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Abstract

Introduction: One anastomosis gastric bypass (OAGB) is gaining increasing acceptance as a simple, safe, and effective oper-
ation for treating morbid obesity. Data comparing this procedure with the most effective biliopancreatic diversions (BPD) remain
scarce, and most studies evaluate OAGB against standard Roux-en-Y gastric bypass (RYGB).

Aim: To present the mid-term results of a comparison of RYGB, OAGB, and our modification of BPD in an exclusively non-su-
perobese population, regarding safety, efficacy, preservation of weight loss, as well as late postoperative metabolic and non-met-
abolic complications.

Material and methods: From our cohorts of patients treated for morbid obesity with OAGB, RYGB, and BPD at Patras Univer-
sity Hospital, we identified patients who had case-matched preoperative profiles regarding age, preoperative body mass index
(BMI), and obesity-related comorbidities (diabetes mellitus, hypertension, and dyslipidaemia). Thirty-four patients from each
group were included in the study. Bariatric outcomes, non-metabolic complications, and postoperative metabolic parameters
were followed until the 6" postoperative year.

Results: The average patient age was 37.4 years (range: 19-57), 85.3% were female and 14.7% were male, with a mean
BMI of 46.3 kg/m? (range: 38.3-49.7). Regarding weight loss and glycaemic control, OAGB had comparable results to BPD and
was significantly better than RYGB. The safety profile was analogous to RYGB, with the exception of calcium levels, which, even
though they were within normal range, were significantly lower than those in RYGB. Comorbidities were successfully treated
with all operations at comparable rates. In this cohort, no other major complications were observed.

Conclusions: OAGB offered mid-term results comparable to BPD while being safe and with minimal impact on the patient’s
nutritional state. It is an effective procedure for treating morbid obesity, which results in sustained weight loss and a high rate
of resolution of comorbidities.

Introduction

A surgical approach remains the only effective treat-
ment concerning the long-term management of morbid
obesity [1]. During the evolution of bariatric surgery,
many procedures have been described, having different
mechanisms of action. These mechanisms are defined
in general as restrictive, malabsorptive, or a combina-
tion of both [2].

Standard Roux-en-Y gastric bypass (RYGB), which
is considered the gold standard of bariatric operations,
achieves weight loss mainly through the limitation of

food intake, the dumping effect, and also due to hor-
monal changes affecting appetite [3, 4].

One anastomosis gastric bypass (OAGB, mini gastric
bypass — MGB) was first described by Rutledge in 1997
and reported in 2001 [5]. It has approximately 25% in-
creased weight loss efficacy in comparison to RYGB,
deriving from the malabsorptive effect of its much
longer biliopancreatic limb [6]. It is gaining increasing
acceptance as a simple, safe, and effective operation
for the treatment of morbid obesity, with several series
published from all over the world, and it is now recog-
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nized by the International Federation for the Surgery
of Obesity and Metabolic Disorders (IFSO) as a main-
stream bariatric procedure [7].

Biliopancreatic diversions (BPD), in addition to all
the aforementioned mechanisms, cause weight loss
primarily through the malabsorption of fats and com-
plex carbohydrates. Due to this dual mechanism of
action, biliopancreatic diversions are regarded as the
most effective type of bariatric operations, with optimal
long-term results [8]. They were shown to provide the
greatest and most sustainable weight loss and had the
most powerful effect in controlling blood glucose levels
and lipid levels [9].

However, all types of operations exclude parts of the
gastrointestinal (GI) tract from alimentation, resulting in
potential development of metabolic deficiencies, such
as those of certain minerals, vitamins, and protein mal-
nutrition [10, 11].

Aim

The aim of this study is to present the mid-term
results of a comparison of RYGB, OAGB, and our mod-
ification of BPD in an exclusively non-superobese
population, regarding safety, efficacy, preservation of
weight loss, as well as late postoperative metabolic and
non-metabolic complications.

Material and methods

The Morbid Obesity Unit in our hospital was estab-
lished in June 1994. As of September 2018, 2370 mor-
bidly obese patients have undergone various bariatric
procedures, including different types of malabsorptive
operations. We have standardized our variant of bil-
jopancreatic diversion (BPD-LL, biliopancreatic diversion
with Roux-en-Y gastric bypass and long limbs), which
proved to be both safe and effective [12-14]. Since
2012, OAGB has also been offered to our patients.

