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Abstract

Background Roux-en-Y gastric bypass (RYGB) is one of the most effective bariatric procedures. The study aimed to explore
the value of lengthening the biliopancreatic limb (BPL) in RYGB compared to the outcome of one-anastomosis gastric
bypass (OAGB).

Methods This prospective study included morbidly obese patients divided into two groups. The RYGB group (n=36) was
subjected to long biliary limb Roux-en-Y gastric bypass (LPRYGB), and the OAGB Group (n=36) had one anastomosis
gastric bypass. During follow-up, weight, BMI, percentage of excess body weight loss (%EBWL), resolution of obesity-
related comorbidities, and quality of life (QoL) were evaluated.

Results There was no significant difference in weight and BMI after 3 and 6 months. At 12-month follow-up, weight loss
was significantly higher in the OAGB group. After 12 months, the two groups showed significant improvement of comorbid
conditions without significant difference between the two groups. The Qol was significantly higher in the LPRYGB group
3, 6, and 12 months after surgery compared to the OAGB group.

Conclusions Extending the BPL length in RYGB to 150 cm is as effective as OAGB in remission of comorbidities, including
diabetes. It was also equally effective in weight reduction in the short term. OAGB was more efficient in weight reduction
and a significantly faster operation. LPRYGB showed a better QoL of life 1 year after surgery.

Introduction

The prevalence of obesity continues to rise unrelentingly. Its
prevalence varies by country ranging from 3.7 to 38.2% [1].
Bariatric surgery is the most effective long-term treatment
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with longer BPL has been associated with a high remission
rate of diabetes [8]. OAGB is mounting steadily in popular-
ity as a more straightforward, safe, and effective procedure
compared to RYGB [9]. Its long-term outcome appears to
be better concerning weight loss and diabetes control [10].

Therefore, the current study was designed to explore
whether lengthening the biliopancreatic limb in RYGB can
produce similar results to OAGB in terms of initial weight
loss, resolution of obesity-related comorbidities, and qual-
ity of life.

Patients and Methods

This prospective study included 72 morbidly obese patients
seeking weight loss surgery in Cairo University Hospitals.
We proposed that OAGB will achieve a weight loss higher
than RYGB with longer BPL by 10% with a standard devia-
tion of 12%. Based on these assumptions, 31 subjects in each
group will be needed to be able to reject the null hypoth-
esis that the population means of the two groups are equal
with a power of 0.9 and an alpha error of 0.05. The sample
will be raised by 15% to compensate for loss to follow up.
Therefore, 36 patients in each group were included. The
sample size was estimated using the G*Power© software
(Institutfiir Experimentelle Psychologie, Heinrich Heine
Universitit, Diisseldorf, Germany) version 3.1.9.2. They
were randomized into two groups according to the type of
bariatric procedure using computer-generated table. RYGB
group (n=36) were subjected to long biliary limb Roux-
en-Y gastric bypass (LPRYGB). Patients in the OAGB
Group (n=236) had one anastomosis gastric bypass. Written
informed consent was obtained from each patient, includ-
ing an explanation of the procedure, description of the tech-
nique, the possible side effects, and outcome which may be
favorable or not.

Inclusion criteria were morbidly obese patients 18 to
60 years old with acceptable operative risks. All patients
should have failed an adequate conservative program (diet,
exercise, and/or medication) for at least 6 months and were
able to comply with nutritional supplementation and long-
term follow-up. Morbid obesity was defined as a body mass
index (BMI) > 40 kg/m? or> 35 kg/m? with obesity-related
comorbidities.

Previous open abdominal surgery related to the gastro-
intestinal tract (GIT), including revision bariatric surgery,
endocrine disorders other than diabetes mellitus and thyroid
disorders, pregnancy or lactation, psychiatric illness, and a
recent diagnosis of malignancy, were the exclusion criteria.
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Preoperative Assessment

All participants were subjected to full history taking and
clinical examination with the calculation of BMI, ideal body
weight, and excess body weight. Ideal body weight was cal-
culated as height in meters squared (m?) multiplied by 25.
Excess body weight=baseline weight —ideal body weight.
Preoperative laboratory investigations included fasting blood
glucose (FBG), kidney and liver function tests, coagulation
and lipid profile, and serum iron calcium and magnesium.
Other investigations included abdominal ultrasound, upper
gastrointestinal endoscopy, ECG, and echocardiography if
needed.

