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Abstract

Introduction Biliopancreatic diversion with duodenal switch (BPD-DS) has often been reserved for patients with
BMI > 50 kg/m?. We aim to assess the safety of BPD-DS in patients with morbid obesity (BMI *35 kg/m? and < 50 kg/m?)
using a 150-cm common channel (CC), 150-cm Roux limb, and 60-fr bougie.

Methods A retrospective review was performed on patients with a BMI < 50 mg/k> who underwent a BPD-DS in 2016-2019
at a single institution. Limb lengths were measured with a laparoscopic instrument with minimal tension. Sleeve gastrec-
tomy was created with 60-fr bougie. Variables were compared using paired t test, Chi-square analysis or repeated measures
ANOVA where appropriate.

Results Forty-five patients underwent BPD-DS. CC lengths and Roux limb lengths were 158 £20 cm and 154 + 18 cm,
respectively. Preoperative BMI was 44.9 +2.3 kg/m? and follow-up was 2.7 + 1.4 years. One patient required reoperation for
bleeding and died from multiorgan failure and delayed sleeve leak. There was 1 (2.2%) readmission for contained anasto-
motic leak and 2 ED visits (4.5%) within 30 days. There were no marginal ulcers, limb length revisions, or need for parental
nutrition. Percent excess weight loss was 67.2+19.7%. 88.9% (N=8), 86.6% (N=13), and 55.5% (N=5) of patients had
resolution or improvement of their diabetes mellitus type II, hypertension, and hyperlipidemia, respectively. 40% (N=4) of
patients had resolution of their gastroesophageal reflux disease (GERD) and 11.4% (N=15) developed de novo GERD. 32%
(N=14) of patients had vitamin D deficiency and 25% (N=11) experienced zinc deficiency.

Conclusion BPD-DS may be considered in patients with BMI < 50 kg/m? with 150-cm CC, 150-cm Roux limb, and a 60-fr
bougie sleeve gastrectomy. There was sustained weight loss and no protein calorie malnutrition, but Vitamin D and zinc
deficiency remained a challenge. Careful patient selection and proper counseling of the risks and benefits are necessary.
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Biliopancreatic diversion/duodenal switch (BPD-DS) is
considered the most effective for sustained weight loss and
comorbidity resolution [1, 2]. BPD-DS, however, represents
only 0.6% of the bariatric surgeries performed annually in
the USA [3]. Due to concerns over nutritional deficiencies
and a reversal rate ranging from 0.5% to 4.9% [4, 5], most
surgeons are offering BPD-DS primarily in patients with
BMI > 50 kg/m? [2, 6, 7].

The BPD-DS provides several benefits over other bari-
atric procedures, including greater weight loss, higher
rates of diabetes mellitus type II (DMII) resolution, and
lower marginal ulcers [1, 2, 8]. The BPD-DS technique
also varies with common channel (CC) lengths ranging
between 50 and 100 cm, Roux limb lengths 150-200 cm,
and sleeve gastrectomies made with 34—60-fr bougies.
Studies on BPD-DS with a 100-cm CC and 150 Roux
limb have reported rates of severe malnutrition ranging
between 4 and 14%, while a CC of 200 ¢cm resulted in more
weight regain [9-11]. Only 1 study with long-term follow-
up investigated BPD-DS in patients with BMI < 50 kg/m?
with a 100-cm CC and 250-cm Roux limb and reported a
1.5% rate of revision [12]. We thus aim to assess whether
BPD-DS with a longer CC of 150 cm, Roux limb length
of 150 cm, and a larger sleeve gastrectomy with a 60-fr
bougie can be performed in patients with BMI < 50 kg/

m? safely without a significant risk of protein calorie
malnutrition.

Methods

After IRB approval, a retrospective review was performed
of consecutive adult patients with BMI < 50 who underwent
BPD-DS at a single institution between January 2016 and
December 2019. Only patients who were eligible for at least
1-year follow-up were included. All patients were preop-
eratively evaluated by the surgeon, dietician, and psycholo-
gist to assess surgical candidacy. Postoperative follow-up
occurred at 1 week, 1 month, 3 months, 6 months, 1 year,
and annually thereafter. Comorbidities including DMII,
hypertension (HTN), hyperlipidemia (HLD), obstructive
sleep apnea (OSA), and gastroesophageal reflux disease
(GERD) were defined as requiring prescription medication
or treatment to manage the disease. Nutritional outcomes
were documented, and abnormal values were reported.