A cohort of case-matched morbidly obese patients
(body mass index (BMI) 35-50 kg/m?) who had under-
gone RYGB, OAGB, or BPD-LL in our unit was identified.
Case matching was performed on the basis of patients’
age, preoperative BMI, and the presence of obesity-re-
lated comorbidities (diabetes mellitus, hypertension,
and dyslipidaemia), resulting in 3 groups of 34 patients,
for a total of 102. We retrospectively analysed prospec-
tively collected data of this cohort for a follow-up period
of 6 years. The analysis included the patients’ preopera-
tive clinical characteristics, postoperative morbidity and
mortality, nutritional and metabolic deficiencies, reso-
lution of comorbidities, and weight loss assessments.
The 3 groups were adequately matched (Tables | and II).

All patients were scheduled to undergo a complete
follow-up, including clinical, nutritional, and laboratory
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Table I. Demographic parameters in matching
Parameter RYGB OAGB BPD-LL
Male 5 (14.7%) 5 5
Female 29 (85.3%) 29 29
Age 37.7 383 36.1
(19-57) (20-57)"1 (19-56)" 1
Age, SD 9.5 9.6 10.2
Baseline BMI 46.1 46.2 46.7
(413-49.1)  (41.0-49.6)""™ (38.3-49.7)"""
Baseline BMI, SD 1.7 2.3 2.4
Diabetes 6 (17.6%) 6 (17.6%) 6 (17.6%)
Dyslipidaemia 12 (35.3%) 11 (32.4%) 12 (35.3%)

Hypertension 10 (29.4%) 7 (20.6%) 7 (20.6%)

*p = 0.368, **p = 0.801, *p = 0.385, **p = 0.798.

Table Il. Preoperative metabolic and nutritional
parameters

Parameter Mean values P-value

RYGB OAGB BPD-LL  OAGB OAGB

vs. vs.
RYGB BPD-LL

Ht 40.6 40.5 40.5 0.865 0.954
Hb 13.4 13.2 13.3 0.542 0.659
Glc 102.5 106.4 106.6 0.578 0.984
Ur 29.7 33.5 314 0.109 0.381
Cr 0.8 1.0 0.8 0.280 0.217
Na 140.7 140.3 140.3 0.552 0.979
K 4.4 4.4 43 0.732 0.343
Ca 9.3 9.6 9.2 0.134 0.051
Mg 2.0 2.1 2.1 0.276 0.854
P 35 3.7 3.6 0.503 0.725
TP 73 7.2 7.2 0.440 0.956
Alb 4.2 4.2 4.2 0.998 0.799
Uric 5.6 5.5 5.1 0.676 0.218
TCHOL 197.5 186.4 187.9 0.227 0.860
LDL 121.6 111.8 113.4 0.178 0.815
HDL 45.2 48.8 47.0 0.256 0.515
Tgl 143.2 129.3 137.4 0.599 0.747
Fe 74.0 68.9 719 0.428 0.620
Ferritin 62.8 86.1 54.7 0.388 0.254
Folic 6.9 5.7 6.4 0.073 0.251
B, 374.7 371.6 514.2 0.914 0.313
PTH 44.0 56.4 42.8 0.127 0.059
HbA 5.7 6.0 5.8 0.145 0.349
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Figure 1. Follow-up rates during the study

evaluation preoperatively and on the 1%, 3, 6™, and
12t month postoperatively and every year thereafter.
The follow-up was performed by the same medical and
nutritional team, and biochemical and nutritional pa-
rameters were strictly measured in the same laboratory.
A bariatric procedure was considered successful if the
percentage of excess weight loss (EWL%) was above
50% and BMI was below 35 kg/m?. After surgery, all pa-
tients received a daily multivitamin and mineral supple-
ment, including oral calcium and vitamin D, (1000 mg
calcium carbonate + 800 IU vitamin D, daily). Premeno-
pausal women were also prescribed oral iron supple-
mentation. All patients were prescribed protein pump
inhibitors for a period of 6 months and antithrombotic
medication with low molecular weight heparin (LMWH)
for the first post-operative month.

Surgical procedures

RYGB consisted of a gastric pouch of 15 +5 ml, an
alimentary limb of 150 ¢cm, a biliopancreatic limb of
50 cm, and a gastrointestinal anastomosis of 1.5 cm
internal diameter.

OAGB was created with a long and narrow gastric
pouch, with the first horizontal 45-mm linear stapler
firing at the incisura angularis level. The length of the
bypassed biliopancreatic limb was 250 cm, providing
that the common channel was at least 300 cm, which
was the case for all the patients in this cohort.

