
ORIGINAL CONTRIBUTIONS

Limb Length in Gastric Bypass in Super-Obese Patients—Importance
of Length of Total Alimentary Small Bowel Tract

Kamran Shah1
& Bent Johnny Nergård1

& Morten Wang Fagerland2
& Hjörtur Gislason1

Published online: 30 March 2019
# Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract
Background In super-obese patients, rates of weight loss failure and weight regain are high after RYGB. In order to improve
weight loss, lengthening of the biliopancreatic limb is vital. In this study, efficacy and safety of two types of RYGBwith 2-m BP-
limbwere assessed in improving weight loss and in the resolution of comorbidities compared with standard RYGB in a long-term
follow-up.
Methods This is a retrospective cohort analysis on 671 super-obese patients operated in a 10-year period. Patients were classified
into three groups: (1) 155 patients; roux limb 150 cm, BP-limb 60 cm; (2) 230 patients; roux limb 60 cm, BP-limb 200 cm; and
(3) 286 patients; roux limb 150 cm, BP-limb 200 cm. EWL, TWL, BMI, failure, weight regain, comorbidity resolution,
nutritional status, and complications were assessed.
Results Total alimentary limb length was shortened with 60 cm in group 1 and with 200 cm in groups 2 and 3. EWL, BMI
change, and TWL were higher in the 2-m BP-limb groups vs group 1. No differences in complication rates were found, except
higher frequency of marginal ulcers in patients with a shorter roux limb. EWL failure was higher in group 1 (10.3%) vs the other
groups (4.3%; 5.2%). Group 3 had significantly less weight regain (26.6%). Remission of comorbidities was higher in the 2-m
BP-limb groups at expense of nutritional and vitamin deficiencies (3.9%; 5.9%). No difference in hypoalbuminemia was noted.
Conclusion Lengthening of the BP-limb gives significantly higher weight loss, lower rate of EWL failure, and lesser weight
regain along with better resolution of obesity-associated comorbidities.
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Background

The rising prevalence of obesity has been described as a glob-
al pandemic [1] and worldwide prevalence of overweight and
obesity combined has risen by 27.5% for adults between 1980
and 2013 [2]. Super-obesity, defined as ≥ 225% of the ideal
body weight [3], thus having a BMI ≥ 50 kg/m2, is increasing
five times faster than other obesity categories with a sixfold
increase in the last 15 years of the twentieth century [4].

The prevalence of obesity-related comorbidities such as
type 2 diabetes (T2DM), metabolic syndrome (MetS), and
cardiovascular diseases is more frequent in patients with
BMI above 50 as compared with lesser degrees of obesity
[5]. Solution-wise, laparoscopic Roux-en-Y gastric bypass
(LRYGB) generally produces significant and sustained weight
loss [6, 7]; however, in super-obese patients, high weight loss
failure rates are a serious problem [7–10]. Some studies report
up to 34.9% weight loss failure for super-obese patients com-
pared with 20.4% for morbidly obese patients in a 10-year
follow-up [11].

In order to account for this, novel procedures such as SADI-
S (single anastomosis duodenoileal bypass with sleeve gastrec-
tomy), SASI (single anastomosis sleeve ileal bypass), and
OAGB (one anastomosis gastric bypass) are gaining ground
along with more malabsorptive procedures like biliopancreatic
diversion with duodenal switch. The latter has been performed
on super-obese patients with greater weight loss than LRYGB
[7]. Moreover, in a large cohort study, the risk of weight loss
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failure is significantly reduced with duodenal switch with a rate
of 6% 2 years postoperatively [12]. However, this is at the
expense of an increased rate of protein and nutritional deficien-
cies and gastrointestinal side effects on short-/mid-term follow-
up [13] and long-term follow-up [14] as well as increased rates
of early complications and perioperative mortality [15].

Different variations of distal gastric bypass have also been
performed on the super-obese patients with varying results
with no real consensus on the length of bypassed intestines
and the relationship between the different limb lengths [16].
Several studies with low number of included patients focus on
the ratio between the Roux limb and the common channel
without changing the length of the total alimentary limb length
(TALL). This has been associated with a high risk of compli-
cations, high rates of malnutrition and vitamin deficiencies,
and no notable difference in BMI reduction between the distal
gastric bypass and the standard gastric bypass [17–21].

