matched to
patients who had undergone hand-assisted lapa-
roscopic (HAL) or standard laparoscopic right
colectomy. A significant decrease in postopera-
tive pain scores on postoperative day 1 was
observed in the SILS group compared to both
HAL and standard (p < 0.05) groups, despite
similar incision length (4.5 cm, SILS vs. 5.1 cm,
standard). This suggests that the addition of
5-mm ports may contribute to increased postop-
erative pain. However, several subsequent papers
reported no difference in pain scores when com-
paring SILS to multiport colectomy [15]. Length
of stay was decreased by 1 day in the SILS group
(mean, 3 days) compared to both HAL and stan-
dard groups (mean, 4 days) (p < 0.05), despite

similar postoperative care. Operative times and
conversion rates were similar in both groups.

Oncologic Outcomes

In addition to safety and feasibility, the mainte-
nance of oncologic principles is critical for the
adoption of new surgical techniques for colorec-
tal malignancy. The gold standard is the achieve-
ment of negative margins combined with
complete mesocolic excision with appropriate
lymph node harvest. With single-incision
approach, technical challenges such as instru-
ment crowding, difficulty with triangulation, lim-
ited counter-traction, and in-line viewing are
ubiquitous. Despite the lack of data to support
SILS as a standard technique, several publica-
tions have demonstrated oncologic equivalency
between SILS and standard multiport laparo-
scopic right colectomy [16-21].

Robotic-Assisted Single-Incision

To overcome some of the technical challenges
posed by SILS, robotic technology has been
applied to the single-incision approach. The tech-
nique involves using robotic trocars, inserted
through a single-port platform, that are then
docked to the surgical robot. The surgeon then
controls the arms at the robotic console. Our
preference is to use the da Vinci Xi® platform.

Patient Positioning

Preoperative care is identical to that mentioned
above for laparoscopic SILS. We place the patient
in the supine position; however, we pad and tuck
both arms.

Port and Trocar Placement

We prefer to use a wound retractor with an
attached glove for our platform, placed through a
3—4 cm Pfannenstiel incision. After cutting off
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the fingertips of the glove, the four 8-mm trocars
are inserted and secured with O-silk ties
(Fig. 19.3). Through the fifth fingertip, an assis-
tant port is secured for insufflation. Ideal insuffia-
tion pressures range from 10 to 15 mmHg,
depending on the laxity of the abdominal wall.

Camera and Instrumentation

We utilize a 30 ° scope that can be rotated upward
or downward during the dissection. Monopolar
scissors, bipolar fenestrated grasper, and Cadiere
forceps are used. Due to the small confines of the
working space, it is imperative that the joints of
the Xi platform are optimally spaced to allow for
passage and mobilization of the instruments.

Surgical Technique
Colonic Mobilization

We begin with an inferior approach to the dissec-
tion by elevating the cecum. First, the appendix is
mobilized from its lateral attachments. We enter
the avascular space, carefully separating the
mesocolon from the retroperitoneum. Close
attention is paid to identifying and sparing the
right ureter, duodenum, and pancreas. We con-
tinue this dissection all the way up to the hepatic
flexure, eventually visualizing the liver paren-
chyma and gallbladder. The colon can then be
rotated medially, allowing the lateral attachments
and gastrocolic ligament to be released. We then
address the ileocolic pedicle by performing a
high ligation using the EndoWTrist® one™ vessel
sealer. The right colic and right branch of the
middle colic artery are transected and sealed in a
similar fashion. Lastly, the mesentery of the ter-
minal ileum and proximal transverse colon are
taken with the vessel sealer.

Creation of the Anastomosis

Upon complete release of the specimen, the
right colon is placed into the left lower quad-

rant. We prepare for intracorporeal anastomosis
by bringing the terminal ileum up to the trans-
verse colon. A 3-0 silk suture, cut to 10 cm, is
then passed through a trocar. We determine
whether an anti-peristaltic or isoperistaltic anas-
tomosis is performed by assessing the natural
position of the bowel. A robotic needle driver is
used to align the bowel in a side-to-side
fashion.

Enterotomies are created in the aligned small
bowel and colon to allow for passage of a stapler
with a blue load. Once the stapler has been fired,
the anastomosis is evaluated intraluminally for
adequate hemostasis. The resulting enterotomy
for the common channel is then closed with a 2-0
barbed suture in a running fashion.

The instruments are then removed and insuf-
flation is terminated. After removing the glove
with the attached trocars, the specimen can be
brought through the wound protector. The fascia
is then closed with 0-PDS suture. We irrigate the
soft tissue of the wound with sterile saline and
then close the skin with a running 4-0 Vicryl
suture and Dermabond. Local anesthesia is then
injected around the wound.

Outcomes

Spinoglio et al. reported three cases of robotic
right colectomy utilizing Single-Site™ instru-
mentation by Intuitive Surgical, Inc. [22]. The
Single-Site™ kit is comprised of a gel faceplate
with curved cannulae through which semirigid
robotic instruments are inserted. The instruments
cross each other at the point of entry into the
abdomen and are then reassigned to the surgeon’s
opposite hand to restore the natural alignment
(Fig. 19.4). For each of the three cases, a supra-
pubic location was selected for platform place-
ment. Mean operating room time was
218 + 75.9 minutes. Intracorporeal isoperistaltic
anastomoses were created in two cases with one
extracorporeal anastomosis. All patients were
discharged within 5 days of surgery.
Unfortunately, the lack of wristed instruments
utilized in the Single-Site™ technology does not
allow the surgeon to capitalize on the perceived
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Fig.19.4 Image of a single-site kit with cannula crossing
at the level of the fascia

advantages of robotic surgery. Subsequent reports
have largely described the use of standard wristed
instruments and robotic trocars which have been
inserted through a single-incision platform
(Fig. 19.5).

The largest experience with single-incision
robotic right colectomy to date was reported by
Juo et al., describing 31 patients [23]. The da
Vinci Si™ robotic system with a Gelpoint™ plat-
form (Applied Medical) was used via an umbili-
cal incision, employing four trocars: one 12-mm
camera trocar, two 8-mm robotic trocars, and one
5-mm laparoscopic assistant port. The authors
describe a “crossed-arm” technique where the
two robotic arms are crossed intracorporeally to
minimize instrument collisions and to improve
triangulation. This technique requires the reas-
signment of the robotic arms to the surgeon’s
opposite hand (e.g., right arm assigned to sur-
geon’s left hand). The median operating room
time was 180 minutes, which is slightly longer
time compared to SILS in other series [24]. Only
one conversion was noted in this initial series. An
incisional hernia rate of 10.2% was reported,
which falls within a wide range of other reports
of hernias following SILS with periumbilical
extraction (4.9-12%) [24, 25].

Fig. 19.5 Intraoperative image of a modified glove plat-
form with robotic trocars

Criticism of single-incision surgery, espe-
cially with umbilical port placement, has been
centered around a focus on cosmesis at the
expense of postoperative hernia formation [26].
Several papers have looked at patient preference
for reduced port surgery based on size, location,
visibility, and number of incisions, in addition to
perceived recovery time [27, 28]. Currently, there
are no studies in the literature that directly evalu-
ate patient cosmetic satisfaction after either SILS
or SILS robotic colectomy.

Conclusions

Innovation in surgery has been driven by the
quest to enhance the surgical experience and
improve patient outcomes. Single-incision tech-
nology has been applied to colorectal surgery
with the intent of expediting recovery, enhancing
cosmesis, and providing alternative laparoscopic
options. While SILS has been shown to be safe,
feasible, and oncologically sound, further investi-
gation into these techniques is necessary to assess
overall benefits. In addition, technological
advances in platform design, optics, and instru-
mentation may help realize the potential advan-
tages of the single-incision approach.



19

Single Incision Right Colectomy

183

References

10.

11.

12.

13.

14.

15.