Our variant of biliopancreatic diversion (BPD-LL)
involved a gastric pouch of 40 £10 ml with complete
separation from the bypassed stomach, an alimentary
limb of 400 cm, a common channel of 100 cm, with the
rest of the bowel being the biliopancreatic limb. In the
case of an intestinal length shorter than 500 cm, the
common channel remained 100 cm and other 2 limbs
were constructed shorter, with the alimentary limb at
250 cm.
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Statistical analysis

All values are expressed as a mean * standard devi-
ation, unless otherwise stated. The mean values of all
parameters were compared using Student’s t test. All
reported p-values are 2-sided and significant at a level
of p <0.05.

Results

All studied patients had reached their sixth postop-
erative year. There was a consistent 88—100% follow-up
rate up until the fourth postoperative year, while ap-
proximately 73.5%, 52.9%, and 70.6% of patients who
underwent RYGB, OAGB, and BPD-LL, respectively, were
evaluated at the 6-year follow-up visit (Figure 1).

Mortality and late non-metabolic

morbidity

No deaths or major non-metabolic complications
were recorded during the 6-year follow-up period of
this cohort.

Metabolic deficiencies

All patients received postoperatively the same nutri-
tional supplements and had similar compliance to the
medication (~85%).

No differences were observed regarding renal func-
tion, most electrolytes (Na, K, Mg), B,,, and metabolism.

Folic acid

The mean folic acid levels for patients who received
RYGB were 7.9 ng/ml at 1 year, 8.2 ng/ml at 2 years,
8.7 ng/ml at 3 years, 9.4 ng/ml at 4 years, 12.1 ng/ml at
5 years, and 10.4 ng/ml at 6 years. The mean folic acid
levels for patients who received OAGB were 7.3 ng/ml
at 1 year, 8.5 ng/ml at 2 years, 6.9 ng/ml at 3 years,
7.2 ng/ml at 4 years, 8.6 ng/ml at 5 years, and 9.5 ng/ml
at 6 years. The mean folic acid levels for patients who
received BPD-LL were 12.1 ng/ml at 1 year, 13.5 ng/ml
at 2 years, 13.2 ng/ml at 3 years, 14.3 ng/ml at 4 years,
13.4 ng/ml at 5 years, and 14.5 ng/ml at 6 years. The
folic acid levels in the BPD-LL group were significantly
higher than those of the other 2 groups at every year of
the follow-up (p < 0.02), while there was no significant
difference between patients of the RYGB and OAGB
groups at any year.

Bone metabolism

The mean calcium levels for patients who received
RYGB were 9.3 mg/dl preoperatively and 9.9 mg/dl
at 1 year, 9.7 mg/dl at 2 years, 9.7 mg/dl at 3 years,
9.6 mg/dl at 4 years, 9.5 mg/dl at 5 years, and 9.3 mg/dl
at 6 years. The mean calcium levels for patients who
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received OAGB were 9.6 mg/dl| preoperatively and
9.5 mg/dl at 1 year, 9.2 mg/dl at 2 years, 9.2 mg/dl at
3 years, 9.0 mg/dl at 4 years, 9.0 mg/dl at 5 years, and
9.0 mg/dl at 6 years. The mean calcium levels for pa-
tients who received BPD-LL were 9.2 mg/dl preoper-
atively and 9.6 mg/dl at 1 year, 9.7 mg/dl| at 2 years,
9.4 mg/dl at 3 years, 9.1 mg/dl at 4 years, 9.3 mg/dl at
5 years, and 9.0 mg/dl| at 6 years. With sufficient post-
operative calcium and vitamin D, supplementation,
RYGB patients may have even better calcium levels
than they had preoperatively. The same doses are in-
sufficient for more malabsorptive procedures. Patients
in the OAGB group had consistently statistically signif-
icant lower calcium levels (p < 0.01) and more cases
of hypocalcaemia (23.5% vs. 8.8%, respectively) than
patients in the RYGB group. Moreover, OAGB patients
had significantly lower calcium levels in the long term
compared to BPD-LL, even though the mean values re-
mained within the normal range (Figure 2).

Despite routine calcium and vitamin D, supplemen-
tation, mean levels of PTH increased from their base-
line for all bariatric procedures, but they remained also
within the normal range (Figure 3). Secondary hyper-
parathyroidism (SHPT), defined as parathormon (PTH)
> 65 mg/ml, was present preoperatively in 14.7% of
patients in the RYGB and BPD-LL groups and in 21.9%
of patients in the OAGB group. The prevalence of SHPT
decreased in the RYGB and BPD-LL groups for the first
2 postoperative years; for OAGB a decrease was ob-
served only in the first postoperative year. Subsequently,
there was a gradual increase for all 3 groups, reaching
as much as 68% for OAGB at the sixth year of follow-up.
The deference was constantly significant (p < 0.01) only
between OAGB and the other 2 groups, even though
BPD-LL is a more malabsorptive procedure than RYGB.

