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Abstract: The number of obese individuals worldwide continues to increase every year, thus, the
number of bariatric/metabolic operations performed is on a constant rise as well. Beside exclusively
restrictive procedures, most of the bariatric operations have a more or less malabsorptive component.
Several different bypass procedures exist alongside each other today and each type of bypass is
performed using a distinct technique. Furthermore, the length of the bypassed intestine may differ
as well. One might add that the operations are performed differently in different parts of the
world and have been changing and evolving over time. This review evaluates the most frequently
performed bariatric bypass procedures (and their variations) worldwide: Roux-en-Y Gastric Bypass,
One-Anastomosis Gastric Bypass, Single-Anastomosis Duodeno-Ileal Bypass + Sleeve Gastrectomy,
Biliopancreatic Diversion + Duodenal Switch and operations due to weight regain. The evaluation
of the procedures and different limb lengths focusses on weight loss, remission of comorbidities
and the risk of malnutrition and deficiencies. This narrative review does not aim at synthesizing
quantitative data. Rather, it provides a summary of carefully selected, high-quality studies to serve
as examples and to draw tentative conclusions on the effects of the bypass procedures mentioned
above. In conclusion, it is important to carefully choose the procedure and small bowel length
excluded from the food passage suited best to each individual patient. A balance has to be achieved
between sufficient weight loss and remission of comorbidities, as well as a low risk of deficiencies
and malnutrition. In any case, at least 300 cm of small bowel should always remain in the food stream
to prevent the development of deficiencies and malnutrition.

Keywords: malabsorption; Roux-en-Y gastric bypass; one-anastomosis gastric bypass; SADI-S;
biliopancreatic diversion; weight regain

1. Introduction

Obesity is an increasingly important disease considering the ever-growing numbers of
patients worldwide. The World Health Organisation (WHO) has defined obesity as a body
mass index (BMI) of >30 kg/m2 [1]. It massively impairs patients’ quality of life as well as
their life expectancy, and has turned out to be a chronic disease that is difficult to cure [2].
The goal of a successful treatment is to achieve long-term weight loss and a remission or
improvement of related comorbidities. Due to the chronic character of obesity, almost all
conservative treatments for weight-loss are impermanent, and patients usually regain their
body weight within a short period of time after an initial weight loss. Conservative treat-
ments for obesity are dietary changes, behaviour therapy, physical activity or medication
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(e.g., Liraglutide, a glucagon-like peptide-1 receptor agonist). Furthermore, endoscopic
approaches, such as gastric balloons or endoscopic suturing techniques, are options as well.
Nevertheless, currently, the best option for obese patients to achieve long-term weight loss
is bariatric surgery [3].

Procedures combining restriction with malabsorption tend to be superior in the long-
term follow-up when compared to restrictive procedures [4]. So far, studies with up to
20 years follow-up after various bariatric procedures have reported a relatively stable
weight after surgery [5]. Nevertheless, up to 40% of the patients experience weight regain
(WR) after bariatric surgery with the need of an additional intervention. The manifestation
of WR depends on its definition, the chosen bariatric procedure and the length of the
follow-up [6].

Therefore, it is important to find the right procedure for the individual patient to
obtain long-term weight loss with only a small risk of WR [7]. Further considerations
when selecting a bariatric procedure, or when choosing the individual limb lengths in
bypass procedures, should focus on the patient’s individual comorbidities. The choice of
procedure always entails a balance between weight loss and remission of comorbidities on
the one hand, and a risk of deficiencies (that should be minimal) on the other.

When talking about limb lengths in this context, it is important to consider that the
total length of the human small bowel varies immensely between individuals. An analysis
of ten studies measured the small bowel of 443 patients and found a mean length of
690 cm ± 93.7, with an enormous range of 350 cm to 1049 cm [8]. Not only sex and height
of the patient, but also the technique of measurement, may influence the result [8,9].

2. Inclusion of Malabsorptive Bariatric Procedures

This article aims at reviewing the most frequently performed bariatric procedures
worldwide that have been recognized by the International Federation for the Surgery of
Obesity (IFSO) in terms of malabsorption. These procedures are Roux-en-Y-Gastric Bypass
(RYGB), One Anastomosis Gastric Bypass (OAGB) and Single Anastomosis Duodeno-Ileal
Bypass + Sleeve Gastrectomy (SADI-S). Biliopancreatic Diversion with Duodenal Switch
(DPD + DS) was included as well, even though it only makes up to 0.5% of all bariatric
procedures worldwide. However, it is the most common example of a procedure with a
very strong malabsorptive component.

The present article also discusses the issue of revisional procedures that add malab-
sorption to reinitiate weight loss in patients with weight regain after primary bariatric
procedures. Adding malabsorption to a primary procedure bears a potential risk of de-
ficiencies alongside the advantage of further weight loss [10]. Most studies on this topic
available today have looked at revisional procedures after RYGB.

The most common bariatric procedure, Sleeve Gastrectomy (SG), as well as the for-
merly very common Gastric Banding (GB), will not be discussed as both procedures are
based on the principle of restriction instead of malabsorption. Endoscopic malabsorptive
procedures, such as the Endobarrier®, GI-window®, among others, were not included
either due to the small number of patients or the short lengths of follow-up in most studies
available today [11].

This review article focusses on high-quality comparative studies of the discussed
procedures. However, it does not claim to cover all studies available in the literature. In
order to work out the impact of different limb lengths in a bypass procedure, even studies
on extreme variants (i.e., DPD, DPD + DS) were included in this review article. As the
heterogeneity of the included studies varied in terms of outcomes, type of study, length of
follow-up etc., a common endpoint could not be defined for this article.

3. Roux-en-Y-Gastric Bypass

RYGB, the most common bariatric procedure relying on malabsorption, is a gastric
bypass featuring a gastric pouch, a gastro-jejunostomy and a jejuno-jejunostomy (Figure 1).
Various techniques have been used to perform a RYGB; differences mainly lie in the lengths
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of the alimentary limb (AL), the biliopancreatic limb (BPL) and the common limb (CL).
These variations are, e.g., Long-Limb Gastric Bypass, Short-Limb Gastric Bypass, classic
(standard) RYGB, Distal Gastric Bypass, Very-Long-Limb Gastric Bypass and Diverted
One-Anastomosis Gastric Bypass (D-OAGB). Even within these categories, limb lengths
and pouch sizes are not strictly defined and vary from one study to another [12]. These
differences may certainly complicate comparisons in terms of malabsorption. However,
this chapter aims at discussing research on the lengths of AL, BPL and CL to highlight the
proportions ensuring sufficient weight loss paired with a low risk of malnutrition.
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Figure 1. Roux-en-Y-Gastric Bypass (RYGB)/Diverted One-Anastomosis Gastric bypass (D-OAGB).

Classic (or standard) RYGB, which is the bypass procedure most studied in the lit-
erature, is performed creating an AL of 150 cm, a BPL of 40–70 cm and a CL varying in
length. Traditionally, the pouch is small and short. The malabsorptive component of this
RYGB is minor (similar to Short-Limb Gastric Bypass), since only 40–70 cm BPL is excluded
completely from the food stream, whereas in the 150 cm of AL only the uptake of lipides
and triglycerides is excluded [13]. RYGB is usually indicated for patients suffering from
gastro-esophageal reflux disease [14].