. Chen HH, Wexner SD,

. Teixeira J,

. Weeks JC, Nelson H, Gelber S, et al. Short-term

quality-of-life outcomes following laparoscopic-
assisted colectomy vs open colectomy for colon can-
cer: a randomized trial. JAMA. 2002;287:321-8.
Iroatulam AJ, et al.
Laparoscopic colectomy compares favorably with
colectomy by laparotomy for reduction of postopera-
tive ileus. Dis Colon Rectum. 2000;43:61-5.

. Inoue H, Takeshita K, Endo M. Single-port laparos-

copy assisted appendectomy under local pneumoperi-
toneum condition. Surg Endosc. 1994;8:714-6.

. Piskun G, Rajpal S. Transumbilical laparoscopic cho-

lecystectomy utilizes no incisions outside the umbili-
cus. J Laparoendosc Adv Surg Tech A. 1999;9:361-4.
McGill K, Binenbaum S, et al.
Laparoscopic single-site surgery for placement of
an adjustable gastric band: initial experience. Surg
Endosc. 2009;23:1409-14.

. Fader AN, Michener CM, Frasure HE, et al. Total lap-

aroscopic hysterectomy versus laparoscopic-assisted
vaginal hysterectomy in endometrial cancer: surgical
and survival outcomes. J Minim Invasive Gynecol.
2009;16:333-9.

. Bucher P, Pugin F, Morel P. Single port access lap-

aroscopic right hemicolectomy. Int J Color Dis.
2008;23:1013-6.

. Jacob BP, Tong W, Reiner M, et al. Single incision

total extraperitoneal (one SITE) laparoscopic inguinal
hernia repair using a single access port device. Hernia.
2009;13:571-2.

. Ponsky LE, Cherullo EE, Sawyer M, et al. Single

access site laparoscopic radical nephrectomy: initial
clinical experience. J Endourol. 2008;22:663-6.
Remzi FH, Kirat HT, Kaouk JH, et al. Single-
port laparoscopy in colorectal surgery. Color Dis.
2008;10:823-6.

Bardakcioglu O, Ahmed S. Single incision laparo-
scopic total abdominal colectomy with ileorectal
anastomosis for synchronous colon cancer. Tech
Coloproctol. 2010;14:257-61.

Bucher P, Pugin F, Morel P. Transumbilical single
incision laparoscopic sigmoidectomy for benign dis-
ease. Color Dis. 2010;12:61-5.

Geisler DP, Condon ET, Remzi FH. Single incision
laparoscopic total proctocolectomy with ileopouch
anal anastomosis. Color Dis. 2010;12:941-3.
Papaconstantinou HT, Sharp N, Thomas JS. Single-
incision laparoscopic right colectomy: a case-matched
comparison with standard laparoscopic and hand-
assisted laparoscopic techniques. J Am Coll Surg.
2011;213:72-80.

Chew MH, Chang MH, Tan WS, et al. Conventional
laparoscopic  versus single-incision laparoscopic
right hemicolectomy: a case cohort comparison of

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

short-term outcomes in 144 consecutive cases. Surg
Endosc. 2013;27:471-7.

Waters JA, Rapp BM, Guzman MJ, et al. Single-port
laparoscopic right hemicolectomy: the first 100 resec-
tions. Dis Colon Rectum. 2012;55:134-9.

Chen WT, Chang SC, Chiang HC, et al. Single-incision
laparoscopic versus conventional laparoscopic right
hemicolectomy: a comparison of short-term surgical
results. Surg Endosc. 2011;25:1887-92.

Vettoretto N, Cirocchi R, Randolph J, et al. Single inci-
sion laparoscopic right colectomy: a systematic review
and meta-analysis. Color Dis. 2014;16:0123-32.
Miyo M, Takemasa I, Ishihara H, et al. Long-term
outcomes of single-site laparoscopic colectomy with
complete mesocolic excision for colon cancer. Dis
Colon Rectum. 2017;60:664-73.

Poon JT, Cheung CW, Fan JK, et al. Single-incision
versus conventional laparoscopic colectomy for
colonic neoplasm: a randomized, controlled trial.
Surg Endosc. 2012;26:2729-34.

Huscher CG, Mingoli A, Sgarzini G, et al. Standard
laparoscopic versus single-incision laparoscopic col-
ectomy for cancer: early results of a randomized pro-
spective study. Am J Surg. 2012;204:115-20.
Spinoglio G, Lenti LM, Ravazzoni F, et al. Evaluation
of technical feasibility and safety of Single-Site
robotic right colectomy: three case reports. Int ] Med
Robot. 2015;11:135-40.

Juo YY, Agarwal S, Luka S, et al. Single-Incision
Robotic Colectomy (SIRC) case series: initial experi-
ence atasingle center. Surg Endosc. 2015;29:1976-81.
Vestweber B, Galetin T, Lammerting K, et al. Single-
incision laparoscopic surgery: outcomes from 224
colonic resections performed at a single center using
SILS. Surg Endosc. 2013;27:434-42.

Benlice C, Stocchi L, Costedio MM, et al. Impact of
the specific extraction-site location on the risk of inci-
sional hernia after laparoscopic colorectal resection.
Dis Colon Rectum. 2016;59:743-50.

Marks JM, Phillips MS, Tacchino R, et al. Single-
incision laparoscopic cholecystectomy is associated
with improved cosmesis scoring at the cost of signifi-
cantly higher hernia rates: 1-year results of a prospec-
tive randomized, multicenter, single-blinded trial of
traditional multiport laparoscopic cholecystectomy vs
single-incision laparoscopic cholecystectomy. J Am
Coll Surg. 2013;216:1037-47.

van den Boezem PB, Velthuis S, Lourens HJ, et al.
Single-incision and NOTES cholecystectomy, are
there clinical or cosmetic advantages when compared
to conventional laparoscopic cholecystectomy? World
J Surg. 2014;38:25-32.

Yeung PP Jr, Bolden CR, Westreich D, et al. Patient
preferences of cosmesis for abdominal incisions in
gynecologic surgery. J Minim Invasive Gynecol.
2013;20:79-84.



®

Check for
updates

Laparoscopic Left Colectomy

20

Alessio Pigazzi and Matthew T. Brady

Introduction

Over the past decades, advances in minimally
invasive surgery have been observed in all surgi-
cal fields. Within colon and rectal surgery, the
adoption of minimally invasive surgical tech-
niques has allowed for improvements in patient
care and recovery. Patients can now anticipate
shorter recovery times, decreased hospital lengths
of stay, less postoperative pain, and decreased
risk of incisional hernia as a result of these mini-
mally invasive approaches. Despite such advan-
tages only 50% of annual colon resections in the
USA are performed by laparoscopic techniques
[1]. The low rate may be a result of the technical
challenges of performing laparoscopic colon
resection. This chapter aims to present a stepwise
approach to laparoscopic left colectomy to aid in
developing the necessary skills to master this
approach. Here, we present our preferred
approach as well as secondary approaches to
skillfully perform laparoscopic left colectomy.
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Necessary Equipment

Laparoscopic left colectomy requires an adequate
array of laparoscopic instruments and equipment
to safely perform this procedure. Given the prog-
ress of the minimally invasive surgical era, there
have been great advancements in the equipment
for performing these operations. As is true for all
surgical disciplines, it is important to balance the
cost of equipment with its necessity. Additionally,
while there are many options for equipment, it is
important to use the instruments that provide the
surgeon comfort and ease of use. Below is a list
of equipment, categorized by its use in the opera-
tion, which we feel are important.

Positioning

To assist with colon mobilization, the operating
table will be placed in a variety of positions,
occasionally at steep angles. It is imperative to
secure the patient to prevent sliding on the table
while avoiding restriction of respiration and for-
mation of pressure wounds. Additional position-
ing requirements include free access to the
rectum for transanal staplers and endoscopes.
Below are some available options for positioning
equipment:
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e The Pink Pad® Advanced Trendelenburg
Positioning System

* Bean bag positioners

e Lithotomy stirrups

* Split-leg operating table

Abdominal Insufflation

Numerous methods for accessing the peritoneal
cavity for laparoscopic surgery have been
described. We prefer to perform Veress needle
insertion. This technique is safe and allows for
easy placement of ports away from the umbilicus.

