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Abstract
Background One Anastomosis Gastric Bypass–Mini Gastric Bypass (OAGB-MGB) is rapidly gaining popularity and is cur-
rently being performed by an increasing number of bariatric surgeons worldwide. However, excessive postoperative weight loss
and malnutrition still remain a major concern regarding this procedure. The aim of this observational retrospective study was to
investigate whether a tailored biliopancreatic limb (BPL) length relative to small bowel length (SBL) is superior to a fixed BPL length
of 200 cm in terms of weight loss results and nutritional deficiencies in morbidly obese patients 1 year following OAGB-MGB.
Materials and Methods Sixty-four patients who underwent OAGB-MGB were divided into two consecutive groups depending
on the BPL length used: fixed 200-cm BPL and tailored BPL groups. Anthropometric measurements (%EWL, TWL, %TWL)
and nutritional parameters (vitamin A, vitamin D3, vitamin B12, serum iron, serum albumin, total protein) were compared
between the two groups at 1-year follow-up.
Results No statistically significant differences were observed between the patients in two groups in terms of %EWL, TWL,
%TWL. The number of patients with deficiencies of vitamin A (p= 0.030), vitamin D3 (p = 0.020), and albumin (p = 0.030) was
significantly higher in fixed 200-cmBPL group as compared with tailored BPL group, 1 year following OAGB-MGB. No statistically
significant differences were seen between the patients in two groups in terms of vitamin B12, iron, and total protein deficiencies.
Conclusion Tailoring BPL length by bypassing about 40% of the SBL seems to be safe and effective. According to preliminary
results of this study, a tailored BPL length relative to SBL is even likely to be superior to the fixed 200-cm BPL as it is associated
with less nutritional deficiencies while providing similar weight loss results. Further randomized studies with larger sample sizes
and longer follow-up periods are necessary to confirm the primary results of this study.
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Introduction

Currently, surgery is considered the most effective treatment
modality for obesity and its related comorbidities. Bariatric
surgery not only provides adequate and sustained weight loss

but also ameliorates obesity-related diseases and improves the
quality of life. Since the mid-twentieth century, many types of
bariatric procedures have been introduced, each having its
own advantages and disadvantages [1–3].

One Anastomosis Gastric Bypass–Mini Gastric Bypass
(OAGB-MGB) was first described by Rutledge in 1997
[4]. Despite unique characteristics and promising weight
loss results, the initial controversies surrounding OAGB-
MGB have led to a gradual and cautious acceptance of this
procedure by bariatric surgeons [5–9]. Nonetheless, the
safety and efficacy of this procedure have recently been
confirmed by several studies [10–15]. Currently, OAGB-
MGB is recognized as a mainstream bariatric procedure
and is being practiced by an increasing number of bariatric
surgeons around the world [16–18].
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Although the popularity of OAGB-MGB is increasing, ex-
cessive postoperative weight loss and malnutrition still remain
a major concern regarding this procedure [15, 19, 20]. In
OAGB-MGB, maintaining an appropriate ratio between the
lengths of biliopancreatic limb (BPL) and common limb (CL)
is crucial. As human small bowel length (SBL) has been
shown to be highly variable, an unreasonably long BPL in a
significantly short small bowel can highly increase the risk of
excessive postoperative weight loss and the occurrence of
nutritional deficiencies [21–23].

Currently, there are no standard guidelines suggesting the
most suitable BPL length for OAGB-MGB that can assure an
appropriate balance between weight loss and nutritional defi-
ciency [24]. Though the fixed BPL length of 200 cm, as de-
scribed by Rutledge, is still the most frequently used, there are
significant variations in the BPL lengths used by different
surgeons [25]. Moreover, despite recommendations, the ma-
jority of bariatric surgeons do not routinely measure the SBL
during the procedure due to technical difficulties and high risk
of intestinal injury [26, 27]. In the light of new evidence on the
variability in SBL and in order to decrease the risk of postop-
erative malnutrition and mortality, like many other bariatric
surgeons around the world, since March 2017, a tailored
BPL length formula has been adopted at our surgical unit.
We presumed that intraoperative measurement of the SBL
and bypassing about 40% of its entire length not only respect
the principals of the original Rutledge technique to a high
degree but also secure an adequate CL length, long enough
to prevent severe postoperative weight loss and malnutrition.