Short-Limb Gastric Bypass was described to only include 10 cm of BPL and 40 cm
AL, and Long-Limb Gastric Bypass as 100 cm BPL and 100 cm AL in a publication by
Christou N. et al. [15]. The outcomes of these procedures were compared in 228 patients at
a median follow-up of 11.4 years, with no differences found in terms of long-term weight
loss between them. In the same study, both procedures reached an equal change in BMI
of 17.8 and 18.1 kg/m2 in the group of superobese patients (>50 kg/m2) [15]. An early
prospective randomized study by Brolin et al. with a shorter follow-up of 43 ± 17 months
comparing Short-Limb Gastric Bypass (BPL: 15 cm; AL: 75 cm) to Long-Limb Gastric
Bypass (BPL: 30 cm; AL: 150 cm) in 45 superobese patients found a significantly higher
excess weight loss (EWL) in the long-limb group (64% vs. 50%) [16]. One may conclude
that the longer BPL may also have affected patients’ weight loss in the long-limb group.

Another study suggesting that the length of the AL may be of less consequence to
weight loss results than the length of the BPL or CL, was published by Risstad H. et al.
They compared the standard RYGB (AL: 150 cm; BPL: 50 cm; CL: variable) to a Distal
Gastric Bypass (AL: variable; BPL: 50 cm; CL: 150 cm) in a randomized controlled trial
(RCT) with 113 patients and found no difference in weight loss after two years between the
two groups [17]. The variable AL in the Distal Gastric Bypass group must have been very
long indeed in these patients, which contradicts an effect of the AL on weight loss.

Interestingly, another study by Süsstrunk J. et al. comparing a standard RYGB (AL:
150 cm; BPL: 60 cm; CL: variable) to a Very-Very Long-Limb Gastric Bypass (AL: variable;
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BPL: 60 cm; CL: 100 cm) in 232 patients after a follow-up of 9.4 years found a significant
difference in weight loss and weight regain in favor of the Very-Very Long Limb Bypass.
The authors reported no significant difference in the frequency of reoperations between
both groups. However, while there were two patients with malnutrition/malabsorption
in need of revisional surgery (reverse bypass) in the RYGB group, there were six patients
suffering from malnutrition/steatorrhea that needed to be reversed (proximalization,
reversed bypass) in the Very-Very Long-Limb Gastric Bypass group [18]. Considering
the length of the CL in the Very-Very Long-Limb Gastric Bypass group (100 cm), fat
malabsorption and possible loss of bile acids can be assumed in these patients. As Risstad
et al.’s [17] and Süsstrunk et al.’s [18] studies appear to be quite similar in terms of surgical
technique, the main reason for the difference in the outcomes seems to have been the length
of the follow-up period.

Another variation of RYGB relying on a long BPL is D-OAGB, which features the
creation of a long and narrow pouch (similar to OAGB) and the exclusion of 150 cm of
BPL. By performing a jejuno-jejunostomy, an AL of 70 cm is created to prevent backflow of
biliary fluids to the pouch [19]. An RCT by Nergaard B. J. et al. compared a standard RYGB
(AL: 150 cm; BPL: 60 cm; CL: variable) to a D-OAGB (AL: 60 cm; BPL: 200 cm; CL: variable)
in 187 patients in terms of excess BMI loss. After seven years, a significant difference was
achieved, with 78.4% of BMI loss in the long BPL group and 67.1% in the group with the
long AL [20]. Darabi S. et al. studied the length of both the AL and BPL in RYGB after one
and three years. Three hundred and thirteen patients in three groups (group 1: BPL 50 cm,
AL: 150 cm; group 2: BPL: 150 cm, AL: 50 cm; group 3: BPL: 100 cm, AL: 100 cm) were
compared. After one year no difference in %EWL was observed. However after three years
patients with a longer BPL achieved a higher %EWL [21].

The length of the BPL also plays an important role in the postoperative development of
deficiencies. Robert M. et al. [22] compared 129 OAGB (BPL: 200 cm) to 124 RYGB patients
(BPL: 50 cm, AL: 150 cm) in an RCT with a noninferiority design. OAGB was not inferior
to RYGB regarding weight loss and metabolic outcomes after two years. Nevertheless,
21.4% of severe nutritional complications in the OAGB group vs. none in the RYGB group
(p = 0.0034) were found. Again, the main factor was the length of BPL, since no digestion
takes place in this part, as opposed to the AL. Therefore, the risk of developing deficiencies
after a standard RYGB is slightly lower than after OAGB [23].

Finally, a meta-analysis by Mahawar K. et al., which compared different limb lengths
for RYGB, concluded that 100 cm to 200 cm of BPL + AL combined may lead to optimal
results [24].

Thus, it may be concluded that the BPL length is more important in terms of weight
loss and improvement of comorbidities than the length of the AL. Therefore, a D-OAGB may
be superior to a standard RYGB. Nevertheless, if a BPL of more than 150 cm is considered,
the total small bowel length should be measured intraoperatively to prevent deficiencies.

4. One-Anastomosis Gastric Bypass

OAGB (synonyms are Mini-Gastric Bypass or Omega-Loop Gastric Bypass) is an
efficient and relatively safe bariatric procedure considering weight loss and postoperative
development of deficiencies. As opposed to RYGB, OAGB does not feature an AL. Instead,
it relies on a BPL and a CL [25] (Figure 2). It should be noted that (perhaps confusingly) a
few publications refer to the CL as AL.
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OAGB was first described by Rutledge R. et al. in 2001 as a bariatric procedure in
1274 patients with a BPL length of 200 cm. The patients achieved an EWL of 77% after two
years with a low complications rate [26]. Liagre A. et al. studied 115 patients eight years
after OAGB with a 150 cm BPL and found an EWL of 84.8%. Interestingly, these results are
not inferior to those mentioned above, despite the fact that a shorter BPL had been created.
None of the patients were suffering from malnutrition, but high rates of Vitamin A and D
deficiencies (54%; 33%) were found [27].

Several studies have compared different BPL lengths in OAGB patients to find an
ideal balance between sufficient weight loss and a low risk of deficiencies. For example,
comparing OAGB with a BPL of 150 cm to a BPL of 200 cm in 343 patients after two
years, Boyle M. et al. found equal results in terms of EWL (74%; 75%). They reported
no differences in albumin and hemoglobin levels [28]. In another study by Pizza F. et al.,
three groups of BPL lengths (150 cm, 180 cm, 200 cm) of 60 patients each were compared.
After two years, no differences in terms of EWL, remission of type 2 diabetes (DMII) and
arterial hypertension were found between the groups. Nevertheless, significant differences
in iron and ferritin deficiencies were observed between the 150 cm and the 200 cm groups.
Therefore, the authors concluded a BPL length of 150 cm–180 cm to be the safest and most
effective option even in patients with a BMI > 50 g/m2 [29]. Ahuja A. et al. compared
OAGB with BPL lengths of 150 cm, 180 cm and 250 cm. In the third group, 15% were
reported to suffer from severe malnutrition and anemia [30]. Jedamzik J. et al. found that
nutritional deficiencies were generally increased after OAGB with a tendency towards
higher rates in longer BPL lengths, without improved weight loss [31].

By contrast, Charalampos M. et al. did not find any correlations between the BPL
length (comparing 200 cm, 250 cm, and 300 cm BPL) and deficiencies after three years [32].

