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Abstract

Purpose One-anastomosis-gastric-bypass (OAGB) has become a common bariatric procedure worldwide. Marginal ulcers
(MU) are a significant non-immediate complication of gastric bypass surgeries. There seems to be concern among surgeons
that MU are more common after OAGB compared with Roux-en-Y gastric bypass (RYGB) due to the constant and extensive
exposure of the anastomosis to bile. The aim of this study was to compare the incidence, presentation, and management of
MU between the two surgeries.

Materials and Methods A retrospective study of prospectively collected data was performed to include all consecutive
patients between 2010 and 2020, who underwent elective OAGB or RYGB at our institution. Patients diagnosed with sympto-
matic MU were identified. Factors associated with this complication were assessed and compared between the two surgeries.
Results Symptomatic MU were identified in 23/372 OAGB patients (6.2%) and 35/491 RYGB patients (7.1%) (p =0.58).
Time to ulcer diagnosis was shorter in OAGB patients (12+ 11 vs. 22 + 17 months, p <0.01). Epigastric pain was the common
symptom (78% OAGB vs. 88.5% RYGB, p=0.7) and approximately 15% of ulcers presented with perforation upon admis-
sion (17% vs.11.4%, p=0.7). Re-operation was required in 5/23 OAGB (21.7%) and 6/36 RYGB (17%) patients (p=0.11)
while the rest of the patients were managed non-operatively.

Conclusions The risk of developing a marginal ulcer is similar between patients who underwent OAGB and RYGB. Patients
diagnosed with MU following OAGB tend to present earlier; however, the clinical presentation is similar to RYGB patients.
The management of this serious complication seems to be associated with acceptable outcomes with comparable operative
and non-operative approaches.

Keywords Marginal ulcer - Bariatric surgery - Gastric bypass - One anastomosis gastric bypass - OAGB - Roux-en-Y
gastric bypass - RYGB - Mini-gastric bypass - MGB

Introduction

Obesity is a modern-day global epidemic with a worldwide
trend of increasing body mass index (BMI) in most regions
of the world [1]. In recent years, it has been established that
bariatric surgery is one of the most effective available treat-
ments for morbid obesity.

The gastric bypass was described by Mason and Ito in
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Key Points

o The risk of developing a MU is similar after OAGB and RYGB.

o The prevalence of MU after OAGB vs. RYGB was 6.2% vs.
7.1%, respectively.

e OAGB MU tends to present earlier than MU after RYGB;
however, the clinical presentation and management are similar.
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1969, and in 1994, the first laparoscopic Roux-en-Y gas-
tric bypass (RYGB) was performed [2]. Since then, it has
become one of the most performed bariatric operations in
the United States. This procedure, involving two anastomo-
sis, is considered technically challenging with a substantial
learning curve. In an attempt to make it simpler and safer,
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the OAGB consisting of a single gastrojejunostomy anasto-
mosis has been described in the United States in 1997.

Currently, OAGB is the third most common bariatric sur-
gery worldwide and a comparable alternative to Roux-en-
Y gastric bypass (RYGB) and sleeve gastrectomy [3-5]. In
Israel, it has become the most prevalent surgery accounting
for 63% of bariatric procedures performed [6]. This pro-
cedure is thought to have a relatively short learning curve
for experienced bariatric surgeons and is considered safe,
technically simpler than RYGB, with excellent weight loss
outcomes [7].

Marginal ulcer (MU) is one of the most significant non-
immediate complications of gastric bypass which occurs due
to mucosal erosion at the site of the anastomosis [8, 9]. The
reported mean incidence rate of MU following RYGB is
4.6%, ranging from 0.6 to 16% [10, 11]. There seems to be
concern among bariatric surgeons that OAGB is associated
with a relatively higher rate of MU compared with RYGB.
Furthermore, ulcers after OAGB are thought to be more
refractory to best medical therapy. One possible mechanism
is the constant exposure to bile which might cause chemical
injury to the mucosa at the site of the gastro-jejunostomy,
contributing to ulcer formation [12, 13]. Nevertheless, it
seems that this theory is not evidence based and to date a
comparison of this sort has not been performed. The aim of
this study was to compare the rate of MU between OAGB
and RYGB. Secondary outcomes such as ulcer presentation
and management were compared as well.

