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Abstract

Background One-anastomosis gastric bypass (OAGB) is the third most common metabolic/bariatric procedure worldwide.
A point for discussion regarding OAGB is acid and non-acid reflux in mid- and long-term follow-up. The aim of this study
was to objectively evaluate reflux and esophagus motility by comparing pre- and postoperative results of 24-h pH-metry,
high-resolution manometry (HRM), and gastroscopy.

Setting Cross-sectional study and university hospital based.

Methods This study includes primary OAGB patients operated at the Medical University of Vienna before 31st December
2022. After a mean follow-up of 4.1 +2.9 years, the preoperative examinations were repeated. Additionally, history of weight,
remission of obesity-related complications (ORC), and quality of life (QOL) were evaluated.

Results A total of 50 patients were included in this study and went through all examinations. Preoperative weight was
125.5+21.0 kg with a BMI of 44.6 + 5.4 kg/m? and total weight loss after 4.1+2.9 years was 37.1 +8.1%. Remission of ORC
and QOL outcomes was successful in all categories. Gastroscopy showed anastomositis, esophagitis, Barrett’s esophagus,
and bile in the pouch in 38.0%, 34.0%, 6.0%, and 48.0%, respectively. In HRM, the postoperative lower esophageal sphincter
pressure was 29.6 +15.1 mmHg (unchanged to preoperative). The total number of refluxes was equal to preoperative, whereas
decreased acid refluxes were replaced by increasing non-acid refluxes. Impedance-24-h pH-metry showed that acid exposure
time of the esophagus and DeMeester score decreased significantly to 1.6 +£1.4% (p=0.001) and 10.3 9.6 (p =0.046).
Conclusion This study has shown decreased rates of acid reflux and increased rates of non-acid reflux after a mid-term
outcome of primary OAGB patients. Gastroscopy showed significant signs of chronic reflux exposure of the anastomosis,
the pouch, and the distal esophagus, even in asymptomatic patients. General follow-up visits in patients after OAGB should
be considered.

Keywords One-anastomosis gastric bypass - Impedance-24-h pH-metry - High-resolution manometry - Gastroscopy -
GERD - Quality of life

Severe obesity and obesity-related complications (ORC) of
the metabolic syndrome are constantly increasing worldwide
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[1, 2]. Affected patients do not only have a decreased quality
of life (QOL) but also a lower life expectancy [3, 4]. Cur-
rently, metabolic/bariatric surgery (MBS) is the most effec-
tive treatment for long-lasting weight loss and remission/
improvement of obesity-related complications (ORC) [5].
One-anastomosis gastric bypass (OAGB) is the third most
common bariatric procedure worldwide with increasing
numbers of performances each year. OAGB is recognized
and approved by the International Federation for the Surgery
of Obesity and Metabolic Disorders (IFSO) [6, 7].
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Basic points in surgical technique of OAGB are a
long and narrow pouch, a biliopancreatic limb (BPL) of
150-175 cm, and anti-reflux-sutures where the BPL is
attached to the patient’s left side of the distal pouch [8]. In
contrast to the standard Roux-en-Y Gastric Bypass (RYGB),
no jejuno-jejunostomy is performed [9]. The advantages of
OAGB are a successful weight loss as well as remission/
improvement of ORC [10]. One of the disadvantages of
OAGSB is a potential risk of biliary reflux, reports of which
range from 0.7 to 7.6% of affected patients in the literature
[11,12].

Studies available in the literature at this time mainly focus
on symptoms of biliary reflux, conversion rates to RYGB,
and results from gastroscopies [11, 13, 14]. Only a few stud-
ies with low numbers of patients and short follow-up cur-
rently report objectively measured data, such as impedance-
24-h pH-metry or high-resolution manometry (HRM) [15,
16].

The present study is an update of the publication by
Felsenreich et al. [17] where the authors were able to more
than double the number of included patients performing
functional testing of the esophagus before and after OAGB.
This makes it the largest series of objective testing in a mid-
term follow-up comparing pre- and postoperative mid-term
results after OAGB.

The aim of this study update was to evaluate acid and
non-acid reflux as well as esophagus motility, comparing
results from impedance 24-h pH-metry, HRM, and gastros-
copy before and after OAGB in a mid-term follow-up. Fur-
ther, weight loss, remission of ORCs, and QOL after OAGB
were evaluated.