Some studies have compared a fixed BPL of 200 cm with a BPL of variable length. A
recently published RCT by Nabil T. et al., for example, compared two groups of OAGB:
group 1: BPL: 200 cm; group 2: CL: 400 cm (with a mean BPL of 301 cm). No significant
differences in terms of weight loss were found, however, group 2 showed greater albumin,
iron and hemoglobin deficiency rates [33]. Komaei I. et al. also compared fixed 200 cm BPL
in the first group to a BPL of 40% of the small bowel in the second group and found less
deficiencies of vitamins A, D, B12, iron and albumin one year after OAGB in the tailored
BPL group, despite the fact that some patients in the tailored BPL group had a CL length of
only 250 cm [34].

Lee W. J. et al. presented a different approach by tailoring BPL lengths to patients’
preoperative BMI. They compared these tailored BPL lengths (150 cm for BMI > 40 kg/m2,
250 cm for BMI 40–50 kg/m2, 350 cm for BMI > 50 kg/m2) in 644 patients. The mean
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BMI reduction was staggered as expected: 10.7, 15.5 and 23.5 kg/m2, respectively. Severe
anemia was detected more frequently in the group with the lowest BMI [35].

In conclusion, the results of studies comparing different BPL lengths after OAGB are
diverse. It appears that differences regarding the length of the BPL tend to impact the risk
of deficiencies more strongly than weight loss and remission of comorbidities. Therefore,
the recent IFSO Consensus Conference recommends a BPL of 150–180 cm for OAGB as
effective and safe. If a BPL of more than 200 cm is created, the entire small bowel length
should be measured intraoperatively to ensure that the CL is long enough [36]. A CL of at
least 300 cm will likely prevent patients from developing malnutrition and deficiencies.

5. Single-Anastomosis Duodeno-Ileal Bypass with Sleeve Gastrectomy (SADI-S)

SADI-S (Figure 3) is a single-anastomosis procedure and may also be described as
a combination of SG and a gastric bypass. Synonyms are: One-Anastomosis Duodenal
Switch (OADS), Stomach Intestinal Pylorus Sparing (SIPS) or Loop-Duodenal Switch (Loop
DS). After performing an SG, the duodenum is transected 3–4 cm post pylorus and an
anastomosis is sutured between the duodenum and the ileum at a distance of 200–300 cm
from the ileocecal valve [37]. The IFSO position statement of 2018 supported SADI-S
as a recognized bariatric and metabolic procedure, even though studies with long-term
follow-up in terms of safety and efficiency, as well as RCTs, have yet to be published [38].
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By comparing the results of high-quality comparative studies on SADI-S, the aim
of this chapter is to shed some light on the question: how much of the small bowel
should remain in the food stream (CL) to maintain good weight loss results, yet keep the
risk of deficiencies at an acceptable level? The development of the most effective and
safe technique may, for example, be observed in a series of studies by A. Torres and A.
Sanchez-Pernaute. Sanchez-Pernaute A. et al. first reported one to three years follow-up in
50 patients with a CL length of 200 cm. The EWL was 94.7% after one year and over 100%
after three years, with 100% DMII remission and 91.3% remission of arterial hypertension.
Patients with anemia (10%) and hypoalbuminemia (8%) after the first postoperative year
recovered by the third year [37]. However, four patients (8%) had to be revised due to
malnutrition, so that the authors then adjusted their technique by elongating the CL to
250 or 300 cm [39]. In a subsequent study with a total follow-up of up to four years, the
next 50 patients were operated creating a 250 cm CL length and were analyzed together
with the previously published patients. The EWL was stable >95% over the years with 90%
DMII and 58% arterial hypertension remission rates [40].
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In a more recent study of 65 patients after SADI-S (CL: 250 cm) and two years of
follow-up, Moon R.C. et al. reported an EWL of 74.3% and 100% DMII remission rate.
However, it was claimed that close monitoring of liver enzymes and nutritional status were
necessary to avoid long-term complications [41]. The majority of studies published later
performed a CL of 300 cm and also found an EWL between 70% and 90% with a low risk
of malnutrition [42–45].

Midterm results of SADI-S are very satisfactory as well. Zaveri H. et al. published a
large series of SADI-S with 300 cm CL in 437 patients at a four-year follow-up. The EWL
after this period was 85.7% with 81.3% remission of DMII and 70.7% remission of arterial
hypertension [46]. The most recent study on SADI-S was published by Surve A. et al.
and included 750 SADI-S patients (CL: 300 cm) and a follow-up of six years. The authors
reported 80.7% EWL and 77% DMII remission. Nutritional deficiencies were acceptable
after five years. However, levels of albumin, total protein, calcium, parathormone and
vitamin E had lowered significantly in these patients [47].

There are only a few case series reporting revisional procedures in cases of severe
deficiencies or malnutrition after SADI-S. In those rare cases, revisions are lengthening
of the CL or a conversion to RYGB. Horsley B. et al. collected nine cases of revisions
(lengthening of the common limb) after SADI-S due to hypoproteinemia or chronic diarrhea.
The CL before the revision was between 160 and 400 cm and was lengthened to 450–870 cm
in the procedure. All patients with chronic diarrhea before the revision had normal bowel
movement postoperatively, and the patients with hypoproteinemia improved their protein
levels [48]. Vilallonga et al. published a case-series of five patients after SADI-S (CL
between 170 and 250 cm). Some were converted to RYGB, others had lengthening of the
CL due to malnutrition [49].

To conclude, SADI-S is one of the most effective bariatric procedures regarding weight
loss and may be performed especially in patients with a very high BMI as well as patients
with good compliance. One of the advantages of SADI-S is that the exact length of the
small bowel in the food stream is known in each patient. The studies published so far
have shown that a CL of 300 cm may achieve excellent %EWL with an acceptable risk of
vitamin and micronutrient deficiencies [46]. Nevertheless, SADI-S is still a relatively new
procedure and should therefore be performed in bariatric centers with good expertise and
the capacity for sufficient aftercare.

6. Biliopancreatic Diversion (with Duodenal Switch)

BPD was first described in 1979 by Scopinaro N. et al. in 18 patients with different
lengths of the CL [50]. In 1993 Marceau P. et al. published an alteration of this procedure
named BPD-DS, which included the creation of a gastric Sleeve instead of a partial stomach
resection. They compared 156 BPD-DS with a CL of 100 cm to patients with BPD and a
CL of 50 cm, and found equal weight loss results but also a lower rate of undesirable side
effects [51].

Studies on BPD-DS have commonly found very good to excellent weight loss results,
yet high rates of deficiencies. However, a longer CL may lower the deficiency rates. An
RCT by Lebel S. et al. comparing a classic BPD- DS (Figure 4) featuring 100 cm of CL to a
variation with a CL of 200 cm initially, found similar weight loss results but significantly
more weight regain in the 200 cm CL group. On the other hand, the second group had a
lower albumin deficiency rate, lower hyperparathyroidism and a lower number of daily
bowel movements [52].
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Another RCT by Risstad H. et al., comparing a classic RYGB (BPL: 50 cm; AL: 150 cm)
to a classic BPD-DS (AL: 200 cm; CL: 100 cm) in superobese patients >50 kg/m2 after five
years, found greater weight loss and improvement of hyperlipidemia and glucose levels in
BPD-DS, but also a higher rate of surgical, nutritional and gastrointestinal adverse events.

