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Abstract

Background Bariatric surgery is currently the treatment of
choice for those patients with severe obesity, but the procedure
of choice is not clearly established. We describe weight loss
and nutritional parameters in severely obese patients after
biliopancreatic diversion for 10 years of follow-up.

Methods Patients were followed by the same multidisciplin-
ary team, and data are shown for 10 years. Bariatric Analysis
and Reporting Outcome System (BAROS) questionnaire, data
regarding the evolution of obesity-related diseases, and nutri-
tional parameters are reported.

Results Two hundred ninety-nine patients underwent
biliopancreatic diversion, 76.1 % women, initial BMI
50.1 kg/m? (7.2). Weight loss was maintained throughout
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10 years with EWL% around 65 % and EBMIL% around
70 %. More than 80 % of the patients showed EWL higher
than 50 %. Blood pressure, glucose metabolism, and lipid
profile clearly improved after surgery. Mean nutritional pa-
rameters remained within the normal range during follow-
up. Protein malnutrition affected less than 4 % and anemia
up to 16 %. Fat-soluble vitamin levels decreased along the
time, with vitamin D deficiency in 61.5 % of patients. No
significant differences were found either in nutritional param-
eters or weight loss regarding gastrectomy or gastric preser-
vation, or common limb length longer or shorter than 55 cm
Conclusions Biliopancreatic diversion is an effective surgical
procedure in terms of weight loss, quality of life, and evolu-
tion of obesity-related diseases. Nutritional deficiencies are
less frequent than feared for a malabsorptive procedure, but
must be taken into account, especially for fat-soluble vitamins.

Keywords Severe obesity - Bariatric surgery - Biliopancreatic
diversion - Long-term - Nutritional complications

Introduction

Bariatric surgery is currently the treatment of choice for those
patients with severe obesity and acceptable surgical risk; in
spite of that, limited food intake and malabsorption may lead
to nutritional deficiencies. Biliopancreatic diversion (BPD) is
one of the most efficacious surgical procedures for obesity [1],
but it is not much widespread because of technical require-
ments and also the fear of long-term nutritional complications,
but not many papers describe results on the long run [2—4].
Our objective is to assess long-term effectiveness and nutri-
tional complications in our series of severely obese patients
who underwent BPD.
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Patients and Methods

This is a retrospective cohort study in patients who underwent
BPD from 1998 to 2013, followed at least for 1 year and up to
15 years. Two additional patients who required reoperation
during this period (one for an excessive weight loss and an-
other one for an insufficient weight loss) were excluded from
the study. For this type of study formal consent is not required.
BPD is the procedure of choice in our hospital as most of our
patients are either superobese or suffer from a major metabolic
comorbidity such as diabetes.

The procedure consists of creating a 300-cc gastric pouch
either by gastrectomy or gastric section and distal gastric pres-
ervation (228, 76 %). Whether or not the distal stomach was
resected, changed along the time, as gastrectomy was per-
formed for the first 71 cases (24 %) and distal gastric preser-
vation (228, 76 %) for the rest of them. The small bowel
transection was performed 250-310 cm proximal to the
ileocecal valve, anastomosing the distal ileal section end to
the posterior wall of the gastric pouch in a Roux-en-Y fashion
with the entero-enteric anastomosis some 50-100 cm proxi-
mal to the ileocecal valve. Therefore, we construct three loops:
the alimentary loop (200—150 cm), the common loop (50—
100 cm), and the biliopancreatic loop, which length will de-
pend on the total bowel length but without absorptive func-
tion. The length of the common limb ranged from 50 to
100 cm. During the first years, every patient had a 50-cm
common limb. Then, we thought that nutritional complica-
tions could have been reduced with a longer limb, so the
common limb length was increased to 55 and then to 65 cm
in most patients.

Patients were followed by the same multidisciplinary team
of endocrinologists, surgeons and dietitian, and data are
shown for each yearly visit for 10 years. Patients received
dietary assessment and education after surgery and were pre-
scribed a multivitamin-multimineral supplement containing
twice the recommended dietary allowances (RDA), following
international recommendations [5]. Whenever a patient devel-
oped a nutritional deficiency, the appropriate supplement was
also prescribed as considered by the responsible
endocrinologist.