Patients and methods

A total of 969 patients with severe obesity received a pri-
mary OAGB at the Medical University of Vienna before 31st
December 2022. Revisional OAGB patients were not consid-
ered for this study. Of these 969 patients, 172 had complete
sets of the following preoperative examinations: gastroscopy,
impedance-24-h pH-metry, HRM. For this study, 50 patients
were willing to repeat these examinations postoperatively.
In addition, pre- and postoperative data on patients’ weight,
ORC, GERD, and QOL were compared.

Patients with metabolic/bariatric procedures before the
OAGSB, postoperative complications, and reoperations were
not included in this study as this could compromise the qual-
ity of data gathered. Additionally, none of the patients in this
study were suffering from clinical GERD before the OAGB:
GERD is a contraindication to OAGB in our metabolic/bari-
atric center. The hiatus was checked for hiatal hernias in
the preoperative gastroscopy and intraoperatively and then
repaired by posterior hiatoplasty if indicated.
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The mean follow-up in this study was 4.1 +2.9 years,
with a minimal follow-up of 1 year. The median follow-up
was 4.2 (range 1.1-6.9) years. The follow-up rates for the
examinations were 100% (50/50 patients) for gastroscopy,
100% (50/50 patients) for impedance-24-h pH-metry, 100%
(50/50 patients) for HRM, and 68% (34/50 patients) for the
QOL questionnaires.

The local ethical committee of the Medical University of
Vienna has approved this follow-up study (reference num-
ber: 1752/2019) and an informed consent was obtained from
all participating patients.

Surgical technique

The surgical technique of OAGB was standardized in all
patients and previously described in detail [8]. Thus, only
some brief facts are included here, starting after the trocars
are placed. At this point, the lesser sac (bursa omentalis)
is opened at the smaller curvature of the stomach about
1-2 cm below the incisura angularis (area of the crow’s
feet). Then, the stomach is partially transected horizontally
with a 45-mm stapler. Next, the left crus of the diaphragm
is dissected free. In patients with a preoperatively detected
hiatal hernia in the gastroscopy, both crura are visualized.
First, the hiatal hernia is verified, a posterior hiatoplasty (and
anterior, if necessary) is performed after complete dissection
and mobilization of the distal esophagus.

Next, a 12-mm (36 French) bougie is introduced and a
long and narrow pouch created using four 60-mm stapler
cartridges. The angle of Treitz is identified and 150 cm (up
to 250 cm in this collective) of the BPL is measured to cre-
ate a linear end-to-side gastro-jejunostomy using a 30-mm
cartridge. Then, a non-absorbable running suture is placed
between the end of the BPL and the distal 6 cm of the verti-
cal staple line of the pouch in order to create an “anti-reflux”
mechanism. Further steps are the closure of the Petersen’s
defect and a non-absorbable single-knot suture from the
alimentary limb to the antrum of the remnant stomach to
prevent kinking of the alimentary limb. This should avoid
pooling of bile in the pouch, which can lead to biliary reflux.
Finally, an air-leakage test of the gastro-jejunostomy is per-
formed with continuous air insufflation by gastroscopy.

History of weight- and obesity-related
complications

Patients’ weight and BMI were examined at the time of
the OAGB, at nadir (lowest postoperative weight), and at
the time of the follow-up. Excess weight loss (%EWL),
total weight loss (%TWL), and the change in BMI were
calculated.

Further, existing ORC (based on intake of medication)
at the time of the OAGB and at follow-up were evaluated.
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These were type 2 diabetes mellitus (T2D), arterial hyper-
tension, obstructive sleep apnea syndrome (OSA), and
hyperlipidemia. Additionally, data on GERD symptoms and
the need for proton pump inhibitor intake were recorded.

Gastroscopy

As a standard in our center, all patients had gastroscopy
before the OAGB. In all examinations, standardized biopsies
from the antrum, corpus, and the gastro-esophageal junc-
tion were taken. The latter were done according to the Seat-
tle protocol [18]. The diagnosis of Barrett’s esophagus was
performed according to the American Gastroenterologist
Association (AGA), meaning the detection of goblet cells,
intestinal metaplasia, and macroscopic detection of column
line esophagus (CLE) [19]. Hiatal hernias and all other sali-
ences were noted. If Helicobacter pylori was detected, pre-
operative eradication was done in all patients.

Postoperative follow-up gastroscopies were performed
specifically for this study. Biopsies from the anastomosis,
the pouch, and again from the gastro-esophageal junction
were performed. A specific focus was set on the detection of
bile in the pouch/esophagus and of anastomotic ulcers. All
other pathological issues were recorded as well.