The results of long-term studies on BPD-DS are also quite homogenous. Again, they
report excellent weight loss results but also high to extremely high rates of deficiencies.
Topart P. et al. reported the outcome of BPD-DS after a follow-up of ten years. The EWL
of 73% was excellent after this period. Nevertheless, high rates of fat-soluble deficien-
cies, hyperparathyroidism and a 14% revision rate due to nutritional complications were
found [53]. Another long-term follow-up (>10 years) study by Bolckmans R. et al. also
found excellent outcomes in terms of weight loss but at the cost of protein and nutritional
deficiencies [54]. Finally, a long-term study nine years after BPD-DS reported dramati-
cally high deficiency rates even in patients given adequate vitamin supplementation, as
well as protein deficiencies in 30% of the patients and anemia in 40%. Therefore, the
authors suggested continuous measurement of blood levels and clinical monitoring of
these patients [55].

Despite the well-known potential of bariatric procedures to improve nonalcoholic
steatohepatitis (NASH), there is a certain risk of total liver failure after strong malabsorptive
procedures [56,57]. A nationwide Belgian survey collected ten patients listed for liver
transplantation after bariatric surgery, nine of whom had BPD [58].

In conclusion, BPD is an operation with excellent results in terms of weight loss
and remission of comorbidities, at the price of a high risk of postoperative deficiencies,
malnutrition and adverse gastrointestinal events. As suggested by the studies referred to
in this review, a CL length of only 100 cm may, in fact, be too short to equal a balanced
operation. Therefore, BPD and BPD-DS currently only play a minor part as bariatric proce-
dures worldwide. However, these procedures may be indicated for superobese patients. In
any case, there is a clear contraindication of these methods for any noncompliant patient
lacking lifelong commitment to vitamin supplementation.

7. Revisional Procedures for Weight Regain

Patients experience their nadir weight about 6–18 months after the bariatric proce-
dure [22]. While most patients are able to maintain this weight, or experience a very slow
reincrease in the long-term follow-up, about 5–10% suffer from significant WR, indicat-
ing a reoperation. On the one hand, a revisional procedure may include improving/re-
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establishing the restriction of the pouch (pouch-resizing, pouch-banding, restriction of the
gastro-jejunostomy, etc.) or, on the other, malabsorption may be added [10].

Two studies described early experiences with WR operations. Sugerman H.J. et al.
described five patients with a distalization for WR after RYGB and shortened the CL to
only 50 cm. All patients developed malnutrition and were revised. Nevertheless, two of
them died due to hepatic failure. In a second step, the CL was then increased to 150 cm
in 22 patients. Besides good additional weight loss results, again, three patients were
reoperated due to malnutrition. The authors concluded that a CL of only 50 cm meant an
inacceptable level of morbidity and mortality, and that even patients with a CL of 150 cm
would need continuous nutritional support thereafter. [59]. The other publication by Fobi
M. et al. reported 65 patients that were converted from a Fobi pouch operation to a Distal
Gastric Bypass for insufficient weight loss. Due to malnutrition in 15 patients, six of them
had to be converted to a Short-Limb RYGB [60].

In a more recent study on WR after RYGB presented by Caruana J.A. et al., ten patients
were bypassed more than 70% of the small bowel length and ten were bypassed less than
70%. The additional EWL was 47% in the first and 26% in the second group. However,
the authors reported diarrhea in five patients and revision due to malnutrition in three
patients of the first group [61]. Felsenreich et al. studied 30 patients who had shortening of
the CL to only 100 cm due to WR after RYGB. Nine patients (30%) had to be reoperated
(lengthening of the CL to 250 cm) for malabsorption in the follow-up [10].

Buchwald H. et al. published 53 patients that suffered from WR and insufficient
weight loss after RYGB. In 47 patients, both the AL and CL were shortened to 75–100 cm,
and in six patients the total length (CL + AL) was shortened to 250 cm. While the BMI
decreased from 47.2 to 31.4 kg/m2 after five years, the complication rate was high, with
23 patients (43.4%) in need of total parenteral nutrition and 14 (26.4%) patients needing a
revisional procedure [62].

In a current study, Ghiassi S. et al. presented 96 patients after three years. Patients
with a total small bowel length of 400–450 cm were less likely to develop nutritional issues
than patients with 250–300 cm in the food passage [63].

To conclude, adding malabsorption by decreasing the length of the CL should always
be done very carefully. Patients chosen for this approach need to show very good com-
pliance in terms of a commitment to vitamin supplementation and routine aftercare. It is
important that these patients do not suffer from dysphagia or vomiting due to a stenosis or
ulcer of the gastro-jejunostomy, as these increase the risk of postoperative malnutrition [57].
In every reoperation for weight regain, the entire small bowel must be measured and
documented [64]. The CL, or the CL + AL lengths, respectively, should not be shortened
below 300–350 cm to minimize the risk of deficiencies and malnutrition [65,66].

8. Conclusions

It is hard to assess how much malabsorption the individual patient needs; as we have
seen, the length of the small bowel differs in each individual. It is necessary to find a
balance between sufficient weight loss and remission of comorbidities on the one hand,
and a low risk of possible deficiencies and malnutrition on the other. The larger the part of
the small bowel removed from the food stream, the higher the importance of the patient’s
compliance with daily vitamin supplementation as well a thorough aftercare program.

In fact, the reasoning behind the choice of procedure varies to a great extent worldwide.
However, one may use the following suggestions as a possible algorithm for choosing an ap-
propriate malabsorptive procedure: Patients suffering from gastro-esophageal reflux disease
may benefit most from RYGB, whereas SADI-S or BPD-DS are recommended for super-obese
patients (>50 kg/m2) and OAGB may be performed in any patients without reflux.

Studies have pointed out that the effect of a BPL (in RYGB or BPD-DS) removed from
the food stream completely has more impact than an AL, where protein and carbohydrate
digestion is continued. In patients with a BPL longer than 150 cm, the entire small bowel
should be measured to ensure that the CL is long enough. A rule of thumb for any
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malabsorptive procedure should be maintaining at least 300 cm of small bowel (CL or
CL + AL) in the food stream to prevent the development of deficiencies and malnutrition.

If nutritional deficiencies and malabsorption cannot be treated conservatively in an
adequate way, a reoperation should be considered early on to increase the length of small
bowel in the CL. In patients with a critical body condition, the placement of a flow-care
tube to the remnant stomach (in OAGB or RYGB) may be considered as a first step to start
enteral nutrition of the BPL.

The initial question, “how much malabsorption do we need?”, cannot be answered in
definitive terms but must be answered for each patient individually, as it is multilayered
and depends on several individual factors, such as preoperative weight, comorbidities and
the patient’s compliance.