The aim of this observational retrospective study was to
investigate whether a tailored BPL length relative to SBL is
superior to a fixed BPL length of 200 cm in terms of weight
loss results and nutritional deficiencies in morbidly obese pa-
tients 1 year following OAGB-MGB.

Materials and Methods

Study Design

An observational retrospective study was undertaken on all
morbidly obese patients (n = 64) who underwent OAGB-
MGB from May 2015 to March 2018 in Surgical Oncology
Division of Department of Human Pathology in Adulthood
and Childhood BG. Barresi^, academic teaching Hospital
BG. Martino^, University of Messina, Italy. The study was
conducted after approval of the Hospital Ethics Committee.
Informed written consent was obtained from all patients in-
volved in the study. From May 2015 until March 2017, all
OAGB-MGB procedures were performed according to stan-
dard Rutledge technique, using a fixed 200-cm BPL, without
measurement of the SBL. From March 2017 until
March 2018, all procedures were conducted using a tailored

BPL length formula, after intraoperative measurement of the
SBL and bypassing about 40% of its entire length. This tech-
nical change allowed us to retrospectively identify and review
two consecutive series of patients: (1) patients who underwent
OAGB-MGB with a fixed 200-cm BPL (n = 32) and (2) pa-
tients who underwent OAGB-MGB with a tailored BPL
length relative to SBL (n = 32).

The inclusion criteria were age between 18 and 65 years,
BMI ≥ 35 kg/m2, and completion of the 1-year follow-up pro-
gram. Exclusion criteria were previous gastrointestinal sur-
gery, previous bariatric procedure, and failure of completion
of the 1-year follow-up program. All 64 patients included in
the study completed their 1-year follow-up.

Preoperative Workup

Preoperative workup included anthropometric measurements
(age, gender, height in cm, weight in kg, BMI in kg/m2, and
EBW in kg), blood samples, ECG, echocardiography, chest x-
ray, upper gastrointestinal endoscopy with antral biopsy for
exclusion of macro- and microscopic gastric lesions, and his-
tologic Helicobacter pylori screening, and if requested by
anaesthesiologists, spirometry and polysomnography.
Psychiatric counseling was conducted in all cases to exclude
patients unsuitable for bariatric surgery. All patients with his-
tologically proven Helicobacter pylori infection underwent
standard eradication therapy preoperatively. Anti-thrombotic
prophylaxis with low molecular weight heparin and appropri-
ate antibiotic prophylaxis were administered in all patients
prior to surgery.

Operative Technique

All procedures were performed laparoscopically by the same
surgeon experienced in laparoscopic bariatric surgery. The
consultant surgeon Navarra had performed about 85 laparo-
scopic biliopancreatic diversion procedures involving SBL
measurement and 20 laparoscopic OAGB-MGB procedures
prior to the commencement of the present study.
Pneumoperitoneum was induced by a Veress needle, intro-
duced at Palmer’s point. Five laparoscopic ports were placed.
An energy-based device (endo-surgery generator Harmonic®,
Ultrasonic or Enseal®, Advanced Bipolar [Ethicon,
Somerville, NJ], depending on availability) was used to enter
the lesser sac via division of lesser omentum. The lesser
curvature-based gastric pouch was created by transversal tran-
section of the stomach starting 2–3 cm below the level of the
crow’s foot and extending proximally slightly to the angle of
His using an endoscopic linear mechanical stapler (Echelon
Flex™ Endopath® or Tri-Staple™ stapler [Ethicon], depend-
ing on availability). A 36F bougie dilator was used as a tem-
plate to create the gastric pouch. In the first series of patients, a
fixed point on the small bowel, about 200 cm distal to the
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ligament of Treitz, was selected to create BPL (fixed 200-cm
BPL). The SBL was not measured in these patients. In the
second series of patients, the SBL measurement was per-
formed carefully on the antimesenteric border, by fully
stretching the bowel, using atraumatic laparoscopic forceps
marked at 10 cm. The SBL was measured from the ligament
of Treitz to the ileocecal valve. Following verification of a CL
length equal to or longer than 250 cm, a point about 40% of
the total SBL distant to the ligament of Treitz was selected to
create the BPL (tailored BPL length). An antecolic 3-cm-wide
latero-lateral anastomosis was then created between the pouch
and the intestinal loop using linear mechanical staplers.
Manual closure and reinforcement of the anastomosis were
performed by continuous suturing using V-lock. The anasto-
mosis was tested for integrity by methylene blue dye intro-
duced through the nasogastric tube. A draining tube was
placed posteriorly to the site of anastomosis.

