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Abstract Robotic-assisted surgery has been described for
many general surgery procedures, including gastric bypass.
This is a comparative study looking at the short-term out-
comes and technical diVerences between laparoscopic
Roux-en-Y gastric bypass (LRNY) and robotic-assisted
Roux-en-Y gastric bypass (RARNY). Our database was
reviewed for all Roux-en-Y gastric bypass procedures per-
formed over the last 5 years. Operative times, length of
stay, and all complications listed for the 90 days postopera-
tively were recorded and statistically analyzed. A total of
356 LRNY and 249 RARNY were performed. The average
body mass index (BMI), age, and sex were similar between
groups. On average, the RARNY took 17 min longer than
the LRNY, this diVerence being signiWcant (p < 0.01).
Average length of stay for the two groups was similar
(»3 days). There were a total of 51 complications in the
standard laparoscopic group (14%), of which 14 (3.9%)
were major complications. In the robotic group, there were
35 (14%) complications, of which 9 (3.6%) were major
complications. The only signiWcant diVerence in complica-
tion rate was for anastomotic leak at the gastrojejunostomy:
there were no leaks in the robotic series, and six (1.7%) in
the standard laparoscopic series (p = 0.04). Length of stay
and overall complication rates were similar for RARNY
and LRNY. There was no mortality in either group, and the
complication rate was lower than literature standards.
While the RARNY took longer, there was a signiWcantly
lower gastrointestinal leak rate in this group.

Keywords Leak rate · Laparoscopic Roux-en-Y gastric 
bypass · Robotic-assisted surgery · Bariatric surgery

Introduction

Bariatric surgery is becoming more common every year. Of
all the weight-loss surgeries, the Roux-en-Y gastric bypass
(RYGB) is the most commonly performed operation. It is a
well-established surgery that has been performed with good
results since 1967. The Wrst laparoscopic RYGB was per-
formed in 1993. Since then, laparoscopic surgery has
decreased the morbidity associated with this operation.
However, along with the laparoscopic approach, came
diVerent techniques to create the Roux limb, the jejunojeju-
nostomy (JJ), the gastrojejunostomy (GJ), and close mesen-
teric defects. The most controversial area is how to perform
the GJ because this is where most complications occur,
resulting in substantial increase in morbidity and mortality
[26, 28]. In addition, the leak rate, which is 2–5% in the lit-
erature, may be independent of the surgeon’s experience or
how many RYGB he/she has performed [29].

Robotic surgery is slow in coming to the forefront of
surgical therapy; nonetheless, it is Wnding its place in
urology [6, 8, 14, 23], gynecology [22], microsurgery [18,
19], oral surgery [17], and general surgery [1, 4–7, 11]. In
addition, it is becoming more common in bariatric surgery
[2, 3, 9, 10, 12]. Very few papers have shown clinic bene-
Wts to using the robot; however, we recently demonstrated
a very low complication rate in our robot-assisted Roux-
en-Y gastric bypass (RARNY) patients during our learn-
ing curve of the Wrst 100 robotic cases [24]. These results
encouraged us to perform a comparative study between
the RARNY and standard laparoscopic Roux-en-Y gastric
bypass (LRNY).
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Method/technique

At our institution, we have been performing gastric
bypasses and collecting prospective data on them for
5 years. In this study, we present the data collected from
three minimally invasive, fellowship-trained surgeons who
have collectively performed over 600 RYGB surgeries over
that time. One surgeon performs all bypasses using stan-
dard laparoscopic techniques, another performs all
bypasses using robotic assistance, and the third uses both.
We used the prospectively collected data from our database
to compare the short-term outcomes and technical diVer-
ences between LRNY and RARNY.

LRNY technique

Six ports are placed in the usual fashion for foregut sur-
gery (Fig. 1). We create a 20-mL gastric pouch over a siz-
ing balloon with linear staplers. The omentum is divided
using the harmonic scalpel in preparation for the antecolic
Roux limb. A 50-cm biliopancreatic limb and a 100-cm
Roux limb for BMI < 50 kg/m2 or a 150-cm Roux limb for
BMI > 50 kg/m2 is created. Linear staplers are used to
create the functional end-to-side jejunojejunostomy (JJ); then,
the common enterotomy in the JJ is handsewn closed in a
single layer with 2-0 vicryl suture. The mesenteric defects
are closed with nonabsorbable suture. Finally, the Roux
limb is brought up to the pouch and sewn to it end-to-side
with 2-0 vicryl. A 1.5-cm gastrojejunostomy is created on
the anterior stomach and jejunum with the hook cautery or
harmonic scalpel. These ostomies are anastomosed with a
handsewn layer of 2-0 vicryl suture over a 34-Fr bougie,
and the anterior outer row is a continuation of the back
row of sutures. Endoscopy is routinely performed at the
end of the procedure to evaluate patency and rule out
leaks.