Preoperative Preparation

Low-calorie (800—1000 kcal/day) pure high-protein diet
with micronutrients and vitamins were administered for two
weeks. Antibiotic prophylaxis in the form of an intravenous
injection of third-generation cephalosporin was administered
two hours before surgery. Low molecular weight heparin
(LMWH) (40 iu subcutaneous) 12 h before surgery was used
for thrombo-prophylaxis.

Surgical Technique

The patient was placed supine with the operating table
inclined to maximum reverse Trendelenburg. A carbon diox-
ide (CO,) pneumoperitoneum was established to 15-mmHg
pressure using a veress needle. Direct optical entry to the
abdominal cavity was carried out under vision using a
0-degree laparoscope. This laparoscope was then changed
to a 30-degree scope. Five ports were placed in a “diamond-
shaped” pattern in the upper abdomen: (1) 10-mm camera
port, in the midline approximately two handbreadths below
the xiphisternum; (2) 10-mm liver retractor port; (3) 12-mm
right hand working port, in the left midclavicular line; (4)
12-mm left hand working port, in the right midclavicular;
and (5) 5-mm assistant port, in the left anterior axillary line.

Constructing the Gastric Tube

For those having LPRYGB: the gastric pouch is about 8 cm
long and was constructed snug on the bougie. The left-hand
working port fired the first endoscopic stapler loaded with
a 45-mm (blue) cartridge perpendicular to the lesser curva-
ture. A 36-Fr bougie was advanced under direct vision to
calibrate the gastric reservoir. Fatty tissue and fibrous adhe-
sions between the posterior gastric wall and pancreas were
dissected. Then, an endoscopic stapler loaded with 60-mm
(blue or gold) cartridges was consecutively applied parallel
to the lesser curvature, sectioning the stomach vertically,
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completing the gastric reservoir. In OAGB the gastric pouch
is about 20-24 cm as long as we can.

Fashioning Anastomoses

Attention is turned to the left gutter, ligament of Treitz is
identified, and unstretched small bowels are measured along
the ante-mesenteric border. OAGB was completed by cre-
ating an ante-colic gastro-jejunostomy (GJ) 200 cm from
DuodenoJeujenal flexure. Petersen’s defect is not closed. For
those having LPRYGB: 150-cm BPL was measured. GJ was
performed in the same technique of OAGB (using a 45-mm
blue stapler). Side to side stapled jejuno-jejunostomy (using
a white cartridge) was performed 60 cm from GJ. In both
anastomoses, enterotomies were closed using a hand-sewn
running 3/0 Vicryl stitch in 2 layers. Roux-en-Y reconstruc-
tion was completed by dividing the afferent limb using a
60-mm stapler. The integrity of the GJ was assessed by
Methylene blue test. Both Petersen’s and mesenteric defects
are then closed. Staple line bleeding was controlled. A drain
was inserted in some cases.

Postoperative Management

All patients were given a 3™ generation cephalosporin, low
molecular weight heparin (LMWH), opioid analgesia, pro-
ton pump inhibitors (PPIs), and antiemetics. Early postop-
erative ambulation was encouraged. Oral clear fluids were
started 4 to 6 h postoperatively. On postoperative day (POD)
one, the abdominal drain (if present) was removed, and the
patient was discharged home as long as there were no com-
plications. During the first 2 weeks, all patients were placed
on a liquid-only diet. This was then advanced to a mashed
food for two weeks, followed by semi-solid diet for another
two weeks. After that, a regular healthy diet was started.
A standardized supplementation regime was prescribed for
life, including daily pills of calcium citrate and multivita-
mins containing vitamins A, E, C, B1, B2, B6, B12, and D,
folic acid, phosphorus, iodine, iron, magnesium, manganese,
potassium, chlorine, zinc, and nickel.