Mobilization

Certain equipment is necessary to safely perform
laparoscopic colon mobilization. Regarding visu-
alization, an angled laparoscope, typically 30 °
lens, is sufficient. Either a 5 mm or 10 mm lens is
adequate. If visualization is poor with the 5 mm
lens, it is advisable to change to a 10 mm lens.
Often, laparoscopic energy devices and staplers
are costly, but they remain necessary to ensure safe
mobilization. Vessels can often be coagulated and
transected with energy devices alone, although we
prefer to apply clips prior to division. Some sur-
geons may prefer to staple named vessels, but this
comes with increased costs compared with clips.

* High-definition angled laparoscope

e Laparoscopic energy device capable of seal-
ing vessels (e.g., inferior mesenteric vein
(IMV) and inferior mesenteric artery (IMA))

*  Monopolar cautery hook

e Atraumatic graspers

e Laparoscopic scissors

» Laparoscopic suction-irrigator

e Laparoscopic clip appliers

e Laparoscopic linear staplers

Specimen Extraction

If transabdominal extraction is planned, speci-
men extraction is best performed through a

Pfannenstiel incision given the decreased risk of
hernia and improved cosmesis [2]. A wound pro-
tector should be used for specimen extraction to
decrease postoperative wound complications [3].

Anastomosis

We prefer to perform the colorectal anastomosis
using a transanal circular stapler. We also inspect
every anastomosis using a flexible endoscope.
Flexible endoscopy, as opposed to rigid proctos-
copy, offers superior visualization of the anasto-
mosis. The improved visualization allows for
assessment of tissue perfusion on each side of the
staple line [4], control of staple line bleeding
with endoscopic clips, and identification of anas-
tomotic disruptions.

e Transanal circular stapler for colorectal
anastomosis
e Flexible endoscope

Operative Setup
Positioning

Laparoscopic left colectomy requires the patient
be positioned to allow for colon mobilization
both in the pelvis and upper abdomen. Patient
factors such as splenic flexure position,
intra-abdominal fat distribution, and prior scar-
ring can greatly influence the ease of left colon
mobilization. Importantly, mobilization is greatly
aided by proper operating room table positioning
during the case.

For the majority of the cases, the left side
of the operating room table will be elevated to
allow the small bowel to fall away from the sur-
gical field. Both steep Trendelenburg and reverse
Trendelenburg positioning are employed during
pelvic and splenic flexure mobilization, respec-
tively. Access to the rectum for transanal staplers
and endoscopes require either lithotomy posi-
tioning or split-leg operating table, depending
on surgeon preference and equipment access. As
described above, it is imperative to have a patient
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positioning system that will secure the patient to
the operating table to avoid patient sliding or move-
ment. Communication with the anesthesia and
nursing teams during positioning will help ensure
that the patient is safely moved during the case.

Abdominal Access and Port
Placement

We prefer using a Veress needle insufflation tech-
nique. The Veress needle is inserted at Palmer’s
point in the left upper quadrant, and the abdomen
is insufflated. After gaining pneumoperitoneum
the camera and working ports are placed
(Fig. 20.1). The camera port is placed halfway
between the xiphoid process and pubic tubercle.
In the majority of cases, this position coincides
with the umbilicus; if it does not, it is important
not to sacrifice camera position for cosmesis.
Visualization is critical to performing safe and
efficient laparoscopic surgery; therefore, placing
the camera port away from the umbilicus to opti-

Fig. 20.1 Trocar/port
placement for
laparoscopic left
colectomy. The camera
port is placed midway
between the xiphoid and
pubic symphysis. The
12-mm working port is
placed in the right lower
quadrant on a line
connecting the camera
and the anterior superior
iliac spine. A 5-mm port
is placed in the
midclavicular line in the
left upper quadrant and a
5-mm port is placed
below the xiphoid

mize field of view supersedes cosmetic benefits.
The next port is a 12-mm right lower quadrant
working port that is placed approximately 8 cm
from the camera port on a line connecting the
camera port and the anterior superior iliac spine.
This port coincides with the surgeon’s right hand
and the laparoscopic stapler, clip applier, energy
device, and needles for suturing will be passed
through this port. The remainder of the ports will
be 5-mm ports. The surgeon’s left hand port is
placed a minimum of one handbreadth above the
12-mm port in the midclavicular line. The assis-
tant 5-mm port is placed in the midline below the
xiphoid. For the majority of the cases, the sur-
geon will stand below the assistant utilizing the
right lower quadrant 5-mm and 12-mm ports,
while the assistant will control the camera with
the right hand and assist through the midline
5-mm port with the left hand (Fig. 20.2).
Occasionally, when dividing the gastrocolic liga-
ment and working toward the splenic flexure, the
surgeon and assistant may switch positions, and
the surgeon will work through both 5-mm ports.
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Fig.20.2 Patient
positioning and
operating room setup for
laparoscopic left
colectomy. The patient
is placed in lithotomy
position with both arms
tucked. The surgeon and
assistant operate from
the patient’s right side.
The laparoscopic
monitor should be
placed at eye level
directly across from the
operative field

e
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Video 20.1

Left Colon Mobilization

The authors prefer a medial-to-lateral dissection
for the majority of cases. In certain re-operative
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Laproscopic
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Primary
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cases where the medial-to-lateral plane has
already been violated, the surgeon may approach
mobilization through a variety of directions. The
medial-to-lateral dissection allows for early iden-
tification of critical landmarks, including the pan-
creas, lesser sac, ureters and gonadal vessels, and
Gerota’s fascia. This dissection approach also
allows early identification and ligation of vascu-
lar pedicles [5]. Also, as the colon remains teth-
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ered on the abdominal sidewall at the white line
of Toldt until the completion of the dissection,
the medial-to-lateral approach facilitates a totally
laparoscopic dissection without the need for fre-
quent repositioning of the patient.

The medial-to-lateral dissection begins with
division of the fusion plane between the left
colon mesentery and the left retroperitoneum.
This fusion plane forms during the 12th week of
development after the colon has completed its
270 ° counter-clockwise rotation [6]. The dissec-
tion can begin either above or below the level of
the inferior mesenteric artery (IMA). The authors
prefer to begin the dissection above the level of
the IMA at the inferior mesenteric vein (IMV).
The plane between the left colon mesentery and
the retroperitoneum is relatively flat in this loca-
tion and facilitates both its identification and

Fig. 20.3 Intraoperative
images depict dissection
beginning at the level of
the inferior mesenteric
vein (IMV), which is
located adjacent to the
ligament of Treitz

separation. The dissection is begun by incising
the peritoneum just below the IMV, which is
found adjacent to the ligament of Treitz
(Figs. 20.3 and 20.4). Once the peritoneum is
incised, the plane is developed using blunt dis-
section (Fig. 20.5). In the correct fusion plane,
this blunt dissection will not result in bleeding,
and if bleeding is encountered, then that may
likely signify that the wrong plane has been dis-
sected and that the surgeon may need to readjust.
As the dissection progresses, the IMV is clipped
and divided which allows for complete mobiliza-
tion of the splenic flexure. During these steps, the
gonadal vein and occasionally the ureter can
often be visualized at this level (Fig. 20.6).

Next, the attachments of the splenic flexure
are released in a medial-to-lateral fashion as well.
The mesocolic envelope is incised just above the

Ligamen
of Treitz

Fig. 20.4 Intraoperative
image shows how the
IMV is grasped and
elevated and the
peritoneum below is
incised with
electrocautery,
separating the
mesocolon from the
retroperitoneum

Ligament
of Treitz

("
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Fig. 20.5 Intraoperative
image demonstrates the
progression of medial-
to-lateral dissection with
blunt dissection of the
fusion plane between the
left colon mesentery and
retroperitoneum

Fig. 20.6 Intraoperative
image shows when the
gonadal vein can be
visualized during
medial-to-lateral
dissection

anterior surface of the pancreas and the lesser sac
is entered (Fig. 20.7). It is critical to stay over the
anterior surface of the pancreas. It is easy to dis-
sect underneath the pancreas, which will lead
directly to the splenic vein. Once the mesocolon
is dissected off the pancreas, the inferior attach-
ments of the mesocolon to the spleen and retro-
peritoneum are easily identified and divided with
the energy device. The inferior splenic flexure
mobilization is complete once the inferior pole of
the spleen and posterior stomach are visualized
and free from their attachments to the colon and
mesentery.

