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Abstract
Background Roux-en-Y gastric bypass (RYGB) is the gold
standard procedure for morbid obesity and its results are well
known and largely discussed. The major limitation of the pro-
cedure is the difficult exploration of the excluded gastric
pouch and duodenum. The vertical gastric bypass with
fundectomy was recently introduced in attempt to overcome
these limitations. To date, its effectiveness is debated and out-
comes still unclear. The purposes of this study were to de-
scribe the vertical gastric bypass with fundectomy and to an-
alyse its outcomes in term of weight loss, complications, and
comorbid resolutions.
Material and Methods Since January 2012 to July 2014, 30
consecutive patients were enrolled and prospectively followed

for a 24-month period. All patients underwent the vertical
gastric bypass with fundectomy. Follow-up visits were sched-
uled at 7 days, 1, 6, 12, and 24months, or whenever necessary.
Results Overall, 24 women and six men were enrolled in the
study. Mean preoperative BMI was 38.2 ± 8.5 kg/m2. No
intraoperative complications were reported. Postoperative
overall complication rate was 10%. Compliance to the 24-
month follow-up was 100%. Mean BMI and excess weight
loss (EWL%) were significantly lower compared to baseline
(p < 0.05). Comorbid improvement or resolution was recorded
in the 80% of the patients.
Conclusions Vertical gastric bypass with fundectomy is feasi-
ble and effective with similar results in terms of weight loss,
complications, and comorbid improving compared to the clas-
sic RYGB. Complete evaluation of the gastric anatomy and
easy access to the main duodenal papilla are unquestionable
advantages.

Keywords Bariatric surgery . Vertical gastric bypass . Gastric
fundectomy . Ghrelin . Outcomes

Introduction

The Roux-en-Y gastric-bypass (RYGB) is the most popular
surgical procedure for morbid obesity because of its standard-
ization and its excellent results in terms of weight loss, meta-
bolic syndrome improvement, and comorbid resolution [1]. Its
effectiveness is determined by reduction of the overall gastric
volume combined with consensual orexigenic peptide secre-
tions [2]. Major limitations of this technique are the arduous
diagnosis and treatment of burning disease in the remnant
gastric pouch and duodenum.

Different techniques have been previously described in at-
tempt to overcome these limitations. The vertical gastric
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bypass with fundectomy consists in a laparoscopic vertical
gastric bypass with gastric fundus resection. A Gore-Tex®
band is placed to reduce the outlet from the gastric pouch
diverting the bolus towards the jejunal loop. This technique
overwhelms the RYGB anatomic limitation allowing com-
plete gastric and duodenal endoscopic evaluation [3].
Outcomes in term of weight loss, overall complications, and
comorbid resolution are still unclear and widely debated.

The purposes of this study were to describe the laparoscop-
ic vertical gastric bypass technique and prospectively analyse
the outcomes in a series of morbidly obese patients.

Material and Methods

From January 2012 to June 2014, 30 consecutive patients
underwent the vertical gastric bypass with fundectomy and
were prospectively followed for a 2-year period. Follow-up
visits were scheduled at 7 days 1, 6, 12, and 24 months, or
whenever necessary.

Perioperative Evaluation

All patients were studied with the following preoperative
tests: oral glucose load curve and glycaemic status, C-
peptide and Hb1Ac dosages, lipidic profile, chest X-ray, car-
diological evaluation, spirometry with blood gases analysis,
dietician evaluation, psychological eating behaviour evalua-
tion, gastroscopy with biopsy to rule out helicobacter pylori,
and abdominal ultrasound. Prophylactic cholecystectomy was
not performed if there was no evidence of stones or sludge in
the gallbladder lumen.

Surgical Technique

The patient is positioned in the supine position with open legs
in the anti-Trendelenburg position. The first surgeon stays in
the middle, the second surgeon to the right, and the third to the
left of the patient. Under general anaesthesia, the pneumoperi-
toneum is established via a left subcostal Verres needle. Five
trocars are positioned under direct view. The optical trocar is
placed at the abdominal midline approximately 5–6
fingerbreadths from the xiphoid process. A 5-mm sub-xiphoid
trocar is placed for liver retraction. Two 12-mm ports are
placed on the mid-clavicular line on the right and left flank
for operative instruments. A 5-mm trocar is further placed on
the right lateral subcostal space.

