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Abstract

Purpose One-anastomosis gastric bypass (OAGB) is an established bariatric procedure performed worldwide. We developed
a modification of OAGB leaving a bridge at the cranial 2 cm of the fundus as a gastro-gastric fistula to allow for endoscopic
access to the bypassed stomach. We present the preliminary results of 44 patients who underwent this technique in our
hospital.

Methods We analyzed, retrospectively, data collected prospectively on 44 patients who underwent our bridged one-anasto-
mosis gastric bypass (BOAGB) procedure between September, 2018 and November, 2020.

Results The mean age of the patients was 45.2+9.3 years (range 20-66 years). The mean preoperative body mass index
(BMI), weight, and HbA 1c values were 41.5 + 6.4 kg/m?* (range 35-59), 116 +22.7 kg, and 8.2 +2.1%, respectively. After
a median follow-up period of 18 months (11-26 months), the mean postoperative BMI was 28.4 + 3.2 kg/m? (range 21-38),
the mean total weight loss was 35.8 + 13.5 kg (range 20-80 kg), and the mean percentage of excess weight loss (%EWL) and
the percentage of total weight loss (%TWL) were 79.8 +£16.1% (range 47-109) and 30.6 +6.9% (range 19-48), respectively.
The mean postoperative HbAlc level was 6.3 +£0.9%. There were two early complications (stenosis and bleeding) and one
late complication (marginal ulcer).

Conclusion Patients who underwent BOAGB lost weight similarly to those who underwent OABG as reported in the litera-
ture, without an apparent increase in complications related to the technique. Randomized studies with longer term follow-up
are needed.

Keywords Bariatric surgery - Gastric bypass - One-anastomosis gastric bypass - Mini gastric bypass - Bridged one-
anastomosis gastric bypass
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Introduction

One-anastomosis gastric bypass (OAGB) is now an estab-
lished bariatric procedure across the world [1]. It is a
modification of the gastric bypass procedure proposed by
Mason in 1967 [2]. One of the drawbacks of all gastric
bypasses for obesity, including the more popular Roux-en-
Y gastric bypass (RYGB), is blocked endoscopic access to
the bypassed stomach and duodenum after the procedure.

Lack of usual endoscopic access may delay the diag-
nosis of gastric cancer in the bypassed stomach [3, 4] and
also make endoscopic access to the biliary tree difficult [5,
6]. Considering the growing problem of choledocholithi-
asis, after gastric bypass [7], this is an issue that needs to
be addressed. It also has implications for the diagnosis and
management of peptic ulcer disease and its complications
after gastric bypass [8].

We modified the original OAGB procedure to leave a
communication between the gastric pouch and the fundus
to allow for endoscopic access to the bypassed stomach
and proximal small intestine. To our knowledge, this has
not been described in the published scientific literature
on any of the gastric bypasses. Therefore, it is unclear
if this modification is safe and effective and we need to
establish if it has any effect on ulceration rates or weight
loss outcomes. We describe our technique and the pre-
liminary results of bridged one-anastomosis gastric bypass
(BOAGB) in our initial 44 patients who underwent this
procedure.

Materials and methods

This study was conducted according to the principles
of the Helsinki Declaration and was approved by the
Research Ethics Committee of the Istinye University,
School of Medicine (28.12.2018/44). All participants were
informed about the modified technique, verbally and by
reading brochures. Signed informed consent was given by
all participants.

All patients were evaluated for their suitability for bari-
atric surgery by a multidisciplinary team of a surgeon, an
endocrinologist, a psychologist, a dietitian, and an anes-
thesiologist. Inclusion criteria were a body mass index
(BMI) > 40 kg/m? or a BMI > 35 kg/m? with at least one
co-morbidity. The exclusion criteria were a history of
esophagitis, Barrett’s esophagus, severe gastroesophageal
reflux disease resistant to proton pump inhibitors (PPI),
hiatal hernia, and previous bariatric surgery.

