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of biliopancreatic diversion with
duodenal switch in Chinese
patients with obesity

Lun Wang, Zheng Zhang, Zeyu Wang and Tao Jiang*

Department of Bariatric and Metabolic Surgery, China-Japan Union Hospital of Jilin University,
Changchun, China

Background: Biliopancreatic diversion with duodenal switch (BPD-DS) is a
bariatric procedure used in the treatment of obesity and related metabolic
disorders. However, to date, the data on BPD-DS among Chinese patients
with obesity is completely lacking.

Objective: This is the first study to evaluate the safety and efficacy of BPD-DS in
the treatment of Chinese patients with obesity.

Methods: Data from 12 patients undergoing BPD-DS between September 2019
and March 2020 were analyzed retrospectively to evaluate complications,
weight loss, comorbidity resolution, and nutritional status.

Results: All patients completed the 1-year follow-up. There was no conversion to
laparotomy or death. Mean operative time was 257.08 + 29.27 min. The median
length of stay was 7 days (ranging from 4-38 days). Complications occurred in
three patients. The 1-year body mass index was 25.13 + 4.71 kg/m? with a mean
excess weight loss of 100.11 + 33.29% and a mean total weight loss of 43.22 +
7.71%. Remission was achieved in 100% (7/7 cases) for type 2 diabetes, in 83.3%
(10/12 cases) for hypertension, and in 62.5% (5/8 cases) for hyperuricemia. At
1 year after BPD-DS, the prevalence of albumin deficiency was 16.7%, for iron
deficiency was 16.7%, and for zinc deficiency was 50%. There were 8.3% of the
patients who were anemic. High deficiency rates for vitamins were presented
mainly in vitamin A and vitamin E: vitamin A in 58.3% of the patients and
vitamin E in 50% of the patients. The prevalence of asymptomatic gallstones
increased significantly from 0% preoperatively to 41.7% postoperatively.
Conclusion: BPD-DS had excellent weight loss and resolution of comorbidities
among Chinese patients with obesity. However, high rates of nutritional
deficiencies and complications were found after BPD-DS, especially for vitamin
A and vitamin E.
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Introduction

The prevalence of obesity is increasing dramatically in either developed or
developing countries. It is estimated that the number of globally obese adults will
reach 573 million individuals by 2030 (1). Obesity significantly increases the risks of
type 2 diabetes, hypertension, hyperuricemia, dyslipidemia, cardiovascular disease, and
even some cancers, which pose a serious threat to human health (2, 3).
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Bariatric surgery has been proven to be more effective in the
treatment of obesity and obesity-related metabolic disorders
when compared with conventional therapy (4-6). Among the
most commonly performed bariatric operations, biliopancreatic
diversion with duodenal switch (BPD-DS) is considered to be
the most effective procedure in terms of weight loss and
comorbidity remission (7-9). Despite having been used in the
treatment of obesity for about 30 years since Marceau et al.
(10) first described this procedure in 1993, two main criticisms
of BPD-DS are only a few bariatric centers with a regular
practice of this procedure, and the lack of reports originating
from surgeons in non-Western countries. Until now, there are
no known studies reporting the outcomes of BPD-DS in the
treatment of Chinese patients with obesity. Consequently, this
study aims to estimate the efficacy and safety of BPD-DS
among Chinese patients with obesity.

Materials and methods
Patients

From September 2019 to March 2020, a total of twelve
patients who underwent laparoscopic or robotic BPD-DS as a
primary procedure for obesity at a university-affiliated
bariatric center were included in this study.

Definitions

The Dindo-Clavien classification was used to classify the severity
of complications (11). Nutritional deficiencies were defined as a
serum level below the lower limit of the normal range. Excess
weight loss (EWL) = (preoperative weight — postoperative weight)/
(preoperative weight — ideal weight), ideal weight is calculated as
ideal body mass index (BMI) times height in meters squared, ideal
BMI = 23 kg/m”. Total weight loss (TWL) = (preoperative weight —
postoperative weight)/preoperative weight.