High-resolution manometry

HRM was similar in the pre- and postoperative setting,
using a solid-state catheter with 32 circumferential pressure
sensors. The parameters were assessed with ten 5-ml lig-
uid swallows at intervals of 30 s. Outcomes were the lower
esophageal sphincter pressure (LESP) and the transit-time of
a liquid bolus. Further, the distal contractile integral (DCI)
and the integrated relaxation pressure (IRP) were measured.
These measurements represent the power of the peristaltic
waves of the esophagus during bolus transit and the lowest
pressure at the gastrointestinal junction during opening [20].
Available reference levels are listed in Table 4.

Impedance-24-h pH-metry

Immediately after the HRM was done, the probe for imped-
ance-24-h pH-metry was placed in the distal esophagus and
left for 24 h. Again, the pre- and postoperative settings of
this examination were the same. First, the acid exposure time
was measured, which implies the percentage of time in 24 h;
the pH value in the distal esophagus is below 4. Second, the
total number of reflux episodes in 24 h from the stomach or
pouch to the esophagus was counted. These can be divided
into acid and non-acid refluxes. High numbers of non-acid
refluxes may reflect biliary reflux. Finally, the DeMeester
score is calculated based on duration and number of acid

refluxes in different body positions during 24 h [21]. Again,
the reference levels are listed in Table 4.

Questionnaires

Patients in this study were also asked to complete four ques-
tionnaires at the time of the follow-up: Short Form-36 (SF-
36), Gastrointestinal Quality of Life Index (GIQLI), Bari-
atric Quality of Life index (BQL), and Bariatric Analysis
and Reporting Outcome System (BAROS). Preoperative
questionnaire results were not available as they were not
gathered in a standardized manner at the time of the primary
operation.

SF-36 is a validated questionnaire examining patients’
general QOL in 36 items. In eight sections, questions about
physical and psychological health are raised, where a score
between 0 and 100 can be reached [22].

GIQLI was developed by Eypasch et al. in 1993 and con-
sists of 36 questions with a total score of 144 points. This
questionnaire focuses on different types of gastrointestinal
symptoms, including GERD, flatulence, abdominal pain,
bowel movement, and diarrhea [23].

BQL is a practical tool to evaluate QOL in patients under-
going metabolic/bariatric surgery. It was developed in 2005
and updated in 2009 by Weiner et al. and consists of 13 ques-
tions, with a total of 65 points equaling 100% [24].

BAROS is an outcome score to evaluate the success of
a metabolic/bariatric procedure. Beside weight loss, QOL,
remission, and improvement of ORC, complications and
reoperations are evaluated as well. Then, the outcome can be
classified as failure, fair, good, very good, or excellent [25].

Statistical analysis

Due to the descriptive nature of this study, a power analysis
was not appropriate. All patients suitable with the inclusion
criteria were considered for participation in this study.

The descriptive data in this study were presented as per-
centage or mean with standard deviation. Comparisons of
functional testing before and after surgery were performed
using Student’s ¢ test with a p value of <0.05 considered as
significant. Figure 1 with the impedance-24-h pH-metry was
created using the Wilcoxon test for paired samples. Further,
SPSS® v28 for Windows® (IBM Corporation, Armonk,
New York, USA) was used for statistical calculations.

Results

This study includes all patients with gastroscopy, HRM, and
impedance-24-h pH-metry before and after primary OAGB
at the Medical University of Vienna. A total of 50 patients
were willing to take part in these examinations at both
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Fig. 1 Impedance-24-h pH-metry before OAGB and at follow-up

time points. None of these patients had a previous opera-
tion before the OAGB. Five patients (10.0%) in this study
received concomitant hiatal hernia repair at the time of the
OAGB due to preoperative detection and intraoperative veri-
fication of the hiatal hernia. Anti-reflux sutures were per-
formed in all patients. In this series, the majority of patients
received a BPL of 150 cm and only a few patients a longer
one of up to 250 cm. However, in this small series, no dif-
ferences in the outcome with regard to the different BPL
lengths were observed. Further baseline characteristics are
presented in Table 1.