Materials and Methods

Following approval of our institutional review board, a ret-
rospective analysis was performed. All RYGB and OABG
procedures performed at our institute between January
1, 2010, and December 31, 2020, were included in this
study. Exclusion criteria included: non-elective procedure,
age < 16 years, non-obesity indication, and malignancy dis-
covered during surgery. There was no upper age limit.

All patients underwent preoperative assessment in our
multidisciplinary bariatric clinic and met the previously
proposed criteria for the performance of bariatric surgery
[14]. A detailed dialog was held with patients regarding the
surgical options including laparoscopic sleeve gastrectomy
(LSG), laparoscopic OAGB and laparoscopic RYGB, pros
and cons of each procedure, and potential short- and long-
term complications. Patients with clinical symptomatic
GERD were advised against the performance of a sleeve
gastrectomy or a OAGB and were advised in favor of a
RYGB. Patients with a co-morbid metabolic syndrome, and
especially those with diabetes mellitus type 2 were advised
to undergo a RYGB or an OAGB, as these options tend to
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show a slight improvement in the resolution of comorbidities
compared with LSG [15].

Data was extracted from institutional electronic records
and included demographic information, BMI, comorbidi-
ties, laboratory values, imaging findings, surgical compli-
cations, and outcomes. Special attention was given to the
patients’ compliance to prophylactic proton pump inhibi-
tors (PPI), treatment, and smoking habits. A smoker was
defined by self-report on consistent use of cigarettes in past
or present, regardless of the number of cigarettes. Marginal
ulcer diagnoses were defined according to patients’ symp-
toms and evidence of an anastomotic ulcer observed during
gastroscopy or surgery. Written or visual documentation of
ulcer by gastroscopy performed in outpatient clinics were
included as well.

All procedures were performed laparoscopically by two
bariatric surgeons using similar technique, compatible with
the single anastomosis sleeve-jejunal (SASJ) bypass previ-
ously reported [16-22]. OAGB was constructed via a 36 Fr
bougie and a single gastro-jejunal anastomosis performed
with a 45-mm linear stapler sparing a biliopancreatic limb
of 200 cm measured from the ligament of Treitz. Before
abdomen closure, an anastomotic leak test was performed
with methylene blue, followed by hemostasis, and placement
of a JP drain. The drain is routinely left up until discharge.

RYGB was constructed by the creation of a 25-35-mL
gastric pouch. Alimentary limbs of 150 cm and biliopancre-
atic limb of 100 cm were considered standard. The gastroje-
junal anastomosis was constructed similarly to the OAGB,
utilizing a 45-mm linear stapler to form the gastrojejunal
anastomosis, with a hand-sewn common enterotomy. The
jejunojejunal anastomosis was formed using a 60-mm sta-
pler, with stapling of the common enterotomy. An anasto-
motic leak test was performed with methylene blue, followed
with placement of a JP drain until discharge.

Our postoperative protocol includes an upper gastrointes-
tinal (UGI) swallow test with Telebrix on the first postop-
erative day, twice daily monitoring, and a gradual return to
solid foods. Prophylactic antiacids are administered postop-
eratively throughout the admission intravenously (Pantopra-
zole 40 mg b.i.d). Upon discharge, patients are prescribed
prophylactic PPI for 6 months. Our institutional protocol
entails oral Esomeprazole 20 mg b.i.d for 3 months, followed
by 3 months of Esomeprazole 20 mg q.d.

The first follow-up clinic is scheduled ten days after the
operation and then 1, 3, 6, and 12 months afterwards. An
annual follow-up is recommended for all patients after the
first year. Any hospital admission after surgery was also con-
sidered as a follow-up.

The need for informed consent was waived by our institu-
tional review board, the Hadassah Medical Center Helsinki
Committee, due to the retrospective nature of the study.
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To identify differences between the study groups, univari-
ate analysis was performed using a chi-squared or Fisher’s
exact test for ordinal or categorical variables. For continu-
ous variables, distribution normality was evaluated using
the Shapiro—Wilk test, and either the Mann—Whitney U test
or Student’s T test were used appropriately. Statistical cal-
culations were performed using SPSS (version 26; SPSS,
Inc.). A p-value of 0.05 or less was considered statistically
significant for all comparisons.

Data are presented as the mean or median (standard devi-
ation), as appropriate.

Results

During the study period, a total of 863 operations were per-
formed: 372 (43.1%) patients underwent OAGB, and 491
(56.9%) patients underwent RYGB. Marginal ulcer occurred
in 23 (6.2%) OAGB patients and 35 (7.1%) RYGB patients
(p=0.58).