Mean levels of phosphorus and alkaline phospha-
tase (ALP) remained primarily within the normal range
throughout the study. Hypophosphataemia was quite
uncommon.
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Figure 2. Ca** and PTH levels

Anaemia

The mean haemoglobin (Hb) levels for female pa-
tients who received RYGB were 13.1g/dl| preoperatively,
13.0 g/dl at 1 year, 12.8 g/dl at 2 years, 12.6 g/dl at
3 years, 12.3 g/dl at 4 years, 13.0 g/dl at 5 years, and
12.5 g/dl at 6 years. The mean haemoglobin levels for
female patients who received OAGB were 12.9 g/dl
preoperatively, 12.6 g/dl at 1 year, 11.9 g/dl at 2 years,
11.9 g/dl at 3 years, 11.6 g/dl at 4 years, 11.9 g/dl at
5 years, and 11.8 g/dl at 6 years. The mean haemo-
globin levels for female patients who received BPD-
LL were 13.0 g/d!| preoperatively, 12.5 g/dl at 1 year,
12.2 g/dl at 2 years, 11.8 g/dl at 3 years, 11.3 g/dl at
4 years, 11.7 g/dl at 5 years, and 11.5 g/dl at 6 years.
There were no statistically significant differences be-
tween the groups at any time of the follow-up.

However, the range of Hb levels within each group
was consistently high. As a result, anaemia — as defined
as Hb < 12 g/dl — was present preoperatively in 17.2%
of women in the RYGB and OAGB groups and in 13.8%
in the BPD-LL group. The prevalence of anaemia for the
RGYB group reached 14.8% at 1 year, 25% at 2 years,
25.9% at 3 years, 34.5% at 4 years, 19% at 5 years,
and 39.1% at 6 years. For the OAGB group the preva-
lence was 28.6% at 1 year, 44.4% at 2 years, 42.3% at
3 years, 55.2% at 4 years, 45.8% at 5 years, and 53.3%
at 6 years, while for the BPD-LL group it was 31% at
1 year, 39.3% at 2 years, 56% at 3 years, 55.2% at
4 years, 52.9% at 5 years, and 57.9% at 6 years (Figure 4).
These differences were significant (p < 0.05) for the first
5 years of the follow-up between RYBG and the other
2 groups. There was 1 case in each of the OAGB and
BPD-LL groups that required administration of intrave-
nous iron.

The small number of men in the cohort is a seri-
ous limitation in assessing the anaemia incidence and
significance in this subgroup, because there is only
1 patient difference in the cohort’s variability.
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Figure 3. Secondary hyperparathyroidism
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Figure 4. Haemoglobin levels and anaemia (Hb
< 12 g/d|) prevalence in women

Hypoalbuminaemia

The mean albumin levels for patients who received
RYGB were 4.5 g/d| at 1 year, 4.4 g/dl at 2 years, 4.5 g/dl
at 3 years, 4.4 g/dl at 4 years, 4.4 g/dl at 5 years, and
4.2 g/dl at 6 years. The mean albumin levels for patients
who received OAGB were 4.4 g/dl at 1 year, 4.3 g/dl at
2 years, 4.3 g/dl at 3 years, 4.3 g/dl at 4 years, 4.2 g/d|
at 5 years, and 4.3 g/dl at 6 years. The mean albumin
levels for patients who received BPD-LL were 4.3 g/dl at
1 year, 4.4 g/dl at 2 years, 4.4 g/d| at 3 years, 4.0 g/dl
at 4 years, 4.4 g/dl at 5 years, and 4.3 g/dl| at 6 years.
Albumin levels in the BPD-LL group were significantly
lower than in the other groups (p < 0.05) at the 4-year
follow-up.

Interestingly, in our cohort, hypoalbuminaemia —
defined as albumin < 3.5 g/dl — was more frequently
present in the RYGB (3.2% at 1 year, 3.0% at 2 years,
6.3% at 3 years, and 4.3% at 5 years) and BPD-LL (2.9%
at 1 year, 3.0% at 2 years, and 5.9% at 3 years) groups
than in the OAGB group (2.9% at 4 years and 3.3%
at 5 years). In any case, the deficiency was mild with
the lowest value of albumin recorded being 3.1 g/dl.
No patient required revision of the operation or total
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Figure 5. Efficacy of the procedures
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parenteral nutrition, and after nutritional counselling,
hypoalbuminaemia did not recur.