Operative technique

We performed BPD-DS by the Da Vinci Xi® surgical system
or laparoscopy step-by-step. First, starting from the ileocecal
junction, a common channel of 100 cm and an alimentary limb
of 200 cm were measured in a retrograde manner and marked
with sutures, respectively. Second, the gastrocolic ligament was
dissected along the greater curvature of the stomach, and then
a sleeve gastrectomy was performed over a 36-Fr bougie using
a linear stapler from 3 cm proximal to the pylorus to the angle
of His. Third, the duodenum was dissected and transected at
2 cm distal from the pylorus. An end-to-side duodenoileal
anastomosis was performed between the proximal duodenal
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stump and the ileal at 300 cm proximal from the ileocecal
valve. Fourth, the small intestinal was transected at 2cm
proximal from the duodenoileal anastomosis with a linear
stapler, and then we created an ileo-ileostomy between the
biliopancreatic limb and ileum at 100 cm proximal from the
ileocecal valve. Fifth, the mesenteric defect was routinely closed,
while the Petersen space was not routinely closed. Lastly, the
reinforcement was performed by stitching the gastric staple line
and omentum using a continuous suture.

Nutritional supplementation

All
supplements after tolerating a semi-liquid diet. The daily

patients were recommended to take nutritional
intakes of each patient were as follows: Vitamin B12 100 pg;
one pill of Calcium Carbonate And Vitamin D3 Chewable
Tablets® (total nutrients: Calcium Carbonate 750 mg and
vitamin D3 60 IU); one pill of Compound Vitamin B Tablets®
(total nutrients: vitamin B; 1.5mg, vitamin B, 1.7 mg and
vitamin Bs 2 mg); one pill of Vitamin AD Soft Capsules® (total
nutrients: vitamin A 10,000 IU and vitamin D 1,000 IU); one
pill of Centrum?® (total nutrients: vitamin A 5,000 IU, vitamin
D 4001IU, vitamin E 301U, vitamin B; 1.5 mg, vitamin B,
1.7 mg, vitamin Bs 2 mg, vitamin B;, 6 ug, vitamin C 60 mg,
vitamin K; 25pg, folic acid 400 g, kalium 40 mg, calcium
162 mg, 100 mg,
phosphorus 125 mg and so on). We also advice a minimal

magnesium iron 18 mg, zinc 15mg,
protein intake of 60 g per day and up to 1.5 g/kg of ideal body
weight. These supplements were individually adjusted on the

basis of blood studies obtained during follow-up.

Statistical analysis

SPSS 22.0 was used for statistical analysis. Continuous
variables were presented as mean + standard deviation and
categorical variables were presented as number (percentage).
We the
postoperative indexes by the paired-sample Student’s t-test
(normality data) or Mann-Whitney U test (skewed data) or
Chi-square test (categorical data), as appropriate. A P-value

analyzed changes between preoperative and

of <0.05 was considered statistically significant.

Results
Demographic data

A total of 12 patients who underwent laparoscopic or robotic
BPD-DS between September 2019 and March 2020 were

included in this study, and the overall follow-up rate was 100%.
The patient demographic data are summarized in Table 1.
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TABLE 1 Patient demographics.

Factor All patients (n=12)
Gender (male/female) 8/4
Mean age (years) 34.00 +9.92
Preoperative body weight (kg) 134.92 £22.90
Preoperative BMI (kg/m?*) 44.93£9.33
Previous upper abdominal surgery 0
Obesity-related comorbidity

Type 2 diabetes 7 (58.3%)

Hypertension 12 (100%)

Hyperuricemia 8 (66.7%)

Operative outcomes and complications

There was no conversion to laparotomy or death in our
series. Mean operative time was 257.08 +29.27 min. Median
length of postoperative hospital stay was 7 days (range 4-
38 days). In total, complications occurred in three patients,
including one abdominal bleeding (Dindo-Clavien grade II),
one duodenal-ileal anastomotic leakage (Dindo-Clavien grade
IITa), and one small intestine obstruction (Dindo-Clavien
grade IIIb). The patient, diagnosed with small intestine
obstruction, was readmitted and reoperated because of severe
symptoms After
reversal, her intestinal obstructive symptoms remarkably

intestinal ~obstructive and malnutrition.
improved and her nutritional status returned to normal. The
remaining two patients with complications were cured
successfully by the conservative treatment. In addition, the
prevalence of asymptomatic gallstones increased significantly
from 0% preoperatively to 41.7% postoperatively.