The dissection is next moved below the level
of the IMA. Again the peritoneum is incised at its

base, and the mesocolon is dissected free from
the retroperitoneum. Adequate elevation of the
sigmoid colon by the assistant will help ensure
the base of the mesentery is incised and the cor-
rect plane is entered. At this level the ureter and
gonadal vessels must be identified and preserved.
This dissection continues laterally to the abdomi-
nal sidewall and cephalad to join the previous
dissection plane. Once this is complete, the IMA
is isolated (Fig. 20.8). The IMA bifurcates into
the left colic and superior hemorrhoidal arteries
forming a characteristic “T”’-shape configuration,
which aids in its identification (Fig. 20.8). Once
identified, the IMA is clipped and divided.
Following division of the IMA, the white line of
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Fig. 20.7 Intraoperative
images show the
mobilization of the
splenic flexure from
beneath the left colon
mesentery. The plane
between the colon
mesentery and pancreas
is incised, and the
dissection progresses
over the pancreas and
into the lesser sac

Fig. 20.8 (a) Illustration showing the branching of the
inferior mesenteric artery (IMA) to its left colic and supe-
rior hemorrhoidal arteries. (b) Paired intraoperative image

Toldt is incised to release the colon from the
abdominal wall. Also, the omentum is separated
from the distal transverse colon to facilitate
mobility.

Colon Resection and Reconstruction

Once the left colon has been fully mobilized, the
next steps are division of the colon and its mesen-
tery, specimen extraction, and reconstruction.
Depending on whether the operation is performed

showing isolation of the IMA and the characteristic “T”
configuration with the IMA branching into the left colic
and superior hemorrhoidal arteries

for benign or malignant pathology, the sites of
transection may vary. Once an appropriate loca-
tion for transection has been selected, we proceed
with intracorporeal mesocolic division at the dis-
tal resection margin. The mesocolon is grasped in
the surgeon’s left hand while the assistant holds
the colon out toward the abdominal wall. The
mesocolon is then divided with care to avoid
harming the mesentery of the remaining colon.
Once the wall of the colon is reached, the energy
device is exchanged for a laparoscopic stapler
and the colon is divided.
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Next the surgeon must decide if they will per-
form a transabdominal extraction through a
Pfannenstiel incision. In certain cases with con-
comitant hysterectomy or diverting ileostomy, an
extraction can be performed through the vagina or
stoma. In those circumstances, we perform intra-
corporeal division of the proximal margin. If a
Pfannenstiel extraction site is selected, it is simple
to extract the colon and perform extracorporeal
division of the proximal margin. In this scenario,
the colon is divided with electrocautery and the
mesentery is divided with the energy device. A
28-mm anvil from the transanal circular stapler is
inserted into the proximal colon and secured with
a purse-string suture, typically a 2-0 monofila-
ment suture. Alternatively, a side-to-end anasto-
mosis can be performed, where the spike of the
anvil is brought out the antimesenteric side of the
colon and the end of the colon is stapled closed.

Once the anvil is in place and hemostasis is
achieved, the colon is returned to the abdomen.
The transanal stapler is then inserted and the spike
deployed through the staple line of the distal mar-
gin on the rectum. The two ends are connected
laparoscopically. When connecting the anvil with
the stapler, it is important to move the colon with
the left-handed grasper and to avoid pulling on the
anvil with the right, since that may cause injury to
the site of anastomosis or disrupt the purse-string.
Once connected, the stapler is then closed and
deployed. Care should be taken to ensure the mes-
entery is not twisted prior to firing the stapler.
Once the anastomosis is created, it is tested by
submerging it under water while insufflating with
a flexible endoscope. Also, the anastomosis is
inspected to ensure that viable tissue is present on
both proximal and distal edges of the staple line
and that there is no anastomotic hemorrhage. If
brisk staple line bleeding is encountered, it can be
addressed with endoscopic clips.

Conclusion

Laparoscopic left colectomy is a technically
challenging operation that when it is mastered
will provide the surgeon’s patients with numer-
ous advantages including shorter recovery time,
decreased wound complications, and improved
cosmesis. It is now a standard of care for both
benign and malignant pathology [7, 8].
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Introduction

New robotic technologies are helping surgeons to
overcome the limits of conventional laparoscopic
surgery. Robotic colorectal surgery has been proven
to be safe and provide favorable results in compari-
son to conventional laparoscopic techniques [1].
The concept of complete mesocolic excision
with central vascular ligation for colon cancer
surgery has been advocated during the past years.
This technique aims to resect the entire mesoco-
lon with central ligation of the vessels at their
origin, providing a specimen with adequate mar-
gins, an intact envelope of the mesocolic fascia,
and optimal lymphovascular clearance [2].
Robotic platforms may provide a suitable mini-
mally invasive approach for a complete meso-
colic excision in colon surgery due to its enhanced
visualization and precise movements.
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In the present chapter, we describe the opera-
tive technique for the da Vinci® Xi™ robot using
a dual console, which enables an integrated teach-
ing and supervising environment without compro-
mising operative or patient outcomes (Video 21.1).

Indications for Robotic Left
Colectomy

Left colectomy is commonly indicated for colon
adenocarcinomas, as well as colonic polyps that
are not amenable to endoscopic resection. A
“true” left hemicolectomy is the operation of
choice for tumors located in the segment of the
colon between the left colic vessels and the first
sigmoidal branches and involves removing the
entire left colon along with the origin of the infe-
rior mesenteric artery and its dependent lym-
phatic territory. Tumors in this location may also
be treated with a segmental resection, requiring
only the division of the left branch of the middle
colic and the left colic vessels with preservation
of the root of IMA and main sigmoidal vessels,
without compromising oncological outcomes [3].
Multiple reports have demonstrated that robotic
left colectomy is technically feasible and safe. A list
of most recent retrospective studies comparing the
efficacy of robotic with laparoscopic left colectomy
is summarized in Table 21.1. Overall robotic left
colectomy may be associated with longer operative
times but shorter length of hospital stay [4—0].
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Table 21.1 Summary of selected studies comparing robotic-assisted to laparoscopic left colectomy?

Author OR time, mean EBL, mean | Conversions, | Retrieved LN, Complications,| LOS, mean
(Year) Group | Patients | (SD), min (SD), ml (rate, %) mean (SD) (rate, %) (SD), d
Shin RLH 7 337 (138) 106 (80) 0 16.9 (6.6) NS 9.1 (1.7)
[20] LLH 12 1265 (71) 167 (62) 0 16.2 (4.7) NS 8.9 (2.1)
Casillas | RLH 68 | 188 (NR) 89 (NR) 4 (5.8%) 20 (NR) 8 (11.7%) 3.6 (NR)
etal. [4] LLH 82 1109 (NR) 110 (NR) |9 (10.9) 17 (NR) 17 (20.7%) 6.5 (NR)
Miller RLH 336 | 254 (NR) NR 34 (10.1%) |NR NR 5.11

etal. [S] |LLH 3120 | 427 (NR) NR 427 (13.7) |NR NR 5.66
Dolejs RLH 418 | 202.5 (106) NR 7.2% NR 15.6% 4(2)

etal. [6] LLH 11,782 | 153 (87) NR 8.8% NR 19% 4(2)

Items in bold are statistically significant, p < 0.05

OR operating room, EBL estimated blood loss, LN lymph nodes, LOS length of stay, RLH robotic left hemicolectomy,
LLH laparoscopic left hemicolectomy, NS nonsignificant, NR not recorded
Includes resections from distal transverse to sigmoid colon

Preoperative Planning

An enhanced-recovery-after-surgery  protocol
should be considered as standard of care postop-
eratively for patients undergoing a left colectomy.
In patients undergoing robotic left colectomy,
we suggest the use of a mechanical bowel prepa-
ration combined with oral antibiotics because of
decreased incidence of surgical site infections
and anastomotic leaks [7, 8]. Thromboembolic
prophylaxis and intravenous antibiotics are
administered prior to surgical incision.