RARNY technique

This procedure is done as a hybrid procedure, incorporating
two stages. The Wrst stage is standard laparoscopy and the
second stage is robot assisted using the da Vinci robot sys-
tem.

Stage 1: Beginning laparoscopically, we create a 20-mL
gastric pouch over a sizing balloon with linear staplers. The
omentum is divided as described above for the antecolic
Roux limb. Linear staplers are used to create the functional
end-to-side JJ. As above the Roux limb is made with a 50-
cm biliopancreatic limb and a 100-cm Roux limb for
BMI < 50 kg/m2 or a 150-cm Roux limb for BMI > 50 kg/
m2. At this point, sutures are placed into the abdomen via
the 12-mm working port, and the 5-mm trocars are changed
to the da Vinci cannulas.

Stage 2: The robot is then docked (Fig. 2). The common
enterotomy in the JJ is handsewn closed in a single layer
with 2-0 vicryl suture. The mesenteric defects are closed
with nonabsorbable suture. Finally, the Roux limb is brought
up to the pouch and sewn to it end-to-side with 2-0 vicryl. A
1.5-cm gastrojejunostomy is created on the anterior stomach
and jejunum with the hook cautery or harmonic scalpel.
These ostomies are anastomosed with a handsewn layer of
2-0 vicryl suture over a 34-Fr bougie, and the anterior outer
row is a continuation of the back row of sutures. Finally, the
robot is undocked from the patient. Endoscopy is performed
to evaluate the GJ for patency and leakage.

Over the last 5 years, patient information has been
entered into a detailed internet database system with patient
consent. In this paper we reviewed the Wrst 605 consecutive
Roux-en-Y gastric bypasses and separated them into two
treatment arms: LRNY and RARNY. We evaluated for sig-
niWcant diVerences in operative times and complication
rates within 90 days of surgery using a one-armed Fisher
exact probability test.

Fig. 1 The typical port place-
ment for laparoscopic RYGB 
surgery. Port placement: (A) 
5 mm (robot), (B) 12 mm, (C) 
12 mm (camera), (D) 5 mm (cur-
rently used for fourth arm of the 
robot), (E) 5 mm (robot), and (F) 
liver retractor. 
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Revision surgery times were recorded, as were their
complication rates. Although most of the revision portion
of the surgery (i.e., pouch creation) was done laparoscopi-
cally in both groups, the condition of the pouch to which
we had to sew after the revision would be expected to play
a role in how well we were able to create the gastrojejunos-
tomy and, ultimately, the complication rate.

Results

Of the 605 patients, 356 were LRNY group patients and
249 were RARNY group patients, and all patients had a
minimum of 90 days follow-up. Demographics between the
groups were similar (Table 1).

Table 1 demonstrates the demographics of the patients
included in this study. There were no signiWcant diVerences
between the LRNY groups compared with the RARNY group
with respect to age, sex, BMI, revision surgery, or length of
stay. Operative times were only slightly longer, with the
exception of revision, in the RARNY group; nonetheless, they
were signiWcantly longer when compared with the LRNY
group. Nonrevision surgeries lasted 184 (109–329) min versus
201 (114–356) min for the standard versus robotic surgery,
respectively. Revisions took longer for both methods: 301

(154–489) min versus 303 (194–434) min, respectively.
When all bypasses were combined, the standard procedure
averaged 204 (109–489) min, and the robotic-assisted pro-
cedure took 217 (114–434) min. Completion endoscopies
added 10–20 min of operative time to each case. The robot
was docked for an average of 72 (54–104) min.

Table 2 demonstrates the operative times between the
two treatment groups. Complications within 90 days of sur-
gery were noted and separated into minor and major com-
plications. Minor complications encountered in this series
were wound infection, stricture, vomiting and dehydration,
and abdominal pain. Statistically, there was no diVerence in
total or itemized minor complication rates between the
groups (Table 3).

Major complications encountered in this series were
intraluminal bleeding, abdominal wall bleeding, trocar site
herniation, rhabdomyolysis, stroke, pulmonary embolism,
bowel obstruction, and anastomotic leak from the gastroje-
junostomy. The overall major complication rate was similar
(Table 4), however a signiWcant diVerence was identiWed in
the anastomotic leak rate. There were six leaks in the
LRNY group and none in the RARNY group for a 1.7%
diVerence in leak rate with p = 0.04. There were no mortal-
ities in either group.