The gastrocolic ligament is opened at the greater curve
(Van Goethem’s point) to enable access into the lesser sac
and the gastric fundus is freed. An orogastric 36Fr bougie is
advanced for gastric pouch calibration and fundectomy is per-
formed with a linear laparoscopic stapler (EndoGIA®)
(Fig. 1). A Gore-Tex® mesh, calibrated over the 36Fr bougie,

is placed 7 cm below the cardia and fixed with an
unabsorbable braided wire (Fig. 2). The bypass is performed
with the dual loop technique in an antecolic route. The
gastrojejunal anastomosis is fashioned 50 cm far from the
Treitz’s ligament, on the lateral wall of the gastric pouch,
5 cm below the cardia (Fig. 3). The alimentary loop is anas-
tomosed 150 cm far from the first anastomosis (Fig. 4).
Enterotomies are closed with interrupted absorbable sutures
(Vicryl 4/0®). A drainage is placed close to the anastomosis.
During the procedure, a nasogastric tube (NGT) was placed
and an intraoperative methylene blue dye test was performed
to rule out early leak.

Preoperative antibiotic prophylaxis is given with
Cephalosporin (2 g) and Metronidazole (500 mg).
Omeprazole (40 mg) is given till 30th postoperative day. In
the first postoperative day, a methylene blue dye test is per-
formed and if negative the patient allowed to resume a clear
diet. At discharge, an oral vitamin support is introduced.

Statistical Analysis

Continuous variables were reported as means with standard
deviation interval (SD). The Mann-Whitney U test was used
to compare means for continuous data points. Variables with p
value <0.05 were considered significant. All statistical analy-
sis was performed using SPSS for windows version 23.0
(SPSS Inc. Chicago, IL).

Results

Overall, 30 consecutive patients underwent the vertical gastric
bypass with fundectomy during the study period. The 93% of
patients (n = 28) underwent a primary procedure and 7%
(n = 2) underwent a revisional procedure. Previous surgical
operations were a gastric band (n = 1) and a sleeve gastrecto-
my (n = 1). In case of revisional surgery, the elapsed time from
index operation was 3 months in both cases. Twenty-four
patients (80%) were women and six (20%) were men. Mean
age of the study population was 38 ± 3.1 years old.
Preoperative mean BMI was 38.2 ± 8.5 kg/m2. Three patients
(10%) had preoperative hypertension requiring medications
and three patients (10%) had diabetes requiring insulin thera-
py (n = 1) or oral therapy (n = 2). Five patients (16.5%) had
dyslipidaemia under statin treatment (Table 1).

Two senior surgeons experienced in laparoscopic surgery
(ZM, PA) performed all the procedures. Mean operative time
was 126 ± 14 min. No major intraoperative complications
were observed, intraoperative blood loss was negligible, and
no laparotomy conversion was required. The overall compli-
cation rate, considering both early and late development, was
10%. In one case, the postoperative course was complicated
by gastric anastomosis bleeding on the second postoperative
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day. Endoscopic management was successful and two
haemostatic clips were deployed. The patient was discharged
on the eighth postoperative day. In two cases, a post-incisional
trocar site hernia required a laparoscopic revision, respectively
in the eighth and 61st postoperative days. The postoperative
course was uneventful in both patients. Overall, mean postop-
erative in-hospital length of stay was 4 ± 3 days with no
difference between non-complicated and complicated patients
(p = 0.083). None of the patients required postoperative ICU
monitoring nor postoperative mechanical ventilator assis-
tance. There was no mortality in the study group.

Compliance to the 24-month follow-up was 100%. An en-
doscopic evaluation was performed in all patients at 12 and
24 months. In one patient, an ERCP with sphincterotomy was
performed for choledocolithiasis 18 months after the index
procedure. Mean BMI at 6, 12, and 24 months was
35.6 ± 6.9 , 34.1 ± 5.7, and 33.2 ± 5.4 kg/m2, respectively.
Excess weight loss (EWL%) was 51.6 ± 13.9% at 6-month
follow-up, 61.7 ± 10.4% at 12-month, and 64.5 ± 11.9% at 24-
month follow-up (Table 2). Mean BMI and EWL% at 24-
month follow-up were all significantly improved compared

to baseline (p < 0.05). One year after surgery, serum choles-
terol level, low-density lipoprotein (LDL), and triglycerides
were significantly decreased. At 2-year follow-up, improve-
ment or resolution was observed in diabetic patients with sus-
pension (n = 2) or reduction (n = 1) of the daily
hypoglycaemic or insulin therapy. Hypertension was resolved
in all patients, and improvement in lipid profile was observed
in the 65% of patients.