Operative technique

All operations were performed laparoscopically by a
single surgeon without the help of trainees. The sleeve
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gastrectomy was created over a 60-fr bougie starting at
5 cm from the pylorus. The small bowel was measured
with minimal stretch using a laparoscopic instrument
marked at 10 cm. Both common channel and Roux limb
were measured similarly. The duodeno-ileostomy anas-
tomosis and the ileo-ileostomy were created using linear
stapler with the common enterotomy sewn closed.

Statistical analysis

Data are presented as mean + standard deviation for con-
tinuous variables and percentages for categorical vari-
ables. Variables were compared using paired t test, Chi-
square analysis, or repeated measures ANOVA where
appropriate.

Results
Baseline characteristics

There were 45 patients with morbid obesity who underwent
BPD-DS with average follow-up was 2.7 + 1.4 years (Fig. 1).
This group consisted of 40% of the BPD-DS that were per-
formed in this period. CC lengths and Roux limb lengths
were 158 +20 cm and 154 + 18 cm, respectively. Average
age was 40 + 10 years, 87% were female, and average pre-
operative BMI was 44.9 +2.3 kg/m? (Table 1).

30-day outcomes

There was 1 patient who required early reoperation for
bleeding and died from multiorgan failure and delayed
sleeve leak. Excluding this patient who had prolonged hos-
pital stay, the average length of stay was 2.14 +0.68 days.
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Fig. 1 Weight loss outcomes. BMI body mass index, %T WL percent total weight loss, %EWL percent excess weight loss
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Table 1 Baseline characteristics

N=45
Age 40+10
Sex female 39 (87%)
Preoperative BMI 47.0+3.4
Current smoker 4 (9%)
Steroid/immunosuppressant use 1 (2%)
History of MI/PCI/PTCA 0 (0%)
Kidney disease 0 (0%)
COPD/oxygen use 0 (0%)
Diabetes mellitus type 11 9 (20%)
Oral medication 5(11%)
Insulin 4 (9%)
Hypertension 15 (33%)
1 med 5 (11%)
2 med 8 (18%)
3+ med 2 (4%)
Obstructive sleep apnea 6 (13%)
Gastroesophageal reflux disease 10 (22%)
Hyperlipidemia 9 (20%)

BMI body mass index, MI myocardial infarction, PCI percutaneous
coronary intervention, PTCA percutaneous transluminal coronary
angioplasty, COPD chronic obstructive pulmonary disease

In the remaining patients, there were 2 (4.5%) ED visits
for nausea and dehydration and 1 (2.2%) readmission for a
contained anastomotic leak within 30 days of surgery that
resolved with antibiotics and bowel rest. There were no
marginal ulcers, limb length revisions, or need for parental
nutrition for protein calorie malnutrition during the duration
of follow-up.

Weight loss and comorbidity resolution

Average percent excess weight loss (%EWL) was
67.2 £19.7, percent total weight loss (%TWL) was
29.4+8.7, and BMI change was 16.2+7.9 (Graph 1). Post-
operative weight at 1 year was significantly lower than pre-
operative weight (p <0.0001) without significant increase
out to 5 years. Of the 9 patients who had preoperative DMII,
6 (66.7%) patients had resolution, 2 (22.2%) had improve-
ment, and 1 (11%) had no change in DMII medications
(Fig. 2). Of the 15 patients who had preoperative hyper-
tension (HTN), 8 (53.3%) had resolution, 5 (33.3%) had
improvement, 1 (6.7%) had no change, and 1 (6.7%) was
lost to follow-up. Of the 9 patient who had HLD, 4 (44.4%)
had resolution, 1 (11.1%) had improvement, 3 (33.3%) had
no change, and 1 (11.1%) was lost to follow-up. Of the 10
patients who had preoperative GERD, 4 (40.0%) had resolu-
tion, 6 (60.0%) had no change, and 5 (11.4%) patients had de
novo GERD. One patient had Barrett’s esophagus without

dysplagia progressed to high-grade dysplasia at 5 years. Of
the 6 patients who had preoperative OSA, 4 (66.6%) had
resolution and the remainder had no change in their OSA.

Nutritional outcomes

Baseline nutritional labs are listed in Table 2. Patients with
abnormal levels are listed out of the total number of patients
who had values reported. One patient had anemia and one
patient had low albumin at baseline. Nineteen (65.5%)
patients had low vitamin D at baseline. Overall, no patient
experienced hypoalbuminemia and 3 (7%) patients devel-
oped new anemia. The most common vitamin deficiency
was vitamin D deficiency that affected 14 (32%) patients,
9 (64%) of which had vitamin D deficiency at baseline and
the remainder were missing baseline values. The second
most common deficiency was zinc deficiency that affected
11 (25%) patients.