Efficacy and weight loss

Mean excess weight loss (EWL%) was 70.1% at
1 year, 72.3% at 2 years, 64.9% at 3 years, 64.2% at
4 years, 63.2% at 5 years, and 63.8% at 6 years for the
RYGB group; 80.4% at 1 year, 82.6% at 2 years, 76.6% at
3 years, 74.5% at 4 years, 73.6% at 5 years, and 68.0% at
6 years for the OAGB group; and 80.9% at 1 year, 85.3%
at 2 years, 83.6% at 3 years, 79.9% at 4 years, 73.8% at
5 years, and 76.3% at 6 years for the BPD-LL group. The
mean EWL% was always significantly greater, and the
postoperative BMI was significantly lower after OAGB or
BPD-LL compared to RYGB during the first 4 years (p <
0.001 in all cases). In subsequent years this effect was
still evident, but its statistical significance was lost, per-
haps due to a fall in the follow-up rate (Figure 5).

There was a considerable weight-loss failure rate in
the RYGB group, which was evident even from the first
postoperative year and significant (p < 0.001) after the
third year. The failure rate for the RYGB group was 3.2%
at 1 year, 6.1% at 2 years, 21.9% at 3 years, 23.5% at
4 years, 26.1% at 5 years, and 16.0% at 6 years. Among
the patients of the OAGB group, failure was recorded
in 3.2% at 3 years, 8.8% at 4 years, 6.7% at 5 years,
and 11.1% at 6 years, while among the BPD-LL group
failures were observed only in 14.3% of the patients at
5 years.

Comorbidities

In the RYGB group, 6 patients were being medical-
ly treated preoperatively for diabetes mellitus type 2,
12 had dyslipidaemia, and 10 were being medically treat-
ed for hypertension. In the OAGB group, 6 patients were
being treated preoperatively for diabetes mellitus type 2,
11 had dyslipidaemia, and 7 were being treated for hy-
pertension. In the BPD-LL group, 6 patients were being
treated preoperatively for diabetes mellitus type 2, 12 had
dyslipidaemia, and 7 were being treated for hypertension.

Comorbidities were successfully encountered with
all procedures at comparable rates (Figure 6). Two pa-
tients in the BPD group were treated preoperatively
with insulin. In all patients a complete remission of di-
abetes mellitus type 2 was observed, with no need for
antidiabetic medication. However, OAGB offered better
overall glycaemic control and lower glucated haemo-
globin (HbA, ) levels than RYGB and comparable results
to BPD-LL (5.0% vs. 5.4% vs. 5.4% at 1 year, 5.0% vs.
5.3% vs. 4.8% at 2 years, 5.4% vs. 5.5% vs. 4.9% at
3 years, 5.2% vs. 5.6% vs. 5.2% at 4 years, 5.2% vs. 5.6%
vs. 5.0% at 5 years, 5.4% vs. 5.4% vs. 5.5% at 6 years,
respectively), even though in the OAGB group the preop-
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Figure 6. Resolution of comorbidities. Number of patients being treated for diabetes, dyslipidaemia, and

hypertension

erative diabetes control was poorer (preoperative HbA, :
RYGB: 6.6% — OAGB: 7.7% — BPD-LL: 7.5%) (Figure 7).

Dyslipidaemia completely resolved in all BPD-LL and
RYGB patients. Only one OAGB patient continued to be on
statin therapy due to persistence of dyslipidaemia after
the fourth year of the follow-up, although at lower doses
than preoperatively.

Evolution of hypertension had worse consistency of
findings. It was improved at the fifth year of follow-up
in 70% (7 of the 10) RYGB patients, in 85.7% (6 of the 7)
OAGB patients, and in 57.1% (4 of the 7) BPD-LL pa-
tients, with variations considering the time period.
However, all patients continuing to be on anti-hyper-
tensive treatment required lower doses in respect to
those taken preoperatively.

Discussion

Malabsorptive procedures are considered to be the
most effective procedures in terms of durable weight
loss in patients with a BMI > 50 kg/m?. However, in pa-
tients with a BMI < 50 kg/m?, there is no consensus
regarding the appropriate bariatric procedure. RYGB is
considered by some authors the gold standard in the
treatment of morbidly obese patients with BMI < 50 kg/
m?, due to its acceptable efficiency and the low level of
early and late complications [10, 15].