Weight loss and remission of obesity-related
complications

Mean weight and BMI at the time of the OAGB were
125.5+21.0 kg and 44.6 + 5.4 kg/m>. The lowest postop-
erative (nadir) weight and BMI these patients able to achieve
were 74.2 +9.4 kg and 26.9 +2.6 kg/m?, which is equiv-
alent to a total weight loss (TWL) of 40.8 +£8.2%. Mean
weight and BMI after the end of the follow-up period of
4.1+2.9 years were 79.0+13.1 kg and 28.7+5.7, with a
TWL of 37.1 +8.1%. Further weight loss results can be
found in Table 1.
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Remission of ORC within the follow-up period was
observed as follows: Remission of T2D was noted in seven
out of nine patients (77.8%), and of arterial hypertension
in 14 out of 25 patients (56.0%). Additionally, three out of
four patients (75%) with OSA and eight out of nine patients
(88.8%) with hyperlipidemia experienced remission of their
ORC. None of the patients in this study were suffering from
GERD at the time of the OAGB. However, at the end of the
follow-up period, six out of 50 (12.0%) were suffering from
GERD and are currently successfully treated with proton
pump inhibitors (PPI’s) for symptom control (Table 2).

Gastroscopy

All patients in this study had gastroscopy before the OAGB
and at the time of the follow-up of this study. In the preop-
erative gastroscopy, ten (20.0%) patients had antrum gastritis
and seven (14.0%) patients mild esophagitis. In 14 patients
(28.0%), a small hiatal hernia with a mean size of 1.62 cm
(Range: 1-3 cm) was detected; however, after intraoperative
visualization of both crura, only five of them were verified
intraoperatively and repaired with hiatoplasty. Helicobacter
pylori were eradicated (plus success verified) in six patients
before the OAGB operation.
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Table 1 Baseline characteristics and history of weight

All patients
(n=50)
Sex (female) (n=236) 72.0%
Age at OAGB (years) 43.9+9.0
Previous bariatric procedures 0%
OAGB
Length biliopancreatic limb (cm) 150-250
Hiatoplasty (n=5) 10.0%
Anti-reflux sutures (n=>50) 100%
Weight at OAGB
Weight (kg) 125.5+21.0
BMI (kg/m?) 44.6+54
Nadir weight
Weight (kg) 742+9.4
BMI (kg/m?) 26.9+2.6
Change BMI 17.7+3.1
TWL (%) 40.8+8.2
EWL (%) 92.4+152
Follow-up
Minimal follow-up (years) 1.0
Mean follow-up (years) 41+29
Median follow-up (years) 42 (R:1.1-6.9)
Weight at follow-up
Weight (kg) 79.0+13.1
BMI (kg/m?) 28.7+5.7
Change BMI 15.9+4.6
TWL (%) 37.1x8.1
EWL (%) 83.7+17.1

OAGB one-anastomosis gastric bypass; BMI body mass index; R
range

In the postoperative gastroscopy for this study, at the end
of the follow-up period, pouchitis was detected in twelve
patients (24.0%) and bile in the pouch in 24 patients (48.0%).
However, none of these 24 patients had bile in the distal
esophagus. The anastomositis rate was 28.0% (14 patients)
macroscopically and 38.0% (19 patients) microscopically in
the taken biopsies; eight of these patients also had asymp-
tomatic anastomotic ulcers. The majority of them only had
mild anastomosis. The esophagitis rate was 12.0% (six
patients) macroscopic and 34.0% (17 patients) microscopic
(biopsies). Interestingly, Barrett’s esophagus was detected in
three patients (6.0%) who did not have it preoperatively. Fur-
ther macroscopic and microscopic results of the preoperative
and postoperative gastroscopies are presented in Table 3.

High-resolution manometry and impedance-24-h
pH-metry

Comparing data gained from HRM before and 4.1 +2.9 years
after primary OAGB, one can see that LESP did not change
significantly: 27.7 +12.3 vs. 29.6 + 15.1 mmHg (p =0.439).
The time of a swallowed liquid bolus transferred through
the esophagus to the stomach/pouch decreased significantly
from 6.2+1.9 to 4.6 +2.1 s (p=0.001), both values are
within the normal range.