In this study, we aimed at investigating long-term results of
RYGB with 2-m biliopancreatic limb with varying Roux limb
length (60 vs 150 cm) while maintaining the same total ali-
mentary limb length and compared these to the standard gas-
tric bypass. TALL was shortened with 140 cm in the 2-m BPL
groups. TALL is defined as the added value of the Roux limb
and the common channel and is also denoted by the total
alimentary small bowel tract. Primary outcome was defined
as weight loss changes expressed in excess weight loss
(EWL), BMI change, and total weight loss (TWL%).
Secondary outcome was defined as resolution of comorbidi-
ties. Furthermore, we investigated whether a better weight loss
change came at the expense of a higher rate of vitamin and
nutritional deficiencies.

Methods

This study is a retrospective analysis of prospectively collect-
ed data on patients who underwent bariatric surgery from
January 2006 to November 2015 at a private high-volume
center, Aleris Hospital, Oslo, Norway. Guidelines from the
Interdisciplinary European Guidelines on Surgery for Severe
Obesity were used as indication for operation, including BMI
> 40 kg/m2 or BMI > 35 kg/m2 with concurrent comorbidities
such as metabolic disorders, cardio-respiratory disease, or se-
vere joint disease. A total of 3896 bariatric operations were
performed at our center in this period.

Our standard gastric bypass was done with a Roux limb
(RL) of 150 cm and biliopancreatic limb (BPL) of 60 cm as
described previously [22]. Propensity score matching was
done to the surgical population with only a criterion of BMI
≥ 50 preoperatively and BMI ≥ 48 at operation, in order to
create a standard gastric bypass reference group (group 1).
Revisional operations and other types of gastric bypass oper-
ations were excluded. A number of patients were operated

with variations in the length of the BPL and the RL as our
hypothesis stipulated that higher rates of excess weight loss
percentages would be achieved. The variations included an
elongation of the BPL to 200 cm with concomitant reduction
of the RL to 60 cm (group 2), or an elongation of the BPL to
200 cm while keeping the RL at 150 cm (group 3). The var-
iations in the limb lengths were done primarily on super-obese
patients. Amongst the selection criteria for varying the limb
lengths were age < 50 years and patients living locally (not
farther than 100 km from the hospital) due to the Norwegian
geography in order to reduce the number of patients lost to
follow-up.

Multidisciplinary approach from gastroenterologists, sur-
geons, nurses, and dieticians was initiated from the patient’s
first visit. Written informed consent for the participation in
research was obtained. Preoperative fasting blood analyses
were taken prior to the initiation of intensive dietary and nu-
tritional changes. Before the operation, the patients attended a
whole day information and lifestyle modification course. Fast-
track settings and enhanced recovery after surgery (ERAS)
protocol were applied as described previously [23].

Clinical data were prospectively collected and registered in
our database (FileMaker 11) as part of our routine patient
record system, approved by The Norwegian Data Protection
Authority. Data included registration of metabolic status pre-
operatively, 3 months and 1 year postoperatively, and hence
every second year.

Statistical Methods

Statistical analyses were performed using SPSS for Windows,
version 22.0, and StataSE version 15. Values were reported as
mean + standard deviation if not mentioned otherwise.
Comparison between groups was made with one-way
ANOVA, t test, or chi-square test. A p value < 0.05 was con-
sidered statistically significant. The repeated measures of ex-
cess weight loss (range 2 to 23 measures per patient) were
analyzed with a linear mixed model, with fixed effects for
group, time, and group x time interaction, and a random inter-
cept. Time was modeled as piecewise linear with two knots at
20 and 40 months after operation. Based on the fitted model,
group means at 2, 5, and 10 years and between-group differ-
ences at 2, 5, and 10 years were estimated with 95% confi-
dence intervals. Propensity score matching was initially done
with several degrees of matching to the different covariates in
order to obtain three perfectly aligned subpopulations.
However, we found that the number of patients was heavily
reduced and thus statistical power likewise. Also, possible
selection bias was introduced and thus propensity matching
was done with the only criteria of BMI ≥ 50 for the standard
gastric bypass.

OBES SURG (2019) 29:2012–2021 2013



Results

A. (Patient Material, Short-Term Data,
and Perioperative Results)

A total of 671 super-obese patients operated in a 10-year period
from January 2006 were included in the study. Patients were
classified into three groups according to the variation in limb
length, see Table 1 and Fig. 1. The lengths of RL and BPL were
fixed numbers, while the length of CL was an approximation
based upon mean estimated values as the total small bowel limb
length fromprevious studies wasmean 620 cm (range 420–870).
Baseline characteristics preoperatively are listed in Table 2. BMI
at initial patient contact was noted and prior to surgery a mean
reduction of two BMI points took place in all three groups. The
difference in mean BMI at surgery between groups 1 and 2 was
significant (51.4 vs 49.3, p < 0.0001) while it was non-
significant between groups 1 and 3 (51.4 vs 51.0, p = 0.312).