Weight loss is reported as percentage of excess weight loss
(%EWL), percentage of excess of body mass index (BMI) loss
(%EBMIL), and percentage of initial BMI loss (%BMIL).
Body fat was assessed by TANITA TBF-300A Body
Composition Analyzer (TANITA Corporation, Japan).
Bariatric surgery was considered successful if patients reached
at least 50 % of %EWL [6] and/or patients achieved a BMI
lower than 35 kg/m? (Table 1). Bariatric Analysis and
Reporting Outcome System (BAROS) questionnaire was car-
ried out to assess the efficacy of the bariatric procedure, and
scores higher than 3 were considered to have very good or
excellent results [7, 8].

Percentage of patients completing follow-up in each yearly visit and data regarding weight loss and BAROS

Table 1

1 year 2 years 3 years 4 years 5 years 6 years 7 years 8 years 9 years 10 years

Before surgery

81.3 80.7 73.5 84.5 83.8 74.1 73.0 67.6 80.9

81.6

Follow-up (% patients)

200/246 172/213 136/185 131/155 109/130 80/108 75/89 46/68 34/42

244/299

Number of patients followed/total

number of patients

Weight (kg)*

86.7 (16.3)
33.9 (6.3)
39.9 (8.4)

83.4 (14.7)
32.8 (6.4)
39.5(9.5)

85.5 (14.2)
33.6 (5.7)
39.0 (7.8)

86.3 (15.8)
333 (5.9)
382 (7.0)
63.7 (16.9)

85.1 (17.4)
332 (6.3)
39.0 (6.5)
653 (172)
71.4 (19.0)
36.9 (10.4)

27.4

84.6 (17.7)
32.8 (6.0)
38.1 (7.6)
653 (17.3)
714 (19.2)
36.5 (10.6)

27.2

83.1 (15.7)
323 (52)
34.6 (11.1)

83.4 (13.8)
32.5 (4.9)
365 (7.1)

83.4 (15.3)
322 (5.4)
352 (7.6)

85.2 (15.7)
32.8(5.5)
36.1 (7.1)

1323 (21.2)
50.1(7.2)
48.0 (5.1)

BMI (kg/m?)*

Body fat (%)*
EWL (%)

63.7 (17.5)
69.8 (19.4)
36.5 (10.6)

29.0

66.1 (20.0)
727 (22.8)
372 (11.3)

26.2

627 (16.5)
68.9 (18.2)
35.5(10.2)

222

67.2 (16.8)
73.5 (1.8)

65.6 (16.7)
71.1 (17.0)

35.1 9.1)

22.8

67.3 (17.8)
732 (17.6)
359 (9.0)

27.8

64.7 (17.6)
70.3 (16.0)
34.1(7.1)

21.4

69.8 (18.6)
355 (9.8)

25.0

%EBMIL

37.2 (10.2)

333

BMIL (%)

% patients EWL >75 %

80.6
32

87.6 85.2 823 76.6 86.4
1.6 24

1.0

89.1
1.0

84.6
0.7

85.6

0.5

83.9

% patients EWL >50 %

% patients EWL <25
% patients BMI <35

68.1

72.7

63.8

72.6

66.7

73.2

75.5

77.1

75.5

74.4
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Data regarding blood pressure, glucose metabolism, lipid
profile, uric acid, liver enzymes (alanine aminotransferase
(ALT), aspartate aminotransferase (AST), gamma-glutamyl
transpeptidase (GGT)), and C-reactive protein (CRP) are re-
ported as a way to assess the evolution of obesity-related dis-
eases. Hemoglobin (Hb), albumin (Alb), prealbumin (PAB),
iron, ferritin, folic acid, vitamin B12, PTH, vitamins A and E,
magnesium, and zinc levels were yearly measured. Vitamin E
was corrected by serum cholesterol using the method of
Thurnham [9], where a vitamin E/cholesterol ratio of
<0.024 mcg/mmol (2.22 mcmol/mmol) was taken as the
threshold for deficiency [10]. Percentages of patients are
shown for deficiencies regarding Hb (<10 g/dL), ferritin
(<10 ng/mL), PTH (>100 pg/mL), 25 OH vitamin D
(<20 ng/mL), vitamin A (<0.2 mg/L), vitamin E/cholesterol
(<0.024 mcg/mmol) (Table 3).

Kolmogorov-Smirnov tests were used to assess the adjust-
ment to a normal distribution, and data are shown as mean
(standard deviation) in this case or median (interquartile range
(IQR)) if not (glucose, HbA 1c, and CRP). ANOVA tests were
used to compare data among visits. Data were compared by
Student’s ¢ test regarding technical modifications of BPD (gas-
trectomy or gastric preservation and length of the common
limb higher or lower than 55 cm). A p value less than 0.05
was considered as statistically significant difference.