Author Contributions: Conceptualization, G.P., D.M.F. and F.B.L.; methodology, G.P. and D.M.F.;
data writing—original draft preparation, D.M.F., J.E., J.J., L.G., L.N., N.V. and M.L.Z.; writing—review
and editing, G.P., M.G. and A.R.; supervision, G.P. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. World Health Organization. Obesity. Available online: https://www.who.int/health-topics/obesity#tab=tab_1 (accessed on 22

January 2021).
2. Garvey, W.T.; Garber, A.J.; Mechanick, J.I.; Bray, G.A.; Dagogo-Jack, S.; Einhorn, D.; Grunberger, G.; Handelsman, Y.; Hennekens,

C.H.; Hurley, D.L.; et al. American association of clinical endocrinologists and american college of endocrinology position
statement on the 2014 advanced framework for a new diagnosis of obesity as a chronic disease. Endocr. Pr. 2014, 20, 977–989.
[CrossRef] [PubMed]

3. Schauer, P.R.; Bhatt, D.L.; Kirwan, J.P.; Wolski, K.; Aminian, A.; Brethauer, S.A.; Navaneethan, S.D.; Singh, R.P.; Pothier, C.E.;
Nissen, S.E.; et al. Bariatric Surgery versus Intensive Medical Therapy for Diabetes—5-Year Outcomes. N. Engl. J. Med. 2017, 376,
641–651. [CrossRef] [PubMed]

4. Gronroos, S.; Helmio, M.; Juuti, A.; Tiusanen, R.; Hurme, S.; Loyttyniemi, E.; Ovaska, J.; Leivonen, M.; Peromaa-Haavisto, P.;
Maklin, S.; et al. Effect of Laparoscopic Sleeve Gastrectomy vs Roux-en-Y Gastric Bypass on Weight Loss and Quality of Life at
7 Years in Patients With Morbid Obesity: The SLEEVEPASS Randomized Clinical Trial. JAMA Surg. 2020. [CrossRef]

5. Carlsson, L.M.S.; Sjoholm, K.; Jacobson, P.; Andersson-Assarsson, J.C.; Svensson, P.A.; Taube, M.; Carlsson, B.; Peltonen, M.
Life Expectancy after Bariatric Surgery in the Swedish Obese Subjects Study. N. Engl. J. Med. 2020, 383, 1535–1543. [CrossRef]
[PubMed]

6. Maleckas, A.; Gudaityte, R.; Petereit, R.; Venclauskas, L.; Velickiene, D. Weight regain after gastric bypass: Etiology and treatment
options. Gland Surg. 2016, 5, 617–624. [CrossRef]

7. Di Lorenzo, N.; Antoniou, S.A.; Batterham, R.L.; Busetto, L.; Godoroja, D.; Iossa, A.; Carrano, F.M.; Agresta, F.; Alarcon, I.; Azran,
C.; et al. Clinical practice guidelines of the European Association for Endoscopic Surgery (EAES) on bariatric surgery: Update
2020 endorsed by IFSO-EC, EASO and ESPCOP. Surg. Endosc. 2020, 34, 2332–2358. [CrossRef]

8. Tacchino, R.M. Bowel length: Measurement, predictors, and impact on bariatric and metabolic surgery. Surg. Obes. Relat. Dis. Off.
J. Am. Soc. Bariatr. Surg. 2015, 11, 328–334. [CrossRef]

9. Muise, E.D.; Tackett, J.J.; Callender, K.A.; Gandotra, N.; Bamdad, M.C.; Cowles, R.A. Accurate assessment of bowel length: The
method of measurement matters. J. Surg. Res. 2016, 206, 146–150. [CrossRef]

10. Felsenreich, D.M.; Langer, F.B.; Bichler, C.; Kristo, I.; Jedamzik, J.; Eilenberg, M.; Arnoldner, M.A.; Prager, G. Surgical therapy of
weight regain after Roux-en-Y gastric bypass. Surg. Obes. Relat. Dis. Off. J. Am. Soc. Bariatr. Surg. 2019, 15, 1719–1728. [CrossRef]

11. Younus, H.; Chakravartty, S.; Sarma, D.R.; Patel, A.G. Endobarrier as a Pre Bariatric Surgical Intervention in High-Risk Patients:
A Feasibility Study. Obes. Surg. 2018. [CrossRef]

12. Kumar, P.; Yau, H.V.; Trivedi, A.; Yong, D.; Mahawar, K. Global Variations in Practices Concerning Roux-en-Y Gastric Bypass-an
Online Survey of 651 Bariatric and Metabolic Surgeons with Cumulative Experience of 158,335 Procedures. Obes. Surg. 2020, 30,
4339–4351. [CrossRef] [PubMed]

13. Salminen, P.; Helmio, M.; Ovaska, J.; Juuti, A.; Leivonen, M.; Peromaa-Haavisto, P.; Hurme, S.; Soinio, M.; Nuutila, P.; Victorzon,
M. Effect of Laparoscopic Sleeve Gastrectomy vs Laparoscopic Roux-en-Y Gastric Bypass on Weight Loss at 5 Years Among
Patients With Morbid Obesity: The SLEEVEPASS Randomized Clinical Trial. JAMA 2018, 319, 241–254. [CrossRef] [PubMed]

14. Borbely, Y.; Kroll, D.; Nett, P.C.; Moreno, P.; Tutuian, R.; Lenglinger, J. Radiologic, endoscopic, and functional patterns in patients
with symptomatic gastroesophageal reflux disease after Roux-en-Y gastric bypass. Surg. Obes. Relat. Dis. Off. J. Am. Soc. Bariatr.
Surg. 2018, 14, 764–768. [CrossRef]

https://www.who.int/health-topics/obesity#tab=tab_1
http://doi.org/10.4158/EP14280.PS
http://www.ncbi.nlm.nih.gov/pubmed/25253227
http://doi.org/10.1056/NEJMoa1600869
http://www.ncbi.nlm.nih.gov/pubmed/28199805
http://doi.org/10.1001/jamasurg.2020.5666
http://doi.org/10.1056/NEJMoa2002449
http://www.ncbi.nlm.nih.gov/pubmed/33053284
http://doi.org/10.21037/gs.2016.12.02
http://doi.org/10.1007/s00464-020-07555-y
http://doi.org/10.1016/j.soard.2014.09.016
http://doi.org/10.1016/j.jss.2016.07.022
http://doi.org/10.1016/j.soard.2019.07.002
http://doi.org/10.1007/s11695-018-3322-9
http://doi.org/10.1007/s11695-020-04796-7
http://www.ncbi.nlm.nih.gov/pubmed/32592015
http://doi.org/10.1001/jama.2017.20313
http://www.ncbi.nlm.nih.gov/pubmed/29340676
http://doi.org/10.1016/j.soard.2018.02.028


J. Clin. Med. 2021, 10, 674 11 of 13

15. Christou, N.V.; Look, D.; Maclean, L.D. Weight gain after short- and long-limb gastric bypass in patients followed for longer than
10 years. Ann. Surg. 2006, 244, 734–740. [CrossRef]

16. Brolin, R.E.; Kenler, H.A.; Gorman, J.H.; Cody, R.P. Long-limb gastric bypass in the superobese. A prospective randomized study.
Ann. Surg. 1992, 215, 387–395. [CrossRef]

17. Risstad, H.; Svanevik, M.; Kristinsson, J.A.; Hjelmesaeth, J.; Aasheim, E.T.; Hofso, D.; Sovik, T.T.; Karlsen, T.I.; Fagerland, M.W.;
Sandbu, R.; et al. Standard vs Distal Roux-en-Y Gastric Bypass in Patients With Body Mass Index 50 to 60: A Double-blind,
Randomized Clinical Trial. JAMA Surg. 2016, 151, 1146–1155. [CrossRef]

18. Susstrunk, J.; Lazaridis, I.I.; Kostler, T.; Kraljevic, M.; Delko, T.; Zingg, U. Long-Term Outcome of Proximal Versus Very-Very
Long Limb Roux-en-Y Gastric Bypass: The Roux-Limb to Common Channel Ratio Determines the Long-Term Weight Loss. Obes.
Surg. 2020. [CrossRef]

19. Bhandari, M.; Fobi, M.A.L.; Buchwald, J.N.; Bariatric Metabolic Surgery Standardization Working, G. Standardization of Bariatric
Metabolic Procedures: World Consensus Meeting Statement. Obes. Surg. 2019, 29, 309–345. [CrossRef] [PubMed]