Operative Technique
Anatomical Considerations

Robotic left hemicolectomy requires good
knowledge of the relationship of the mesentery
and vascular supply of the left colon to the retro-
peritoneal structures. The left colon receives its
blood supply from both the superior mesenteric
artery (SMA) through the left branch of the mid-
dle colic artery, as well as the inferior mesenteric
artery (IMA) through the left colic artery and sig-
moidal branches. The inferior mesenteric vein
(IMV) is formed from the union of the superior
rectal veins and usually drains into the splenic
vein behind the pancreas [9].

Important anatomical variations have been
described for the IMA and IMV. A study using
CT angiography determined that in only 45% of

the patients, the left colic artery and sigmoid
artery had a common trunk, whereas the left colic
artery did not exist in 5% of cases. The left colic
artery was located lateral to the IMV in 73% of
the cases [10].

The mesentery of the left colon overlies the
iliac vessels, the left ureter, the left gonadal ves-
sels, Gerota’s fascia covering the left kidney, and
the distal pancreas, important structures that need
to be identified and preserved during dissection.
The mesentery of the left side of the transverse
colon is attached to the inferior border of the pan-
creas. The splenic flexure of the colon is anatomi-
cally related to the lower pole of the spleen and is
anchored by the splenocolic ligament.

The route of lymphatic drainage of the left
colon largely mirrors that of the arterial circula-
tion. Recent anatomical studies have showed the
presence of vascular and lymphatic connections
at the level of the splenic flexure between struc-
tures of the foregut (pancreas and gastrocolic
ligament) and the transverse colon [11]. This path
could explain the lymphatic tumor spread within
the greater omentum and along the gastroepiploic
vessels in transverse and left colon cancers
described in some series [12, 13].

A thorough understanding the collateral circu-
lation between SMA and IMA is of paramount
importance when performing a left colectomy, as
there is significant variability [9]. A recent ana-
tomical study showed an updated description of
the three most important collateral networks: the
marginal artery, also known as the artery of
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Drummond, which is the major collateral arcade
between the SMA and IMA and runs within the
mesentery of the colon and lies about 2-3 cm
from the mesenteric border of the bowel; the cen-
tral or Riolan’s arch (18% of cases present), join-
ing the middle colic artery with the left colic
artery; and lastly the meandering mesenteric
artery of Moskowitz (11% of cases present) that
runs through the base of the mesocolon just above
the ventral edge of the pancreas and connects the
middle colic artery’s proximal segment with the
ascending branch of the left colic artery [14].
During medial to lateral IMV dissection, inadver-
tent injury of the Arc of Riolan or the meandering
mesenteric artery around the IMV may result in
compromised blood supply to the descending
colon used for anastomosis. Preservation of these
additional collateral networks can be critical in
order to preserve the vascular supply of the colon
conduit, as the marginal artery of Drummond may

Fig.21.1 Operating
room setup for left
robotic colectomy at our
institution

Surgeon

Assistant

be interrupted in as many as 5—7% of individuals
in the watershed area of the splenic flexure [9].

Operating Room Configuration
and Patient Positioning

Robotic left colectomy is performed with a
single-docking technique, with the robotic cart
docked over left side of the patient (Fig. 21.1).
The patient is placed in modified lithotomy posi-
tion with both arms tacked and secured. A foam
mattress directly under the patient and a foam
pad over the patient’s chest are used to prevent
sliding during the operation. Pressure points are
protected and a urinary catheter is placed under
sterile technique. An orogastric tube is placed
after induction and is removed at the end of the
operation. A body warmer is used to prevent
hypothermia.

Anesthesiologist

..._.____v'
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i Xi robot
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Trocar Positioning

Pneumoperitoneum is induced with a Veress needle
in the left upper quadrant (Palmer’s point). Three
8-mm ports for the robot, one 12-mm robotic sta-
pler port, and a 5-mm port for the assistant are
inserted under direct visualization as shown in
Fig. 21.2. The two 8-mm robotic working ports are
placed at the level of the midclavicular line, and the
camera port can be placed either supraumbilically
at the midline or a fingerbreadth above and to the
left of the umbilicus (our preferred approach). The
12-mm stapler port is placed in suprapubic position
at the level of the Pfannenstiel incision used as the
specimen extraction site. The patient is placed in
Trendelenburg position (usually 12 degrees) and
tilted right side down (usually also 12 °). Use of
integrated table motion is highly recommended, as
this allows to reposition the operating table in real
time with the surgical robotic arms docked. A cau-
tery hook or vessel sealer is usually used in the
right working hand, a fenestrated bipolar forceps is
used in the left working hand, and a ProGrasp™ or

Fig.21.2 Trocar
positioning for left
robotic colectomy

Cadiere forceps can be used via the supraumbilical
port for retraction.

Surgical Field

At the start of the procedure, the abdominal cav-
ity is examined using the robotic camera. The
surface of the liver, peritoneum, and small bowel
is assessed, and evidence of metastatic disease is
ruled out. Next, the greater omentum is retracted
cephalad, over and above the transverse colon,
and the small bowel is retracted medially and on
the right side of the abdominal cavity, exposing
the left colon mesentery.

IMV Dissection

The surgery starts with the identification of the
IMV at the level of the ligament of Treitz, which
is divided. An alternative approach is to enter the
mesentery of the left colon lateral to the IMV
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Fig. 21.3 After mobilization of small bowel, the inferior
mesenteric artery is identified and the mesocolon is
opened right above it. IMV inferior mesenteric vein

(Fig. 21.3), preserving the IMV for adequate
venous drainage of the sigmoid colon and rectum
as is the case shown in the video attached to this
chapter. This IMV-first approach allows for easy
and immediate identification of Toldt’s fascia
between the left mesocolon and retroperitoneum
and allows for efficient medial to lateral dissec-
tion, as the IMV is anatomically consistent.

The medial to lateral plane is developed
along the inferior border of the pancreas and
Gerota’s fascia in the direction of the splenic
flexure. The attachments of the mesentery of the
transverse colon to the inferior border of the
pancreas are carefully divided, entering the
lesser sac in an infra-mesocolic fashion. Next,
the peritoneum along the inferior border of the
IMV is incised caudally in the direction of the
origin of the IMA, as the mesentery of the
descending colon is lifted from the retroperito-
neal structures.

IMA Dissection

The IMA is identified and dissected close to the
aortic bifurcation by extending the peritoneal
incision toward the sacral promontory. The mes-
entery of the sigmoid colon is lifted, and the
space behind the superior rectal vessels is entered,
exposing the left ureter, gonadal vessels, and the
hypogastric plexus. The right iliac artery and the

Fig.21.4 The left colic artery is divided before it crosses
the inferior mesenteric vein. LCA left colic artery, IMV
inferior mesenteric vein

intersigmoid fossa are landmarks commonly
used during this part of the dissection [15]. The
superior rectal artery is traced to the IMA. The
IMA is isolated and ligated proximal to its bifur-
cation staying away from the aorta, in order to
prevent injury to the hypogastric plexus. Large
(purple color) robotic clips may be used to ligate
the IMA as well. Alternatively, the main sigmoi-
dal artery can be preserved and the left colic
artery divided distal to its takeoff from the IMA
(Fig. 21.4).

During robotic left colectomy for cancer, our
preference is to also ligate the left branch of the
middle colic vessels, which is identified at the
root of the small bowel mesentery and divided
at the base of the transverse mesocolon.