Discussion

Many surgeons reserve the BPD-DS to patients with
BMI > 50 kg/m? [2, 6, 7] with only one study by Biertho
et al. reporting BPD-DS specifically in patients with a
BMI < 50 kg/m? [12]. We found in patients with morbid
obesity (BMI 35-50 kg/m?), BPD-DS with an average CC
of 150 cm, a 150-cm Roux limb, and a sleeve gastrectomy
created with a 60-fr bougie resulted in significant and sus-
tained weight loss, comorbidity resolution, and no protein
calorie malnutrition. Vitamin D and zinc deficiencies, how-
ever, remained a challenge.

Patients in this study experienced an average %EWL of
67.2+19.7% that was sustained out to 5 years. These results
are consistent with other studies that have reported a %EWL
between 65 and 70% [9, 10]. Overall, there was resolution
or improvement of 88.9% DMII, 86.7% HTN, 55.6% HLD,
40% GERD, and 66.6% OSA. Other studies have reported
similar rates of comorbidity resolution [10, 13]. De novo
GERD following BPD-DS, however, has been less well
documented. Badaoui et al. studied effect of BPD-DS on
GERD and reported an 18.4% rate of de novo GERD [14].
We experienced an 11.4% rate of de novo GERD with 1
patient progressing from Barrett’s esophagus without dys-
plasia to high-grade dysplasia at 5 years. Rates of de novo
Barrett’s esophagus after sleeve gastrectomy are between 2
and 8% [15, 16] with several case reports reporting progres-
sion to cancer [17-19]. Rates of Barrett’s esophagus or de
novo GERD in BPD-DS when a larger bougie size are often
used to greet the sleeve gastrectomy is currently unknown.

There are few studies that have investigated BPD-DS
in patients with BMI < 50 kg/m?. In this study, 1 (2.2%)
patient had a major complication requiring reoperation
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Fig.2 Obesity related comordibity resolution

and died from multiorgan failure and delayed sleeve leak.
There were 2 (4.5%) ED visits for nausea and dehydration
and 1 (2.2%) readmission for a contained anastomotic leak
3 weeks after surgery. Biertho et al. studied open BPD-
DS in patients with BMI < 50 kg/m? and reported a major
perioperative complication rate of 5.8% and a mortality
rate of 0.6% [12]. Rezvani et al. compared laparoscopic
BPD-DS in BMI < 50 kg/m? to those with BMI> 50 kg/m?
and reported no mortalities and a perioperative complica-
tion rate of 11% without significant differences between
groups rate [6]. Our mortality rate is higher than what has
been reported likely due to a smaller sample size.

@ Springer

Rates of change in major co-morbidities are reported over
time. Resolved: cessation of all medications, Improved:
decrease in number of medications, Unchanged: no
change in medications, De novo: requiring new
medications.

One of the well-documented risks of BPD-DS is protein
calorie malnutrition and vitamin deficiencies. Few studies have
investigated the relationship between limb lengths and malnu-
trition in BPD-DS. For BPD-DS with 100-cm CC and 150-cm
Roux limbs, reports of severe malnutrition requiring paren-
tal nutrition or revision are between 4 and 14% [9, 10, 20].
Biertho et al. studied BPD-DS in patients with BMI <50 kg/
m? with a 100-cm CC and 250-cm Roux limb and had a 1.5%
rate of revision along with difficulty supplementing fat-soluble
vitamins [12]. Lebel et al. demonstrated that by increasing the
common channel length to 200 cm, patients experienced fewer
nutritional deficiencies at the cost of more weight regain [11].
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Table 2 Postoperative nutrition

Baseline (N=45) 1 year (N=41/44)

2 years (N=27/36)

3 years (N=13/21) 4 years (N=4/10) 5 years (N=T7/7)