OAGB is a variation of gastric bypass, which has an
established track record spanning many decades, and
even procedures that came after it are now regarded as
mainstream by most bariatric surgeons. Even though
it has attracted a great deal of controversy, it is per-
formed by an increasing number of bariatric surgeons
worldwide due to its simplicity associated with a short-
er learning curve, efficacy, and ease of revision and re-
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Figure 7. Glycaemic control of diabetic patients.
HbA, _for patients with preoperative DM

versal. The procedure has a reported low mortality rate
of about 0.1%. Complication rates are satisfactory, as
are the results in terms of weight loss and comorbidity
resolution [16].

A recent systematic review provided evidence of
good EWL outcomes with OAGB operation, with at least
68% at 5 years (mean 76.6%), and numbers exceeding
90% have been reported [16]. Musella et al. and Taha
et al. documented weight regain results of 0.2% and
1.2%, respectively [17, 18]. The mean weight regain in
these patients was 12.6% from the maximum EWL. In
another study [19], weight regain was reported in 12.9%
of patients, with a mean weight regain of 6.18 £3.76%.
These results are comparable with BPD-LL, which has
a reported 5-year EWL of 74.6% in a non-superobese
population, and is known to have the most sustainable
in time bariatric outcomes [11]. The mean EWL achieved
with RYGB at 5 years is lower; in recent studies it was
reported at 57-65.7% [20-22]. Weight regain is com-
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mon after this procedure; Brissman et al. reported that
23.1% of cases met the definition of surgical treatment
failure at 5 years [23]. Our results are consistent with
these published data. At 5 years, mean EWL was 63.2%
with RYGB, 73.6% with OAGB, and 73.8% with BPD-LL.
Cases of weight regain were also observed. There was
an 11.1% mid-term failure rate with OAGB, but this was
significantly lower than the 26.1% with RYGB and com-
parable to the BPD-LL procedure.

Parmar et al. found in their review a mean T2DM
remission rate of 83.7% and hypertension remission in
66.9% of patients with OAGB [16]. Piazza et al. report-
ed resolution of dyslipidaemia in 70% of patients [24],
while others showed that OAGB seems to be superior to
standard restrictive procedures [25, 26]. These numbers
are comparable to our study.

Early major complications are reported in the liter-
ature from large series with a mean of about 1.3% and
a maximum of 5.5%, which included intra-abdominal
bleeding, leaks, and early small bowel obstruction [16].
In our cohort, we did not have any major complications
in any group, but the small number of patients in each
group is a limitation due to the small statistical power
to identify complications with low incidence.

Some cases of stenosis of the GJ anastomosis were
reported in the literature. Carbajo et al. presented a rate
of 0.5%; the majority of the patients were treated with
endoscopic dilatation [27]. The authors concluded that
increasing the anastomotic size from 1.5-2.0 cm to
around 2.5 cm resolved this problem. There was no in-
cidence of anastomotic stenosis in our cohort, neither
in the OAGB or BPD-LL groups nor in the RYGB group,
where the GJ anastomosis was narrower at 1.5 cm.

None of the authors until now have reported clo-
sure of Petersen’s defect in OAGB. Isolated case reports
of internal hernia have been published [28], at 12 and
18 months after OAGB, both complicated with excess
weight loss of about 132%. These cases did not need
bowel resection because there was no bowel ischaemia.
More long-term data are needed in this field. Our prac-
tice is also against primary closure of the Petersen’s
defect.

There is a reported incidence of gastro-oesophageal
reflux disease (GERD) symptoms after OAGB [29, 30].
In their review, Parmar et al. showed postoperative de
novo GERD symptoms in 0.6 to 10% of patients, with
a mean of 2.08% [16]. Tolone et al. in their study con-
cluded that OAGB did not compromise the gastro-oe-
sophageal junction function and did not increase gas-
tro-oesophageal reflux [31]. It has been suggested that
there may be an inverse correlation between the length
of the gastric pouch and the incidence of GERD. Musel-
la et al. observed that postoperative GERD after OAGB
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was related to the presence of preoperative GERD and
to a gastric pouch length of less than 9.0 cm [32]. The
maximum conversion rate reported in the literature due
to GERD is 1.6% in the study of Chevallier et al. after
a 5-year follow-up, but most of the cases described
were managed conservatively with healthy life recom-
mendations, PPI, and sucralfate [33].

The major concern about this operation is the pos-
sibility of alkaline oesophagitis following bile reflux.
However, in a study of by Saarinen et al., by means of
bile reflux scintigraphy it was shown that transient bile
reflux is common after OAGB in the gastric tube, but
not in the oesophagus [34]. This can also be attributed
to the long and narrow shape of the gastric pouch.