Table 1 presents a comparison of demographics and
preoperative characteristics of both groups. Sixty-five per-
cent of the entire cohort were female (64.7% OAGB vs.
66.0% RYGB, p=0.71). Patients who underwent OAGB
were significantly younger compared to the RYGB patients
(44.1+11.7 vs 48.8+11.9 years, p<0.01) and had less
comorbidities. Smoking, hypertension, hyperlipidemia, fatty
liver, obstructive sleep apnea (OSA), and gastro-esophageal
reflux disease (GERD) were all more frequent in the RYGB
group. Significantly more patients in the RYGB group
underwent revisional surgeries (24.1% vs. 40.3%, p <0.01).
The majority of revisions in OAGB patients were preformed
after a previous sleeve gastrectomy. Most revisions in the
RYGB group were after a former adjustable gastric band.
The mean follow-up time was 31 +32.3 months.

Data regarding patients who developed ulcers and their
clinical presentation is summarized in Table 2. Mean
time until ulcer diagnosis was shorter in the OAGB group
(12+11 vs. 22+ 17 months, p <0.01). Epigastric pain was
the most common symptom among patients diagnosed with
an MU and was present in almost all patients (78% OAGB
vs. 88.5% RYGB, p=0.70). Of patients diagnosed with
MU, acute perforation was the presenting symptom in 4/23
(17.4%) patients in the OAGB group and in 4/35 (11.4%)
patients in the RYGB group (p=0.7).

The management of patients diagnosed with MU in
each group is summarized in Table 3. All patients were ini-
tially treated with high dose PPIs, except one patient who
was diagnosed as an out-patient and was lost to follow-up.
Endoscopies were performed in all patients diagnosed with
an MU. Therapeutic endoscopy with thermal coagulation or
adrenaline injections for uncontrolled bleeding was required
in 5 OAGB vs. 3 RYGB patients. Seven versus 28 patients
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Table 1 Comparison of patient demographics

OAGB RYGB p value

N=372 N=491 Univariate
Age (mean) 44.1+10.8 48.8+119 <0.01
Female gender 241 (64.7%) 324 (65.9%) 0.71
BMI (mean) 43.6+6.7 41.1x7.2 <0.01
Smoking 57 (15.3%) 127 (25.8%) <0.01
IHD 12(32%) 29(5.9%) 0.76
Diabetes 124 (33.3%) 200 (40.7%) 0.02
Pre-operative Hb Alc % 6.6+1.5 82+2 <0.01

(mean)

Hypertension 93 (25%) 196 (39.9%) <0.01

Hyperlipidemia 213 (57.2%) 314 (63.9%) 0.04

Fatty liver 276 (714.2%) 283 (57.6%) <0.01

OSA 84 (22.5%) 81 (16.4%) 0.02
GERD 78 (20.9%) 170 (34.6%) <0.01
Hiatal hernia 23 (6.1%) 110 (22.4%) <0.01
Previous bariatric surgery 90 24.1%) 198 (40.3%) <0.01
Previous sleeve 51 48 -
Previous LAGB 35 157 -
Previous RYGB 6 7 -
Previous OAGB - 2 -
Mean follow-up (months) 13 (1-72) 44 (1-136) <0.01
Marginal ulcers 23 (6.2%) 35 (7.1%) 0.58

OAGB one anastomosis gastric bypass, RYGB Roux-en-Y gastric
bypass, LAGB laparoscopic adjustable gastric banding, BMI body
mass index, /HD ischemic heart disease, OSA obstructive sleep
apnea, GERD gastroesophageal reflux disease

in the OAGB and RYGB, respectively, required endoscopic
dilatations due to anastomotic stenosis. Hospitalization
was required in 74% OAGB vs. 68.5% of RYGB patients
(p=0.77) with a similar mean hospitalization time (10.1 +5
vs 6.5+5.03 days, p=0.41).

Of all patients diagnosed with MU, operative manage-
ment was necessary in 5 OAGB patients (21.7%) and 6
RYGB patients (17.1%) patients (p=0.11). In each group,
4 patients were re-operated due to an acute perforation. In
the OAGB, 3 MU perforations were spontaneous and were
treated with laparoscopic primary repair and omentopexy.
The fourth patient suffered from an iatrogenic perforation
that occurred during endoscopic dilation due to stenosis
from a persistent MU and underwent a laparoscopic revi-
sion to RYGB. The fifth patient in the OAGB group was re-
operated due to stenosis in the anastomosis site after several
insufficient endoscopic dilations and a laparoscopic RYGB
was performed.