Discussion

In 1976, Mason et colleagues first described the gastric bypass
technique for morbid obesity [4]. Since then, multiple techni-
cal adjustments have been proposed to the original procedure
always maintaining excellent results in terms of weight loss
and comorbid resolution. Nowadays, the laparoscopic RYGB
is the most common operation performed in the USA and the
gold standard procedure for morbid obesity [5]. Major limita-
tion is the difficult endoscopic access to the excluded stomach
and duodenum for diagnostic and treatment procedures [6].
Mucosal bleeding, gastric ulcer, perforation, and cancer in the
remnant stomach have been described as potential life-

Fig. 1 A vertical gastric
fundecotmy is calibrated over a
36Fr orogastric bougie with a
linear laparoscopic stapler
(EndoGIA®)

Fig. 2 A Gore-Tex® mesh is placed 7 cm below the cardia and fixed
with an unabsorbable braided wire

Fig. 3 The gastrojejunal anastomosis is created on the lateral wall of the
gastric pouch, 5 cm below the cardia
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threatening complications [7–11]. Moreover, the incidence of
cholelithiasis and choledocolithiasis after RYGB ranges from
27 to 38% [12, 13]. Surgical avulsion of the vagal hepatic
branch, an altered enteric stimulation, changes in the gallblad-
der mucin production, and the modified bile salt/cholesterol
ratio are possible causes of this phenomenon [14–16].
Standard ERCP, sphincterotomy, and drainage of the common
bile duct are extremely arduous in these patients [17]. A

prophylactic cholecystectomy has been proposed by some
colleagues but to date the issue is still extensively debated.

For these reasons, Cariani et al. first introduced a new
laparotomic RYGB by creating a 30-cm3 vertical gastric
pouch using a 25-mm circular transgastric stapler. The gastric
pouch was then encircled by a Gore-Tex® band, leaving a
gastric outlet of 1 cm inside diameter. The technique allowed
a complete gastric and duodenal endoscopic evaluation [18,
19]. Mozzi and colleagues first performed the Cariani’s Roux-
en-Y gastric bypass on vertical banded gastroplasty in a min-
imally invasive fashion [20]. In 2009, Lesti et al. introduced
the innovative concept of a vertical gastric bypass with
fundectomy [3, 21]. The fundectomy overcome the arduous
use of the transgastric circular stapler described by Cariani and
the jejunoileal anastomosis was fashioned 200-220 cm below
the first anastomosis. In our series, the gastrojejunal side-to-
side anastomosis was fashioned with a linear laparoscopic
stapler and the jejunoileal anastomosis performed 150 cm be-
low the first anastomosis [22]. The linear laparoscopic stapler
is associated with a reduced risk of anastomotic stenosis, post-
operative infections, and overall operative time with similar
postoperative leak rate compared to the circular stapler [23]. It
has been proven that the gastric fundus plays a significant role
on ghrelin secretion and metabolism. Ghrelin physiology is
characterized by a rise during fasting periods and a rapid post-
prandial fall. In obese patients, fasting ghrelin levels are ele-
vated and dynamics are altered with a missing postprandial
inhibition [24–26]. The reductions of ghrelin secretion togeth-
er with its serum concentration are achieved after the vertical
gastric bypass with fundectomy [27].

In this study, we report our initial experience with the ver-
tical gastric bypass and fundectomy in morbid obese patients.
The overall rate for early and late complications was 10% and
a significant postoperative bleeding, requiring endoscopic
management, occurred in one patient (3%). Similar results
have been described in previous RYGB reviews with a 2%
bleeding complication rate in the first 2-year follow-up [28,
29]. In accordance with Kellogg and colleagues in our study,
the incidence of postoperative incisional hernia was 6.5%
[30]. Compared to baseline, a significant improvement of ini-
tial BMI and EWL% was recorded at 24-month follow-up.

