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Abstract

The International Federation for the Surgery of
Obesity and Metabolic Disorders has endorsed
one anastomosis gastric bypass (OAGB) as a
mainstream bariatric procedure. Several stud-
ies have shown excellent results with OAGB or
mini-gastric bypass (MGB) in terms of
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metabolic outcomes. OAGB has seen a journey
of 20 years but still there is no consensus on the
ideal biliopancreatic limb (BPL) length to be
bypassed. Some authors prefer using fixed
limb lengths while some prefer using a tailored
limb length according to the patient’s weight.
There is a reasonable body of evidence
suggesting that longer BPL length may lead to
higher rate of nutritional deficiencies without
any significant increase in weight loss and
comorbidity improvement/resolution. Increased
nutritional deficiencies may require admissions
and even revisional surgery. This may lead to
poor quality of life along with additional finan-
cial burden on the patient.

Recently, several authors have published
data about the nutritional deficiencies that
occur after OAGB/MGB. There has been


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-54064-7_95-1&domain=pdf
https://doi.org/10.1007/978-3-030-54064-7_95-1#DOI

increased interest in using a limb length of
150 cm and to measure the complete small
bowel length if longer BPL length is used.
Small bowel length varies greatly between
2.5 and 10 meters. Also, interoperative vari-
ability and difficulty in measuring the small
bowel during laparoscopic surgery, in a mor-
bidly obese patient, add to the complexity of
the procedure. Thus, it is important for the
bariatric surgeon community to standardize
the procedure with respect to lengths of BPL
to be used and techniques of measurement.
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Introduction

One anastomosis gastric bypass (OAGB) has been
accepted as a mainstream bariatric procedure by
the International Federation for the Surgery of
Obesity and Metabolic Disorders in a recent con-
sensus statement [1]. The procedure was first
performed by Dr. Rutledge in 1997 [2] and has
been adopted widely in Asian and European coun-
tries because of its technical simplicity, good
results in terms of weight loss and comorbidity
resolution, and ease of reconversion in case of an
adverse event [3]. It has also become an attractive
option for revisional bariatric procedure [4, 5].
OAGB involves the creation of a long gastric
pouch with a loop gastrojejunostomy at the end
of the pouch. In a randomized control trial (RCT)
by Lee et al. [6], they compared OAGB with
Roux-en-Y gastric bypass (RYGB) at 2 years
and reported better weight loss outcome and
improved short-term safety profile with OAGB.
In another study from the same authors, they
showed that the weight loss advantage is
maintained at 5 years with OAGB over RYGB
but they also observed lower hemoglobin levels
with OAGB [7]. This has been reflected in the
Indian Bariatric Surgery Outcome Reporting
(IBSOR) multicenter study, in 9417 patients,
where authors reported a similar trend of higher
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weight loss and lower mean hemoglobin and albu-
min levels [8].

These recurrent observations suggest that
OAGB is a malabsorptive procedure that shows
superior weight loss but with higher incidence of
nutritional deficiencies. This has led surgeons to
search for an ideal biliopancreatic limb (BPL)
length that can achieve a reasonable weight loss
but with acceptable rates of malnutrition.

So far, there is no consensus among surgeons
on the ideal length of the BPL. BPL lengths rang-
ing up to 350 cm have been described by some
authors, while others have described tailoring the
limb length depending on the weight and comor-
bidity of the patient [9]. Predictably, severe mal-
nutrition has been reported after long limb OAGB
[10, 11] and, therefore, suggestions have been
made to reduce the limb length to 150 cm [12].

In this chapter, we will delve into the literature
on the small bowel anatomy and physiology and
the results of its bypass, the limb lengths used in
duodenal switch (DS) and RYGB and its extrap-
olation in OAGB, and finally the published out-
comes based on the BPL length in OAGB.