20. Nergaard, B.J.; Leifsson, B.G.; Hedenbro, J.; Gislason, H. Gastric bypass with long alimentary limb or long pancreato-biliary
limb–long-term results on weight loss, resolution of co-morbidities and metabolic parameters. Obes. Surg. 2014, 24, 1595–1602.
[CrossRef]

21. Darabi, S.; Pazouki, A.; Hosseini-Baharanchi, F.S.; Kabir, A.; Kermansaravi, M. The role of alimentary and biliopancreatic limb
length in outcomes of Roux-en-Y gastric bypass. Wideochir. Inne Tech. Maloinwazyjne 2020, 15, 290–297. [CrossRef] [PubMed]

22. Robert, M.; Espalieu, P.; Pelascini, E.; Caiazzo, R.; Sterkers, A.; Khamphommala, L.; Poghosyan, T.; Chevallier, J.M.; Malherbe,
V.; Chouillard, E.; et al. Efficacy and safety of one anastomosis gastric bypass versus Roux-en-Y gastric bypass for obesity
(YOMEGA): A multicentre, randomised, open-label, non-inferiority trial. Lancet 2019, 393, 1299–1309. [CrossRef]

23. Bhandari, M.; Nautiyal, H.K.; Kosta, S.; Mathur, W.; Fobi, M. Comparison of one-anastomosis gastric bypass and Roux-en-Y
gastric bypass for treatment of obesity: A 5-year study. Surg. Obes. Relat. Dis. Off. J. Am. Soc. Bariatr. Surg. 2019, 15, 2038–2044.
[CrossRef]

24. Mahawar, K.K.; Kumar, P.; Parmar, C.; Graham, Y.; Carr, W.R.; Jennings, N.; Schroeder, N.; Balupuri, S.; Small, P.K. Small Bowel
Limb Lengths and Roux-en-Y Gastric Bypass: A Systematic Review. Obes. Surg. 2016, 26, 660–671. [CrossRef] [PubMed]

25. Felsenreich, D.M.; Bichler, C.; Langer, F.B.; Gachabayov, M.; Eichelter, J.; Gensthaler, L.; Vock, N.; Artemiou, E.; Prager, G. Surgical
Technique for One-Anastomosis Gastric Bypass. Surg. Technol. Int. 2020, 37, 57–61.

26. Rutledge, R. The mini-gastric bypass: Experience with the first 1274 cases. Obes. Surg. 2001, 11, 276–280. [CrossRef] [PubMed]
27. Liagre, A.; Debs, T.; Kassir, R.; Ledit, A.; Juglard, G.; Chalret du Rieu, M.; Lazzati, A.; Martini, F.; Petrucciani, N. One Anastomosis

Gastric Bypass with a Biliopancreatic Limb of 150 cm: Weight Loss, Nutritional Outcomes, Endoscopic Results, and Quality of
Life at 8-Year Follow-Up. Obes. Surg. 2020, 30, 4206–4217. [CrossRef]

28. Boyle, M.; Mahawar, K. One Anastomosis Gastric Bypass Performed with a 150-cm Biliopancreatic Limb Delivers Weight Loss
Outcomes Similar to Those with a 200-cm Biliopancreatic Limb at 18–24 Months. Obes. Surg. 2020, 30, 1258–1264. [CrossRef]

29. Pizza, F.; Lucido, F.S.; D’Antonio, D.; Tolone, S.; Gambardella, C.; Dell’Isola, C.; Docimo, L.; Marvaso, A. Biliopancreatic Limb
Length in One Anastomosis Gastric Bypass: Which Is the Best? Obes. Surg. 2020, 30, 3685–3694. [CrossRef]

30. Ahuja, A.; Tantia, O.; Goyal, G.; Chaudhuri, T.; Khanna, S.; Poddar, A.; Gupta, S.; Majumdar, K. MGB-OAGB: Effect of
Biliopancreatic Limb Length on Nutritional Deficiency, Weight Loss, and Comorbidity Resolution. Obes. Surg. 2018, 28, 3439–3445.
[CrossRef] [PubMed]

31. Jedamzik, J.; Eilenberg, M.; Felsenreich, D.M.; Krebs, M.; Ranzenberger-Haider, T.; Langer, F.B.; Prager, G. Impact of limb length
on nutritional status in one-anastomosis gastric bypass: 3-year results. Surg. Obes. Relat. Dis. Off. J. Am. Soc. Bariatr. Surg. 2020,
16, 476–484. [CrossRef]

32. Charalampos, T.; Maria, N.; Vrakopoulou, V.G.Z.; Tania, T.; Raptis, D.; George, Z.; Emmanouil, L.; Konstantinos, A. Tailored One
Anastomosis Gastric Bypass: 3-Year Outcomes of 94 Patients. Obes. Surg. 2019, 29, 542–551. [CrossRef] [PubMed]

33. Nabil, T.M.; Khalil, A.H.; Mikhail, S.; Soliman, S.S.; Aziz, M.; Antoine, H. Conventional Versus Distal Laparoscopic One-
Anastomosis Gastric Bypass: A Randomized Controlled Trial with 1-Year Follow-up. Obes. Surg. 2019, 29, 3103–3110. [CrossRef]
[PubMed]

34. Komaei, I.; Sarra, F.; Lazzara, C.; Ammendola, M.; Memeo, R.; Sammarco, G.; Navarra, G.; Curro, G. One Anastomosis Gastric
Bypass-Mini Gastric Bypass with Tailored Biliopancreatic Limb Length Formula Relative to Small Bowel Length: Preliminary
Results. Obes. Surg. 2019, 29, 3062–3070. [CrossRef] [PubMed]

35. Lee, W.J.; Wang, W.; Lee, Y.C.; Huang, M.T.; Ser, K.H.; Chen, J.C. Laparoscopic mini-gastric bypass: Experience with tailored
bypass limb according to body weight. Obes. Surg. 2008, 18, 294–299. [CrossRef]

36. Ramos, A.C.; Chevallier, J.M.; Mahawar, K.; Brown, W.; Kow, L.; White, K.P.; Shikora, S.; Contributors, I.C.C. IFSO (International
Federation for Surgery of Obesity and Metabolic Disorders) Consensus Conference Statement on One-Anastomosis Gastric
Bypass (OAGB-MGB): Results of a Modified Delphi Study. Obes. Surg. 2020, 30, 1625–1634. [CrossRef]

37. Sanchez-Pernaute, A.; Herrera, M.A.; Perez-Aguirre, M.E.; Talavera, P.; Cabrerizo, L.; Matia, P.; Diez-Valladares, L.; Barabash, A.;
Martin-Antona, E.; Garcia-Botella, A.; et al. Single anastomosis duodeno-ileal bypass with sleeve gastrectomy (SADI-S). One to
three-year follow-up. Obes. Surg. 2010, 20, 1720–1726. [CrossRef]