Gastrointestinal side effects at 1-year after BPD-DS were: 7
out of 12 patients experienced a stool frequency of three to five
times per day; 4 patients had a stool frequency less than three
times per day;l patient had a stool frequency of 8 times per
day; 2 out of 12 patients had occasional reflux symptoms; and
no patients experienced nausea and vomiting.

Weight loss and comorbidities remission

The weight loss data are shown in Figure 1. In terms of
weight and BMI, a significant difference was seen between
preoperation and 3 months, 3 and 6 months, and 6 and
12 months (p <0.05).

For EWL and TWL, a significant difference was observed
between 3 and 6 months and 6 and 12 months (p<0.05).
The results indicated that patients gained sustained weight
loss after BPD-DS. Of the 12 patients with hypertension, 10
patients achieved a level of blood pressure less than 140/
90 mmHg and they no longer required medical treatment. All
seven diabetic patients returned to normal levels of HBAlc
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and fasting plasma glucose and off all medications. Also, five
of the eight patients with hyperuricemia achieved normal
levels of uric acid without any medical treatment.

Nutritional outcomes

To evaluate the nutritional condition, we compared the
most recent nutritional markers with those obtained prior to
surgery. Nutritional data are shown in Table 2. The mean
levels of prealbumin, hemoglobin, hematocrit, vitamin A,
vitamin E, folic acid, zinc, and iron were significantly
decreased at 1 year after BPD-DS compared with those
obtained prior to surgery. However, the mean levels of
sodium and chloride were significantly increased after surgery.
The deficiency rates of vitamin E and zinc were significantly
increased at 1 year after BPD-DS compared with before
surgery. At 1 year after BPD-DS, the level of albumin was
below normal in one patient (albumin level >30 but <34.9 g/
L), and one patient had severe hypoalbuminemia (albumin
level <30 g/L). One patient had anemia (hemoglobin level
<100 g/L). Of note, the hemoglobin level was significantly
lower at 1 year after BPD-DS than before surgery, and this
was associated with a significant decrease in the mean iron
level (r=0.753, p=0.005).

Discussion

In China, the two most commonly performed bariatric
procedures are sleeve gastrectomy (SG) and Roux-en-Y gastric
bypass (RYGB), which account for nearly 98% of total
bariatric operations. However, both SG and RYGB were
reported to have higher rates of weight regain (12-14).
Weight regain was also found for both RYGB and SG in our
center. Consequently, we began to take an interest in BPD-DS
because it enabled patients to achieve long-term weight loss
(15, 16).

This is, to our knowledge, the first study to report the
outcomes of BPD-DS in the treatment of Chinese patients
with
following BPD-DS in terms of weight loss and comorbidity