Groups 1 and 3 were deemed comparable in terms of basic
anthropometrics; thus, no statistically significant differences
were found regarding gender, weight, waist circumference, or
mean follow-up. Patients in group 2 had a lower weight than
group 1 (144 kg vs 151 kg, p = 0.006), smaller waist circumfer-
ence (135 cm vs 144 cm, p > 0.0001), and a higher representa-
tion of female patients (0.78 vs 0.63, p = 0.001). Follow-up was
longer in group 2 (125 months) vs. group 1 (91 months) and
group 3 (73 months). Patients in group 1 were slightly older
(42.2 years) than in group 2 (39.5 years) and group 3 (37.1 years).
Distribution of obesity-related comorbidities (hypertension, type
2 diabetes, and obstructive sleep apnea) is shown in Table 2.

Length of mean surgical time was almost the same in
groups 1 and 3 (49 min vs 47 min, p = 0.245) while it was
longer in group 2 (58 min, p < 0.0001), see Table 3. No dif-
ference in days of hospitalization was noted between groups 1
and 3 (1.9 days vs 1.8 days, p = 0.375). Patients in group 2
were hospitalized for a longer period (2.5 days, p < 0.0001).

No difference in short-term complication rates was noted
(Table 4) between groups.

The number of readmissions for the patients included in
this study was 104/671 (15.5%) and did not differ amongst

the different groups. Seventy percent of these were due to
actual dehydration or fear of dehydration in the immediate
postoperative period and the relatively high number is due to
internal policy guidelines that dictate if patients do not daily
partake at least 1.5 l fluids orally in the first 2 weeks after
surgery; they must be administered iv fluids in the hospital.

B. (Long-Term Data, Effect of Surgery)

Mean follow-up differed significantly between the groups:
91 months in group 1, 125 in group 2, and 73 in group 3.

As shown in Fig. 2 and Tables 5, 6, and 7, significant differ-
ence (p < 0.001) in excess weight loss (EWL, expressed in per-
centage) was noted when comparing both groups 2 and 3 with
group 1 in the first 10 years after surgery. After 2 years, EWL
was 76.8% in group 1 (95% CI, 74.0–79.5) compared with
90.8% in group 2 (95% CI, 88.6–93.0) and 88.8% in group 3
(95% CI, 86.8–90.9). After 5 years, the statistical difference
holds (p < 0.001) and after 10-year follow-up (p < 0.001), the
EWL is 56.7% in group 1 (95% CI, 52.6–60.8), 64.8% in group
2 (95%CI, 62.3–67.2), and 68.4% group 3 (95%CI, 64.7–72.1).
The same tendency is seen regarding BMI change with signifi-
cant better results in groups 2 and 3 vs group 1 and with no
significant difference between groups 2 and 3. TWL% follows
the same pattern except at 10-year follow-up comparison be-
tween groups 1 and 2, where the difference is not considered
significant (2.45 (95% CI, − 0.12 to 5.03); p = 0.062).

Excess weight loss failure and weight regain are shown in
Table 8. EWL failure is defined as not reaching the 50% thresh-
old of EWL% or BMI > 33 and weight regain is defined as
gaining more than 15% of nadir weight achieved. No difference
in EWL failurewas found between groups 2 (4.3%) and 3 (5.2%)
(p = 0.637). However, when compared with group 1 (10.3%),
EWL failure is significantly less in groups 2 and 3 (p= 0.022
and 0.046, respectively). Weight regain occurred in all groups
and was similar in group 1 (41.3%) and group 2 (46.1%); how-
ever, weight regain occurred much less in group 3 (26.6%, p=
0.002). Difference holds also when comparing weight regain
between groups 2 and 3 (p < 0.001).

Remission rate of hypertension, type 2 diabetes, and dyslip-
idemia after 10 years was higher (Table 9) in groups 2 (58.8%,
79.2%, 94.2%) and 3 (74.6%, 87.5%, 88.1%) vs group 1 (47.4%,
60.8%, 70.2%). Resolution of obstructive sleep apneawas higher
in group 3 (96.8%) vs groups 1 (73.9%) and 2 (70.0%).