http://doi.org/10.1097/01.sla.0000217592.04061.d5
http://doi.org/10.1097/00000658-199204000-00014
http://doi.org/10.1001/jamasurg.2016.2798
http://doi.org/10.1007/s11695-020-05109-8
http://doi.org/10.1007/s11695-019-04032-x
http://www.ncbi.nlm.nih.gov/pubmed/31297742
http://doi.org/10.1007/s11695-014-1245-7
http://doi.org/10.5114/wiitm.2019.89774
http://www.ncbi.nlm.nih.gov/pubmed/32489489
http://doi.org/10.1016/S0140-6736(19)30475-1
http://doi.org/10.1016/j.soard.2019.05.025
http://doi.org/10.1007/s11695-016-2050-2
http://www.ncbi.nlm.nih.gov/pubmed/26749410
http://doi.org/10.1381/096089201321336584
http://www.ncbi.nlm.nih.gov/pubmed/11433900
http://doi.org/10.1007/s11695-020-04775-y
http://doi.org/10.1007/s11695-019-04359-5
http://doi.org/10.1007/s11695-020-04687-x
http://doi.org/10.1007/s11695-018-3405-7
http://www.ncbi.nlm.nih.gov/pubmed/30032419
http://doi.org/10.1016/j.soard.2019.12.012
http://doi.org/10.1007/s11695-018-3572-6
http://www.ncbi.nlm.nih.gov/pubmed/30430382
http://doi.org/10.1007/s11695-019-03991-5
http://www.ncbi.nlm.nih.gov/pubmed/31177364
http://doi.org/10.1007/s11695-019-04019-8
http://www.ncbi.nlm.nih.gov/pubmed/31209832
http://doi.org/10.1007/s11695-007-9367-9
http://doi.org/10.1007/s11695-020-04519-y
http://doi.org/10.1007/s11695-010-0247-3


J. Clin. Med. 2021, 10, 674 12 of 13

38. Brown, W.A.; Ooi, G.; Higa, K.; Himpens, J.; Torres, A.; SADI-S/OADS. Single Anastomosis Duodenal-Ileal Bypass with Sleeve
Gastrectomy/One Anastomosis Duodenal Switch (SADI-S/OADS) IFSO Position Statement. Obes. Surg. 2018, 28, 1207–1216.
[CrossRef]

39. Torres, A.; Rubio, M.A.; Ramos-Levi, A.M.; Sanchez-Pernaute, A. Cardiovascular Risk Factors After Single Anastomosis Duodeno-
Ileal Bypass with Sleeve Gastrectomy (SADI-S): A New Effective Therapeutic Approach? Curr. Atheroscler. Rep. 2017, 19, 58.
[CrossRef]

40. Sanchez-Pernaute, A.; Rubio, M.A.; Perez Aguirre, E.; Barabash, A.; Cabrerizo, L.; Torres, A. Single-anastomosis duodenoileal
bypass with sleeve gastrectomy: Metabolic improvement and weight loss in first 100 patients. Surg. Obes. Relat. Dis. Off. J. Am.
Soc. Bariatr. Surg. 2013, 9, 731–735. [CrossRef]

41. Moon, R.C.; Gaskins, L.; Teixeira, A.F.; Jawad, M.A. Safety and Effectiveness of Single-Anastomosis Duodenal Switch Procedure:
2-Year Result from a Single US Institution. Obes. Surg. 2018, 28, 1571–1577. [CrossRef]

42. Enochs, P.; Bull, J.; Surve, A.; Cottam, D.; Bovard, S.; Bruce, J.; Tyner, M.; Pilati, D.; Cottam, S. Comparative analysis of the
single-anastomosis duodenal-ileal bypass with sleeve gastrectomy (SADI-S) to established bariatric procedures: An assessment
of 2-year postoperative data illustrating weight loss, type 2 diabetes, and nutritional status in a single US center. Surg. Obes. Relat.
Dis. Off. J. Am. Soc. Bariatr. Surg. 2020, 16, 24–33. [CrossRef]

43. Finno, P.; Osorio, J.; Garcia-Ruiz-de-Gordejuela, A.; Casajoana, A.; Sorribas, M.; Admella, V.; Serrano, M.; Marchesini, J.B.;
Ramos, A.C.; Pujol-Gebelli, J. Single Versus Double-Anastomosis Duodenal Switch: Single-Site Comparative Cohort Study in 440
Consecutive Patients. Obes. Surg. 2020. [CrossRef] [PubMed]

44. Neichoy, B.T.; Schniederjan, B.; Cottam, D.R.; Surve, A.K.; Zaveri, H.M.; Cottam, A.; Cottam, S. Stomach Intestinal Pylorus-Sparing
Surgery for Morbid Obesity. JSLS 2018, 22. [CrossRef]

45. Surve, A.; Rao, R.; Cottam, D.; Rao, A.; Ide, L.; Cottam, S.; Horsley, B. Early Outcomes of Primary SADI-S: An Australian
Experience. Obes. Surg. 2020, 30, 1429–1436. [CrossRef] [PubMed]

46. Zaveri, H.; Surve, A.; Cottam, D.; Cottam, A.; Medlin, W.; Richards, C.; Belnap, L.; Cottam, S.; Horsley, B. Mid-term 4-Year
Outcomes with Single Anastomosis Duodenal-Ileal Bypass with Sleeve Gastrectomy Surgery at a Single US Center. Obes. Surg.
2018, 28, 3062–3072. [CrossRef]

47. Surve, A.; Cottam, D.; Medlin, W.; Richards, C.; Belnap, L.; Horsley, B.; Cottam, S.; Cottam, A. Long-term outcomes of primary
single-anastomosis duodeno-ileal bypass with sleeve gastrectomy (SADI-S). Surg. Obes. Relat. Dis. Off. J. Am. Soc. Bariatr. Surg.
2020, 16, 1638–1646. [CrossRef]

48. Horsley, B.; Cottam, D.; Cottam, A.; Cottam, S.; Zaveri, H.; Surve, A.; Medlin, W. Bowel Reconstruction to Treat Chronic Diarrhea
and Hypoproteinemia Following Single Anastomosis Duodenal-Ileal Bypass with Sleeve Gastrectomy: A Single-Site Experience.
Obes. Surg. 2019, 29, 2387–2391. [CrossRef]

49. Vilallonga, R.; Balibrea, J.M.; Curell, A.; Gonzalez, O.; Caubet, E.; Ciudin, A.; Ortiz-Zuniga, A.M.; Fort, J.M. Technical Options for
Malabsorption Issues After Single Anastomosis Duodenoileal Bypass with Sleeve Gastrectomy. Obes. Surg. 2017, 27, 3344–3348.
[CrossRef]

50. Scopinaro, N.; Gianetta, E.; Civalleri, D.; Bonalumi, U.; Bachi, V. Bilio-pancreatic bypass for obesity: II. Initial experience in man.
Br. J. Surg. 1979, 66, 618–620. [CrossRef] [PubMed]

51. Marceau, P.; Biron, S.; Bourque, R.A.; Potvin, M.; Hould, F.S.; Simard, S. Biliopancreatic Diversion with a New Type of Gastrectomy.
Obes. Surg. 1993, 3, 29–35. [CrossRef]

52. Lebel, S.; Dion, G.; Marceau, S.; Biron, S.; Robert, M.; Biertho, L. Clinical outcomes of duodenal switch with a 200-cm common
channel: A matched, controlled trial. Surg. Obes. Relat. Dis. Off. J. Am. Soc. Bariatr. Surg. 2016, 12, 1014–1020. [CrossRef]
[PubMed]

53. Topart, P.; Becouarn, G.; Delarue, J. Weight Loss and Nutritional Outcomes 10 Years after Biliopancreatic Diversion with Duodenal
Switch. Obes. Surg. 2017, 27, 1645–1650. [CrossRef]

54. Bolckmans, R.; Himpens, J. Long-term (>10 Yrs) Outcome of the Laparoscopic Biliopancreatic Diversion With Duodenal Switch.
Ann. Surg. 2016, 264, 1029–1037. [CrossRef] [PubMed]