Prospectively collected data were evaluated retrospec-
tively. Data included demographics, pre- and postoperative
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BMI, excess weight loss (EWL), total weight loss (TWL)
mean pre- and postoperative glycated hemoglobin
(HbAlc) level, pre- and postoperative co-morbidities,
pre- and postoperative medications, length of hospital stay,
number of used cartridges, postoperative complications.
Data analysis was performed with SPSS (version 20.0;
IBM, Armonk, USA).

Surgical technique

Figure 1 shows a schematic illustration of BOAGB, which
was performed using four or five trocars. The procedure
started with the creation of an opening in the hepatogastric
ligament at the level of incisura angularis. Then, a 45 mm
purple linear stapler (Covidien Endo GIA, Tri-Staple©
Technology, Mansfield) was placed parallel and 3-4 cm
away from the pylorus, at the level of incisura angularis.
An orogastric tube (39F-bougie) was introduced, and the
following fires were placed according to the orogastric tube,
cranially, the same as for OAGB. Before the last firing, a
passage, approximately 2 cm-long, was left in the upper-
most stomach. This passage could be measured by either
passing a 39F-bougie toward the fundus and firing the last

2 cm opening

Secure stitch

Fig.1 Schematic illustration of the bridged one-anastomosis gastric
bypass (BOAGB)
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Fig.2 Measuring the stomach
bridge with the jaws of the
laparoscopic instrument

cartridge against the bougie, or by measuring the diameter
of the remaining stomach bridge with the jaws of a laparo-
scopic instrument (Fig. 2).

After completing the gastric transaction, we measured
a small bowel segment 150-250 cm from the Treitz’s liga-
ment, depending on the patient’'s BMI, and performed GJ
anastomosis. GJ was performed at 150 cm for those with a
BMI 35-39 kg/m?, at 200 cm for those with a BMI 4044 kg/
m?, and at 250 cm for those with a BMI 45 kg/m? or above.
The staple line was observed for bleeding, and any bleeding
points were clipped or suture ligated. The stapler entrance
site was closed with a single-layer hand-sewn technique. A
methylene blue test was performed to evaluate any narrow-
ing or staple-line leaks. A drain was placed.

Post-operative management and follow-up

On postoperative day (POD) 1, an upper gastrointestinal (GI)
hydrosoluble contrast swallow (Gastrografin®-Bracco Diag-
nostics, Canada) study was done to check patency and that
there were no leaks. Under fluoroscopy, the radio-opaque
density travelled easily through the GJ anastomosis to the
jejunal loops, but not to the remnant stomach. On X-ray,
the Gastrografin® passage was seen as an inverted Y-shape
(Fig. 3). Coronal and axial computed tomography images
(CT) showed the Gastrografin® passing through the small-
bowel from the stomach pouch, but not into the remnant
fundus (Figs. 4, 5) The urine catheter was removed, and the
patient mobilized actively. A clear fluid diet was started with
sips of ~30 ml. The drain was removed and the patient was
discharged on POD 2 or 3 with the discharge recommenda-
tions of the dietician. The patients were checked 3, 6, and
12 months postoperatively.

Fig.3 X-Ray image of the inverted Y shape

In accordance with our routine clinical practice for all bari-
atric procedures, the patients were prescribed proton pump
inhibitors (PPIs) and sucralfate daily for 1 month, high-protein
compounds and calcium for 3 months, and a daily mineral-
vitamin supplement for 1 year. Specific mineral or nutritional
supplements were given as needed for deficiencies identified
during follow-up.

