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ABSTRACT

Purpose: This is a step-by-step procedural guide to help
new and unexperienced surgeons with the implementa-
tion of a robotic program for the surgical treatment of
morbid obesity.

Methods: Based on our vast robotic experience, we pres-
ent our standardized technique and also, with a PubMed
research, discuss the different surgical aspects.

Results: We present our trainings pathway towards the
first robotic Roux-en-Y gastric bypass, a step-by-step pro-
cedural guide with helpful hints when it comes to trou-
bleshooting and also discuss some surgical aspects.

Conclusion: The robotic Roux-en-Y gastric bypass is
safe and feasible, and might offer some advantages in
comparison to the laparoscopic approach.
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INTRODUCTION

By 2025, obesity is projected to increase across the
European region. If present trends continue, more than
half of European countries will have an obesity preva-
lence of 20% or more.! Many different surgical approaches
are used to treat the severely obese, with proximal Roux-en-
Y gastric bypass (RYGB) being the most frequent procedure
in Europe,®® particularly in the presence of gastroesopha-
geal reflux or type 2 diabetes.** Generally it is performed
laparoscopically and the technique is well established.*
Laparoscopic Roux-en-Y gastric bypass (LRYGB) is clearly
superior to the open procedure® with a low complication
rate, but is technically demanding with a flat learning curve
ranging between 100° and 500 cases.” To overcome the
technical limits of laparoscopy (particularly the enormous
retracting force of the obese abdominal wall and the limited
movement capability of its instruments) and to potentially
flatten the learning curve,® the robotic system was intro-
duced into bariatric surgery.

We implemented our robotic program in 2013 and have
performed more than 1400 robotic-assisted surgeries ever
since, using both the da Vinci SI and XI systems (Intuitive
Surgical SarD). After gaining experience in hepatobiliary,
colorectal, esophageal, and thoracic robotic surgery,'*™"?
the system was also introduced into our bariatric program
in 2016. Since then, more than 200 robotic Roux-en-Y gas-
tric bypass (RRYGB) surgeries and 50 re-do surgeries
have been performed in our institution.'® In this article,
we present our standardized technique for RRYGB, offer
suggestions for successful implementation, highlight
potential solutions for common problems, and discuss dif-
ferent technical aspects.

Set up of the Robotic Program

Implementation of robot-assisted surgery requires a multi-
disciplinary approach, with appropriate training and coop-
eration of surgical, anesthetic, and technical staff. Besides
acquiring the technical skills and becoming accustomed to
the complex technique, patient selection and an appropriate
frequency of procedures are required to avoid complica-
tions." The console control must be mastered safely before
the first, technically-easy interventions are performed on the
patient. In addition to control over the system, the lack of
haptic feedback in particular requires habituation and
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practice. In contrast to laparoscopy, every movement of
the instruments must be visually-controlled to avoid
injury to surrounding structures. For example, a suture
must not be guided outside the visual field to tighten it.
Accordingly, laparoscopic "handling" must be retrained."

We also implemented a certified training for the scrub
nurses. In this modular course, the nurses learn the basic
principles of the robotic system and troubleshooting in
case of a medical or technical emergency.

We began preparing for our first RRYGB with training ses-
sions on the SimNow simulator, followed by a course
learning the basic robotic technique on dummies. After
overcoming the specific learning curve of the DaVinci
robot, we started training on body donors. Nowadays, a
new robotic bariatric surgeon can participate in special
courses that teach the basics as well as special cases of
bariatrics on mini pigs or body donors. After initial train-
ing, we recommend that surgeons began with simple sur-
geries, such as cholecystectomy, hiatoplasty, or even
sleeve gastrectomy. After completing a relevant case load,
the first few Roux-en-Y gastric bypasses should be per-
formed on female patients with a relative low body mass
index (BMD), with the assistant of a proctor.

Preoperative Preparation

The patient is admitted on the day of surgery, and written
informed consent is obtained from every patient 24 hours
prior to surgery. To reduce the risk of deep vein thrombo-
sis, pneumatic pumps are applied to the patient’s legs.
Additionally, a weight-adapted perioperative single shot
of antibiotic prophylaxis is administered before the first
skin incision. Postoperatively, every patient also receives
weight-adapted, low molecular weight heparin.