Small Intestine Anatomy and
Physiology

The small intestine, especially the duodenum and
jejunum are the most important locations for
digestion and absorption of most of the macronu-
trients as well as micronutrients. Although protein
is absorbed over the whole length of the small
bowel, the proximal part is the main area for
protein absorption. Minerals such as iron, cal-
cium, copper, and zinc are also absorbed actively
from the duodenum and the proximal intestine.
(Fig. 1 shows the absorption of important nutri-
ents along the length of the entire bowel). These
micronutrients can also be absorbed from the dis-
tal intestine but the absorption is less effective
since it relies on passive absorption. Most of the
water-soluble vitamins (most of the vitamin B
complex except cobalamin (B12)) are absorbed
from the proximal intestine. Therefore, the bypass
of proximal intestine leads to the malabsorption of
these important nutrients.
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The clinical data on the short gut syndrome
shows that when the small gut resection is
increased and the common channel is decreased,
the malabsorption and the incidence of malnutri-
tion is increased [13]. Also, the data on gastrec-
tomy with Billroth-II reconstruction shows that
the duodenal bypass affects the protein, iron, and
calcium metabolism [14]. Therefore, the proximal
small gut has immense importance in maintaining
the nutrition of individuals. Since gastric bypass
involves the exclusion of proximal gut, the limb
lengths become a topic of immense importance.

The length of the small intestine is variable
since it is a dynamic organ. The total small
bowel length (TSBL) varies between 2 and
8.5 m with an approximate average length of
five meters [15]. In a large study, the mean length
of the small intestine was 6.9 m with a maximum
length of 13 m and a minimum length of only
2.5m/[16].

The TSBL may be associated with the height,
male gender, and body mass index (BMI) [17].
The body weight in a morbidly obese patient may
be related to the jejunal length [17]. It seems that
longer jejunal length is directly related to a higher
degree of obesity [17]. Also, height is consistently
associated with the TSBL [18]. However, a study
by Bekheit et al. [16], including 606 patients,
reported that there is no clinically significant cor-
relation between TSBL and weight and height of
an individual.

This knowledge is important in the field of
bariatric surgery since the length of the bypass
which is generally practiced is fixed rather than
tailored.

Limb Lengths in Bariatric Surgery:
What Have We Learnt?

There are many difficulties in choosing the limb
length for gastric bypass. It is not clear whether
the proportion of the bypass (bypassed limb/
TSBL) is more important than the absolute length
of the alimentary limb (AL), BPL, and common
limb (CL).

Surgeons performing different bariatric proce-
dures have used different limb lengths, and that
knowledge can guide us in choosing the ideal limb
length. Surgeons performing DS have used a CL
of 200 cm and showed superior efficacy for
weight loss and metabolic control but with high
rates of malnutrition [19]. This configuration indi-
cates that longer BPL may be responsible for
superior efficacy and increasing nutritional defi-
ciencies. Most of the RYGB surgeons have used a
BPL of 50 cm and AL of 100-200 cm with rea-
sonable efficacy and acceptable malnutrition rates
[20, 21]. To improve weight loss outcomes and
reduce the numbers of primary and secondary
nonresponders, there has been a recent interest
among surgeons to use greater BPL length [22].
It reflects the thought process of surgeons
performing OAGB/MGB. Here is a review of
relevant literature that has guided bariatric sur-
geons on choosing the optimum BPL.

A systemic review by Mahawar et al. [23]
reported that the distal RYGB with longer AL