Splenic Flexure Mobilization

Exposure of the pancreas during IMV dissection
is necessary for correct entry into the lesser sac.
Dissection is carried out in a medial to lateral
fashion until the splenic hilum is reached
(Fig. 21.5).

The lateral attachments of the left colon are
divided over Gerota’s fascia for proper mobiliza-
tion of the splenic flexure.

To complete splenic flexure mobilization, the
omentum is released from the transverse colon
beginning at the level marked by the falciform
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Fig.21.5 Illustration demonstrating medial to lateral dis-
section over the tail of the pancreas towards the splenic
hilum and paired operative image showing that after after

ligament, and the lesser sac is entered broadly in
a supramesocolic fashion. The gastrocolic liga-
ment is divided, and the distal transverse colon
and splenic flexure are fully released to reach the
pelvis. During the dissection near the splenic
hilum, care must be taken to avoid injury to the
short gastric vessels. En bloc resection of the
colon with the left portion of the omentum can
also be performed; this maneuver requires liga-
tion of the left gastroepiploic vessels along the
major curvature of the stomach.

Intracorporeal Anastomosis

The mesentery of the colon to be resected is fully
divided intracorporeally using the vessel sealer.
Indocyanine green can be used to assess perfusion
of the remaining colon segments. The bowel wall
is then transected proximally and distally using
the robotic stapler.

The specimen is then extracted through a 4-5-
cm Pfannenstiel incision using a wound protec-
tor, and pneumoperitoneum is reestablished in
preparation for an intracorporeal anastomosis.

A tension-free, side-to-side isoperistaltic
intracorporeal anastomosis is then created, mak-
ing small enterotomies on the proximal and distal
portions of the colon to be anastomosed using the

entering the lesser sac, dissection is carried out over the
surface of the tail of the pancreas in the direction of the
splenic hilum

side-to-side

Fig. 21.6 Isoperistaltic
anastomosis

intracorporeal

monopolar curved scissors. Using one or two fir-
ings of the blue loaded robotic stapler, the lumen
of the anastomosis is created. The common enter-
otomy defect can be closed with interrupted
sutures, or using self-locking sutures. A crotch
stitch can be placed, and the anterior staple line
can be reinforced in order to prevent tension to
the anastomosis (Fig. 21.6).

Once the specimen is removed and the anasto-
mosis completed, hemostasis is confirmed, par-
ticularly at the site of the vascular pedicles. The
ports are removed under direct vision, and the
Pfannenstiel incision is closed. The skin is
sutured with subcuticular absorbable sutures.



21 Robotic Left Colectomy

199

Postoperative Management
and Complications

Most patients undergoing robotic colectomy are
managed according to enhanced recovery path-
ways as was previously stated [16]. Patients
ambulate the day of, or the day after, surgery. We
highly recommend minimizing postoperative
intravenous fluids and advocate for a strictly lim-
ited use of narcotics in order to reduce postop-
erative ileus [17]. Patients are started on a full
liquid diet on the first postoperative day and are
advanced to a regular diet as tolerated. The Foley
catheter is also removed on the first postopera-
tive day.

Early reports suggest similar short-term out-
comes between laparoscopic and robotic colecto-
mies, but few studies address specifically left
colectomies.

The American College of Surgeons National
Surgical Quality Improvement Program data-
base was used to compare laparoscopic and
robotic approaches in 11,477 patients undergo-
ing colorectal surgery [18]. This study demon-
strated that robotic operations were associated
with longer operative times, decreased hospital
length of stay, and decreased rates of conversion
to open.

A systematic review of laparoscopic versus
robotic-assisted colectomies studies showed
overall less morbidity for robotic surgery but
higher associated costs and longer operative
times compared to the laparoscopic approach
[19]. However, these results could not be con-
firmed when the analysis was focused only on
randomized trials.

Conclusion

Robotic left colectomy is technically safe and
feasible. Although the short-term oncological
and postoperative outcomes in robotic left colec-
tomy have been reported in numerous studies,
future studies assessing long-term oncologic out-
comes are needed.
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Introduction

Laparoscopic low anterior resection (LAR) is a
technically challenging operation that has two
main components: complete mobilization of the
hindgut followed by precise rectal dissection with
precise division of the mid or distal rectum.
Obtaining a completely intact mesorectal envelope
(i.e., total mesorectal excision, TME) is of critical
oncologic importance. As such, maintaining the
rectal dissection within the proper anatomic planes
has direct influence on local recurrence rates. A
successful TME involves obtaining a grossly intact
mesorectal envelope (grade 3), a negative circum-
ferential resection margin (CRM >2 mm) and a
negative distal resection margin (DRM) while pro-
viding sphincter preservation with adequate func-
tional outcomes [1].

High ligation of the inferior mesenteric artery
(IMA) should be performed to include routes of
primary lymphatic drainage in addition to the
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contiguous mesorectum. Division of the IMA
proximal to the ascending left colic artery as
opposed to distal ligation remains an unresolved
technical variation with no clear evidence sup-
porting standardization. Surgeons also debate the
necessity of routine splenic flexure mobilization,
which we believe is required to provide a tension-
free low pelvic anastomosis with adequate distal
blood supply for surgery of the left colon and rec-
tum [2]. While applying traditional oncologic
principles for left-sided colonic cancer surgery,
one must consider patient body habitus, disease
status, comorbidities, as well as functional out-
comes following LAR. The sigmoid colon is
commonly a poor conduit, especially when nar-
rowed and thickened with diverticular disease.
Furthermore, adequate colonic mobilization to
permit reconstruction with a colonic J pouch
should be strongly considered and may necessi-
tate more length. This requires complete splenic
flexure mobilization to the middle colic trunk
with high ligation of the IMA below the takeoff
of the left colic artery; and division of the inferior
mesenteric vein (IMV) at the base of the pancreas
to provide maximal colonic length.

However, critics to this approach often cite
routine splenic flexure mobilization as usually
unnecessary and potentially detrimental to distal
colonic perfusion. In our experience, for the most
reproducible and standardized resection, we rec-
ommend routine splenic flexure mobilization for
all patients via medial-to-lateral approach begin-
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ning at the mesoduodenal ligament. This can be
achieved in multiport or reduced-port fashion
with safety, efficacy, and reproducibility.

Patient Positioning

Prior to placing the patient on the bed, the con-
trols should be interrogated to confirm proper
function. The patient is placed in the modified
Lloyd-Davies position using Allen stirrups, pref-
erably on any commercially available nonslip
pads. An additional strap is placed across the
chest to secure the patient from slipping during
steep bed movements. It is critical that the legs
are abducted and placed parallel with the torso in
order to prevent working collisions while operat-
ing through the lower abdominal ports. The arms
are padded and tucked, gel rolls or specialized
shoulder padding is placed, and a Bair Hugger

(3M, St Paul, MN) or other warming device is
utilized. The patient must be placed low enough
on the bed to access the anal canal for stapler
placement, anticipating some degree of patient
migration superiorly.

Port Placement

For laparoscopic low anterior resection, ports are
most commonly utilized at the umbilicus, the
suprapubic position (for easy extension to a
Pfannenstiel incision), the right lower quadrant,
and the right upper quadrant (Fig. 22.1a). Port
placement in these positions will allow easy
access to the apex of the splenic flexure with ade-
quate length while still allowing access to the left
lower quadrant for mobilization of the sigmoid
colon and subsequently the pelvis. Flexibility
with port placement is necessary when the splenic

Laproscopic
equipment tower

Assistant

@ Primgry
monitor
Surgeon
Flex sig.
r=
s
g] Scrub Malf?) stand

[
S

.
S

Equipment table

Fig. 22.1 (a) Trocar/port positioning for minimally invasive low anterior resection (LAR). (b) Patient and surgeon
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flexure is mobilized in preparation for left colon
resection accompanied by high or low pelvic
anastomosis. As rectal dissection begins, the
addition of a left lower quadrant port is helpful
for the assistant surgeon.