Postoperative Follow-up

Postoperatively, patients were managed with nil per os, elec-
trolyte and fluid therapy, proton pump inhibitors, and anti-
thrombotic prophylaxis. On the 3rd–4th postoperative day,
all patients underwent a gastrografin swallow test to evaluate
the integrity of anastomosis and to exclude any leakage.
Thereafter, the nasogastric tube and intraperitoneal drain were
removed and a liquid diet was initiated. All patients were
regularly followed up at the 10th day, and consecutively on
3rd, 6th, and 12th months. Patients were encouraged to take a
high protein diet (minimum 1 g/kg body weight daily), daily
vitamin supplements (oral multivitamin tablets), and monthly
vitamin B12 intramuscular injections. During each follow-up,
anthropometric parameters were measured and nutritional sta-
tus (total protein, serum albumin, serum iron, vitamin A,
Vitamin D3, and Vitamin B12) were evaluated.

Statistical Analysis

Statistical analysis was performed using SPSS 20.0 for
Windows package. Continuous variables were expressed as
the mean ± standard deviation (SD). Baseline comparisons
were performed using chi-square tests and t tests. A two-
sided p value of < 0.05 was considered statistically significant.
Microsoft Excel 2010 for Windows was used to demonstrate
the graphical presentation.

Results

A retrospective review of demographic and clinical data of
64 consecutive patients who underwent OAGB-MGB be-
tween May 2015 and March 2018 and completed their 1-
year follow-up was performed. A total of 79.7% of the
patients were female, and the mean age was 43.3 ±
9.4 years (range, 24–65 years). The mean height was
163.8 ± 8.2 cm (range, 150–193 cm). The average preop-
erative weight and BMI were 119.0 ± 21.1 kg (range,
88.0–175.0 kg) and 44.2 ± 5.8 kg/m2 (range, 35.2–
60.2 kg/m2), respectively. The mean excess body weight
(EBW) was 51.4 ± 16.7 kg (range, 26.0–94.6 kg). No sta-
tistically significant differences were observed between
the patients in two groups in terms of age, height, weight,
BMI, and EBW at the time of surgery. The preoperative
demographics of the entire sample and individual groups
are summarized in Table 1.

The patients were categorized into two groups based on the
BPL length used: the fixed 200-cm BPL and the tailored BPL
groups, each comprising 32 patients. Table 2 demonstrates the
SBL, BPL, and CL lengths in the tailored BPL group. The
average measured SBL of patients in the tailored BPL group
was 625.6 ± 110.5 cm, with the shortest and longest SBLs

Table 1 Preoperative demographic in the entire sample, 200-cm BPL group, and tailored BPL group

Entire sample 200-cm BPL Tailored BPL

Mean ± SD Range Mean ± SD Range Mean ± SD Range p value

Number 64 (100%) – 32 (50%) – 32 (50%) – –

Gender

Male 13 (20.3%) – 6 (18.8%) – 7 (21.9%) – –

Female 51 (79.7%) – 26 (81.2%) – 25 (78.1%) – –

Age (years) 43.3 ± 9.4 24.0–65.0 42.3 ± 9.7 24.0–65.0 44.4 ± 9.1 28.0–62.0 0.369

Height (cm) 163.8 ± 8.2 150.0–193.0 164.2 ± 9.6 150.0–193.0 163.4 ± 6.8 154.0–182.0 0.685

Weight (kg) 119.0 ± 21.1 88.0–175.0 117.2 ± 18.9 88.0–175.0 120.8 ± 23.4 88.0–172.0 0.497

BMI (kg/m2) 44.2 ± 5.8 35.2–60.2 43.3 ± 4.4 36.5–54.1 45.0 ± 6.9 35.2–60.2 0.234

EBW (kg) 51.4 ± 16.7 26.0–94.6 49.5 ± 13.4 31.6–81.9 53.3 ± 19.4 26.0–94.6 0.364
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being 410 and 930 cm, respectively. The mean tailored BPL
length was 250.0 ± 43.8 cm, with the shortest and longest BPL
lengths used being 160 and 370 cm, respectively. The mean
CL length was 375.6 ± 66.8 cm, with the shortest and longest
CL lengths being 250 and 560 cm, respectively. The mean
intervention time was 97.0 ± 14.0 min in the 200-cm BPL
group and 116.0 ± 16.0 min in the tailored BPL group. No
intra- and postoperative complications such as hemorrhage,
bowel perforation, anastomotic dehiscence, or need for con-
version to open surgery were recorded in any of the groups.