was associated with higher risk of malnutrition
but without any significant improvement in
weight loss or comorbidity resolution. Several
studies showed that BPL is more important in
gastric bypass and is responsible for the weight
loss and comorbidity resolution [24]. A study on
RYGB observed that most of these benefits hap-
pen in the proximal bypass with a combined
bypass length (BPL + AL) of 150 cm [23]. The
distal gastric bypass may not provide a gross
advantage in terms of weight loss [23]. ARCT
showed no difference in weight loss and comor-
bidity resolution when a constant AL of 150 cm
was used either with a BPL of 120 cm or 70 cm
[25]. However, the group with 120 cm BPL was
associated with higher risk of micronutrient defi-
ciencies [25]. This was confirmed in the Ducati
trial [26], where 444 patients were randomized
into two groups who either underwent a very
long roux limb RYGB (VL-RYGB) (variable
AL, BPL 60 cm, and CL100 cm) or a standard
RYGB (AL 150 cm, BPL 60 cm, and variable CL
length). The excess weight loss percentage (EWL
%) and total weight loss percentage was compa-
rable between the two groups with no significant
difference. However, 1.4% of the patients who
underwent VL-RYGB and 0.9% of those who
underwent standard RYGB required surgical
bowel length correction due to severe malabsorp-
tion. Moreover, the significant lengthening of the
AL, at the cost of the CL, did not affect the weight
loss at one year, which also supported the theory
that absorption of nutrients also occurs in the AL
[26]. At one year postoperatively, patients who
underwent VL-RYGB had significantly lower
levels of calcium, iron, and vitamin D compared
to patients who underwent standard RYGB [27].
The AL in RYGB starts breaking and absorbing
the carbohydrates present in the food and the
absorptive capacity increases with time as the
small gut starts to adapt. However, a systematic
review by Mahawar et al. [28] noted that malab-
sorption contributes only 11% to a calorie deficit
particularly in the early period, and possibly it
contributes even lower on long-term follow-up
[28]. The percentage of CL length had no effect
on weight loss in patients who underwent RYGB,;
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however, lower CL% was related to higher nutri-
tional deficiencies [29].

Few studies have compared OAGB with
RYGB. In YOMEGA trial, patients who
underwent OAGB with BPL length of 200 cm,
compared to RYGB with an AL of 150 cm and
BPL of 50 cm, had a significantly higher inci-
dence of steatorrhea and diarrhea along with nutri-
tional deficiencies leading to adverse outcomes
[30]. Similarly, Bhandari et al. [31] reported better
efficacy with OAGB (BPL of 250 ¢cm), compared
to RYGB (BPL of 80 cm and Roux limb of
120 cm), but with higher rates of nutritional defi-
ciencies than RYGB at 5 years. A meta-analysis
by Jia D et al. [32] compared OAGB with RYGB
and concluded that OAGB is possibly associated
with more weight loss in obese patients even
though the quality of evidence was low with
inconsistent BPL length in OAGB group. Proba-
bly, the weight loss benefit appears to be confined
to OAGB using the extended length of BPL but
not to OAGB using the standard length of BPL,
when compared with RYGB [32].

This finding reinforces the fact that OAGB is
primarily a malabsorptive procedure while RYGB
is primarily a restrictive procedure. The difference
in malabsorption even when similar lengths of the
small bowel are bypassed in the two procedures
may be due to the anatomical variation between
the procedures. The presence of the AL allows
initial digestion and absorption of nutrients by the
small bowel mucosa even before the food reaches
the CL. In OAGB, since AL is absent, the food is
directly delivered to the distal jejunum where it
gets mixed with biliopancreatic juices for break-
down and absorption and thus completely
bypasses the proximal jejunum.

Fixed Versus Tailored Limb Length
Model in OAGB/MGB

Some surgeons hypothesized that since the TSBL
is variable, the proportion of proximal small
bowel bypass may be more important than the
fixed limb model. A study evaluated how the
proportion of bypass will affect the outcomes
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and reported that tailoring the BPL by bypassing
40% of short bowel length was safe and effective
[33]. The authors noted that tailoring the BPL
length was better than using a fixed BPL of
200 cm because of the equivalent weight loss but
with decreased nutritional deficiencies [33]. How-
ever, there are technical challenges in implementing
this model. Measuring the entire small bowel is
fraught with the dangers of bowel injury mostly
due to handling and instrumentation issues. The
surgeon needs to measure from both the ligament
of Trietz and the ileocecal junction which can be
cumbersome. It also increases the operative time.
These measurements are technically more difficult
in obese patients because of the fatty mesentery. It is
also difficult to differentiate between the capacious
and vascular jejunum from a narrower and less
vascular ileum [15].