Comparing the results of the impedance-24-h pH-metry
before and 5.1 years after primary OAGB, acid exposure
time of the esophagus decreases significantly from 4.4 +4.2
to only 1.6 +1.4%; p=0.001. Further, the total number of
refluxes in 24 h into the esophagus increased only slightly
(not statistically significant) from 46.6 +19.5 (preop-
eratively) to 56.6 +34.8 (at follow-up), but the composi-
tion has changed. While the number of non-acid refluxes
nearly tripled (18.7+12.6 to 46.3 +31.0; p=0.001), the
number of acid refluxes more than halved (27.9+17.7 to

Table 2 Obesity-related complications and GERD before OAGB and at follow-up

All patients
Basis (OAGB) (n=50)
T2D 9 (18.0%)
Arterial hypertension 25 (50.0%)
OSA 4 (8.0%)
Hyperlipidemia 9 (18.0%)
GERD 0 (0%)
Follow-up (n=50)
T2D 2 (4.0%)
Arterial hypertension 11 (22.0%)
OSA 1 (2%)
Hyperlipidemia 1 (2%)
GERD 6 (12.0%)

OAGB one-anastomosis gastric bypass; 72D diabetes mellitus type 2; OSA obstructive sleep apnea; GERD gastro-esophageal reflux disease
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Table 3 Gastroscopy before OAGB and at follow-up

All patients
Basis (OAGB) (n=50)
Macroscopic
Gastritis 10 (20.0%)
Esophagitis 7 (14.0%)
Hiatal hernia 14 (28.0%)*
Mean hiatal hernia size 1.62 cm (R 1-3)
Microscopic
Helicobacter pylori 6 (12.0%)**
Gastritis 12 (24.0%)
Esophagitis 6 (12.0%)
Barrett’s esophagus 0 (0%)
Follow-up (n=50)
Macroscopic
Pouchitis 12 (24.0%)
Anastomositis 14 (28.0%)
Mild anastomositis 10 (20.0%)
Severe anastomositis 4 (8.0%)
Anastomotic ulcer 8 (16.0%)
Esophagitis 6 (12.0%)
Hiatal hernia 0 (0.0%)%***
Bile in the pouch 24 (48.0%)
Microscopic
Helicobacter pylori 1(2.0%)
Pouchitis 9 (18%)
Anastomositis 19 (38.0%)
Mild anastomositis 14 (28.0)
Severe anastomositis 5(10.0)
Esophagitis 17 (34.0%)
Barrett’s esophagus 3 (6.0%)

OAGB one-anastomosis gastric bypass; R range

*All patients with hiatal hernia in the preoperative gastroscopy were explored intraoperatively and a hiatoplasty was performed if indicated

**Helicobacter pylori infections were eradicated preoperatively and verified by stool test

*#*Hjatal hernias are hard to detect in patients with a proper pouch where inversion with the gastroscope is not possible

only 10.3+9.5; p=0.001). The DeMeester score, which
mainly reflects acid reflux, also decreased significantly from
17.8+16.7 into the normal range of 10.3 +9.6; p =0.046.
Further results of functional esophageal testing can be seen
in Table 4 and Fig. 1.

Quality of life

The results of the SF-36 questionnaire in the eight categories
are displayed in Table 5. In BQL and GIQLI, patients were
able to reach 53.9+9.6 and 111.2+20.7 points, respectively.
The score of BAROS was 5.2 + 1.8, which equals a “very
good” outcome after MBS (the second best rating) in the
corresponding key.
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Discussion

This study reflects a mid-term outcome after OAGB, based
on different objective examinations. The advantage of this
study over other studies available at this time is that results
of gastroscopy, HRM, and impedance-24-h pH-metry were
not only available after but also before the primary OAGB.
Comparing pre-and postoperative results, increasing acid
and decreasing non-acid (biliary) refluxes were found. Fur-
ther, several interesting findings in the postoperative endos-
copy were examined. In terms of weight loss, remission of
ORC, and QOL, excellent mid-term results were achieved.
This study is an update to the previously published
study with 21 patients, now including a total of 50
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Table 4 Fupctional testing All patients
(HRM and impedance-24-h
pH-metry) before OAGB and at Basis OAGB Follow-up p value
follow-up
(n=50) (n=50)
Manometry
LESP (mmHg) (10-35 mmHg) 27.7+12.3 29.6+15.1 0.439
Time liquid bolus (s) (<12 s) 62+19 4.6+2.1 0.001
IRP (mmHg) (< 15 mmHg) 12.7+6.2 12.0+6.7 0.501
DCI (mmHg-cm-s) (450-8000 mmHg-cm-s) 2270.0+1539.8 1612.7+1067.2 0.017
Impedance 24 h-pH-metry
Acid exposure time (% of 24 h) (normal <4.2%) 4.4+42 1.6+14 0.001
Total number of refluxes (normal < 40) 46.6+19.5 56.6+34.8 0.060
Number non-acid refluxes 18.7£12.6 46.3+31.0 0.001
Number acid refluxes 27.9+17.7 10.3+£9.5 0.001
DeMeester score (normal 14.72) 17.8+16.7 10.3+9.6 0.046