@ Springer



1374

Surgery Today (2021) 51:1371-1378

Spin: -0

Tilt: 0

Fig.4 Coronal computed tomography image
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Fig.5 Axial computed tomography image

Results

Between September, 2018 and January, 2020, 44 patients
underwent BOAGB surgery in our hospital. We ana-
lyzed data collected until November, 2020, retrospec-
tively. Table 1 summarizes the patients’ demographic
and weight loss data, and their postoperative results.
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Table 1 Basic demographic and pre- and postoperative weight loss
data for the 44 patients who underwent bridged one-anastomosis gas-
tric bypass (BOAGB)

Sex (Female/Male) 21/23

Mean age 45.249.3 years (20-66 years)
Mean preoperative BMI 41.5 +6.4 kg/m? (35-59 kg/m2)
Mean postoperative BMI 28.4+3.2 kg/m? (21-38 kg/m2)
Mean TWL 35.8+13.5 kg (20-80 kg)
Mean %EWL 79.8+16.1% (47-109%)

Mean %TWL 30.6+6.9% (range 19-48)
Mean follow-up period 18 months (11-26 months)
Mean Preop HbAlc 8.2+2.1% (5-12.6%)

Mean Postop HbAlc 6.3+0.9% (4.9-8.0%)

Mean stapler usage
Complications

6 (5-8)
2 Early (1 bleeding, 1 steno-

sis) + 1 Late ( 1 marginal

ulceration)
Cases of re-hospitalization n=1
Table 2 Co-morbidities
Co-morbidity Patients
number
()
No co-morbidity 7
T2DM 16
T2DM+HT 10
T2DM + Cardiac stent 2
T2DM +CVA 1
Cardiac stent/arrhythmia 2
Thyroid disease 2
HT 3
HT + Hypothyroid + T2DM 1

T2DM type 2 diabetes mellitus, HT hypertension, CVA cerebrovascu-
lar accident

The mean age at the time of surgery was 45.2 +9.3 years
(range 2066 years) and 21 of the 44 patients (47.8%) were
women. The mean preoperative BMI was 41.5 + 6.4 kg/
m? (range 35-59) and the mean preoperative HbAlc level
was 8.2 +2.1%.

Eleven patients were lost to follow-up, but data col-
lected over 11-26 months were available for 33 patients,
achieving a 75% follow-up rate. The median follow-up in
this study was 18 (11-26) months. The mean postoperative
BMI was 28.4 + 3.2 kg/m? (range 21-38). The mean total
weight loss was 35.8 +13.5 kg (range 20-80) and the mean
percentage of excess weight loss (%EWL) and percent-
age total weight loss (%TWL) were 79.8 + 16.1% (range
47-109) and 30.6 + 6.9% (range 19-48), respectively. The
mean postoperative HbAlc level was 6.3 +0.9%.
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Table 3 Medications for co-morbidities before and after bridged one-
anastomosis gastric bypass (BOAGB)

Medications Pre-operative Post-operative
No medication for T2DM 17 42

Insulin 12

OAD 11 2

Insiilin4+ OAD 4

Table 4 Number of patients with C-peptide levels with a threshold of
2 nmol/L

C-peptide

Mean of C-peptide 3.73 nmol/L
<2 nmol/L 3 patients
>?2 nmol/L 22 patients

Table 2 summarizes the co-morbidities of the patients
and Table 3 lists the medications, especially of those with
type II diabetes mellitus (T2DM) patients who use insu-
lin, oral anti-diabetics (OADs), or both. Only 3 of the 16
T2DM patients who complied with 18 months of follow-
up had an HbAlc value of 7% and above. However, the
HbA c levels of these three patients dropped from 10.2
to 8%, from 10.8 to 7.3%, and from 8.5 to 7.6%, respec-
tively. One of these patients still requires insulin, but the
other two continue to take OADs only. Table 4 shows the
mean C-peptide levels. The C-peptide levels of the three
patients with T2DM were less than 2 nmol/L and two of
three stopped using the drug for diabetes postoperatively.
One was lost to follow up.