The benefits of utilizing a Pfannenstiel port
placement are multiple, as both stapling of the
rectosigmoid colon and specimen extraction can
be accomplished at this location. Additionally,
cosmesis is optimal here, and postoperative inci-
sional hernia risk is extremely low. Interrogation
of the anastomosis through the incision, if there
is a positive leak test, is also easily performed
with occasional minimal enlargement of the inci-
sion. Port placement in the right lower quadrant
can be planned accordingly if a diverting stoma is
anticipated, especially in patients who receive
neoadjuvant chemoradiotherapy. In thin patients,
specimen extraction can also be performed
through the ileostomy site, and extraction can be
facilitated by a wound protector. In our experi-
ence, enlarging the fascial opening to facilitate
extraction is better to avoid specimen fracture or
mesenteric avulsion.

Both the operating surgeon and assistant
stand side by side on the right side of the table
(Fig. 22.1b). The dissection is carried out by the
two surgeons performing tasks from their respec-
tive vantage points and alternating between the
role of assistant and camera operator. The lapa-
roscopic monitors are positioned opposite the
operating surgeon over the left shoulder of the
patient and can be easily transferred down
toward the left leg as the dissection moves near
the pelvis. An angled 30 ° or 45 ° camera is
strongly recommended.

Lateral, Medial, Inferior,
and Supramesocolic Approaches

As in open colon surgery, early attempts at lapa-
roscopic colonic surgery were generally per-
formed with the lateral-to-medial approach
initiated anywhere along the mesosigmoid
recess, sigmoid colon, or descending colon.
Although it may be the most intuitive approach,
the lateral approach is challenging and requires

the surgeon to continuously look over the colon.
As such, the splenic flexure can be difficult to
take down especially when it is quite cephalad,
and critical retroperitoneal structures are not
identified until later in the dissection.

In contrast, the medial approach to left colon
mobilization begins along the midline at the root
of the mesocolic attachments and is traditionally
started with a peritoneal incision over the meso-
sigmoid colon beneath the trunk of the IMA and
toward the sacral promontory. In our experience,
the left mesocolic origin is more easily targeted
at the ligament of Treitz (LOT) just below the
IMYV, which has been referred to as the inferior
or sub IMV approach. Either location allows
easy access to the retroperitoneum, early high
ligation of the major colonic vascular pedicles,
and prompt identification of the left ureter and
gonadal vessels while keeping the colon sus-
pended by its lateral attachments. The inferior
approach has become increasingly common for
the proponents of routine splenic flexure mobili-
zation. Notably, the constancy of the location of
the IMV as it courses by the ligament of Treitz
enables immediate and clear identification of the
initial point of dissection (Fig. 22.2). Division of
the IMV at the base of the pancreas permits max-
imal colonic length. This approach permits divi-
sion of the base of the transverse mesocolon at
its origin along the pancreas, entry into the lesser
sac, and division of the splenorenal ligaments
posteriorly to assure complete mobilization of
the splenic flexure.

In the supramesocolic approach, the dissec-
tion begins with entry into the lesser sac adjacent

Fig. 22.2 Intraoperative image showing identification of
the inferior mesenteric vein near the ligament of Treitz
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to the gastroepiploic arcade and exit from the
omentum attached to the colon or performing the
dissection along the transverse colon wall, which
will leave the omentum on the stomach. Dividing
the gastrocolic and splenocolic ligaments and
joining the lateral and retroperitoneal dissection
will release the colon up to the middle colic ped-
icle. In practice, routine splenic flexure mobiliza-
tion may utilize all three approaches. Performing
splenic flexure mobilization in this stepwise,
methodical approach allows adequate oncologic
resection and identification of all critical anat-
omy, thus minimizing the occurrence of
complications.

Operative Steps

Medial-to-Lateral Dissection

A video of the entire procedure can be seen in
Video 22.1. After establishing pneumoperito-
neum through an umbilical 12-mm port, the liver,

small bowel, and colon and rectum are inspected.
Adequate bed positioning (right side down and
moderate Trendelenburg position) is critical to
displace the entire small bowel contents to the
right side of the abdomen. With the IMV grasped
and placed on tension toward the abdominal wall,
a transverse incision is created at the base of the
mesentery from just below the IMV following
the contour of the left colic artery as it joins the
IMA (Fig. 22.3). The correct plane between the
mesocolon and retroperitoneum is easily identi-
fied, and medial-to-lateral dissection is per-
formed on top of Gerota’s and Toldt’s fascias up
to the inferior edge of the pancreas. It is impor-
tant to dissect as far lateral as possible under the
colon to the abdominal sidewall and underneath
the splenic flexure (Fig. 22.4a, b).

Following the dissection superiorly along
Toldt’s fascia will lead the dissection posteriorly
to the pancreas, quickly exposing the splenic vein
first and then the splenic artery. At this point, the
posterior dissection should cease, and the dissec-
tion should proceed on the anterior surface of the

Fig. 22.3 Intraoperative image showing (a) incision of the mesentery directly posterior to the inferior mesenteric vein
(IMV). (b) The space posterior to the IMV is gradually enlarged by blunt dissection with laparoscopic instruments

(S5

Fig. 22.4 Intraoperative images (a, b) show the medial-to-lateral dissection as it reaches the lateral abdominal wall
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Fig. 22.5 Intraoperative image showing clipping and
ligation of the inferior mesenteric vein

pancreas, making an incision at the inferior bor-
der of the pancreas at the root of the transverse
mesocolon. The mesocolon is slowly divided and
the lesser sac can be entered. Following lesser sac
entry, the remainder of the transverse colon mes-
entery is divided laterally toward the tail of the
pancreas.

The IMV is isolated at the base of the pan-
creas below the insertion of the left colic vein
and is divided between clips or with an energy
device (Fig. 22.5). Rarely, a meandering mesen-
teric artery (of Moskowitz) may run through the
triangle formed by the IMV, left colic artery, and
the inferior edge of the pancreas. Knowledge
and preservation of this anatomic variant are
critical to maintaining perfusion of the left colon.

The initial peritoneal incision is continued
inferiorly over the origin of the IMA, along
the origin of the mesosigmoid and mesorec-
tum toward the pelvic inlet. From the medial-
to-lateral approach, the mesocolon is mobilized
off the retroperitoneum under the superior rec-
tal artery and vein, identifying the hypogastric
nerves, left ureter, and the left gonadal vessels
while working toward the lateral sidewall. At
this point, the instrument in the right hand can
be placed below and behind the superior rectal
artery, exposing the origin of the IMA proxi-
mal to the left colic branch for division with an
energy device and clips (Fig. 22.6). Just prior
to skeletonization of the IMA, the sigmoidal
branches from the right and left splanchnic
nerves are divided while preserving the lumbar
splanchnic nerves. The left colic artery is also
divided at this time to facilitate extraction.

Fig. 22.6 Intraoperative image showing isolation of the
inferior mesenteric artery

The Lateral Component

With the patient in the right side down and mod-
erate Trendelenburg position, the sigmoid colon
is retracted medially using an atraumatic bowel
grasper in the left hand and the peritoneal attach-
ments in the mesosigmoid fossa can be incised
over the “bruise” created from the previous retro-
peritoneal dissection, joining the medial and lat-
eral dissection (Fig. 22.7a). With an instrument
under the mesocolon to provide exposure while
avoiding grasping the colon, the white line of
Toldt can be incised along the lateral edge of the
descending colon up to and occasionally cepha-
lad to the splenic flexure (Fig. 22.7b, c). When
the initial medial dissection is performed ade-
quately and the pancreas is dropped posteriorly,
the lateral dissection can be extended easily onto
the transverse colon.