Bold values are statistically signifcant

OAGB one-anastomosis gastric bypass; HRM high-resolution manometry; LESP lower esophageal sphinc-
ter pressure; /RP integrated relaxation pressure; DCI distal contractile integral; s seconds

Table 5 Quality of life and bariatric surgery outcome before OAGB
and at follow-up

Follow-up All patients
(n=34)
SF-36
Physical functioning (PF) 87.6+15.7
Role physical (RP) 87.1+25.7
Bodily pain (BP) 75.3+25.1
General health (GH) 75.8+19.8
Vitality (VT) 65.5+23.5
Social functioning (SF) 86.4+20.1
Role emotional (RE) 90.9+24.0
Mental health (MH) 79.6+17.2
BQL 53.9+9.6
GIQLI 111.2+20.7
BAROS (with comorbidities) 52+1.8

SF-36 Short Form-36; BQL Bariatric Quality of Life index; GIQLI
Gastrointestinal Quality of Life Index; BAROS Bariatric Analysis and
Reporting Outcome System

patients [17]. The 21 original patients are included in
the present study and were not re-examined postopera-
tive for this update. Due to the fact that the number of
included patients were more than doubled in the follow-
up study, the validity of the presented data has increased
significantly. Motivating patients to participate in these
relatively uncomfortable follow-up examinations was pos-
sible with a financial incentive to them, using the EAES
research grant.

Weight loss and remission of obesity-related
complications

Regarding weight loss, the outcome in this study can be
seen as very successful. After a mean mid-term follow-
up of 4.1 years, TWL was still more than 35% and EWL
over 80%. Thus, at the end of follow-up, the majority of
patients is now “overweight” (BMI between 25 and 30 kg/
mz) instead of “severely obese” as before, which leads to
more comfortability without a huge risk of malnutrition.
Also, comparing pre- and postoperative ORC’s, the pro-
cedure may be termed a success (with over 75% remission
rates for T2D, OSA, and hyperlipidemia). Even the remis-
sion rate of arterial hypertension at more than 50% may
be seen as successful.

In this study, a few patients with a BPL of 200-250 cm
were included. However, we have changed the technique
since then to doing 150-cm BPL due to a higher risk of
malnutrition without a significant additional effect on
weight loss and remission of ORC in the literature [26] and
in our own experience [27]. Now, our standard BPL length
is 150 cm and will not be increased to more than 175 cm,
which is in line with the safety considerations of IFSO [26].

Recently published 5-year results of the YOMEGA
study (a randomized controlled trial (RCT) comparing
OAGB to RYGB) by Robert et al. found an EWL of 75.6%
after 5 years and T2D remission rate of 58.0% after OAGB
[28]. Another study by Van der Laan et al. with 860 OAGB
patients also showed a TWL of 30.0%, EWL of 74.0%, and
remission rates for T2D and arterial hypertension of more
than 60% 5 years after OAGB [29]. In summary, weight loss
and remission of ORC results in this study are in line with
the current literature.
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Acid/biliary reflux

Biliary reflux is one of the “hot topics” when discussing
the advantages and disadvantages of OAGB. Nevertheless,
most studies do not distinguish between acid and non-acid
reflux. Furthermore, the majority of studies dealing with
this topic only describe the need of a conversion to RYGB
without any prior objective measurement. Therefore, no final
conclusion can be drawn if those patients did in fact suf-
fer from acid or non-acid (biliary) reflux. The conversion
rate in these studies varies from 0.4 to 7.6% [12, 30]. The
conversion rate from OAGB to RYGB due to symptomatic
reflux in our bariatric center was 4.2% [27]. Interestingly,
a blockage of drainage in the common limb was observed
intraoperatively in a large number of patients caused, e.g.,
by kinking of the small bowel, an adhesion, or a Petersen’s
space hernia [27]. Therefore, the authors suggest checking
the entire small bowel when doing conversions from OAGB
to RYGB due to reflux.

Gastroscopy, used in this study as an additional exami-
nation, has its advantages and disadvantages. It is almost
immediately available in most bariatric centers and easy to
perform. On the other hand, only the effects of reflux, such
as esophagitis, pouchitis, anastomositis, Barrett’s esophagus,
and ulcers, can be detected but it is difficult to distinguish
between acid, non-acid (biliary), and mixed reflux. Further-
more, gastroscopy is basically a snapshot examination with
the patient in a lateral position. Bile in the pouch/esophagus
may thus be overestimated and gastroscopy does not indicate
under which circumstances the reflux occurs (at all times,
during the night time when sleeping, after food intake, etc.).