obesity. Our findings showed excellent outcomes
remission. Our study had an average preoperative BMI of
44.93 kg/m”. To date, there is not any consensus on whether
or not BPD-DS should be performed in patients with a BMI
less than 50 kg/mz. Nonetheless, this topic has been discussed
in the literature, suggesting that BPD-DS could be considered
in patients with a BMI<50kg/m® In non-super-obese
patients, BPD-DS was very efficient in terms of weight loss
and patient satisfaction. The long-term risks of malnutrition
and nutritional deficiencies exist but are usually manageable
with medical treatment and only seldom require reoperation.
In 2010, Biertho et al. (17) explored whether or not BPD-DS
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FIGURE 1
The changes of weight, BMI, EWL and TWL after BPD-DS.
TABLE 2 Changes of nutrients’ serum levels at 1 year after BPD-DS (n = 12).
Normal range Nutrients level Deficiency (n) P1 P2
Baseline 1 year Baseline 1 year
Total protein (g/L) 62-83 72.40 +6.00 67.70 £ 6.54 1 2 0.058 1.000
Prealbumin (mg/L) 180-390 254.97 + 38.54 213.15+63.87 0 3 0.049 0.217
Albumin (g/L) 35-52 42.19+2.55 39.67 £4.37 0 2 0.133 0.478
Hemoglobin (g/L) 110-150 151.35+£17.50 133.09 + 14.70 0 1 0.008 1.000
Hematocrit (L/L) 0.37-0.48 44.47 £3.74 39.86 +4.04 0 2 0.009 0.478
Vitamin A (ug/ml) 0.38-0.98 0.46 +0.14 0.28 +£0.12 3 7 0.001 0.107
Vitamin B12 (pg/ml) 180-916 400.86 +204.93 509.71 + 303.58 0 2 0.345 0.478
Vitamin D (ng/ml) 3-29 12.43 £5.15 9.95+5.76 0 0 0.256 —
Vitamin E (pg/ml) 5.7-19.9 12.23 +£4.34 7.16 £2.57 0 6 0.008 0.014
Folic acid (ng/ml) >32 17.43 £8.33 8.77 £4.49 0 1 0.003 1.000
Sodium (mmol/L) 136-145 137.58 £ 3.06 140.34 +2.89 3 1 0.021 0.590
Kalium (mmol/L) 3.5-52 4.04+0.38 3.98+0.48 1 1 0.677 1.000
Calcium (mmol/L) 2.1-2.65 2.31+0.15 2.34+0.12 0 1 0.493 1.000
Chloride (mmol/L) 96-108 100.75 £3.92 105.79 +4.39 1 1 0.001 1.000
Phosphorus (umol/L) 0.81-1.45 1.10+0.23 1.21+0.18 2 0 0.239 0.478
Magnesium (mmol/L) 0.8-1.00 0.82+0.05 0.87+0.10 2 3 0.124 1.000
Iron (pmol/L) 8.9-32.3 16.74 £ 4.09 13.12+3.85 0 2 0.021 0.478
Zinc (pmol/L) 11.1-19.5 13.57£1.53 11.17 +1.90 0 6 0.009 0.014

P1 means the comparison of nutrients level at baseline and 1 year after BPD-DS; P2 means the comparison for the rate of nutrients deficiency at baseline and 1 year

after BPD-DS.
Bold italic values indicate P < 0.05.

was indicated for patients with BMI less than 50 kg/m* They
found that the patients’ weight loss remained stable for
15 years after the operation and represented 76% of the initial
excess weight. Malnutrition required readmission in 4.3% of
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cases and surgical revision in 1.5%. The same question was
addressed by Wang et al. (18) in 2022, which evaluated the
safety of BPD-DS in patients with a BMI less than 50 kg/m’.
The authors demonstrated that BPD-DS may be considered in
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patients with BMI < 50 kg/m*. Careful patient selection and
proper counseling of the risks and benefits are necessary.

In this study, the 1-year EWL was 100.11%. Our result is
similar to the study reported by Cloutier et al. (19) who also
found excellent outcomes in weight loss with an EWL of
93.4% at 1 year after BPD-DS. However, the weight loss
outcomes of BPD-DS in other studies were inferior to our
results (20-22), perhaps because we had a lower preoperative
BMI and used a smaller bougie sizing tube.

Our study showed that the remission rate of type 2 diabetes
(HBA1lc < 6.0%) was 100% at 1 year after BPD-DS. This is in
accordance with the results reported from other published
studies on BPD-DS showing a diabetic remission rate of 100%
(19, 23, 24). Other studies also showed a very high diabetic
remission rate, but slightly lower than our results (25-27).
Interestingly, our study showed that the levels of HBAlc and
fasting plasma glucose in non-diabetic patients were also
significantly decreased after BPD-DS.

Our study showed a high average length of stay-7 days. The
reason for this difference is that, unlike SG and RYGB, BPD-DS
is a more malabsorptive bariatric operation. It is quite possible
that patients have trouble taking in adequate liquids after BPD-
DS, resulting in dehydration. In addition, patients may also
experience food intolerance after BPD-DS. In order to avoid
dehydration due to insufficient liquid intake after BPD-DS, all
patients were scheduled for intravenous hydration in our
center in the first 3 postoperative days. We gradually decrease
the amount of intravenous hydration and increase the intake
of liquid diet at days 4-6 postoperatively. Usually, patients are
informed of their discharged from the hospital at days 6-7
postoperatively. A similar treatment protocol was also
reported in the study by Cottam et al. (28).