No difference in long-term complication rates was noted
(Table 4) between groups. The occurrence of internal hernia
did not differ significantly. Classified under other complica-
tions, one patient had pulmonary embolism 7 weeks after
surgery in group 2. In group 3, one patient had a deep vein
thrombosis and another achalasia needing surgery.

Albumin, vitamin A, vitamin B12, vitamin D, iron, and
ferritin were assessed at regular follow-up with a median
follow-up of 96 months. Malnutrition necessitating high-

Table 1 Length of different intestinal limbs in cm

Groups No. of patients A-
limb

BP-
limb

1 155 150 60

2 230 60 200

3 286 150 200

All operations were done with a small gastric pouch, antegastric ante-
colic Roux-en-Y gastric bypass, closure of mesenteric effects from
October 2010, floppy entero-entero anastomosis. Variations of limb
lengths were done according to the above table

A, alimentary (fixed); BP, biliopancreatic (fixed)
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dose enteral or parenteral treatment occurred more frequently
in group 3 (5.9%, p = 0.005) compared with group 1 (0.6%)
(Table 4). Even though higher rate of malnutrition was noted
in group 2 (3.9%), it was not considered significant (p =
0.055) as compared with group 1. Comparing group 2 with
3, no statistically significant difference could be detected (p =
0.319). The most frequent nutritional deficiency was low iron
values and six patients in both group 2 and 3 needed iron
intravenously before plasma levels normalized. In groups 2
and 3, restoration of normal D-vitamin levels necessitated
high doses of oral intake of vitamin D. In addition, two pa-
tients in group 3 also needed high oral intake of vitamin A.

No significant difference between the groups was noted in the
occurrence of hypoalbuminemia (p = 1.000 and p= 0.543).

Seventeen deaths occurred in the follow-up period,
none related to the bariatric surgery. One patient in group

2 underwent a ventral hernia operation at another hospital
and died of postoperative complications not related to the
obesity operation. Another patient in group 2 died due to
a mortal knife wound attack. Majority of the other deaths
were however due to cancer diseases. Overview of the
number of patients available at each follow-up point is
compared with the number of patients actually seen in
Table 10.

Discussion

Are the Groups Comparable in the Present Study?

This study is a retrospective analysis of prospectively collect-
ed data on super-obese patients undergoing gastric bypass at

Table 2 Patient demographics at baseline for the different groups (n = 671)

Group 1 (n = 155) Group 2 (n = 230) p value Group 3 (n = 286) p value

Mean follow-up, monthsa 91 (5–151) 125 (95–153) < 0.0001 73 (22–147) < 0.0001

Age, yeara 42.2 (17–75) 39.5 (18–67) 0.026 37.1 (17–69) < 0.0001

Female/male, ratiob 0.63 (98/57) 0.78 (180/50) 0.001 0.66 (189/97) 0.548

Weight, kga 150.9 (108–263) 143.6 (109–205) 0.006 151.3 (107–218) 0.846

Waist circumference, cma 144 (108–210) 135 (100–166) < 0.0001 144 (109–174) 1.000

BMI, kg/m2a 51.4 (48.0–81.1) 49.3 (42.3–60.2) < 0.0001 51.0 (42.7–63.3) 0.312

HTb 84 (54.2%) 135 (58.7%) 0.382 109 (38.1%) 0.001

T2DMb 44 (28.4%) 50 (21.7%) 0.136 56 (19.6%) 0.035

DLb 44 (28.4%) 130 (56.5%) < 0.0001 54 (18.9%) 0.024

OSAb 40 (25.8%) 41 (17.8%) 0.060 71 (24.8%) 0.821

p value calculated: Unpaired t test and chi-square test

BMI, body mass index; HT, hypertension; T2DM, type 2 diabetes mellitus; DL, dyslipidaemia; OSA, obstructive sleep apnea
aMean (range)
b Number of patients (percentage)