Moreover, there is a high degree of
interoperator variability in measuring the TSBL
[34] probably due to the lack of standardization in
the technique of measurement. This variation is
more significant in laparoscopic surgery when
compared to open surgery [33]. Factors that lead
to variability are: small bowel condition (its tone
or flaccidity at the time of measurement), effect of
anesthetic drugs, position of the patient, and grav-
ity being used at the time of surgery [35]. The
magnitude of the error is correlated to the total
length of small bowel measured and the surgeons
usually tend to underestimate the length [33].

Using a fixed limb length without measuring
the TSBL can have potential clinical implications.
When TSBL is not measured and only the length
of BPL is measured, it can lead to harmful effects
in patients with short TSBL. For instance, a
200 cm bypass of the small bowel in a patient
with TSBL of 800 cm is definitely not the same
when compared to a patient with TSBL of 300 cm.
The latter is definitely a high-risk factor for severe
malnutrition.

Currently, apart from preoperative computer-
ized tomography scan and three-dimensional
reconstruction for the measurement of TSBL
[36], artificial intelligence and information tech-
nology navigated intraoperative measurements of
the bowel length that are being developed [37].

This may help the surgeon to plan the limb lengths
to be bypassed well in advance.

Effects of Limb Length on Efficacy
and Malnutrition in OAGB/MGB:
Review of Literature

Presently, there is no consensus on the adequate
limb length to be used for bypassing in OAGB.
Earlier, studies have described the use of longer
limb lengths of up to 350 cm in OAGB. The CL
length mostly used in various studies was around
200 cm [38]. In a survey of 208 surgeons, 35% of
surgeons preferred a constant BPL length while
the remaining 65% preferred a tailored limb
length [38]. Out of 208 surgeons, 62.1% used
200 cm as fixed limb length [38]. In a consensus
statement, there was no agreement on the use of
150 cm BPL as a standard length while there was
agreement on the use of 200 cm as routinely used
limb length [39]. In a consensus statement on
OAGB which included 52 international experts,
it was agreed that BPL length > 200 cm increases
the risk of malabsorption and protein-calorie mal-
nutrition [40]. There was also consensus among
the experts that when the BPL length is >200 cm,
TSBL should be measured [40]. Several studies
have reported an increased rate of nutritional defi-
ciencies leading to complications after OAGB
[41]. These complications increase the morbidity
of the patients and in some cases have not only
required readmissions and revision surgeries but
also have led to mortality [37]. A systematic review
reported that the incidence of malnutrition after
OAGB ranged from 0-3.8% with a mean incidence
0f 0.71% [41]. Severe malabsorption and protein-
calorie malnutrition following OAGB can lead to
liver failure [41]. This is more significant in
patients who follow a vegetarian diet that is defi-
cient in proteins or who are noncompliant to regu-
lar protein supplementation [10].

Rutledge et al. [42] reported an excessive
weight loss with malnutrition in 31 patients
(1.28%) leading to revisional surgery. Similarly,
Taha et al. [43] reported >100% EWL in three
patients (0.2%) and Noun et al. [44] in four



patients (0.4%) leading to revisional surgery in
those patients. In a large series by Lee et al. [7],
10 patients (0.9%) needed conversion to sleeve
gastrectomy due to severe malnutrition. Kular
et al. [45] reversed the OAGB procedure in two
patients due to protein deficiency in one patient
and excessive weight loss in another patient. It is
important to note that in both of these patients
BPL of 300 cm was used [45].

In the review by Parmar et al. [40], the inci-
dence of anemia was reported to be 0.64—15%
with a mean of 7%. Carbajo et al. [46] reported
severe anemia requiring parenteral supplementa-
tion in 1.25% of patients and mild anemia requir-
ing oral supplementation in 30% of patients. Taha
et al. [43] and Jammu et al. [47] observed anemia
in 3.1% and 4.9% patients, respectively. Kular
et al. [45] reported anemia in 7.6% of patients
and all were managed conservatively with oral
or injectable iron, while Rutledge et al. [42]
reported anemia in 5% of patients [42].