There were three complications in this series, including one
bleeding, one leakage, and one small bowel obstruction. The
intestinal obstruction occurred at the ileal-ileal anastomosis
due to the fact that the mesentery was adhered and angulated
with  the with
obstruction had to be reversed because of severe nausea,

anastomosis. The patient small bowel
vomiting, and malnutrition. These results were similar to
those of other studies (17, 29, 30). No internal hernia
occurred in our study, which was lower as compared with the
studies by Pereira et al. (31) and Strain et al. (26). Although
all patients were advised to take a standard dose of
ursodeoxycholic acid after BPD-DS, the 1-year incidence of
asymptomatic gallstones was up to 41.7%. There is not any
consensus on whether or not prophylactic cholecystectomy
should be performed in patients with normal gallbladders
during BPD-DS. Prophylactic cholecystectomy could bring
some benefits, such as avoiding gallstone formation and
stone-related complications and reducing costs and
hospitalization related to additional surgery. Nonetheless, the
routine application of prophylactic cholecystectomy can also

bring many disadvantages, which have been discussed in the
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literature, suggesting that prophylactic cholecystectomy should
not be recommended routinely in BPD-DS patients with
normal gallbladders. In 2018, a meta-analysis by Tustumi
et al. (32) evaluated biliary complications concomitant with
bariatric surgery and after surgery. They found higher rates of
complications with concomitant cholecystectomy. Bardaro
et al. (33) assessed the need for cholecystectomy in the
postoperative period in BPD-DS patients. They found that
only 19 (8.7%) had their gallbladder removed postoperatively,
with an average follow-up of 30 months, and cholecystitis was
rare. Sucandy et al. (34) evaluated the incidence of biliary
complications in patients who underwent BPD-DS without
simultaneous cholecystectomy. The authors found that the
risks of developing biliary events were comparable to those in
the general population.

In this study, vitamin deficiency presented mainly in
vitamin A and vitamin E, and the mean levels of vitamin A
and vitamin E were significantly decreased at 1 year after
BPD-DS compared with those obtained prior to surgery,
which were in accordance with the study by van Vollenstee
et al. (35). Topart et al. (27) reported that 14.5% of the
patients had albumin level below 35g/L and 47.8% had
prealbumin level below <200 mg/L. These were similar to the
ones reported from our study. The deficiency rate of zinc was
50% in the present series which was higher than the result
reported from Magee et al. (36). Strain et al. (37) reported the
changes of various nutritional markers in the 9 years after
BPD-DS. They found that the deficiency rates for many
nutritional markers were much higher at 5- and 9-year
follow-up compared with the 1-year nutritional outcomes.
Consequently, with the extension of follow-up time, we still
need to strengthen follow-up so as to timely modify nutrient
supplementation.

Our study showed that the mean levels of sodium and
chloride were significantly increased at 1 year after BPD-DS
compared with those obtained prior to surgery but
significantly decreased in hematocrit, perhaps because of
insufficient fluid intake after surgery. The hemoglobin level
decreased significantly at 1 year after BPD-DS, which was in
accordance with the study by Moon et al. (24). However,
Moon et al. reported a significant increase in hemoglobin
level at 24 months compared with those obtained at
12 months. Anemia in the present series was found in 8.3%
of all patients, which was similar to the report by Topart
et al. (38), but higher than the study by Ballesteros-Pomar
et al. (39).

This is the first study to report the outcomes of BPD-DS
in the treatment of Chinese patients with obesity. However,
the study has some limitations. On the one hand, it was a
retrospective study with short-term following up. On the
other hand, this study had a small sample size. Randomized
controlled trials using large sample sizes are required for
further study.
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Conclusion

BPD-DS had excellent weight loss and resolution of
comorbidities among Chinese patients with obesity. However,
high rates of nutritional deficiencies and complications were
found after BPD-DS, especially for vitamin A and vitamin E.
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