One year following the surgery, the average weight was
77.6 ± 13.3 kg in 200-cm BPL group and 80.1 ± 14.9 kg in
tailored BPL group. The mean BMI was 28.8 ± 4.1 kg/m2 in

the 200-cm BPL group and 29.9 ± 4.5 kg/m2 in tailored BPL
group. The average %EWL achieved was 66.2 ± 17.1% in
200-cm BPL and 63.3 ± 13.7% tailored BPL groups, while
the average TWL was 39.6 ± 12.5 kg for 200-cm BPL and
40.7 ± 13.4 kg for tailored BPL groups. The mean %TWL
was 33.4 ± 7.9% and 33.3 ± 6.6%, in 200-cm BPL and tai-
lored BPL groups. No statistically significant differences were
observed between the patients in two groups in terms of
%EWL, TWL, and %TWL, at 1-year follow-up (Table 3).

Regarding the nutritional deficiencies, vitamin A defi-
ciency was noted in 31.2% and 9.4%, and vitamin D3 de-
ficiency was present in 28.1% and 6.2% of the patients in
200-cm BPL and tailored BPL groups, respectively.

Table 2 Small bowel length,
biliopancreatic limb length, and
common limb length in tailored
BPL group

Patient Total small intestine
length (cm)

BPL length (cm) Common limb
length (cm)

1 500 200 300

2 620 250 370

3 410 160 250

4 600 240 360

5 720 290 430

6 750 300 450

7 820 330 490

8 570 230 340

9 600 240 360

10 570 230 340

11 630 250 380

12 630 250 380

13 570 230 340

14 550 220 330

15 680 270 410

16 600 240 360

17 720 290 430

18 600 240 360

19 550 220 330

20 550 220 330

21 930 370 560

22 810 320 490

23 550 220 330

24 500 200 300

25 600 240 360

26 650 260 390

27 710 280 430

28 550 220 330

29 540 220 320

30 600 240 360

31 810 320 490

32 530 210 320

Mean: 625.6 ± 110.5 cm

Range: 410–930 cm

Mean: 250.0 ± 43.8 cm

Range: 160–370 cm

Mean: 375.6 ± 66.8 cm

Range: 250–560 cm
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Vitamin B12 deficiency was seen in 12.5% of the patients
in the 200-cm BPL group and 6.2% of the patients in the
tailored BPL group. Statistically significant differences
were observed between the patients in two groups in terms
of vitamin A deficiency (p = 0.030) and vitamin D3 defi-
ciency (p = 0.020), whereas the difference between the two
groups in terms of vitamin B12 deficiency was not statisti-
cally significant (p = 0.391).

In the 200-cm BPL group, 18.7% of the patients had iron
deficiency, while 12.5% of the patients in the tailored BPL
group presented with iron deficiency. The difference between
the number of patients having iron deficiency in the two
groups was not statistically significant (p = 0.491).
Hypoalbuminemia was seen in 31.2% and 9.4% of the pa-
tients in 200-cm BPL and tailored BPL groups, respectively.
The difference between the patients in two groups in terms of
albumin deficiency was statistically significant (p = 0.030).
Total protein deficiency was observed in 21.9% and 12.5%
of the patients in 200-cm BPL and tailored BPL groups, re-
spectively; however, this difference was not statistically sig-
nificant (p = 0.320). Figure 1 summarizes the percentage of

patients with nutritional deficiencies in 200-cm BPL and tai-
lored BPL length groups.

During the 1-year follow-up, 25.0% of the patients in
the 200-cm BPL group and 6.2% of the patients in the
tailored BPL group complained of frequently occurring
diarrhea. The difference between patients in two groups
complaining of frequent diarrhea was statistically signifi-
cant (p = 0.039).