In the RYGB group, of the 4 patients who were re-oper-
ated due to an acute perforation, 3 MU perforations were
spontaneous and were treated with laparoscopic primary
repair and omentopexy. The fourth patient suffered from an
iatrogenic perforation that occurred during an endoscopic
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Table 2 Comparison of patients

c . OAGB MU RYGB MU p value
diagnosed with MU N=23 N=35 Univariate
Age 422+11.9 48.1+12.9 0.09
Female gender 11 (47.8%) 23 (65.7%) 0.15
BMI (mean) 424+7.7 41.7+79 0.76
Smoking, before surgery 9 (39.1%) 19 (54.2%) 0.21
Smoking, after surgery 4 (17.3%) 16 (45.7%) 0.02
Diabetes 9 (39.1%) 16 (45.7%) 0.54
Hypertension 7 (30.1%) 15 (42.8%) 0.28
NSAIDs usage 1(4.3%) 1(2.8%) 0.74
Previous bariatric surgery 521.7%) 11 (31.4%) 0.45
Previous sleeve 3 2 -
Previous LAGB 2 9 -
Previous RYGB - 1 -
Pathology-proven H. pylori 521.7%) 2 (5.7%) 0.12
Mean time to ulcer in months (range) 12 (0-54) 22 (1-86) <0.01
Symptoms at presentation
Epigastric pain 18 (78%) 31 (88.5%) 0.7
Dysphagia 2 (9%) 9 (25.7%) 0.29
Vomiting 7 (30%) 14 (40%) 0.82
Perforation 4 (17%) 4 (11.4%) 0.7
Bleeding 9 (39%) 9 (25.7%) 0.2

OAGB MU one anastomosis gastric bypass marginal ulcer, RYGB MU Roux-en-Y gastric bypass marginal
ulcer, BMI body mass index, NSAIDs non-steroidal anti-inflammatory drugs, LAGB laparoscopic adjust-

able gastric banding

Table 3 Comparison of MU management

OAGB MU RYGB MU P
N=23 N=35 Univariate
Readmission 17 (74%) 24 (68.5%) 0.77
Mean time of hospitalization (days) 10.1 (1-64) 6.5 (2-60) 0.41
Blood transfusion 5 (9%) 4 (11.4%) 0.49
Number of endoscopies performed 61 151 -
Dilatation 28 -
Hemostasis 5 3 -
Diagnostic (no intervention) 49 120 -
Re-operation 521.7%) 6 (17%) 0.11
Indication Perforation 4 4 -
Re-anastomosis 1 1
Primary repair & omentopexy 3 3
Stenosis 1 0 -
Persistent ulcer 0 2 -
Mean follow-up (month) 21430 65+32 -
dilation due to stenosis from a persistent MU and underwent Discussion

laparoscopic revision of the gastro-jejunostomy.

The other two patients in the RYGB group underwent a lap-
aroscopic revision of the gastro-jejunostomy due to a persistent
symptomatic MU. There were no mortalities in either group.
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Other studies support these findings. Robert et al. in their
prospective, multicenter, randomized non-inferiority trial,
held in nine centers in France, randomized 253 morbidly
obese patients to OAGB (n=129) or RYGB (n=124), with
a follow-up of 2 years [23]. They reported 3 ulcers in the
RYGB group and 2 in the OAGB group with an overall ulcer
rate of 1.2%. Similarly, Rheinwalt et al. prospectively studied
783 primary procedures with a 3-year follow-up and found
16 ulcers in 355 RYGB patients (4.5%) and 10 ulcers in 428
OAGB (2.3%), p=0.79 [24]. Although both studies iden-
tified somewhat of a decrease in the ulcer rate in OAGB
patients, the authors did not discuss the clinical aspect of
these ulcers, including their clinical presentation, implica-
tions, or management. It should be noted that the relatively
low ulcer rate in the abovementioned studies can be attrib-
uted to a short follow-up period.

Several studies including a meta-analysis and systematic
review report similar findings with equal or lower incidence
of MU in OAGB [3, 4, 24-32]. Despite present data, many
surgeons are still concerned that bile reflux may contribute to
a higher rate of MU after OAGB [33]. Our cohort strengthens
the approach that this concern is not evidence based.