Operating room configuration using the da Vinci
Xi System

Our operating room configuration for RRYGB using the
da Vinci Xi is shown in Figure 1. The surgeon console is
positioned so that good communication with the patient-
side team can be established, ideally enabling direct eye
contact. The anesthesiologist is placed behind the
patient’s right shoulder. The assistant sits on the right side
of the patient, while the scrub nurse is at the patient’s leg.
At least one video monitor showing the endoscopic view
is located in direct line of sight for the assistant and the
scrub nurse.
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Figure 1. Operation room setup for the DaVinci Xi.

Patient positioning and surgical preparation

Under general anesthesia, the patient is placed in a supine
position with the left arm tucked and legs split (“French”
position) for access between the legs. A body warmer to
prevent patient hypothermia should be applied to the
chest. The patient’s left arm is positioned alongside the
body to allow easier cart docking. Pressure points and
bony prominences are padded for protection. The body
position is carefully secured with a gel pad or bean bag,
and a strap applied across the patient’s thighs to avoid
any shifting of the reverse Trendelenburg position. The
abdominal area (xiphoid process to supraumbilic) is
prepped and draped in the usual sterile fashion. The table
is prepared for placement in a reverse Trendelenburg
position (~20°) without tilt.

Port placement and docking

Port placement for the da Vinci Surgical System is based
on the concept of the surgical workspace. Slight modifica-
tions to the port locations might be necessary due to the
patient’s anatomy to ensure enough distance to the target
anatomy in shorter patients, and vice versa in taller or
extremely obese patients. Extra-long ports are not
needed, in our opinion. Their extra length is below the
remote center of the trocars, whereas the longer distance
in obese patients arises from the increased subcutaneous
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Figure 2. Trocar placement.

fat, thus not providing benefit when operating on the
upper gastrointestinal tract.

Port placement using the da Vinci XI System [Figure 2]

The pneumoperitoneum is established [15 mmHg] using a 12
mm Fios First Entry trocar (Applied Medical, Rancho Santa
Margarita, CA, USA) about 25 c¢m below the xyphoid
(Assistant trocar 2) [A2] on the right paramedian. This is
inserted while pulling the skin towards the sealing to increase
the intra-abdominal space. The port positions are marked
only on the abdominal wall over the pneumoperitoneum for
consistency of port positions. Another 12 mm or 5 mm
(depending on the retractor) Fios trocar (Assistant trocar 1)
[A1] is inserted at the right lateral flank. This is mainly used
for liver retraction. From Al, a line is drawn across the upper
abdomen at a 90° angle to the xyphoid-A2 line. All da Vinci
(DV) ports are placed along this line. Port 1 (8 mm) [DV1] is
placed 8 — 10 cm lateral to port Al. Port 2 (8 mm) [DV2] is
placed 8 — 10 cm lateral to port 1. This will be the camera
port. Port 3 (8 mm) [DV3] and port 4 (8 mm) are placed [DV4]
8 — 10 cm lateral to each other on the patient’s left side.

Patient cart docking using the da Vinci XI System

Before docking the patient cart, the patient table is pre-
pared. The operating table is lowered to enable clearance
for the da Vinci arms, ensuring that there are no obstruc-
tions overhead or in front of the patient’s cart. In
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particular, the patient’s face is secured so that there is no
injury while docking. The patient cart is rolled up from
the left side of the patient, and the target laser is aligned
with the camera port (DV2). Normally, no repositioning
of the patient and/or operating table is necessary. If there
has to be a change in positioning, the integrated table
motion feature should be used to ensure collision-free
movement. This might be especially useful in revisional
bariatric surgery; however, in our opinion it does not offer
any apparent benefit in a standard robotic gastric bypass.
Once docked, targeting is performed on the stomach.

PROCEDURE STEPS FOR RRYGB

The following step-by-step procedure guide represents
our current technique.

General tips to avoid intraoperative complications

Proper traction and countertraction should be used to cre-
ate an adequate exposure. A standardized assistant’s role
might also be helpful. Tt is important to develop and stay
in the correct tissue plane and be aware of the variations
in vasculature and anatomy. Use of bariatric length (45
cm) laparoscopic instrumentation avoids interference for
the assistant.

Suggested da Vinci Instruments

Arm 1: Fenestrated bipolar forceps. Arm 2: endoscope 30°
down (left hand). Arm 3: Ultracision (Harmonic ACE
Curved Shears) (right hand) (to be temporarily exchanged
with large needle driver). Arm 4: tip-up fenestrated
grasper (right hand).