There were two early complications (within 30 days
of surgery) and no mortality. The two early complica-
tions were stenosis of the GJ anastomosis and stapler line
bleeding/hematoma. Early endoscopic intervention was
initiated within 24 h of the operation for two patients.
Endoscopic balloon dilation was done for the stenosis and
continuity of the gastrointestinal passage was achieved by
endoscopic morcellation of the hematoma for the stapler
line bleeding. The remnant stomach and GJ anastomosis
were washed out and checked for bleeding. There was one
late complication (> 30 days) in a heavy-smoker who con-
tinued to smoke after the operation. She was readmitted
to the emergency department 2 months after surgery with
stomach spasms and severe epigastric pain. A marginal
ulcer was identified on the jejunal site of the GJ anasto-
mosis, which was treated successfully with PPIs—sucral-
fate and the patient was discharged 2 days later.

Discussion

We reported our preliminary results of performing
BOAGB in a series of 44 patients. The mean follow-up
period was 18 months (11-26 months) and the follow-up
rate was 75%, similar to the follow-up reported by Lar-
jani et al. and Taha et al. In the cohort trial published by
Larjani et al. [9] in 2016, the overall attendance rates to
follow-up appointments after bariatric surgery at 3, 6, 12,
and 24 months were 78.1%, 68.0%, 75.0%, and 41.0%,
respectively. In the study published by Taha et al. [10] in
2017, 1124 (73.9%) of 1520 patients had been followed
up for 12 months. In the original study published by Rut-
ledge in 2001, the follow-up rate was 89% by the end of
the 43 months [11].

OAGB was described initially by Rutledge in 1997
and reported in 2001 [11]. As a trauma surgeon, Rutledge
encountered a patient with a gunshot wound and decided
that duodenal exclusion with a Billroth II anastomosis was
the appropriate reconstruction in this case. This was the
inspiration for performing OAGB [12]. After its benefits
in terms of weight loss and diabetes remission were identi-
fied, it became a method used in metabolic and bariatric
surgery [13, 14]. Like Rutledge’s experience, our modi-
fication originated from two difficult revisional surgeries
for dense and thick fibrotic tissue at the upper part of the
fundus in our first two patients, following laparoscopic
adjustable gastric banding in one and laparoscopic Nissen
fundoplication in the other. Since we did not find stapler
firing reliable in that area, it prompted us to leave that
opening as a gastro-gastric fistula. We concluded that this
fistula is an advantage in that it can be used for endoscopic
interventions. Having seen the same effect as OAGB after
several months, we proceeded to publish the promising
results of our five cases in 2019 [15].

OAGB has multiple advantages over RYGB, with higher
1-year and 2-year EWL, a higher T2DM remission rate,
and a shorter operation time [13, 16]. The YOMEGA trial
showed that OAGB is not inferior to RYGB for achieving
weight loss and metabolic improvement at 2 years [17]. In
that study, 60% of patients with T2DM had complete remis-
sion after OAGB vs. 38% after RYGB. The partial remission
rates were 10 and 6%, respectively. OAGB is effective not
only for morbidly obese patients with a BMI > 35 kg/m?,
but also for T2DM patients with a lower BMI <35 kg/m?
[13]. Osman Abouzeid et al. [18], evaluated 17 patients with
T2DM and a BMI 25-30 kg/m2, who underwent OAGB-
MGB surgery and claimed that OAGB is an efficient meta-
bolic procedure and could be integrated into the treatment
algorithm of T2DM for patients with BMI 25-30 kg/m?.

In the current study, the mean total weight loss was
35.8+13.5 kg (range 20-80 kg), the mean %EWL
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was 79.8 £ 16.1% (range 47-109) and the %TWL was
30.6 +£6.9% (range 19-48). Among the 16 T2DM patients
who completed an 18-month follow-up, the overall dia-
betic remission rate was 82.5% with decreased HbAlc
mean from 8.2 +2.1 t0 6.3 +0.9% in that period. Only 3 of
the 16 T2DM patients had an HbA1c value of 7% or above.
Nevertheless, their HbAlc levels dropped from 10.2 to
8%, from 10.8 to 7.3%, from 8.5 to 7.6%, respectively.
One patient continues to use insulin, but the other two
take OADs only. Because of the small number of partici-
pants, we could not conclude definitively that BOAGB is
as effective as OAGB for diabetic remission; however, the
data of our study, although limited, shows the promise of
our modified technique.