Three patients were readmitted during the first postop-
erative year. One female patient was readmitted 11 months
after surgery with severe anemia (Hb = 5.6 g%) and treated
conservatively with blood transfusions and intravenous
iron supplementation. The other two patients were
readmitted at 9th and 10th months, respectively, for weak-
ness and profuse diarrhea. Both patients were managed
conservatively with parenteral nutrition and intravenous
vitamin supplementation. All three patients belonged to
the first group and had undergone OAGB-MGB with a
fixed 200-cm BPL length. None of the patients presented
with severe malnutrition, requiring re-admission for
revisional surgery.

Table 3 Weight loss results in
200-cm BPL and tailored BPL
groups at 1-year postoperative
period

200-cm BPL Tailored BPL p value

Mean ± SD Range Mean ± SD Range

Weight (kg) 77.6 ± 13.3 61.0–120.0 80.1 ± 14.9 54.0–116.0 0.476

BMI (kg/m2) 28.8 ± 4.1 20.7–38.0 29.9 ± 4.5 21.1–39.7 0.289

%EWL 66.2 ± 17.1 28.3–112.7 63.3 ± 13.7 31.2–95.7 0.467

TWL (kg) 39.6 ± 12.5 14.0–71.0 40.7 ± 13.4 15.0–80.0 0.756

%TWL 33.4 ± 7.9 14.5–51.4 33.3 ± 6.6 15.6–50.0 0.929
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Fig. 1 Percentage of patients with nutritional deficiencies in 200-cm BPL
and tailored BPL length groups. *Significance defined as p < 0.05.
Vitamin A deficiency was seen in 31.2% of the patients in the 200-cm
BPL group and 9.4% of patients in the tailored BPL group (p = 0.030).
Vitamin D3 deficiency was seen in 28.1% of the patients in the 200-cm
BPL group and 6.2% of the patients in the tailored BPL group (p = 0.020).
Vitamin B12 deficiency was seen in 12.5% of the patients in the 200-cm
BPL group and 6.2% of the patients in the tailored BPL group (p = 0.391).

Iron deficiency was seen in 18.7% of the patients in the 200-cm BPL
group and 12.5% of the patients in the tailored BPL group (p = 0.491).
Albumin deficiency was seen in 31.2% of the patients in the 200-cm BPL
group and 9.4% of the patients in the tailored BPL group (p = 0.030).
Total protein deficiency was seen in 21.9% of the patients in the 200-
cm BPL group and 12.5% of the patients in the tailored BPL group (p =
0.320)
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Discussion

OAGB-MGB is rapidly gaining popularity owing to multiple
advantages such as rather technical simplicity, short operative
time, and excellent weight loss and comorbidity resolution
results [15, 28]. Despite the earlier controversies surrounding
OAGB-MGB, the safety and efficacy of this procedure in
terms of weight loss and metabolic improvements have lately
been approved by many authors [16, 29]. Nevertheless, the
excessive postoperative weight loss and protein-calorie mal-
nutrition following OAGB-MGB still remain a major concern
[30–32], with a reported range up to 0.9–1.2% [33, 34], re-
quiring revisional surgery in around 0.7% of the cases [35].

The major known function of the small intestine is the
absorption of macro- and micronutrients [24]. Like other
malabsorptive bariatric procedures, OAGB-MGB involves
bypassing the proximal segment of the small bowel. Clearly,
the longer the length of the bypassed small intestine, the better
the weight loss results, but at the same time, the higher the risk
of occurrence of nutritional deficiencies. On the contrary, an
insufficient bypassing of the small intestine might result in
unsatisfactory weight loss and comorbidity resolution results
[36–39].

Despite the various consensus and continuous attempts,
still, there are no standard guidelines regarding the most suit-
able BPL length in OAGB-MGB that would yield a counter-
balance between weight loss and nutritional deficiency.
Various limb lengths have been used and reported by several
authors, from 150 [40] to 200 cm [13, 14, 41, 42], to a tailored
BPL length formula according to BMI [43]. However, a BPL
length of about 200 cm from the ligament of Treitz is still the
one used most frequently [25, 44]. Moreover, although due to
variations in SBL in humans, the measurement of the entire
small bowel is recommended to guarantee an adequate length
of the CL [33, 45], only around 25% of the surgeons routinely
do so [25]. Technical challenges associated with laparoscopic
measurement of SBL, risk of intestinal and neighboring organ
injury, and prolongation of the operative time are possible
explanations for the surgeon’s hesitancy on SBL measure-
ments [26, 27]. Additionally, there is no consensus regarding
the best method for laparoscopic SBL measurement. Animal
studies performed laparoscopically have demonstrated an
overestimation of the SBL by more than 30% [46].