Postoperative follow-up visits were scheduled 1 week and
1 month after surgery to exclude early postoperative com-
plications and then at 3, 6, and 12 months after surgery to
monitor weight loss, quality of life (QoL), and resolution of
obesity-related comorbidities. In between these timeframes,
we kept close contact through telephone.

At each follow-up visit, clinical evaluation included
Actual weight and BMI, percentage of excess body
weight loss (%EBWL), resolution of obesity-related
comorbidities, evaluation for nutritional or vitamins defi-
ciency. The %ZEBWL was calculated as follows: [(base-
line weight —actual weight)/(baseline weight —ideal
bodyweight)] x 100.

Quality of life (QoL) was measured by the Gastrointes-
tinal Quality of Life Index (GIQLI) [11]: It is a 36-item
questionnaire, each item is quoted 0—4. The questionnaire
measures five principal domains: upper gastrointestinal
symptoms (12 items), lower gastrointestinal symptoms (7
items), physical status (7 items), psychological status (5
items), and social status (5 items). The scores range from 0
to 144, with higher scores indicating better function.

Diabetes remission is defined as achieving glycemia
below the diabetes range in the absence of active phar-
macological or surgical therapy. Partial remission was
defined as subdiabetic hyperglycemia (HbAlc <6.5% and
fasting glucose 100-125 mg/dL) for at least 1 year, and
complete remission is a complete return to normal glucose
metabolism measurements (normal HbA 1c and fasting glu-
cose < 100 mg/dL) for the same duration [12].

Hypertension remission, defined as systolic and diastolic
blood pressure < 140 and 90 mmHg, respectively, with previ-
ous withdrawal of all medication [13].

We relied only on symptomatic improvement for assess-
ment of back/joint pain resolution.

Statistical Methods

Data were analyzed using SPSS version 26 (IBM Corp.,
Armonk, NY, USA). Data were summarized using mean
and standard deviation for quantitative variables and fre-
quencies and percentages for categorical variables. Com-
parisons between groups were made using unpaired #-test for
numerical variables and Chi-square test (Fisher’s exact test)
for categorical variables. A p-value <0.05 was considered
significant.

Results

Twelve months after surgery, one patient of LPRYGB and
six of the OAGB group were lost to follow up. The results
are presented for the remaining 65 patients (Fig. 1).

Table 1 summarizes the baseline characteristics of the
two studied groups. The two groups were comparable in
age, weight, height, and BMI. More males were subjected
to LPRYGB (p =0.017), which was more lengthy operation
(p<0.001).

There was no significant difference in weight and BMI
after 3 and 6 months. At 12-month follow-up, weight loss
was significantly higher in the OAGB group (Table 2). At
baseline, there was no significant difference between the two
groups in the proportion of patients with T2DM, hyperten-
sion, or joint and back pain. By the end of the follow-up
period, the two groups had shown significant improve-
ment of associated comorbid conditions in all patients.
Complete resolution of T2DM, hypertension, and joint
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Table 1 Baseline characteristics and operative time of the two studied

groups Table2 Weight change and body mass index 3, 6, and 12 months
OAGB LPRYGB p value after surgery in the two studied groups
(n=30) (n=35) OAGB LPRYGB p value
Age (year) 377499  369+102 0728 (n=30) (n=35)
Sex (female/male) 26/4 21/14 0.017 After 3 months
Height (cm) 164 +8.8 164+8.2 0.777 Weight (kg) 120.8+22.3 120.6+16.0  0.972
Baseline weight (kg) 143.0+£25.8 141.5+19.1 0.797 BMI (kg/m?) 452+8.2 44.4+43 0.593
Baseline BMI (kg/mz) 53.5+94 52.3+5.1 0.497 Excess weight loss (kg) 22.2+6.5 209+3.5 0.319
Ideal body weight (kg) 67.1+7.3 67.5+6.8 0.833 %EBWL 31.0+10.6 28.6+4.1 0.216
Excess body weight (kg) 75.9+24.5 73.9+14.8 0.698 After 6 months
Total operative time (min)  119.7+17.7 143.1+169  <0.001 Weight (kg) 108.5+19.1 109.0+14.2 0.919
BMI (kg/m?) 40.6+7.1 40.1+£3.8 0.711
Data are presented as mean+SD .
. Excess weight loss (kg) 345+94 32.6+5.0 0.313
BMI, body mass index
%EBWL 47.5+128 445+49 0.214
After 12 months
and back pain was encountered in half or more than half of ~ “Veight (kg) 92.9x13.3 1009£13.0  0.017
BMI (kg/m?) 34.8+4.8 37.2+£3.5 0.024