We suggest that adhesiolysis be performed using robotic
or laparoscopic instrumentation through the da Vinci
and/or laparoscopic assistant ports, as needed.

1. Inspection

After insertion of the remaining da Vinci instruments
under sight and adequate trocar and arm depth, the liver
paddle is first inserted via the A1l and the liver is retracted
towards the right-upper quadrant. The abdominal space is
carefully inspected. If unsure whether the jejunal loop is
long enough, the transverse colon is turned over and a
length of 100 cm is approximated on the jejunum from
the ligament of Treitz in the aboral direction, to define the
site where the jejunal loop will be anastomosed to the
stomach for the gastrojejunostomy. The greater omentum
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is divided above the colon transversum. Be aware of dif-
ferent vasculature and use a straight dissection line. If the
greater omentum is dissected in a diagonal manner, par-
tial omentum necrosis can occur, leading to a higher spike
in C-reactive protein (CRP) values.

2. Preparation of the stomach pouch

To preserve the left gastric artery, a retrogastric tunnel is
formed starting 6 cm below the gastroesophageal junction
from the lesser curvature. To ensure the correct size of the
pouch, reducing the risk of stenosis or dumping syn-
drome, an 18-mm bougie is inserted orally by the anes-
thesiologist after removing the gastric tube. Using a linear
stapler (Echelon Flex, 45 mm, Ethicon, Johnson &
Johnson, Cincinnati, OH, USA), the stomach pouch is
formed with the bougie as calibration. We prefer a nar-
row, but long pouch, which provides the surgeon with
many different options in case of surgical problems and/
or during revisional bariatric surgery. This should only be
done after the surgeon has ensured that the gastric tube
has been removed. At the lowest point, far from the lesser
curvature, the pouch is opened using Ultracision.

3. Fashioning the gastrojejunostomy

Starting from the ligament of Treitz, 100 cm of jejunum is
measured aborally using the fenestrated grasper as a sur-
rogate for a ruler, opened antimesenterically, and a linear
stapler (Echelon Flex, 45 mm, gold cartridge, Ethicon,
Johnson & Johnson, Cincinnati, OH, USA) is inserted in
the proximal direction by the bedside assistant through
the A2. Under controlled closing of the stapler, the jeju-
num can be mobilized antecolically to the stomach
pouch. The other end of the stapler is inserted into the
stomach pouch, and thus the side-to-side gastrojejunos-
tomy is fashioned after a good positioning of both ends to
create only a small enterostomy. After the stapler is fired,
it is fundamental that the branches are not opened com-
pletely in an uncontrolled manner, otherwise the gastroje-
junostomy will tear open. The stapler should only be
gently removed after it is opened slightly. For completing
this anastomosis, the Harmonic ACE Curved Shears on the
third arm are temporarily exchanged with the large needle
driver. To close the enterotomy a 15 c¢m unidirectional
20 Stratafix (Ethicon, Johnson & Johnson, Cincinnati,
OH, USA) suture is used for a continuous seromuscular
suture. Arm 4 is used for optimizing the position of the
small bowel loop whilst Arms 1 and 3 are dynamically
used for suturing. Starting from each side of the enteros-
tomy, two sutures are needed to complete the anastomo-
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sis. The sutures are finished off in the middle with the last
stiches being guided in opposite directions. This ensures
an anchoring in the tissue. If the suture gets too short
at the end of the continuous suture and/or bleeding
through the branch channel occurs, clips are applied to
increase the anchoring capabilities. A short cutting of the
sutures avoids local adhesions.

4. Fashioning the jejunojejunostomy

Proximal to the anastomosis, the jejunum is separated
with the same linear stapler. 1,5m distal from the gastroje-
junostomy, again using the fenestrated grasper as surro-
gate for a ruler, the jejunum is opened antimesenterically,
and a side-to-side jejunojejunostomy is created using the
45-mm linear stapler. As before the stapler should be
opened carefully to avoid stress on the anastomosis. The
enterotomy is closed using a single suture with Stratafix
3-0 (Ethicon, Johnson & Johnson, Cincinnati, OH, USA)
in a seromuscular running technique.