The early (within 30 days) and late (> 30 days) complica-
tion rates after OAGB range from 1.96 to 10.0% and 0.5 to
6.1%, respectively, and the mortality rate ranges from 0 to
0.5%. Recent systematic reviews report an incidence of mar-
ginal ulcer after OAGB between 0.6 and 4% [1, 10, 19]. In
our preliminary results, the early complication rate was 4.5%
and the late complication rate was 2.3%. The early com-
plications were stenosis of GJ anastomosis and stapler line
bleeding/hematoma, and the late complication was marginal
ulcer. The early and late mortality rates and conversion rates
were 0%. These results are complementary to the results of
the largest published studies.

BOAGB has several advantages over OAGB. First,
BOAGB does not involve touching or destroying the Angle
of His. Second the risk of bleeding from the short gastric
vessel during dissection of the fundus for the last stapler fir-
ing is much lower than in OAGB. Third, the risk of leakage
from the upper side of the pouch is theoretically lower, since
there is an opening between the newly formed pouch and the
gastric remnant. Finally, the most important advantage of
BOAGSB is that it allows us to perform endoscopic interven-
tion through the GGF postoperatively [15]. Although GGF
may seem like a critical disadvantage of the BOAGB tech-
nique, it is in fact the purpose of this technique. Because
GGF stimulates weight regain and causes marginal ulcera-
tion, hemorrhage, perforation, or stricture, it is accepted as
a complication after RYGB, with an estimated incidence
ranging from 1 to 6% [20, 21]. Since the volume of the
stomach pouch is 25 ml or less after RYGB, most of the
food can pass easily into the remnant stomach via the GGF,
which may result in weight regain. Thus, GGF can be called
a complication after RYGB. Conversely, in OAGB there is
a bigger stomach pouch with a capacity of 150 ml, so less
food can pass through the GGF into the remnant stomach.
Furthermore, OAGB is more malabsorptive and less restric-
tive than RYGB [22]. In our opinion, the main question to
be answered is: “Is GGF a complication after OAGB?” We
could not find any data related to GGF following OAGB in
the bibliographic databases Medline, Embase, PubMed, or
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Google Scholar. There is only one case report of GGF caus-
ing severe bile reflux after laparoscopic conversion of sleeve
gastrectomy to OAGB [23]. The incidence of marginal ulcer
after OAGB ranges from 0.6—4% [1, 10, 19]. In the current
study, it was 2.3%, consistent with that after OAGB and this
occurred in only one patient, who was a heavy smoker. Thus,
there is not sufficient evidence to claim that the GGF after
OAGSB predisposes to this complication.

We adjusted the 2 cm diameter opening, because the outer
diameter of the distal part of the duodenoscope is 13.7 mm
[24]. If ERCP is indicated, it can be performed via the 2 cm
diameter GGF in BOAGB. We adjust the opening by two
methods. First, the 39F-bougie is passed toward the fundus
and the last cartridge is fired against the bougie. Second,
the diameter of the bridge can be measured with the jaws
of a laparoscopic instrument. It is easy to measure a 2 cm
diameter with the jaws of a laparoscopic instrument on the
anterior surface of the stomach, but difficult to adjust an
appropriately sized fistula on the posterior surface of the
stomach. The standardization and better calibration of the
‘bridge’ remains an important challenge to be resolved.
The aim of this study was to find a solution for the remnant
stomach without losing the metabolic and bariatric effects
of the original OAGB procedure. We may lose either the
endoscopic access or the metabolic and bariatric effect of
BOAGB, should we do not standardize GGF size properly.