In a study by Pizza et al., 241 patients were examined
12 months after OAGB with endoscopy and GERD health-
related QOL. The results showed an increased incidence of
esophagitis but lower than in the current study. This could
be due to the shorter follow-up as the irritation of the tis-
sue/lesions will probably increase over time [31]. Saarinen
et al. studied the outcome 6 months after OAGB by per-
forming gastroscopies and scintigraphy. In 39.5% of their
patients, suspicious findings such as esophagitis, ulcers, and
inflammation of the pouch were found. The results of the
scintigraphy were biliary reflux up to the pouch in 31.6% of
their patients [32]. These endoscopic findings are similar to
those of the presented study. Similarly, scintigraphy results
in terms of bile in the pouch are comparable to endoscopic
results of the present study as well. It is important to men-
tion here that the detection of biliary reflux by scintigra-
phy is superior to endoscopy as the tracer is specifically
linked to bile and the examination period is much longer
at 60—120 min [32]. Another study by Arnon-Sheleg et al.
found biliary reflux to the pouch in 53.5% and to the esopha-
gus in 21.0% of their patients at 22 months after OAGB
[33]. However, it should be noted that the authors did not
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use impedance 24 h-pH-metry, which is the only way to
gather information about reflux episodes during an entire
day (24 h).

The rate of ulcers found in the gastroscopy was rather
high in this study, nevertheless, the majority were asymp-
tomatic and clinically not relevant. To further explore
this topic, more studies are needed that systematically do
endoscopy on OAGB patients in the follow-up, regardless
of symptoms.

Impedance 24 h-pH-metry might be the tool with the
highest potential for the detection of reflux and the differ-
entiation between acid and non-acid fluid. It makes sense to
combine this examination with HRM for adding information
about the swallowing act, esophagus motility, and the LES.
Impedance 24 h-pH-metry cannot only count the number
of refluxes and measure their pH value but also records
the length of the episodes. Plus, the circumstances (eating,
sleeping, sport, etc.) of each reflux episode can be evaluated
if an additional diary is filled in by the patient.

The current study showed that acid reflux decreases after
OAGB, which seems logical as the pylorus is not in the food
stream anymore and acid can easily drain into the common
limb (low pressure system). On the other hand, the physi-
ological anatomy of the pylorus also has the purpose to pre-
vent bile from flowing up to the pouch/esophagus. Therefore,
increasing non-acid/biliary reflux episodes were detected,
especially in supine position. It must be mentioned here that
both examinations take place in the esophagus and not in the
pouch, which means that bile can also pass the LES upward,
even though the LESP was normal in almost all patients in
this study. Comparing LESP pre- and postoperatively and
finding it unchanged (normal), is also a good indicator that
the LES was not harmed during the bypass procedure.

In this study, the DCI decreased significantly when com-
paring pre- to postoperative results, but remained within the
normal range (in all patients) with a great safety distance to
the normal lower level of 450 mmHg-cm-s. Nevertheless,
as no additional postoperative follow-up examinations are
available, this study cannot provide information on whether
the decrease of DCI would continue over time and if acid
or non-acid reflux episodes have any influence on that. In a
study by Matar et al. where postoperative Sleeve Gastrec-
tomy patients were measured with HRM and compared to a
control group, a connection between lower DCI levels and
GERD symptoms were found [34]. Further studies on this
topic are rare, which makes it an important topic for future
research.

Comparing our results to the literature, Nemeth et al.
also performed 24-h pH-metry 64 months after OAGB
in 43 patients (no preoperative data) and found 30.2% of
their patients had acid reflux and 27.9% had biliary reflux.
While the rate of biliary reflux is equal to the present study’s
results, acid reflux was much higher, which may be due to by



Surgical Endoscopy (2025) 39:2335-2345

2343

the fact that Nemeth et al. included revisional patients (gas-
tric banding) and patients with preoperative reflux in their
study [15]. Such patients would currently receive a RYGB
in our metabolic/bariatric center. A smaller case series by
Tolone et al. with a shorter follow-up of 1 year also found
decreasing acid and decreasing non-acid reflux when com-
paring pre- and postoperative results. This difference can
probably be explained by the shorter follow-up, evaluated
at a time when the intraabdominal pressure is on its low-
est point [16]. Another small study with eleven patients by
Doulami et al. and a similar design found a slight increase
in non-acid reflux and a decrease in acid reflux, in line with
the current study [35].