Roux-limb

150 cm

Bilio-pancrea�c limb

60 cm

Common Channel

410 cm

Total 
Alimentary

Tract

560 cm

Group 1

Roux-limb

60 cm
Bilio-pancrea�c limb

200 cm

Common Channel

360 cm

Total 
Alimentary

Tract

420 cm

Group 2

Roux-limb

150 cm

Bilio-pancrea�c limb

200 cm

Common Channel

270 cm

Total 
Alimentary

Tract

420 cm

Group 3

Fig. 1 Schematic drawing of limb lengths in the included groups. In all
groups, the length of the Roux limb and the biliopancreatic limb was
fixed, while the length of the common channel and the total alimentary

limb length are estimated mean values with some variation interpatient-
wise based upon the measuring of a large number of patients.
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our institution in a 10-year period. The surgery and all treat-
ment pathways are standardized except for the limb lengths in
the three groups. As seen in Table 2, the control group (group
1) is comparable to group 3 in the basic demographic param-
eters that can influence weight loss over time. Group 2 was
slightly different as BMI was marginally lower and represen-
tation of female gender higher while conversely, the follow-up
was longer. In a previous randomized study [22] of obese
patients (not only super-obese), we compared the RYGB with
60-cm AL and 2-m BPL (group 2) with the standard RYGB
(group 1). Data in the present study are comparable with the
results of that study but now in super-obese patients. Thus,
although some differences in basic demographic data exist,
the groups were deemed comparable.

Excess weight loss after 10 years for standard gastric by-
pass (group 1) in our study was 56.7%which is on par with the
results from a recent systematic review and meta-analysis
wherein weighted mean of 56.7% was calculated from 18
reports of gastric bypass [24]. Other systematic reviews have
shown the same results [7]. In the present study, significantly
higher EWL in group 2 (64.8%) and group 3 (68.4%) was

achieved when BPL was elongated to 2 m. The same overall
tendency with better weight loss evaluated from BMI change
and TWL% was seen in groups 2 and 3. We also found that
group 3 had statistically significant less weight regain (26.6%)
compared with the other groups. The results suggest a more
durable effect compared with group 1, and this is of particular
importance as the risk of EWL failure and weight regain is
higher in the super-obese patient.

Does the BPL Play a Role in Achieving Higher Rates
of EWL?

There is conflicting evidence concerning the importance of the
BPL in the super-obese patient. Several studies indicate that
the lengthening of the BPL is vital not only for weight loss but
also for a better glucose metabolism; however, most of these
studies are limited by small patient cohorts, short-term follow-
up, animal-studies; are single-arm studies or alter the length of
the BPL along with the Roux limb; or are revision operations
[25–30]. However, other studies indicate that limb lengths do
not affect weight loss significantly [31–33].

Table 4 Early and late
complications (> 30 days) Group 1 (n = 155) Group 2 (n = 230) p value Group 3 (n = 286) p value

Early (< 30 days)

Hemorrhage 0 (0%) 3 (1.3%) 0.277 3 (1.0%) 0.555

Leakage 1 (0.7%) 0 (0%) 0.403 4 (1.4%) 0.661

Wound infection 1 (0.6%) 2 (0.9%) 0.403 2 (0.7%) 1.000

Pneumonia 0 (0%) 2 (0.9%) 0.518 0 (0%) 1.000

Kinking at EEA 2 (1.3%) 2 (0.9%) 1.000 1 (0.3%) 0.283

Late (> 30 days)

Hypoglycemic attacks 5 (3.2%) 6 (2.6%) 0.762 1 (0.3%) 0.022

Internal hernia 9 (5.8%) 19 (8.2%) 0.427 14 (4.9%) 0.661

Ulcers 5 (3.2%) 16 (7.0%) 0.169 7 (2.5%) 0.761

Hypoglycemic attacks 1 (0.6%) 6 (2.6%) 0.250 5 (1.7%) 0.670

Hypoalbuminemia 0 (0%) 1 (0.4%) 1.000 2 (0.7%) 0.543

Nutritional deficiency 1 (0.6%) 9 (3.9%) 0.055 17 (5.9%) 0.005

Deaths 1 (0.6%) 1 (0.4%) 1.000 0 (0%) 0.352

Other complications 0 1 1.000 2 0.543

No. of patients (percentage)

p value calculated: Fisher’s exact test

Other complications: Group 2, 1 pulmonary embolism 7 weeks after surgery. Group 3, one with achalasia needing
surgery, one with DVT, and one with small bowel obstruction due to bezoar

Table 3 Length of hospital stay and operation expressed in number of patients and percentage

Group 1, 60-cm BP/150-cm AL
(n = 155)

Group 2, 200-cm BP/60-cm AL
(n = 230)

p Group 3, 200-cm BP/150-cm AL
(n = 286)

p

Length of hospital stay
(days)