Albumin 1 (3%) N=33 0 (0%) N=32 0 (0%) N=17
(73.3%) (72.7%) (47.2%)
Hgb 1(2.7%) N=37 3(8.1%) N=37 2(10.5%) N=19
(82.2%) (84.1%) (52.8%)
Folic Acid 0 (0%) N=21 1 (3.4%) N=29 1 (11.1%) N=9
(46.7%) (65.9%) (25.0%)
Thiamine 0 (0%) N=23 0 (0%) N=26 0 (0%) N=11
(51.1%) (59.1%) (30.5%)
BI12 2(7.7%) N=26 0 (0%) N=30 0 (0%) N=13
(57.8%) (68.1%) (36.1%)
Vitamin A 0 (0%) N=0(0%) 1 (4.3%) N=23 0 (0%) N=9
(52.2%) (25.0%)
Vitamin D 19 (65.5%) N=29 11 (33.3%) N=33 4 (33.3%)N=12
(64.4%) (75.0%) (33.3%)
Calcium 0 (0%) N=35 3(8.1%) N=37 1 (5.2%) N=19
(77.8%) (84.1%) (52.8%)
Zinc 0(0%)N=0(0%) 9(3L0%) N=29  2(25%)N=8
(65.9%) (22.2%)
Copper 0 (0%)N=0(0%) 1(3.8%)N=26 1 (10%) N=10
(59.1%) (27.8%)

0(0%)N=0(0%) 0% N=220%) 0(0%)N=1(14.3%)

0(0%) N=6 0 (0%) N=2 (20%) 1(50%) N=2
(28.5%) (28.6%)

0 (0%) N=3 0 (0%) N=2 (20%) 0 (0%) N=0 (0%)
(14.3%)

0 (0%) N=3 0 (0%) N=2 (20%) 0 (0%) N=0 (0%)
(14.3%)

0 (0%) N=4 0 (0%) N=2 (20%) 0 (0%) N=0 (0%)
(19.0%)

0 (0%) N=3 0 (0%) N=2 (20%) 0 (0%) N=0 (0%)
(14.3%)

3 (75%) N=4 0 (0%) N=2 (20%) 0 (0%) N=0 (0%)
(19.0%)

1 (20%) N=5 0 (0%) N=2 (20%) 1(50%) N=2
(23.8%) (28.6%)

0(0%)N=29.5%) 0(0%)N=1(10%) 0(0%)N=0(0%)

0(0%)N=2(9.5%) 0(0%)N=220%) 0(0%)N=0(0%)

Nutrition labs collected at baseline and at each year of follow-up are listed. Patients with deficiencies are listed as an absolute number and as a
percentages of patients with lab values available. Follow-up at each time point is also provided as an absolute number and percentage of eligible

population

McConnell et al. compared CC lengths of 150 cm to 100 cm
to 80-90 cm and found better weight loss in the 100 cm or less
groups at the cost of more vitamin D deficiency [21]. Our aver-
age CC length of 150 cm and Roux limb of 150 cm resulted
in no protein malnutrition or need for revision. Patients in this
cohort did, however, experience vitamin D deficiency, particu-
larly those that had preoperative vitamin D deficiency, and zinc
deficiency, which are well-documented nutritional deficiencies
with BPD-DS [22-25].

Lastly, the size of the sleeve gastrectomy may affect
rates of early postoperative dehydration and nutrition. Stud-
ies investigating the effect of bougie size used to create the
sleeve gastrectomy have found that a larger bougie size may
decrease rates of dehydration and improved nutritional intake
[26, 27]. Additionally, the bougie size in the BPD-DS has not
been standardized and ranges from 34 to 60 fr [9, 11, 20]. The
low rates of dehydration and protein malnutrition seen in this
study may be due to a larger sleeve gastrectomy size as well as
the longer CC length. More studies investigating the effect of
sleeve gastrectomy vs limb lengths in the BPD-DS is required.

Limitations

There are limitations to this study. First, this study is
limited by a small sample size and potential selection
bias. Patients who were more likely to adhere to vitamin

supplementation who had a significant smoking history or
NSAID use may have chosen to undergo BPD-DS. This
selection bias may only be mitigated by a randomized clin-
ical trial. Second, available nutrition labs were < 50% after
3 years of follow-up. Additionally, GERD was defined as
acid reflux symptoms requiring medication, which is not
a specific assessment of true acid reflux. Subsequently,
the focus of this paper is not the effect of BPD-DS on
GERD. Understanding the relationship between BPD-DS
on GERD will require dedicated studies. Lastly, the aver-
age follow-up in this study was 2.7 + 1.4 years and thus,
longer follow-up is needed to better understand the impact
of BPD-DS on nutritional deficiencies in this population.

Conclusion

BPD-DS may be considered in patients with BMI < 50 kg/
m? when 150-cm CC, 150-cm Roux limb, and a sleeve gas-
trectomy with 60-fr bougie are used. There was sustained
weight loss out to 5 years of follow-up and no protein
calorie malnutrition, but vitamin D and zinc deficiency
remained a challenge. Careful patient selection and proper
counseling of the risks and benefits are necessary.
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