cases in both groups without significant difference between
them (Table 3). The GIQLI was significantly higher in the ~ EXcess weightloss (kg) - 50.1£16.0  40.6+6.5 0.002

LPRYGB group 3, 6, and 12 months after surgery compared %EBWL 670122 33357 <0.001
to the OAGB group (Table 4).

Data are presented as mean +SD

BMI, body mass index, %EBWL, percentage of excess body weight
loss
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Table 3 Resolution of associated comorbidities in the two studied
groups

OAGB LPRYGB p value
(n=30) (n=35)
Comorbid conditions at baseline
Type 2 diabetes mellitus 17 (56.7%) 22 (62.9%) 0.612
Hypertension 7(23.3%) 11 (31.4%) 0.467
Joint and back pain 16 (53.3%) 19 (54.3%) 0.939
Complete resolution after 12 months
Type 2 diabetes mellitus 11 (64.7%) 14 (63.6%) 0.945
Hypertension 4 (57.1%) 5 (45.5%) 1.000
Joint and back pain 9 (56.3%) 11 (57.9%) 0.922

Data are presented as number (%)

Table 4 Postoperative quality of life in the two studied groups meas-
ured by Gastrointestinal Quality of Life Index

OAGB LPRYGB p value
(n=30) (n=35)
After 3 months 91.8+11.2 97.1+£5.6 0.015
After 6 months 98.3+12.3 123.1+11.6 <0.001
After 12 months 101.2+11.3 131.6+6.5 <0.001

Data are presented as mean + SD

Discussion

This study aimed to explore if lengthening the BPL in RYGB
can attain a better outcome in morbidly obese patients. We
compared the effect of this modified RYGB with OAGB,
which has been shown to be superior in weight loss and
remission of comorbidities. The results demonstrated that
a longer BPL in RYGB is as good as OAGB in controlling
comorbid conditions, including T2DM, and producing short-
term weight loss. But, after 12 months of surgery, weight
loss was significantly higher in the OAGB. LPRYGB had the
advantage of a significantly higher quality of life compared
to OAGB.

Many studies demonstrated the superiority of OAGB
to RYGB. A recent meta-analysis of 11 studies involving
12,445 patients confirmed that OAGB is associated with
more weight loss up to 5 years postoperatively and supe-
rior remission rates of T2DM compared to RYGB [14]. This
superiority could be attributed to its more malabsorptive
traits [14]. We believe that a longer BPL could increase the
malabsorptive component of RYGB to approach the better
results of OAGB.

This notion was motivated by previous studies investigat-
ing the effect of elongation of the BPL in RYGB. Nergaard
et al. compared the standard RYGB (AL: 150 cm, BPL:

60 cm) to diverted-OAGB with 60-cm AL and 200 BPL.
The long BPL achieved significantly higher BMI loss after
seven years than long AL (78.4% vs. 67.1%, respectively)
[15]. Darabi et al. studied three variations of AL and BPL in
RYGB (BPL 50 cm, AL 150 cm; BPL: 150 cm, AL: 50 cm;
and BPL: 100 cm, AL: 100 cm). They found no difference
in %EWL after 1 year. However, longer BPL achieved a
higher %EWL after 3 years [16]. Another RCT compared
150-cm BPL, AL 75 cm, with BPL 75 cm, AL 150 cm. They
found a significantly higher %EWL in cases of long BPL
RYGB 4 years after surgery [17]. A BPL of 200 cm and
AL of 50 cm were proved effective in achieving acceptable
weight loss and remission of T2DM [18]. In diabetic patients
subjected to RYGB, a longer BL of 100—150 cm had a bet-
ter antidiabetic effect compared to the standard length of
50-75 cm [19].