1.9 (1–5) 2.5 (1–5) < 0.0001 1.8 (1–11) 0.375

Surgical time (min) 49 (25–170) 58 (32–154) < 0.0001 47 (27–209) 0.245

p value calculated: chi-square test
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In our study, we found that lengthening of the BPL leads to
higher rates of EWL in a long-term follow-up in a large co-
hort. And while it could be hypothesized that the length of the

BPL plays a role, we need to add to this hypothesis that a
concomitant change in the Roux limb length does not play a
significant role as it was shortened in group 2 to 60 cmwhile it
was kept constant in group 3 at 150 cm. However, this would
not explain the somewhat contradictory results in the
abovementioned literature. In addition, studies have shown
that even a common channel of 150 cm would not produce a
greater BMI reduction compared with the standard bypass, as
when Risstad et al. [21] in their randomized study had two
groups with a common channel of 150 cm and BPL of 50 cm
in one group, while RL was 150 cm and BPL 50 cm in the
other group.

In our study, the values of the common channel were dif-
ferent in all groups and could be approximated to estimated
mean values of 410 cm (group 1), 360 cm (group 2), and
270 cm (group 3), see Fig. 1. However, some uncertainty does
exist in this estimation of the CL as variations in total small
bowel limb length are present. Therefore, it would be more
correct to say that the length of the CL varied across the three
groups and was shorter in group 2 and shortest in group 3. The
focus should not be on the common channel alone and neither
on the roux limb alone, and we hypothesize that the total
alimentary limb length is crucial and perhaps more explana-
tory when estimating the effect of weight loss in not just our
study but in the previous studies as well. In groups 2 and 3,
TALL was shortened with 200 cm, while it was shortened
with only 60 cm in group 1. Therefore, we believe that greater
weight loss results are achieved with shortening of the total
alimentary limb length. Therefore, we believe that greater
weight loss results are achieved with shortening of the total
alimentary limb length.

Is the Lengthening of BPL Safe?

Looking at the early complications (within the first 30 days),
we did not find any difference of statistical significance in the
three groups. In late complications, we included type 1 and
type 2 classification of internal hernia (strangulation or actual
herniation through either Petersen’s space or the space at the
entero-entero-anastomosis). Even though we find a difference
in the percentages of internal hernia in the three groups, these
differences are not statistically significant. It should be noted
that the percentages of internal hernia are relatively high in all
groups and can be explained by the fact that the majority of
patients were operated before January 2011 prior to the sys-
tematic closure of the mesenterial defects at our high-volume
center [34].

The frequency of marginal ulcers was almost the same
when comparing group 1 with groups 2 and 3. However, when
comparing group 2 with group 3, we find a statistically signif-
icant difference (p = 0.017); thus, there is a higher occurrence
of ulcers in group 2 vs. group 3. This difference could be
explained due to the differences in the Roux limbs as a longer
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Fig. 2 Postoperative weight loss expressed as percentage of excess
weight loss (EWL%) (a), BMI change (b), and total weight loss
(TWL%) (c) plotted against time with the lowest curves. Results from
mixed model analysis
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RL might add an extra protection against possible reflux of
bile and stomach acids.

In conclusion, elongation of the BPL is not associated with
a higher frequency of short or late complications and is con-
sidered safe and overall, the complication rates were quite low
when compared with other studies [21].

Hospital staywas significantly higher in group 2 (2.5 days),
compared with group 1 (1.9 days) and group 3 (1.8 days) and
surgical time was longer in group 2. This is due to the imple-
mentation of Fast-Track principles from 2008 to 2009 [25],
where we gradually reduced hospital stay from 3 to 1–2 days.

Resolution of Comorbidities?

No controlled and stringent long-term follow-up for all pa-
tients was possible in our study due to geographical consider-
ations amongst others; however, clinical consultations and
questionnaires were completed for all patients with obesity-
related comorbidities and thus we found that lengthening of
the BPL to 2 m had higher rates of remission and resolution.
Due to fewer numbers of patients in group 2 at follow-up, we
could not determine a statistically significant change even
though the remission rates are higher in group 2 versus group
1. However, in group 3, statistically significant remission rates

were noted with type 2 diabetes (87.5% vs 60.8%, p = 0.019),
hypertension (74.6% vs 47.4%, p = 0.001), dyslipidaemia
(88.1% vs 70.2%, p = 0.002), and obstructive sleep apnea
(96.8% vs 73.9%).