Intolerance due to bile reflux was reported on aver-
age in 0.3% of patients, with various approaches used
for its treatment. Piazza et al. performed a Braun’s
anastomosis at 40 cm from the GJ anastomosis for
those patients (1%) who required revision [24]. Noun
et al. had 4 (0.4%) patients, all with OAGB after revi-
sional surgery, who presented with severe bile reflux;
these were cured by stapling the afferent loop followed
by a distal jejuno-jejunostomy 70 cm distal to the GJ
anastomosis [19]. We also believe that if any revision-
al operation is needed for GERD of reflux, the patients
will have achieved significant EWL and co-morbidity im-
provement, and hence the revision will be technically
easier and effective.

However, no case of clinically significant postop-
erative GERD or bile reflux was observed in our study.
Some patients reported GERD randomly at some time
in the follow-up, but it was not consistent during the
period of the study and did not require medication. It
was not possible to be correlated with any specific pro-
cedure. This may be attributed to the mechanism of
action of RYGB and BPD-LL, which are known to treat
GERD due to the isolated long alimentary limb [35], as
well as to the relatively small number of patients in the
OAGB group that does not provide enough power to
identify complications with low incidence. The major-
ity of surgeons who do not perform OAGB continue to
believe that this procedure could be associated with
a higher risk of gastric and/or oesophageal cancer [36].
This is despite the fact that not a single cancer has yet
been reported in the oesophagus or gastric pouch after
this procedure [16]. Only one case of gastric cancer, in
the remnant stomach, 9 years after OAGB, has been re-
ported in the literature, while 7 similar cases have been
reported in the bypassed stomach after RYGB [37].

A marginal ulcer rate was reported in the review by
Parmar et al. at a mean of 2.7%, which is similar to that
reported after RYGB [16]. The majority of the patients
had risk factors such as the presence of Helicobacter
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pylori and consumption of nonsteroid anti-inflamma-
tory drugs (NSAID) medications, alcohol, and tobacco.
Most of these ulcers heal with conservative manage-
ment, and complications of ulcers, such as perforation,
bleeding, and non-healing ulcers, can be managed in
the same way as after RYGB [38]. BPD-LL is related to
a slightly higher risk of marginal ulcer than the other
procedures, due to higher acidity of the bigger gastric
pouch [13]. No cases of marginal ulcer were observed
in our cohort.

Nutritional consequences, including anaemia, occur
after bariatric operations, including OAGB. In the review
by Parmar et al.,, anaemia was observed in 0.64 to 15%
of cases, with a mean of 7%, among all published series
[16]. Lee, in his comparison of OAGB with RYGB [39],
concluded that both procedures were associated with
a decrease in haemoglobin, but OAGB patients present-
ed with a lower value, compared to RYGB (10.1 +2.8 vs.
12.5 £1.4; p = 0.006). In the literature, severe iron de-
ficiency (requiring parenteral iron supplementation) is
reported at rate of up to 1.25%, and mild iron deficiency
(needing oral iron) at a rate of up to 30% [40]. Mokhber
et al. observed that the prevalence of iron deficiency
was 15% preoperatively, which increased to 16.6% at
3 months and 21.5% at 6 months postoperatively [41].
In the present study, anaemia was observed only in
women, and was not comparable with previously re-
ported rates. However, in this population OAGB as well
as BPD-LL correlate with anaemia more frequently than
RYGB; therefore, patients should be closely monitored.
There were 2 cases requiring intravenous iron adminis-
tration; both were observed in the more malabsorptive
groups of the cohort (OAGB and BPD-LL).

Protein-calorie malnutrition requiring revisional sur-
gery is another debated long-term complication after
OAGB. The majority of published series report 0% mal-
nutrition, while Parmar et al. [16] reported a malnutri-
tion incidence of 0 to 3.8% with a mean of 0.71%. There
are higher rates reported in the literature; Jammu et al.
reported an incidence of hypoalbuminaemia of 13.1%,
of which 3.8% of patients had severe hypoalbuminae-
mia (< 2.5 g/dl) and 9.3% had mild hypoalbuminaemia
(3.0-2.5 g/dl) [42]. Severe hypoalbuminaemia was treat-
ed by reversal of OAGB. It is suggested that in patients
with liver disease, small intestine length of < 8 m, and
nephropathy, surgeons should avoid limb length of
> 200 cm. However, BPD is well associated with protein
malnutrition at rates usually around 7% and severe hy-
poalbuminaemia requiring total parenteral nutrition [13].