The study by the UK MGB/OAGB group
reported that 2.3% (23/923) of patients required
revisional surgery after OAGB [48]. Out of these,
one patient required revision each for excessive
weight loss and severe protein malnutrition while
two patients required revision for liver decompen-
sation. All these patients were managed by either
reversal to normal anatomy or shortening of BPL.
The authors concluded that BPL >200 cm was
associated with more severe complications but
150 cm limb length was safe to use [48]. Ahuja
et al. [10] compared the outcomes after OAGB in
three groups of patients using either 150 cm,
180 cm, or 250 cm of BPL length. BPL of
250 cm was associated with significantly higher
deficiencies of iron, ferritin, Vitamin B12, Vita-
min D3, total protein, and albumin when com-
pared to BPL of 150 cm. However, when
compared to 180 cm BPL, 250 cm BPL was
associated with significantly higher deficiencies
of total protein, Vitamin D3, and Vitamin B12.
EWL% and comorbidity resolution (type 2 diabe-
tes and hypertension) were comparable between
the three groups with no statistically significant
difference. The authors concluded that 150 cm
BPL is an adequate limb length with good results
but with minimum morbidity [10]. In super obese
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patients requiring more weight loss, 180 cm BPL
may be used [10]. In this study, two patients with
250 cm BPL required readmission and treatment
for severe anemia and severe protein deficiency
while one mortality was reported with 250 cm
BPL due to severe malnutrition leading to liver
failure and ascites [10, 11]. Similarly, severe mal-
nutrition and mortality after OAGB with >200 cm
BPL were reported by two case reports [49, 50].
Pizza et al. [51] compared the outcomes between
150 cm, 180 ¢m, and 200 cm BPL in OAGB and
found that BPL of 150—180 cm was the safest with
good EWL% and comorbidity resolution along
with minimal morbidity in terms of malnutrition.
They noted that iron and ferritin deficiencies were
significantly higher in the 200 cm BPL group [51].
Boyle et al. [52] compared the most popular limb
length of 200 cm with 150 cm in OAGB and
reported that there was no significant difference
in terms of weight loss outcomes between the two
groups. Results of OAGB/MGB from large series
are summarized in Table 1.

Trovar et al. [53] recommended that the most
accurate method to achieve optimal weight loss
was the CL/TSBL ratio followed by the measure-
ment of CL length, while measurement of BPL
length only was the parameter with the lowest
accuracy to predict long-term weight loss [53].

Considering the above points, it may seem that
there is little consensus regarding the optimum
limb length; however, there are pointers to use
lower BPL for safe clinical practice. In a system-
atic review of OAGB in patients with BMI
<35 kg/m?, the median length of BPL used was
120 cm [54]. All these evidences suggest that we
can at least begin to perform OAGB with smaller
BPL in patients with comparatively lower BMI,
till more data is available.

Summary

With the increasing popularity of OAGB, glob-
ally, it becomes imperative to have a better under-
standing of its mechanism of action along with
standardization of the length of the small bowel to
be used as BPL. For the past several years, studies
have suggested that a BPL of 150 cm, compared
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to longer BPL (>200 cm), is adequate and pro-
vides good and comparable results in terms of
weight loss and comorbidity resolution. This
avoids the unnecessary risk of severe nutritional
deficiencies and its related complications. It is
important to confirm these findings by comparing
the results of different limb lengths in a random-
ized control trial. It may also be reasonable to
study the results of OAGB with a BPL length
between 100 and 150 cm because this may sug-
gest whether OAGB can be utilized for the ame-
lioration of comorbidities in patients with
lower BMI.

Key Learning Points

* Small bowel is a dynamic organ with great
variability in its length.

* The variation in the measurement of small
bowel depends on several factors including
position of the patient, tonicity of the small
bowel muscle, and effect of anesthetic drug.
The variability is greater in laparoscopic sur-
gery and poses challenge in a morbidly obese
patient.

*  Whether it is fixed limb length or a tailored
approach, BPL >150 cm is associated with
higher rates of protein-calorie malnutrition
without any clinically significant proportionate
gains in terms of weight loss and other meta-
bolic outcomes.

» Consensus needs to be developed to standard-
ize the technique of limb length measurement.

» Future studies are needed to evaluate how a
BPL with <150 cm affects the results
of OAGB.
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