All these facts lead to the question of whether biliary
reflux is merely an uncomfortable side effect or if it has seri-
ous consequences. Li et al. studied the connection of biliary
reflux and gastric cancer in over 30.000 patients that under-
went gastroscopy and found that biliary reflux is associated
with precancerous lesions [36]. Further, Hong et al. studied
Barrett cells and found that bile acid can induce DNA dam-
age and lead to esophageal adenocarcinoma [37].

The described anti-reflux sutures that were performed
in all patients in the present study were first described by
Carbajo [38] in 2004. A retrospective study by Slagter et al.
compared 414 patients with and 289 patients without anti-
reflux sutures. While no differences in clinical symptoms
were observed, the conversion rate to RYGB was signifi-
cantly lower in the group with anti-reflux sutures [39]. A
current RCT by Kermansaravri et al. comparing 50 patients
with anti-reflux sutures to 50 patients without found lower
de novo GERD and higher GERD remission rates in the
group with anti-reflux sutures 1 year after the OAGB [40].

To sum up, data on objective functional esophageal test-
ing is currently only available based on a few patients after
OAGB. In any case, it seems to be important to differenti-
ate between revisional and non-revisional patients, short-,
mid-, and long-term follow-up, as well as between proce-
dures with and without anti-reflux sutures when comparing
data. Further, it would be very interesting to see if the results
of Impedance-24-h pH-metry and HRM change over time
postoperatively.

Outcome and quality of life

The different QOL and outcome scores used in this study
reflect different categories of patient comfort. Unfortu-
nately, these test results were not available in this cohort
from before the OAGB operation, therefore the scores can
only be compared to the literature.

Comparing the present QOL scores to a currently pub-
lished series of QOL after Sleeve Gastrectomy from the
authors of the same bariatric center, OAGB was superior
in all categories of SF-36, BQL, and GIQLI. Further, also

the objective BAROS indicates a much better outcome after
OAGB than after Sleeve Gastrectomy [41-43]. In another
comparative study by Madani et al. with 299 patients, OAGB
also scored significantly higher than Sleeve Gastrectomy or
RYGB after 5 years in the BAROS [44].

Another study comparing QOL in OAGB to RYGB before
and 2 years after the operations with different tools (SF-34
and BAROS) has also shown a significant improvement from
pre- to postoperative scores. However, no difference was
seen between the OAGB and RYGB procedures [45]. It has
to be considered here that the follow-up was much shorter
(2 years) than in the present study as well as the other studies
discussed above. Further, Singla et al. reported the gastro-
intestinal QOL with a mini GIQLI after 3 and 5 years and
found high QOL scores comparable to the ones in the current
study [46]. In conclusion, QOL in a mid-term follow-up after
OAGB seems to be relatively high (also compared to other
bariatric procedures).

Limitations of this study

A limitation of this study is the small number of patients,
even though we were able to more than double the number of
patients in this follow-up study compared to the study previ-
ously published. Unfortunately, esophageal functional test-
ing involves uncomfortable examinations that not all patients
are willing to take part in. This, of course, may mean a pos-
sible risk of selection bias as patients with GERD symptoms
may be more willing to do esophageal functional testing
another time over. Further, 50 out of 969 primary OAGB
patients may not be representative of the entire patients col-
lective. Another point is that patients had the examinations
for this study at different individual postoperative time-
points, which may affect the results. Additionally, patients
that had hiatoplasty at the time of the OAGB could have
influenced the outcome of this study. On the other hand, this
reflects a normal collective of patients with severe obesity.

Another limitation of this study is that the QOL question-
naires were not performed preoperatively, before the OAGB,
so a comparison of pre- to the postoperative scores was not
possible. Regardless, this QOL data could be compared to
the literature.

Conclusion

This study has shown increased rates of non-acid reflux and
decreased rates of acid -reflux after a mid-term follow-up
in primary OAGB patients. Additionally, in gastroscopy,
signs of chronic irritation of the gastro-jejunostomy, the
distal esophagus, the pouch, and the (mild) anastomosis
and (asymptomatic) ulcers were found, even in a major-
ity of asymptomatic patients. Thus, general follow-up
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gastroscopies in OAGB patients after 5 years should be
considered. Regarding weight loss, remission of ORC, and
QOL, the results of this study were quite good.
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