In the current study, we used the reversed ratio of AL and
BPL by a longer BPL (150 cm) with a shorter AL (60 cm).
Generally, systematic reviews concluded that the combined
length of the two limbs between 100 and 200 cm might yield
optimal results in proximal bypass [20].

Besides, in failed laparoscopic sleeve gastrectomy cases,
revisional surgery with long BPL procedures (RYGB or
OAGB) ensued a significant long-term weight loss at three
years [21]. A similar benefit was reported in revisional sur-
gery after failed RYGB. A long BPL RYGB was associated
with significantly higher ZEWL and TWL at five years post-
operatively [22].

However, the mechanism underlying better weight loss
with long BPL in RYGB remains uncertain. It may lead to
superior stimulation of the distal intestine and altered bile
acids and intestinal microbiota [18]. Also, available evidence
indicates that long BPL in biliopancreatic diversion can be
a key factor in explaining this procedure’s superiority in
achieving weight loss [21]. A longer BPL bypassed more
of the jejunum, leading to early malabsorption of nutrients,
causing a significant early loss of weight. However, in the
long term, the weight loss effect decreased. This is con-
firmed in the current study, where weight loss was compa-
rable to OAGB up to 6 months, but it was significantly lower
after one year in LPRYGB. The bariatric procedure gener-
ally generates mild fat malabsorption due to many factors,
including an inadequate mixing with digestive secretions
[23, 24]. The passage of food directly to the ileum could
affect food tolerance and, consequently, eating behavior.
With a long BPL, bypassing most of the foregut is might
alter the hormonal and immunological factors. The differ-
ence in the GI hormones’ profile demonstrated in recent
studies may be the primary mechanism [25].

In fact, variable BPL lengths were investigated in OAGB.
A retrospective analysis compared the outcome of OAGB
with BPL of 150 cm, 180 cm, and 250 cm. Nutritional defi-
ciencies were more common in the 250-cm group compared
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to the 150-cm group. The difference between 150 cm vs.
180 cm was insignificant regarding weight loss and resolu-
tion of T2DM and hypertension [26]. Komaei et al. [27] sug-
gested that tailoring BPL length by bypassing about 40% of
the small bowel length is safe and effective and appears to be
superior to the fixed 200-cm BPL. We believe that 200 cm is
within 40% of the small bowel length of most patients. Lee
et al. suggested tailoring BPL lengths to patients’ preopera-
tive BMI to be 150 cm for BMI> 40 kg/m?, 250 cm for BMI
40-50 kg/m?, and 350 cm for BMI > 50 kg/m>. Higher BMI
reduction was associated with longer BPL [28].

In the current study, the AL length was 60 cm. A recent
meta-analysis concluded that in patients with a BMI < 50,
a relatively short AL of 40-100 cm is as useful as longer
lengths (130-150 cm) in terms of weight loss [29]. Actu-
ally, older studies suggested that a long AL of 150 cm and
lengthening the BPL to 30 cm was associated with greater
weight loss at 24 and 36 months. However, three more recent
systematic reviews concluded that a longer AL does not sig-
nificantly impact patients with a BMI <50 [20, 30, 31].

Our study included a relatively small number of patients
followed up only for one year. Nutritional results at 1 year
were not presented. Data of trace elements and vitamin
deficiency at 1 year is incomplete as some patients couldn’t
afford them. COVID-related restrictions made follow up
at 1 year mainly by phone. Our results did not segregate
patients who had complete remission of their comorbidities
from those who had partial remission.

We can conclude, despite our limited numbers on comor-
bidities, that extending the BPL length in RYGB to 150 cm
with an AL of 60 cm is as effective as OAGB in terms of
remission of comorbidities, including diabetes. It was also
equally effective in weight reduction in the short term.
However, OAGB was more efficient in producing weight
loss after 1 year. It is also a significantly faster operation.
The main advantage of LPRYGB was a better quality of life
1 year after surgery. Research of the appropriate length of
functioning small bowel in gastric bypass surgery remains
to be determined in large RCTs.
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