5. Drainage and closure

To test the gastrojejunostomy a methylene blue test is
conducted. The systolic blood pressure is then raised
above 130 mmHg to identify any signs of bleeding. Any
bleeding is treated with either the bipolar forceps, with a
clip application, or a suture. After repositioning the
greater omentum, a drainage is placed through the Al. All
trocars are retrieved under view. The pneumoperitoneum
is released though the A2 and the patient cart can be
undocked.

Postoperative care

Postoperative care in our department is standardized.
Depending on the BMI and comorbidities, the patient is
either brought to the recovery room, the intermediate
care, or intensive care units. We want the patient to mobi-
lize themselves on the day of surgery. Bloodwork is regu-
larly done on the first and second postoperative day. The
drainage tube is normally taken out on the second to third
postoperative day. In our institution, the patients are dis-
charged if CRP values fall, a daily fluid intake of 1000 —
1500 ml is achieved, the drainage is drawn, the wound
healing is inconspicuous, the pain levels are low under
medication, and the patient is fully mobilized. We regu-
larly see the patients in our outpatient center at both four
weeks and 12 months after surgery.
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Alterations in the technique

Robotic stapling

If the surgeon prefers using a robotic-assisted stapling de-
vice, small changes have to be made concerning the trocar
placement. To ensure a good angle when creating the
stomach pouch, the trocars in the DV1 and DV3 position
have to be switched to 12 mm da Vinci trocars. Potential
benefits are the direct control of the stapler by the console
surgeon and mechanical bending of the device. However,
due to the lack of haptic feedback, there is a potential risk
of tissue damage of the intestine when inserted into the je-
junum while being grasped by two robotic arms. In this
case, the bedside assistant should hold the jejunal loop to
feel the tension of the tissue. It also requires another instru-
ment change, increasing the overall operation time. Due to
its positioning, the stapler has a closer distance towards the
field of operation, potentially reducing the movement
range. In our opinion, assistant-driven stapling offers more
flexibility and a better distance towards the anastomoses,
especially when fashioning the jejunojejunostomy, but
needs a much more experienced bedside assistant.

Anastomosis techniques

There are several anastomotic techniques available for the
RRYGRB. They include linear stapler anastomosis, circular
stapler anastomosis, and complete “hand”-sewn suture.
There are studies comparing different anastomotic techni-
ques within LRYGB. The linear anastomosis may be asso-
ciated with a reduced risk of anastomosis stricture and
wound infection, as well as with a shorter operative time.
No difference was found with regard to leakage rates.®
Hand-sewn and circular stapler anastomoses are techni-
ques with similar safety and effectiveness, with the hand-
sewn anastomosis having a lower rate of bleeding compli-
cations and surgical wound infection, although requiring
greater experience in laparoscopic hand suturing.'”
Whether those statements are also valid for RRYGB
remains to be shown. We have kept to the well-estab-
lished technique using the linear stapler to reduce the
patient’s risk in the implementation phase.

Suture

A continuous seromuscular running suture with resorb-
able braided suture material can also be used for the anas-
tomoses. In this case, the bedside assistants job is to guide
and tense the suture throughout. However, we prefer the
fixed-barbed sutures because they enable the robotic
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surgeon to perform a simple continuous suture without
the need for recurrent retraction.'®

Instruments used

Besides our preferred method using the Ultracision
Harmonic ACE Curved Shears, there are also other options
available for the energy dissection, such as the vessel sealer
(Intuitive Surgical SarD), scissors, and hook. We do not nor-
mally use scissors with bipolar or the hook with monopolar
energy, because in our opinion they do not deliver the
required hemostatic capability like the Ultracision, thus reg-
ularly leading to the use of extra laparoscopic clips. The ves-
sel sealer is very effective in its hemostatic capabilities and is
also bendable. The joint is quite far away from the tip of the
instrument, making it a bit harder to get used to. In our opin-
ion, it is not suitable for the enterotomy, meaning that either
the assistant has to perform enterotomy or another instru-
ment has to be used, increasing the time and costs of the pro-
cedure. This is why we use the Ultracision, even though it is
not bendable and is significantly more expensive compared
to the hook and/or scissor.

Troubleshooting

With the implementation of a new robotic procedure,
problems associated with it naturally arise. In Table 1, we
outline typical problems occurring during a RRYGB and
our potential solutions.