55. Strain, G.W.; Torghabeh, M.H.; Gagner, M.; Ebel, F.; Dakin, G.F.; Connolly, D.; Goldenberg, E.; Pomp, A. Nutrient Status 9 Years
After Biliopancreatic Diversion with Duodenal Switch (BPD/DS): An Observational Study. Obes. Surg. 2017, 27, 1709–1718.
[CrossRef] [PubMed]

56. Lassailly, G.; Caiazzo, R.; Ntandja-Wandji, L.C.; Gnemmi, V.; Baud, G.; Verkindt, H.; Ningarhari, M.; Louvet, A.; Leteurtre, E.;
Raverdy, V.; et al. Bariatric Surgery Provides Long-term Resolution of Nonalcoholic Steatohepatitis and Regression of Fibrosis.
Gastroenterology 2020. [CrossRef]

57. Eilenberg, M.; Langer, F.B.; Beer, A.; Trauner, M.; Prager, G.; Staufer, K. Significant Liver-Related Morbidity After Bariatric Surgery
and Its Reversal-a Case Series. Obes. Surg. 2018, 28, 812–819. [CrossRef]

58. Geerts, A.; Darius, T.; Chapelle, T.; Roeyen, G.; Francque, S.; Libbrecht, L.; Nevens, F.; Pirenne, J.; Troisi, R. The multicenter Belgian
survey on liver transplantation for hepatocellular failure after bariatric surgery. Transpl. Proc. 2010, 42, 4395–4398. [CrossRef]
[PubMed]

59. Sugerman, H.J.; Kellum, J.M.; DeMaria, E.J. Conversion of proximal to distal gastric bypass for failed gastric bypass for
superobesity. J. Gastrointest. Surg. Off. J. Soc. Surg. Aliment. Tract 1997, 1, 517–524. [CrossRef]

http://doi.org/10.1007/s11695-018-3201-4
http://doi.org/10.1007/s11883-017-0688-4
http://doi.org/10.1016/j.soard.2012.07.018
http://doi.org/10.1007/s11695-017-3066-y
http://doi.org/10.1016/j.soard.2019.10.008
http://doi.org/10.1007/s11695-020-04566-5
http://www.ncbi.nlm.nih.gov/pubmed/32240495
http://doi.org/10.4293/JSLS.2017.00063
http://doi.org/10.1007/s11695-019-04312-6
http://www.ncbi.nlm.nih.gov/pubmed/31925728
http://doi.org/10.1007/s11695-018-3358-x
http://doi.org/10.1016/j.soard.2020.07.019
http://doi.org/10.1007/s11695-019-03847-y
http://doi.org/10.1007/s11695-017-2931-z
http://doi.org/10.1002/bjs.1800660906
http://www.ncbi.nlm.nih.gov/pubmed/497645
http://doi.org/10.1381/096089293765559728
http://doi.org/10.1016/j.soard.2016.01.014
http://www.ncbi.nlm.nih.gov/pubmed/27236379
http://doi.org/10.1007/s11695-016-2537-x
http://doi.org/10.1097/SLA.0000000000001622
http://www.ncbi.nlm.nih.gov/pubmed/26764870
http://doi.org/10.1007/s11695-017-2560-6
http://www.ncbi.nlm.nih.gov/pubmed/28155056
http://doi.org/10.1053/j.gastro.2020.06.006
http://doi.org/10.1007/s11695-017-2925-x
http://doi.org/10.1016/j.transproceed.2010.07.010
http://www.ncbi.nlm.nih.gov/pubmed/21168706
http://doi.org/10.1016/S1091-255X(97)80067-4


J. Clin. Med. 2021, 10, 674 13 of 13

60. Fobi, M.A.; Lee, H.; Igwe, D., Jr.; Felahy, B.; James, E.; Stanczyk, M.; Tambi, J.; Eyong, P. Revision of failed gastric bypass to distal
Roux-en-Y gastric bypass: A review of 65 cases. Obes. Surg. 2001, 11, 190–195. [CrossRef]

61. Caruana, J.A.; Monte, S.V.; Jacobs, D.M.; Voytovich, C.; Ghanim, H.; Dandona, P. Distal small bowel bypass for weight regain
after gastric bypass: Safety and efficacy threshold occurs at <70% bypass. Surg. Obes. Relat. Dis. Off. J. Am. Soc. Bariatr. Surg.
2015, 11, 1248–1255. [CrossRef]

62. Buchwald, H.; Oien, D.M. Revision Roux-en-Y Gastric Bypass to Biliopancreatic Long-Limb Gastric Bypass for Inadequate Weight
Response: Case Series and Analysis. Obes. Surg. 2017, 27, 2293–2302. [CrossRef]

63. Ghiassi, S.; Higa, K.; Chang, S.; Ma, P.; Lloyd, A.; Boone, K.; DeMaria, E.J. Conversion of standard Roux-en-Y gastric bypass to
distal bypass for weight loss failure and metabolic syndrome: 3-year follow-up and evolution of technique to reduce nutritional
complications. Surg. Obes. Relat. Dis. Off. J. Am. Soc. Bariatr. Surg. 2018, 14, 554–561. [CrossRef] [PubMed]

64. Soong, T.C.; Almalki, O.M.; Lee, W.J.; Ser, K.H.; Chen, J.C.; Wu, C.C.; Chen, S.C. Measuring the small bowel length may decrease
the incidence of malnutrition after laparoscopic one-anastomosis gastric bypass with tailored bypass limb. Surg. Obes. Relat. Dis.
Off. J. Am. Soc. Bariatr. Surg. 2019, 15, 1712–1718. [CrossRef] [PubMed]

65. Shin, R.D.; Goldberg, M.B.; Shafran, A.S.; Shikora, S.A.; Majumdar, M.C.; Shikora, S.A. Revision of Roux-en-Y Gastric Bypass
with Limb Distalization for Inadequate Weight Loss or Weight Regain. Obes. Surg. 2019, 29, 811–818. [CrossRef] [PubMed]

66. van der Burgh, Y.; Boerboom, A.; de Boer, H.; Witteman, B.; Berends, F.; Hazebroek, E. Weight loss and malnutrition after
conversion of the primary Roux-en-Y gastric bypass to distal gastric bypass in patients with morbid obesity. Surg. Obes. Relat.
Dis. Off. J. Am. Soc. Bariatr. Surg. 2020, 16, 381–388. [CrossRef] [PubMed]

http://doi.org/10.1381/096089201321577866
http://doi.org/10.1016/j.soard.2015.08.001
http://doi.org/10.1007/s11695-017-2658-x
http://doi.org/10.1016/j.soard.2018.01.004
http://www.ncbi.nlm.nih.gov/pubmed/29567059
http://doi.org/10.1016/j.soard.2019.08.010
http://www.ncbi.nlm.nih.gov/pubmed/31558409
http://doi.org/10.1007/s11695-018-03635-0
http://www.ncbi.nlm.nih.gov/pubmed/30560312
http://doi.org/10.1016/j.soard.2019.12.009
http://www.ncbi.nlm.nih.gov/pubmed/31948922

	Introduction 
	Inclusion of Malabsorptive Bariatric Procedures 
	Roux-en-Y-Gastric Bypass 
	One-Anastomosis Gastric Bypass 
	Single-Anastomosis Duodeno-Ileal Bypass with Sleeve Gastrectomy (SADI-S) 
	Biliopancreatic Diversion (with Duodenal Switch) 
	Revisional Procedures for Weight Regain 
	Conclusions 
	References