Results

Our series includes 299 patients who underwent
biliopancreatic diversion from 1998 to 2013, with a minimum
of 1 year of follow-up and a maximum of 15 years, although
we report the data for the visits until the tenth year of follow-
up. Our patients were mainly women (76.1 %), with a mean
age 0f'43.0 years old (10.7). Regarding comorbidities, 60.8 %
had high blood pressure (HBP), 27.1 % high uric acid levels,
34.3 % elevated cholesterol, 41.2 % high triglycerides, 20.3 %
sleep apnea syndrome, 36.3 % osteoarthritis, and 23.4 %
chronic venous insufficiency. Glucose metabolism was nor-
mal only in 25.9 % of the patients, 39.1 % were diagnosed as
diabetics, 17.5 % of prediabetes following the American
Diabetes Association criteria and 17.5 % were insulin resistant
following reported criteria for Spanish population [11].
Although the technical procedure performed for these patients
was BPD, in 228 patients (76.3 %), gastric preservation was
performed, and the other 71 had the classical biliopancreatic
diversion with gastrectomy. The length of the common limb
was also different, and measured 50 cm in 49.2 % of the patients
and for the other ones was longer than 60 cm (range 60—100 cm).
In Table 1, data of the percentage of patients completing
follow-up in each yearly visit and data regarding weight loss
and BAROS score are shown. BAROS score classified the
surgical procedure as very good or excellent in more than

@ Springer

95 % of the patients. Glucose metabolism parameters are
shown in Table 2 for all the patients and also for the subgroup
of diabetic patients, showing that levels tended to normalize
after surgery and maintained in the normal range for 10 years,
and the same happened for blood pressure and lipid profile.
We found no significant changes in liver enzymes, and CPR
constantly decreased after surgery.

Nutritional deficiencies are shown in Table 3. Mean levels
of Hb, iron, ferritin, Alb, PAB, folic acid, vitamin B12, calci-
um, Mg, and zinc remained within the normal range during
follow-up. Protein malnutrition, one of the more feared com-
plications of this surgical procedure, affected less than 4 % of
the patients in any visit and anemia less than 16 %. On the
other hand, fat-soluble vitamin levels decreased along the
time. The percentage of patients showing levels in the range
of deficiency was maximum for vitamin D, as 61.5 % of
patients developed insufficiency in any of the visit. It should
be noticed, however, that 38.3 % of patients presented vitamin
D insufficiency before surgery. Vitamin A and E deficiency
also increased during follow-up, although only one patient
developed clinical symptoms. No significant differences were
found either in nutritional parameters or weight loss regarding
gastrectomy or gastric preservation, or common limb length
longer or shorter than 55 cm.

Discussion

Although bariatric surgery is currently a hot topic, not many
papers have reported long-term follow-up [2, 3], and even less
is known about BPD [12]. The same team of three surgeons,
two endocrinologists, and one dietitian has followed up our
patients. We believe that a multidisciplinary approach is the
key for achieving the best possible outcomes, especially when
malabsorptive procedures are carried out. We have a high
dropout rate, although this seems to be the rule in bariatric
surgery series reporting long-term results [13]. However, we
have been able to follow up nearly 80 % of our patients on the
long run, which makes our results consistent enough, from our
point of view. Otherwise, we should point out that the number
of potential patients is not exactly the same in each visit, as we
have included in the study patients with a range of follow-up
from 1 to 15 years. We understand that this is one of the main
limitations of the present study.

Bariatric surgery has been considered to be successful, regard-
ing weight loss, when patients were able to lose more than 50 %
of their excess weight [6]. This happened in more than 85 % of
our patients (Table 1), and the most important thing is that the
same weight loss was maintained for at least 10 years of follow-
up. Mean %EWL was constantly maintained around 65 % from
the first to the tenth year and %EBMIL around 70 %, similar
results than other series with similar procedures [2, 3]. In the
systematic review carried out by Buchwald comparing bariatric
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procedures [14], BPD was found to be the most effective tech-
nique, with a % EWL of 73 % at 2-year follow-up, followed by
gastric bypass (GBP) with 63 % and gastric banding 49 %.
Long-term results seem to be better for BPD than for GBP or
gastric banding [3]. More than two thirds of our patients achieved
a BMI under 35 in our series. Few reports have addressed direct
comparison between different procedures long-term. Skroubis
et al. [15] designed a prospective randomized trial comparing
GBP against BPD. Mean %EWL was significantly higher fol-
lowing BPD (76.89+1.53) as compared to GBP (67.17+1.43),
and the percentage of patients who reached %EWL >50 % was
also better for BPD (95.85 vs 5.9, p=0.0001). Their results are
better than ours, but the dropout rate was much higher in their
series, around 40 % in 8 years postoperatively, so perhaps more
non-compliant patients with worse weight losses are included in
our series and not in theirs.