According to original OAGB-MGB described by
Rutledge, a fixed point about 200 cm distal to the ligament
of Treitz is to be used to construct the gastro-entero anasto-
mosis in OAGB-MGB [4], hence bypassing around 30–40%
of the proximal segment of the small intestine of about 5- to 6-
m long. The selection of a fixed 200-cm BPL has shown to be
suitable for most, but not for all patients as the variation in
SBL in humans is a conflicting subject. The average length of
the small intestine has been reported to vary from 3 to 10 m
[47]. Therefore, measurement of the SBL prior to the creation

of gastro-entero anastomosis appears to be a wise approach as
it secures an adequate length of the CL. A too short or too long
CL can increase the risk of postoperative malnutrition or in-
adequate weight loss, respectively. In our series, the shortest
measured SBL was 410 cm; using a 200-cm BPL would have
left a CL of about 210-cm long with an increased risk of
postoperative protein-calorie malnutrition. On the contrary,
the longest measured SBL was 930 cm; therefore, a fixed
BPL length of 200 cm would have left a CL of about 730-
cm long which would have probably resulted in unsatisfactory
weight loss results.

Over the last decade, the concept of tailored BPL in
OAGB-MGB has been introduced. Lee et al. [43] reported a
tailored BPL approach incorporating different bypass limb
length according to the patient’s BMI. However, Tacchino
[47] reported that weight is not a determinant of bowel length
and found no correlation between obesity and SBL. Although
the correlation of SBL variability with some anthropometrical
factors (age, gender, weight, and height) has been previously
studied, only height has been reported to be an independent
predictor of increased SBL [48]. Nevertheless, height has
shown to be a poor predictor of the SBL variability with low
reliability [47, 49]. Moreover, in Teitelbaum’s study, height
correlated with increased SBL in men, whereas in women it
did not [49]. In our study, 79.7% of the sample comprised of
women, which coincides with the majority of the published
studies observing a predominance of women subjected to bar-
iatric surgery [24, 50, 51]. Overall, the evidence on the corre-
lation of SBL and anthropometric parameters such as height is
still very weak and the topic is subjected to further research.
The prediction of SBL based on the anthropometric factors
alone and increasing BPL length without intraoperative SBL
measurement might lead to catastrophic nutritional
consequences.

The current study aimed to demonstrate the effects of the
fixed 200-cm BPL versus the tailored BPL length formula
according to SBL in two consecutive series of patients in
terms of weight loss results and nutritional deficiencies.
Both groups had satisfactory weight loss results 1 year follow-
ing the surgery. The %EWLwas 66.2% and 63.3% in 200-cm
and tailored BPL groups, respectively. The reported TWL in
the 200 cm group was 39.6 kg, while in the tailored BPL
group was 40.7 kg. The %TWL was 33.4% and 33.3% in
200-cm and tailored BPL groups, respectively. No statistically
significant differences were observed in weight loss results
between the two groups at 1-year follow-up.

On comparing vitamin deficiencies, more patients with
200-cm BPL length had deficiencies of vitamins A, D3, and
B12 as compared with patients with a tailored BPL length.
These differences were statistically significant in cases of vi-
tamins A (p = 0.030) and D3 (p = 0.020) deficiencies. The lack
of a statistically significant difference in vitamin B12 deficien-
cy between the two groups (p = 0.391) can be explained by the
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fact that all patients were prescribed monthly intramuscular
vitamin B12 injections in addition to oral multivitamin
supplements.