Fig. 4 The side-to-side gastrojejunal anastomosis is fashioned 5 cm be-
low the cardia. The alimentary loop is anastomosed 150 cm below the
first anastomosis

Table 1 Baseline
characteristics of the
study population. Data
are presented as
mean ± standard
deviation and n (%)

Demographics

Age (years) 38 ± 3.1

Female/male ratio 24/6

BMI (Kg/m2) 38.2 ± 8.5

History of binge eating 2 (6.6%)

Smoking history
(past/current)

9 (30%)

Comorbidities

Diabetes 3 (10%)

Hypertension 3 (10%)

Dyslipidemia 5 (16.7%)

OSAS 1 (3.3%)

Joint pain 7 (23.3%)

Preoperative Hb (g/dl) 14.2 ± 1.6

Preoperative Alb (g/dl) 4.3 ± 0.6

Table 2 Change in body mass index (BMI) and percentage of excess
weight loss (EWL%) at different follow-up time. All the parameters at 24-
month follow-up were significantly different compared to baseline
(p < 0.05). Data are presented as mean ± standard deviation

BMI (Kg/m2) EWL%

Pre-operative 38.2 ± 8.5 49.2 ± 10.8

6 months 35.6 ± 6.9 51.6 ± 13.9

12 months 34.1 ± 5.7 61.7 ± 10.4

24 months 33.2 ± 5.4 64.5 ± 11.9
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Although limited, these data are in accordance with O’Brien
et al. and Magro and colleagues that reported similar data on
RYGB weight loss in the short-term period [31, 32]. In line
with a 2014 meta-analysis published by Li and colleagues, a
significant comorbid improvement or resolution was observed
in the 80% of patients [33]. In our series, we do not experience
any episode of band erosion, dislocation, and marginal ulcers.
In this direction, Cariani and colleagues reported a 0% inci-
dence of banding erosion/dislocation and a 0.7% of marginal
ulcer occurrence at a 4-year follow-up [19]. These events
should be considered as possible complications especially in
the long-term period. Adequate PPI therapy, smoke suspen-
sion, and endoscopic surveillance in case of suspicious symp-
toms onset are advisable.

The incidence of gastrogastric fistula after RYGP is a rare,
well-known complication that may affect the metabolic out-
comes [34]. Staple line ischemia, necrosis, inflammatory pro-
cesses, marginal ulcers, and increased intraluminal pouch
pressure are all possible determining factors. Differently, we
believe that the concept behind the gastrogastric anastomosis
is diverse being the result of a specific and well-calibrated
surgical procedure. Moreover, the location and the clinical
expression are extremely dissimilar being the gastrogastric
fistula proximal to the gastrojejunal anastomosis and usually
associated with an early sense of satiety and failed weight loss.
With the vertical gastric bypass, an almost complete function-
al duodenal exclusion is achieved. As documented by the
gastrografin swallow study, the majority of the food intake
passes through the gastrojejunal anastomosis (Fig. 5). This is
attributable to a physiologic gastric emptying mechanism
combined with the reduced gastrogastric communication.

To our knowledge, this is the first prospective observation-
al study on a series of morbidly obese patients treated with the

vertical gastric bypass and fundectomy. The technique is sur-
gically demanding, it requires major expertise in laparoscopic
and bariatric surgery, and should be performed in referral cen-
ter. This technique allows a complete endoscopic gastric ex-
ploration with a standard 9-mm endoscope and any procedure
on the common bile duct with a regular 11-mm
duodenoscope. In the long-term follow-up, a reduction in the
incidence of postprandial hypoglycaemia could be another
potential advantage compared to the classic RYGP.
Moreover, its prospective nature and the 100% compliance
at 2-year follow-up enhance the strength of the study.

Limitations are the narrow population and the short-term
follow-up. The occurrence of band erosion, dislocation, infec-
tion, stenosis, and the development of marginal ulcer should
be investigated. Moreover, the long-term effect on diabetes
remission, comorbid resolution, and weight loss should be
addressed in further studies.

Conclusions

The vertical gastric bypass with fundectomy is feasible and
effective in terms of weight loss and comorbid resolution be-
ing a valid alternative to the standard RYGB.Major advantage
of this technique is the exploration of the excluded stomach
and access to the Vater’s papilla. Further multicentre prospec-
tive studies are required in order to validate our findings.
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