Supramesocolic Approach

With the patient in the right side down and mod-
erate reverse Trendelenburg position, a third
instrument (suprapubic port) is used to improve
triangulation during omental dissection to retract
the transverse colon toward the pelvis. With the
operating surgeon facing cephalad, the greater
omentum is retracted over the transverse mesoco-
lon and grasped near the attachments of epiploic
fat and transverse mesocolon. With an energy
device in the right hand, the omentum is divided
and the lesser sac is entered. Our preference is to
divide the omentum and enter the lesser sac just
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Fig. 22.7 Intraoperative images show (a) dissection with the lateral approach meets the medial dissection. (b, ¢) The
white line of Toldt is incised cephalad to the level of the spleen

along the gastroepiploic arcade rather than along
the transverse colon which is more difficult. Once
lesser sac entry is established, the assistant instru-
ment can be placed inside the lesser sac under-
neath the omentum and retracted caudad to
protect the transverse mesocolon from accidental
injury. Following division of the omentum to
communicate with the lateral plane previously
dissected, the mesocolic plane at the inferior
edge of the pancreas is identified and incised,
leading to communication with the previously
established retroperitoneal plane. The final sple-
nocolic ligaments are divided, completely releas-
ing the splenic flexure up to the middle colic
pedicle. Care must be taken when performing
this approach so that the attachments to the
omentum at the angle of the splenic flexure are
not tethering the descending colon and hindering
its mobilization into the pelvis.

Rectal Mobilization and Total
Mesorectal Excision

Primary mobilization of the left mesocolon with
early division of the appropriate vasculature per-

mits safe access and exposure for initiation of the
rectal dissection. At this point, critical structures
including the left ureter, gonadal vessels, and
superior hypogastric plexus have already been
identified to guide the surgeon into the correct
mesorectal planes.

The operating room setup is identical to
splenic flexure mobilization but requires the main
operating surgeon to use the two lateral ports
while facing toward the pelvis. Cephalad and
anterior traction is provided by the assistant
through the suprapubic port. A camera operator
stands on the left side of the abdomen. An addi-
tional left lower and/or left upper quadrant 5-mm
port is required for the assistant surgeon to retract
the colon out of the pelvis. An experienced assis-
tant can provide similar retraction through the
suprapubic port while standing at the patient’s
right hip adjacent to the operating surgeon.

The posterior dissection begins with entry
into the presacral space. This can be achieved by
following the mesenteric cut edge caudally and
parallel to the superior rectal artery. This should
be preceded by having the rectosigmoid mesoco-
lon fully dissected off the inter-sigmoid fossa
and sacral promontory and confirming the loca-
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tion of the left ureter laterally. The shiny visceral
package of the fascia propria enveloping the
mesorectum must be identified. This will allow
entry into the bloodless plane between the fascia
propria and presacral fascia down to the distal
resection site. The innermost dissectible plane
can be developed by maintaining dissection on
the “yellow side of the white.” An important
landmark is the area where Waldeyer’s fascia
begins to transition anteriorly to join with the
fascia propria of the rectum. One must be aware
of this transition and incise Waldeyer’s fascia at
this location to avoid dissection deep through the
presacral fascia and into the sacrum.

Of important note, pelvic exposure can be
facilitated by locking the assistant’s grasper
(suprapubic trocar) onto the bowel just proximal
to the rectosigmoid junction. This can be placed
in a position which allows good clearance of the
pelvic inlet from redundant bowel and mesentery
while avoiding repositioning and obstructing the
primary surgeon’s instruments. This provides the
primary surgeon with the ability to easily redirect
tension to expose the right, left, and posterior
working spaces with ease, often independent of
the skill of the assistant.

The posterior dissection can also be facilitated
by delaying the anterior and lateral rectal dissec-
tion until the distal-most extent of the posterior
dissection is reached or until progress ceases.
Using gauze in the main surgeon’s retracting
grasper can be an effective source of countertrac-
tion to better tent the fibrous tissue. This is par-
ticularly helpful when space is limited in the
deeper pelvis and there is considerable fatty bulk
or tissue elasticity of the mesorectum such that a
grasper alone fails to achieve leverage and trac-
tion. Additionally, a laparoscopic fan retractor
can be placed through the suprapubic port for
both posterior retraction as well as anterior
retraction in the peritoneal reflection.

The lateral dissection starts from the right side
(Fig. 22.8a, b), carefully identifying and sweep-
ing down the hypogastric nerves, which can be
tented upward to the mesorectal fascia with trac-
tion. These nerves are particularly vulnerable
when joining the lateral dissection with the pos-
terior dissection. The lateral ligaments are placed

under tension by drawing the rectum to the either
side of the pelvis and are dissected carefully to
preserve the nerve trunks that travel distally.

The anterior dissection is performed after
scoring the peritoneum on either side of the rec-
tum down the lateral rectal sulci and then con-
tinuing along the anterior surface and opening up
the peritoneal reflection in the pouch of Douglas.
This is continued by dissection in the cul-de-sac
exposing Denonvilliers’ fascia and protecting the
seminal vesicles or vaginal wall separating these
structures from the rectum. Denonvilliers’ fascia
is a key landmark, as its lateral edge is just medial
to the nerves. At this location in the pelvis, the
rectum acutely angulates changing course in a
more horizontal fashion. Continued dissection of
the extraperitoneal rectum requires constant trac-
tion, frequent changes in exposure, and contin-
ued circumferential dissection to elevate the
rectum from the pelvis. Challenges in laparo-
scopic dissection of the distal mesorectum with
variable outcomes in CRM positivity have been
the impetus for evolving techniques of robotic
and transanal TME (taTME) to overcome the
hurdles of surgical exposure and precision.

Dynamic retraction and exposure are used to
facilitate dissection of the distal mesorectum off
the endopelvic fascia overlying the pelvic floor.
In the posterior midline, convergence of fascial
fibers forms a midline raphe which requires com-
plete division (Fig. 22.8c). In patients with upper
rectal tumors, division of the rectum 5 c¢cm distal
to the tumor is recommended (partial mesorectal
excision). This approach maintains oncological
principles while sparing rectum with resulting
improved function compared to lower anastomo-
ses. However, precise division of the mesorectum
at its widest point is ergonomically challenging.
Despite proximal transection of the rectum, com-
plete mobilization to the pelvic floor is still nec-
essary to allow enough mobility for mesorectal
division.

Once the appropriate distal margin is identified,
an endoscopic stapler is used to transect the rec-
tum. Division of the rectum should be performed
directly perpendicular to the wall to minimize the
number of intersecting staple lines. Optimally, <2
firings should be used, as >2 staple lines have
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Fig. 22.8 Intraoperative images show (a, b) right lateral pelvic dissection and (c¢) deep posterior presacral rectal
dissection

demonstrated increased rates of anastomotic leak.
Upsizing the suprapubic or right lower quadrant
port to 12 mm is necessary to introduce a tradi-
tional endoscopic linear stapler. Stapling from the
right lower quadrant enables a more traditional
horizontal division of the rectum. However, limita-
tions in stapler reticulation as well as variations in
port position can provide challenges. For example,
inadvertent inclusion of left lateral pelvic sidewall
structures at the tip of the stapler should be
avoided. In addition, port site hernias through
12-mm trocar sites can occur and therefore require
closure. Alternatively, introduction of the stapler
through the suprapubic port can be accomplished
providing a vertical transection of the rectum.
With this approach, angulation of the stapler is
ergonomically challenging and not possible in
every pelvis. The colon is exteriorized through the
Pfannenstiel incision and the IMA pedicle is iden-
tified. If it was not performed intracorporeally, the
left ascending branch is divided from the IMA. The
remaining mesocolon and marginal vessel are then
divided up to the distal descending colon identify-
ing the proximal colonic margin.

It is our practice to evaluate the proximal
colonic transection line for adequate perfusion

prior to performing an anastomosis for all left
colon resections [3, 4]. The proximal transection
site is chosen after intravenous injection of
2-3 ml of indocyanine green and visualization of
the bowel to confirm an intact marginal vessel
and mural perfusion. This perfusion assessment
is used in conjunction with traditional means of
assessing of conduit viability such as marginal
vessel or staple line bleeding.

Reconstruction

Different methods of rectal reconstruction have
been proposed. Although an end-to-end anasto-
mosis is most simple, both colonic J pouch and
end-to-side anastomosis have demonstrated
superior functional outcomes. A balanced
approached must be considered when striving to
maxim