Little is known about remnant gastric cancer after OAGB-
RYGB and the true incidence is unknown. In a 2019 lit-
erature review, gastric remnant cancer was identified in 17
patients who had undergone RYGB [25]. The inability to
perform endoscopic follow-up because of the closed remnant
stomach after the bypassed procedure may delay the diagno-
sis of gastric cancer [3, 4]. This also has a negative effect on
the diagnosis and management of peptic ulcer disease and
its complications in these patients [8]. Postoperative upper
gastrointestinal (GI) bleeding is a rare but dangerous com-
plication, with an incidence of 0.6%—4%, which should be
managed by an endoscopic intervention [26]. After other
bypassed techniques, it is impossible for an endoscope to
be passed into the remnant stomach to investigate upper GI
bleeding. For emergency intervention, laparoscopic endos-
copy is mandatory, under general anesthesia. [15, 21, 25,
26]. It is difficult to determine the percentage of OAGB
patients who will need endoscopic surveillance; however,
our modified technique allows us to reach both the remnant
and gastric pouch via GGF by endoscopy. In the current
study, endoscopy was performed for 10 (22.7%) patients
(Fig. 6). Another study reported the incidence of sympto-
matic gallstones after RYGB and OAGB to be 14.5% and
7.5%, respectively [29]. Evaluation of the biliary tree by
ERCP may also be very difficult [5, 6] in patients who have
had gastric bypass and it is unknown whether this can be
done easily via GGF. Performing ERCP after RYGB and
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Fig.6 Endoscopic view of the
bridged one-anastomosis gastric
bypass (BOAGB). a View of
the entrance of the remnant and
pouch stomach. b View of the
gastrojejunostomy and bile. ¢
View of the pylorus

OAGB, remains challenging. There are some options such
as a balloon-assisted, laparoscopy-assisted approach with
gastrostomy creation to access the gastric remnant, and
endoscopic ultrasound-directed transgastric ERCP. How-
ever, these procedures are time-consuming, more invasive,
and require resources, and the success rates are low, ranging
from 55-63% [30-32]. We found only one case report of
ERCP done via GGF after RYGB [33]. In the current study,
there were no indications to perform ERCP.

The number of patients and follow-up periods in clinical
studies conducted to develop new or modified techniques
are ethically controversial. De Paula et al. [34] published
their new technique “Laparoscopic sleeve gastrectomy with
ileal interposition” with a study of 19 patients and a mean
follow-up of 11.6 months, Mercan et al. [35] published their
new technique “Endoscopic retroperitoneal adrenalectomy”
with a study of eight patients, and Sanchez-Pernaute et al.
[36] published their modified technique “Single Anastomo-
sis Duodeno—Ileal Bypass with Sleeve Gastrectomy (SADI-
S)” with a study of 50 patients and 1-3-year follow-up.
Similarly, there were 44 patients in our study with a median
follow-up of 18 months.

The limitations of this study were the short follow-
up period and the small sample size. Moreover, we did
not have the opportunity to test the bridge opening for an
ERCP post-operatively in any of the patients. Although
the results of 18-month follow-up after BOAGB are

Road to Pouch

Esophagogastric junction

promising, the long-term results of the gastric bridge
after 3—5 years are not yet clear. Scarring in the long term
may lead to stenosis and inhibit endoscopic intervention
or surveillance. Conversely, stretching of the ‘bridge’ may
result in loss of the bariatric and metabolic effects of the
operation [15].

In conclusion, added to the advantages of OAGB,
BOAGB eliminates the most important disadvantage of
losing endoscopic access to the remnant stomach. Consid-
ering this advantage, we believe that BOAGB might be one
of the most promising physiological and anatomical of all
the modified techniques described so far. If the long term
weight loss and metabolic effects of BOAGB are equiva-
lent to those of OAGB, it might be adapted more widely
to patients of all ages. The current results are encouraging;
however, further randomized controlled trials with longer
follow-up are needed.
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