Weight loss, however, is not the only outcome to address
when assessing the success of a bariatric procedure. Metabolic
and cardiovascular comorbidities greatly improve after bariat-
ric surgery. Although it is beyond the scope of the present
paper to assess remission in such diseases, glucose and
HbAlc levels improved in both nondiabetic patients and of
course in the diabetes subgroup, and similar results were
shown for blood pressure and lipid profile. BAROS score
classified the surgical procedure as very good or excellent in
more than 95 % of the patients. As this score includes not only
weight loss but also quality of life and obesity-related dis-
eases, we could say that surgery has been successful for most
patients, in accordance with other reports of BPD [16].

Although nutritional complications are more feared in
malabsorptive procedures, such as BPD, our series shows they
are as prevalent as reported with other surgical procedures [15,
17]. In the reported series, protein malnutrition ranges from 7.7 to
11.9 %, even 17.8 % when gastric pouch is smaller than 200 cc
[18]. In Scopinaro’s series, protein malnutrition has been reduced
to less than 3 % adapting gastric pouch and the length of the
common limb in risk patients [19]. Dietary education carried out
by a dietitian in our center, and close follow-up have been im-
portant for our low rate of protein malnutrition, around 3 %. In
our experience, protein malnutrition is nearly always related to an
underlying problem. Our patients developing protein malnutri-
tion were diagnosed either as having an infection of a mesh used
to repair an umbilical hernia, intestinal tuberculosis, colon cancer,
or lung cancer. Albumin returned to normal levels when the
underlying problem was solved. In two other patients, the reason
for hypoalbuminemia was a total lack of adherence to nutritional
recommendation and required nutritional re-education and pro-
tein supplements.

Iron deficiency is also a frequent complication in bariatric
surgery [20]. Although low ferritin levels are seen in up to one
third of our patients, similar to what has been reported in the
literature, severe anemia is infrequent. Vitamin D is deficient,
also before surgery [21], and secondary hyperparathyroidism

is therefore frequent [22, 23], as reported in our series.
Calcium and vitamin D supplements are prescribed already
before surgery, but in our experience, the adherence is very
low so this deficiency is difficult to overcome.

Fat malabsorption also determines low-fat-soluble vitamin
levels [24]. Although we have noticed no relevant clinical
consequences, vitamin A levels are low up to nearly 40 % of
our patients. Unexpectedly, deficiency was higher after some
years, when malabsorption is not as important, perhaps
reflecting a lower adherence to supplementation as time goes
by. The same thing has been observed for vitamin E, which
deficiency, after correction by cholesterol levels, was higher in
the last years of follow up and not at the beginning, where
malabsorption could be really a problem.

Zinc deficiency was also one of the most prevalent ones in
our patients, probably because of its dependence on fat absorp-
tion. Although low zinc levels have been reported up to 40—
68 % of patients, clinical symptoms are uncommon [25]. On the
other hand, levels of vitamin B12 and folic acid maintained in
the normal range, and deficiency was infrequent. These defi-
ciencies are more commonly reported after GBP than after
BPD, in relation with a smaller gastric pouch [26, 27].

No significant differences were found either in nutritional
parameters or weight loss regarding gastrectomy or gastric
preservation, or common limb length longer or shorter than
55 cm in our series. Crea et al. [28] neither found any signif-
icant difference in weight loss or nutritional deficiencies re-
garding gastrectomy.

We think that reporting our series is important, as not many
papers inform about long-term outcomes and complications.
However, our study has some limitations, being the most im-
portant one the high dropout rate, although it is frequent in
bariatric series [15, 29]. Besides, we do not have a control
group, either without surgery or with a different surgical pro-
cedure, to understand the magnitude of the nutritional defi-
ciencies or the evolution in those parameters related to major
comorbidities, such as glucose metabolism or blood pressure.
Regarding nutritional parameters, we did not systematically
control the adherence to the supplements prescribed as re-
quired, so it is impossible to know if deficiencies could have
been solved with the adequate supplementation.

Our results show that BPD requires a close follow-up and
multiple vitamin and mineral supplements, especially regarding
fat-soluble vitamins, although it is not easy to adjust the amount
required to get normal serum concentrations, as other series also
found [30]. The risk of deficiencies, however, should be taken
into account whichever the bariatric procedure is.
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