Nutritional Status and Vitamin Deficiencies

The occurrence of serious nutritional deficiencies is usually
due to poor patient compliance or inadequate follow-up.
Hence, at regular follow-up, supplementation should be ad-
justed continuously according to the paraclinical values. In
our environment, with a well-functioning follow-up system
and committed primary care centers, severe malnutrition was
very rare. No significant difference in hypoalbuminemia was
noted between the groups. However, vitamin deficiencies oc-
curred as well as higher rate of iron deficiency in groups 2 and
3 (Table 4) as compared with group 1. Theoretically, this can
be explained due to iron absorption occurring predominantly
in the duodenum and upper jejunum [35] as well as our clin-
ical experience that lengthening the bypassed small intestine
increases malabsorption, in particular that of iron.

A bias exists in the more stringent follow-up of groups 2 and
3 compared with group 1. This included more frequent outpa-
tient controls and testing for lab values with subsequent

Table 5 Postoperative weight loss expressed as percentage of excess weight loss (EWL%)

Mean values (95% CI)

2 years 5 years 10 years

Group 1 76.8 (74.0 to 79.5) 61.4 (58.7 to 64.1) 56.7 (52.6 to 60.8)

Group 2 90.8 (88.6 to 93.0) 73.5 (71.5 to 75.5) 64.8 (62.3 to 67.2)

Group 3 88.8 (86.8 to 90.9) 72.9 (70.9 to 74.8) 68.4 (64.7 to 72.1)

Mean between-group difference (95% CI); p value

2 years 5 years 10 years

Group 1 vs group 2 14.0 (10.5 to 17.6); p < 0.001 12.0 (8.68 to 15.4); p < 0.001 8.10 (3.32 to 12.9); p = 0.001

Group 1 vs group 3 12.1 (8.64 to 15.5); p < 0.001 11.4 (8.09 to 14.8); p < 0.001 11.8 (6.24 to 17.3); p < 0.001

Group 2 vs group 3 − 1.95 (− 4.97 to 1.07); p = 0.21 − 0.61 (− 3.39 to 2.18); p = 0.67 3.67 (− 0.76 to 8.10); p = 0.11

Table 6 Postoperative weight loss expressed as BMI change

Mean values (95% CI)

2 years 5 years 10 years

Group 1 29.0 (28.2 to 29.9) 35.4 (34.6 to 36.3) 36.2 (34.9 to 37.5)

Group 2 25.2 (24.5 to 25.9) 31.8 (31.2 to 32.4) 33.6 (32.8 to 34.4)

Group 3 25.8 (25.2 to 26.4) 32.4 (31.7 to 33.0) 32.4 (31.1 to 33.6)

Mean between-group difference (95% CI); p value

2 years 5 years 10 years

Group 1 vs group 2 − 3.85 (− 4.94 to − 2.76); p < 0.001 − 3.64 (− 4.68 to − 2.60); p < 0.001 − 2.61 (− 4.14 to − 1.09); p = 0.001
Group 1 vs group 3 − 3.24 (− 4.29 to − 2.19); p < 0.001 − 3.08 (− 4.11 to − 2.04); p < 0.001 − 3.85 (− 5.65 to − 2.04); p < 0.001
Group 2 vs group 3 0.61 (− 0.31 to 1.53); p = 0.19 0.56 (− 0.29 to 1.42); p = 0.20 − 1.23 (− 2.68 to 0.21); p = 0.095
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adjustment of nutritional supplementation, especially in regard
to iron and vitamin D. Therefore, we conclude that more ad-
justments of supplementation are needed in patients with long
BP-limb and that adequate follow-up prevents serious malnu-
trition in these patients. The issues of malabsorption are well
known in the duodenal switch and biliopancreatic diversion in
the bariatric literature from systematic reviews [36, 37].

Our evidence also suggests that the attachment of the BPL
to the total alimentary limb length does not play a role in terms
of malnutrition and malabsorption when the Roux limb varies
from 60 to 150 cm.

However, the effect of placement of the BPL further distal
on TALL on malnutrition is currently unknown but it will be
evaluated in an upcoming study, shedding light on the role of
the total alimentary tract in the context of weight loss follow-
ing obesity surgery as well.

There is no doubt that a BP diversion of 200 cm is efficient
in achieving high and durable rates of weight loss; however, in
cases of short total small intestinal limb lengths, one should be
careful as patients in this group are prone to risks of malnutri-
tion and malabsorption. Therefore, we recommend a BP di-
version corresponding to 1/3 of the total small intestinal limb
length.