Discussion

Laparoscopic gastric bypass is a fairly standard operation,
with the most signiWcant variation in the type of GJ per-
formed [28]. There are three commonly accepted laparo-
scopic techniques for GJ creation. Two of the three involve
stapled anastomoses with either circular or linear staplers
and oVer the advantage of potentially reduced operative
times. Reported rates of complications after stapling at the
GJ are 1.1–6.0% leak rate, 2.9–27.1% stricture rate, and
1.6% rate of intraluminal bleeding [26, 27, 30–33].

The other accepted technique is a handsewn GJ originally
promoted by Dr. Kelvin Higa [25]. While handsewn anasto-
moses may take longer to perform, they provide a lower
hospital cost, less anastomotic bleeding, fewer stricture
complications, and lower incidence of wound infection [12].
In addition, the use of absorbable suture to create the gastro-
jejunostomy reduces the risk of gastrogastric Wstula and

Fig. 2 The surgical team docks the robot over the head of the patient.
It is oV-centered 20° over the patient’s left shoulder, leaving anesthesia
access to the airway

Table 1 The demographics of the patients included in this study

There were no signiWcant diVerences between the LRNY groups com-
pared with the RARNY group with respect to age, sex, BMI, revision
surgery, or length of stay

Total patients 
(n = 605)

Standard 
laparoscopic 
(n = 356)

Robotic 
assisted 
(n = 249)

Mean age (years) 42 (18–68) 43 (19–72)

Male (%) 20 21

Mean BMI (kg/m2) 50.4 (34–88) 50.2 (34–92)

Revisions (%) 65 (18) 38 (15)

Length of stay (days) 2.96 (1–29) 2.97 (2–13)

Table 2 Operative times between treatment groups

Laparoscopic 
(min)

Robot 
assisted (min)

DiVerence 
(min)

p value

Nonrevisions 184 (109–329) 201 (114–356) 17 0.0009

Revisions 301 (154–489) 303 (194–434) 2 0.4

Both 204 (109–489) 217 (114–434) 13 0.006
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marginal ulceration [13]. Because of these factors, our group
exclusively utilizes the handsewn technique and trains our
minimally invasive surgery fellows to do the same. With our
focus on teaching and fellow involvement in both the laparo-
scopic and robot-assisted operation, our operative times are
longer than those commonly reported in the literature.

Robotic technique is now an alternative for handsewn GJ
creation [2, 3, 9, 10, 12] that oVers several advantages to
the bariatric surgeon. The most important advantage is that
the added degrees of freedom of the needle driver allow for
precise, ambidextrous forehand and backhand suture place-
ment [17]. The angles encountered in the creation of the
laparoscopic GJ are sometimes awkward and can make the
anastomosis technique challenging. With the robot, this
additional challenge is minimized and the bariatric surgeon
can suture the GJ with conWdence.

Another advantage of robotics is the clear, three-dimen-
sional view of the operative Weld, which allows the surgeon

to better visualize tissue planes and place more precise
sutures [14, 21, 22]. As a result, there is improved surgical
performance and lower leakage rates [15, 20, 24]. We
believe this is the most important factor contributing to our
0% leak rate. In addition, the robot allows us to work in
tighter spaces, control our own camera, and have a very
steady operative view even when magniWed [16]. Overall,
we feel that this attribute gives us the ability to better visu-
alize the gastric and jejunal serosal and mucosal layers as
we approximate them.

While robotic surgery may take slightly longer and be
more costly to use than tradition laparoscopy, we believe
that the improved outcome and decreased leak rates may
oVset the cost to some extent. What that extent is has yet to
be analyzed, and this will lend itself well to a future investi-
gation.

The research design of this study may be somewhat
Xawed because we cannot always be certain if any of the
leaks in the LRNY group were staple line leaks and not GJ
leaks. However, one must then ask the question: how did
we Wre the staplers in the RARNY group any better than in
the LRNY group?

Finally, we are close to getting 12-mm robotic trocars
that we can use to put our staplers through without undock-
ing the robot. When this is available, we will be able to
place our instruments where we want the stapler to go, then
have an assistant place the stapler into position and Wre it.
This would eliminate the hybrid and lend itself to a com-
pletely RARNY. Theoretically, this would decrease our
operative time.

Conclusion

Laparoscopic Roux-en-Y gastric bypass surgery can be per-
formed using the standard or robotic-assisted technique.
Both of these procedures can be done in a timely fashion
and with low risk of morbidity and mortality. Length of
stay is similar no matter which technique is applied. Our
complication rates in this study are below the literature
standards, and we report no mortalities in either group.
While the overall 90-day complication rate is similar
between the two groups, it is clear that the gastrointestinal
leak rate is signiWcantly lower in the robotic-assisted gastric
bypass group.
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