The presenting symptoms of MU in both groups were quite
similar. Epigastric pain was the most common symptom occur-
ring in over 78% of the cases, while dysphagia, vomiting, and
gastro-intestinal bleeding were all by far less frequent. The only
variable we found to differ between the groups was the time
from surgery to presentation which was significantly shorter
in the OAGB group (12 vs. 22 months, p <0.01). A possible
explanation for the earlier presentation of MU after OAGB was
presented by Aviran et al. suggesting that the Billroth II struc-
ture of the OAGB entails both sides of the jejunal loop pull-
ing down on the anastomosis, potentially creating greater local
tension on the anastomosis, which might cause some degree
of ischemia [34]. However, this anatomical explanation should
have increased the ulcer rate as well. In our opinion, the earlier
time to presentation might be explained by a higher index of
suspicion, as clinicians are more aware of MU as a possible
complication of OAGB, urging patients to undergo a prompt
gastroscopy after presenting with epigastric pain.

Acute presentation with perforation upon admission was
documented in 8 patients (0.9%) in our cohort, 4 patients in
each group. All patients were operated immediately by an
experienced bariatric surgeon with satisfactory outcomes.
Abu-Abeid et al. in their retrospective cohort of 1425 OAGB
patients described a similar MU perforation rate of 0.7%
[35]. All 12 patients in their cohort were treated surgically,
11 of 12 patients underwent omentopexy =+ primary repair,
and only one patient underwent a laparoscopic conversion
to Roux-en-Y gastric bypass. In our cohort, all patients who
presented with acute spontaneous MU perforation were
treated with laparoscopic primary repair and omentopexy.
Two patients who presented with an iatrogenic perforation

which occurred during endoscopic dilation, underwent lapa-
roscopic revision of the anastomosis, addressing both the
stenosis and perforation.

As this rare complication can lead to severe sepsis and
death, a high index of suspicion followed by a prompt CT
scan is the key to an early diagnosis and optimal treatment
[34, 35]. In our opinion, emergent surgery should be per-
formed by experienced bariatric surgeons, as their familiar-
ity with anatomical considerations and MU disease conse-
quences are higher than the average general surgeon.

Our findings demonstrate that the vast majority of patients
presenting with symptomatic MU can be managed success-
fully with conservative treatment, considering hospitalization
on a case-by-case basis. Conservative treatment includes a
short course of high dose PPI, preferably intravenously, and
administration of blood transfusion in cases of symptomatic
bleeding. Indolent cases can be resolved with oral PPIs solely.
Similar recommendations have been described in the literature
regarding both OAGB and RYGB [36, 37].

Smoking, NSAID usage, type 2 diabetes mellitus, and Heli-
cobacter pylori infection have previously proven to be risk
factors for developing ulcers in RYGB [8, 38—40]. In our study,
one patient in each group had a history of considerable NSAID
usage prior to ulcer diagnosis which most likely contributed to
ulcer formation. Smoking rates among patients who developed
ulcers were more than twofolds more prevalent when com-
pared with the original groups (15.3% vs. 39.1% in OAGB,
25.8% vs. 54.2% in RYGB patients). Patients who smoke
should be educated regarding the increased risk of developing
an MU and counseled for smoking cessation. Further research
on specific risk factors in OAGB and the differences between
the two procedures is still required.

This study has several limitations. The retrospective
nature of the study has its obvious limitations regarding
selection bias, data collection, and reporting. Similar to past
studies, we choose to omit occult ulcers and focus only on
symptomatic ulcers. Underestimation is also possible due
to lost to follow-up. A future prospective randomized study,
comparing OAGB and RYGB, with an active endoscopy
follow-up is warranted to fully understand the extent of this
complication in both cohorts and its true clinical relevance.

Despite these limitations, our study presents outcomes
of a large cohort (N=2863) comparing two common proce-
dures performed extensively at our institution. The results
demonstrate that the risk of developing a marginal ulcer after
OAGB is similar to the well-known RYGB. Furthermore,
the presentation, management, and outcomes are compara-
ble when treated by an experienced bariatric surgeon. We
believe that the risk of MU should not deter surgeons from
performing OAGB, and we hope that our findings will serve
as valuable guidance for clinicians when counseling bariatric
patients before surgery.
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