Currently, the other ideal limb lengths in terms of efficacy
and safety in the super-obese patient remain unknown. Our
results indicate that a BPL of 200 cm is optimal to maintain a
high rate of EWL and the Roux limb should be somewhere
between 60 and 150 cm to balance the risk of complications
and side effects. From this study, we propose an attachment of
a 200-cm BPL to the small bowel tract with a 100-cm Roux
limb as a very viable and durable operation in this patient
population.

Table 7 Postoperative weight loss expressed as percentage of total weight loss (TWL%)

Mean values (95% CI)

2 years 5 years 10 years

Group 1 43.0 (41.6 to 44.3) 31.2 (29.8 to 32.5) 29.5 (27.2 to 31.7)

Group 2 48.1 (47.0 to 49.1) 35.5 (34.6 to 36.5) 31.9 (30.7 to 33.2)

Group 3 48.8 (47.8 to 49.8) 36.6 (35.7 to 37.6) 36.2 (34.1 to 38.3)

Mean between-group difference (95% CI); P value

2 years 5 years 10 years

Group 1 vs group 2 5.10 (3.35 to 6.84); p < 0.001 4.34 (2.70 to 5.98); p < 0.001 2.45 (− 0.12 to 5.03); p = 0.062

Group 1 vs group 3 5.81 (4.13 to 7.50); p < 0.001 5.44 (3.79 to 7.10); p < 0.001 6.72 (3.62 to 9.83); p < 0.001

Group 2 vs group 3 0.72 (− 0.76 to 2.19); p = 0.34 1.10 (− 0.24 to 2.45); p = 0.11 4.27 (1.81 to 6.74); p = 0.001

Table 8 Excess weight loss failure and weight regain expressed in number of patients and percentage

Group 1, 60-cm BP/150-cm
AL (n = 155)

Group 2, 200-cm BP/60-cm
AL (n = 230)

p Group 3, 200-cm BP/150-cm
AL (n = 286)

p

EWL failure (< 50% or BMI ≥ 33) 16 (10.3%) 10 (4.3%) 0.022 15 (5.2%) 0.046

Weight regain (gain of weight > 15% of
lowest weight)

64 (41.3%) 106 (46.1%) 0.353 76 (26.6%) 0.002

p value calculated: chi-square test

Table 9 Remission of obesity-associated comorbidities after surgery (percentage)

Group 1 Group 2 p value Group 3 p value

Remission (%) No remission (%) Remission (%) No remission (%) Remission (%) No remission (%)

HT 47.4 52.6 58.8 41.2 0.169 74.6 24.4 0.001

T2DM 60.8 39.2 79.2 20.8 0.115 87.5 16.6 0.019

DL 70.2 29.8 94.2 5.8 < 0.001 88.1 11.9 0.002

OSA 73.9 26.1 70.0 30.0 0.775 96.8 3.2 0.013

p value calculated: chi-square test. H0-hypothesis: there are no differences in the remission of comorbidities in the different groups after surgery

HT, hypertension; T2DM, type 2 diabetes mellitus; DL, dyslipidaemia; OSA, obstructive sleep apnea
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Conclusion

Durability of the gastric bypass in super-obese patients neces-
sitates change of limb lengths and this study demonstrates that
lengthening of the BPL leads to better weight loss results in
super-obese patients with fever EWL failures and lesser
weight regain up to 10 years following surgery as compared
with the standard gastric bypass with higher resolution rates of
obesity-associated comorbidities. Long BPL (2 m) was not
associated with higher complication rates, but there was an
increase in nutritional deficiencies that however were easily
manageable by good follow-up settings. By creating a 200-cm
BPL, the total alimentary limb length was reduced with
140 cm compared with the standard gastric bypass. As weight
loss was similar in the 200-cm BPL groups, we conclude that
TALL is of utmost importance for the long-term weight loss
rather than focusing primarily on shortening of the common
channel. A shorter Roux limb (60 cm) increased the frequency
of ulcers, while a longer Roux limb (150 cm) was associated
with more vitamin deficiencies. In conclusion, we propose
shortening the TALL with a BPL of 200 cm and a Roux limb
of 100. In our patients, this would estimate a reduction of
TALL with 2 m corresponding to roughly one-third of the
small intestine when assuming that the total small bowel limb
length estimates 620 cm (unpublished results). Reducing the
TALL with one-third—instead of a fixed number—is partic-
ularly important in cases of very short small bowel limb length
in order to avoid malnutrition and malabsorption.
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