In terms of iron deficiency, no statistically significant dif-
ference was seen between the two groups (p = 0.491). One
female patient with 200-cm BPL was readmitted with severe
anemia (Hb = 5.6 g%) and generalized weakness 11 months
after surgery. The patient was not taking supplements as pre-
scribed and referred abundant bleedings during menstrual cy-
cles. The patient was treated conservatively with blood trans-
fusions and intravenous iron supplementation and was re-
ferred to the gynecology department for further investigations.
Iron deficiency in patients with OAGB-MGB is the result of
bypassing the acidic environment of the stomach and the ab-
sorptive surface of the duodenum and proximal jejunum, the
major sites of iron absorption. Therefore, no real benefits re-
garding serum iron levels should be expected by alterations in
BPL length, as the proximal small intestine is excluded in all
cases of OAGB-MGB. The iron deficiency is more pro-
nounced in the presence of chronic blood loss or in woman
in reproductive age, as well as a vegetarian diet with reduced
intake of organic (heme) iron [24].

Regarding albumin deficiency, 31.2% of the patients in
the 200-cm BPL group and 9.4% of the patients in the
tailored BPL group presented with subclinical hypoalbu-
minemia. The difference between the two groups was sta-
tistically significant (p = 0.030). Total protein deficiency
was observed in 21.9% and 12.5% of the patients in
200-cm BPL and tailored BPL groups, respectively. The
difference between the patients with total protein deficien-
cy in the two groups was not statistically significant (p =
0.320). Lately, the reported cases of death of two patients
due to severe protein deficiency and hepatic failure fol-
lowing OAGB-MGB utilizing 200-cm BPL length have
raised significant concerns [52, 53]. Kruschitz et al. [54]
reported significantly poorer liver function in patients un-
dergoing OAGB-MGB as compared with RYGB in the
first year not associated with weight loss, requiring a more
careful postoperative follow-up.

During the periodic follow-ups, 25.0% of the patients in the
200-cm BPL group and 6.2% of the patients in the tailored
BPL group complained of frequently occurring diarrhea. The
difference between the two groups was statistically significant
(p = 0.039). Two patients were readmitted at 9th and 10th
months, respectively for generalized weakness and profuse
diarrhea. Both patients were managed conservatively with
parenteral nutrition and intravenous vitamin supplementation.

To the best of our knowledge, the current single-center
study tends to be the first in the literature to report the prelim-
inary results of tailored BPL length formula relative to SBL in
OAGB-MGB. The aims of our study design were twofold: to
have optimal weight loss results, while limiting excessive
postoperative weight loss and malnutrition. As a consequence,

it was decided to tailor the BPL length relative to the SBL,
following verification of a CL length equal to or longer than
250 cm, hence long enough to minimize the risk of postoper-
ative malnutrition.

We observed that intraoperative measurement of the
SBL and bypassing about 40% of its length result in less
nutritional deficiencies compared with standard fixed 200-
cm BPL length while providing similar weight loss results.
Although the information regarding SBL in the 200-cm
BPL group is lacking, significant nutritional differences
between the two groups could have probably been either
due to (1) higher number of patients in the 200-cm BPL
group with significantly short SBL (< 500 cm) or (2)
shorter mean SBL of the patients in the 200-cm BPL
group. Nonetheless, these observations actually highlight
the importance of intraoperative SBL measurement and
tailored BPL length formula according to SBL in
OAGB-MGB. In the current study, the measurement of
the SBL increased the intervention time by around
19 min. However, considering the highly variable SBL,
and huge risk associated with nutritional consequences, it
is wise to measure the SBL, even at the expense of in-
creasing the intervention time.

Limitations

This study had some limitations. Firstly, the sample size of 64
patients is small and follow-up program of 1 year is short.
Secondly, the mean SBL length in the 200-cm BPL group is
not clear or could be estimated based on anthropometric fac-
tors alone. Finally, this is an observational retrospective anal-
ysis of the data; instead, a randomized control trial would have
been more useful.

Conclusion

OAGB-MGB is rapidly gaining popularity among bariatric
surgeons all around the world. Measuring the entire length
of the small bowel and a reasonable BPL length relative to
SBL is crucial to prevent postoperative nutritional defi-
ciencies or unsatisfactory weight loss results. Tailoring
BPL length by bypassing about 40% of the SBL seems to
be safe and effective. According to preliminary results of
this study, a tailored BPL length relative to SBL is even
likely to be superior to the fixed 200-cm BPL as it is asso-
ciated with less nutritional deficiencies, but with similar
weight loss results. Further randomized studies with larger
sample sizes and longer follow-up periods are necessary to
confirm the primary results of this study.
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