DISCUSSION

The role of the robotic system in bariatric surgery is still
unclear. It offers the advantage of a separation between the
restoring forces of the abdominal wall, especially in patients
with a high BMI, and the surgeon, making it more comforta-
ble. As an international comparison, patients in Germany
have the highest BMI values at the time of surgery (49.1 kg/
m?, compared to 34.2 kg/m?in South Korea, for example).?

Use of the robotic technique has hardly played a role so far
in Germany, as the higher costs led several centers to
promptly discontinue their robotic programs after their ini-
tial experience. The costs for the use of robotic systems can
be divided into three groups: the initial purchase, mainte-
nance, and disposable parts. This means that in Germany,
there are currently about 2000€extra costs per case.” Due to
the tightly calculated fees and the lack of additional fees for
the use of the robot, robot-assisted bariatric interventions
cannot cover these costs. By reducing the operation times
after the learning curve and the "idle time" of the robot
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Table 1.

Troubleshooting of Common Problems During Robotic Roux-en-Y Gastric Bypass

Problem

Solution

Ultracision is too short

Jejunojejunostomy directly in front of the camera

Increased risks of tissue damage by the first arm when
hepatomegaly is present

Tissue damage when measuring the length of the limps

Dissection of stomach wall when inserting stapler and/or
insufficient anastomosis

Tissue damage when using the robotic stapler

Insert the trocar deeper into the skin, but make sure to reposition the
trocar afterwards to reduce friction and increase precision, which
will minimize tissue trauma

Insert the two left DV trocars deeper into the skin. But note the length
of the Ultracision

Use a liver retractor and place the DV1 trocar more caudally

Only grasp the small intestine with atraumatic instruments (bipolar for
ceps, tip-up fenestrated grasper) to minimize friction. Never grasp
tissue with two robotic instruments close to each other. Always
spread out the point of grasping and only do so under visual control

Ensure the full thickness of the gastrotomy. Evaluate the possibility of
using a running suture. If unsure, refashion the anastomosis

Always have ALL of your instruments in your field of view, especially
when inserting the robotic stapler

DV, da Vinci.

room, the costs per case can be reduced by 25% to 1500€.
In their work, Hagen et al. even describe lower total costs
for RRYGB procedures due to lower complication rates.*'
Due to higher margins, the costs in the USA play an unsigni-
ficant role in the evaluation of the benefits of the surgical
robot. In general, a robot program should be managed on
an interdisciplinary basis to increase utilization and thus
minimize the costs per intervention.'*

To be able to perform bariatric surgery independently, the
American Society for Metabolic and Bariatric Surgery
requires participation in 100 bariatric procedures. Similarly,
the DGAV also recommends 100 interventions in accord-
ance with the recommendations of Schauer et al.° to obtain
recognition as a surgeon for bariatric surgery. In 2005, the
only randomized controlled trial on the learning curve of
RRYGB was conducted. Here, shorter surgery times were
observed in the robotic group.” Li and Bindal also described
in meta-analyses a shortened learning curve when using
the robot.*** However, according to a Canadian study, a
plateau of the learning curve and thus stable surgery times
are only achieved after more than 600 interventions.? Thus,
the benefit of robot-assisted bariatric surgery seems to
depend on the surgeon’s current level of experience.
Within the training phase and beyond, as our own experi-
ence shows, RRYGB can be superior compared to the
LRYGB but surgeons who have performed more than 500
LRYGB probably won’t benefit when using the robotic sys-
tem.'? Since last year, several papers based on the data pro-
vided by the Metabolic and Bariatric Surgery Accreditation
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and Quality Improvement Program (MBSAQIP) were pub-
lished.”® Raul et al.*! described a better postoperative out-
come in the robotic-assisted group compared to the
laparoscopic approach their propensity score-matched
comparative analysis. The robotic approach might also
improve the outcome in revisional bariatric surgery.

Additionally, technical possibilities combined with robotic
surgery allow faster; therefore, safer surgical education,
reducing patient morbidity and mortality. The rapid devel-
opment in this field of surgery is certainly not yet com-
plete, as highlighted by the planned market launch of the
Da Vinci Single Port System or the introduction of new
robotic platforms. These developments will fuel competi-
tion and should reduce the purchasing and running costs
of a robotic system, thus hopefully making it more suita-
ble for small output centers in the future.
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