It seems obvious that there is a correlation between
the length of the bilio-pancreatic (BP) limb and the in-
cidence of malnutrition. There have been considerable
variations in bilio-pancreatic limb length in published

studies of OAGB. The median limb length in the most
recent review was 200 cm [16]. Rutledge first described
MGB with a biliopancreatic limb length of 180 cm [5].
Carbajo et al. used 200 cm for their first 200 patients;
later they measured the whole small bowel length and
used a segment of 250 to 350 cm [27]. Many authors
tailored the limb length based on the BMI of the pa-
tient, usually at the range 200-250 cm [16]. Piazza
et al. used 180-200 cm as a routine and 240 cm for
7 patients with a BMI of 59.4 kg/m? [24]. Mahawar [43]
suggested that malnutrition complications can be com-
pletely prevented by using a standard limb length of
150 cm with OAGB; there is still no study designed to
investigate this. Meanwhile, the patients should have
robust follow-up with monitoring of micronutrients,
minerals, and vitamins.

In our study, the length of the bypassed limb in
OAGB was 250 cm. We observed only mild cases of
hypoalbuminaemia; the rate was double with BPD-LL
compared to RYGB and OAGB.

No patient required revision of the operation or
total parenteral nutrition, and after nutritional consul-
tation, hypoalbuminaemia did not recur. This could be
attributed to the length of the alimentary and common
channel, which always exceeded 300 cm, in all types of
operations.

There seems to be an additional impact for calci-
um levels for OAGB patients comparing to other, even
more malabsorptive procedures like BPD-LL. With the
postoperative calcium and vitamin D, supplementation
currently used in our study, RYGB patients sometimes
had higher calcium levels than preoperatively, and the
prevalence of SHPT decreased. The same doses were
insufficient for the more malabsorptive procedures,
with OAGB patients having significantly lower calcium
levels in the long term. Although calcium deficiency
can be aggravated by vitamin D, deficiency, secondary
hyperparathyroidism is is found even in around half
of the patients who have normal levels of vitamin D,
after malabsorptive procedures [44, 45]. Individual
differences in active and/or passive calcium absorp-
tion may account for these findings. In our cohort the
prevalence of SHPT increased continually in the long
run postoperatively, although the rates in our study
are lower than those published by other authors [46—
48]. Unfortunately, inconsistencies of our laboratory
measurements of vitamin D, due to technical reasons
prevent a further evaluation of the correlation be-
tween the degree of iatrogenic malabsorption and the
incidence of SHPT, and further studies are required.
However, it is important to ensure a sufficient calcium
intake in OAGB patients in order to avoid SHPT and
osteomalacia in the future.

Gastroenterology Review 2022; 17 (2)
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Folic acid deficiency is a potential complication of
bariatric procedures that can contribute to anaemia.
The prevalence of this deficit after both restrictive
and malabsorptive procedures ranges from 9% to
39% [49, 50]. Because folate is absorbed through-
out the small intestine, any deficiency is primarily
induced by a shortage of dietary intake rather than
malabsorption [51]. In our study, there was an un-
expected significant increase in the mean levels of
folic acid in the BPD-LL group in comparison with the
RYGB and OAGB groups. This may be attributed to in-
creased dietary uptake or increased compliance with
multi-vitamin medication, as a result of BPD-LL pa-
tients’ awareness about the extremely malabsorptive
nature of their procedure.

There are some weaknesses to our study. Despite
strictly monitoring our patients, follow-up rates dropped
in the last 2 years. The relatively small number of pa-
tients in each group limits the statistical power of the
study to outline small differences; however, the data
collected are consistent with the literature.

Conclusions

Biliopancreatic diversions were shown to provide
the higher and most sustainable weight loss and the
most powerful effect in controlling blood glucose levels
and lipid levels. However, they always have the possi-
bility to cause nutritional deficiencies. While none of
the patients in this cohort required revision for hy-
poalbuminaemia or hospital admission, albumin lev-
els were significantly lower in the BPD-LL group, and
some patients required nutritional consultation. There
seems to be an additional impact on calcium levels
for OAGB patients compared to other procedures. The
finding requires further investigation; in any case, we
suggest that patients have a more robust follow-up to
check for the development of secondary hyperpara-
thyroidism.

From our perspective, the study provides adequate
results in support of the opinion that OAGB offers
comparable mid-term results as the BPD-LL proce-
dure, which is regarded as the most effective, while
being significantly safer — at the level of RYGB — with
minimal impact on patients’ nutritional state. It could
also be an efficient alternative to RYGB because it is
easier to perform or revise and has significantly lower
failure rates. It is an effective procedure in treating
morbid obesity and metabolic disorders, which results
in sustained weight loss and high rates of resolution
of comorbidities.
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