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Abstract

Purpose This study investigates the long-term effects of biliopancreatic diversion with duodenal switch (BPD-DS) on
patients with advanced type 2 diabetes mellitus (T2DM) while paying special attention to preoperative diabetes severity.
Materials and Methods A retrospective analysis was conducted using prospective and current data on patients who under-
went an open BPD-DS 6-12 years ago. Patients were stratified according to preoperative diabetes severity into 4 groups
(group 1: oral antidiabetic drugs only; group 2: insulin <5 years; group 3: insulin 5-10 years; group 4: insulin > 10 years).
The primary endpoint was T2DM remission rate 6—12 years after BPD-DS as a function of preoperative diabetes severity.
Results Ninety-one patients with advanced T2DM were included. Sixty-two patients were available for follow-up (rate
of 77%). Follow-up was performed (mean+ SD) 8.9 + 1.3 years after surgery. Glycated hemoglobin (HbA ) levels were
9.4 +2.0% before surgery and decreased to 5.1 +£0.8% after 1 year and 5.4 +1.0% after 6-12 years. Insulin discontinuation
rate after surgery as well as the rate of long-term remission decreased steadily from groups 1 to 4, while long-term mortal-
ity increased. T2DM remission rates were 93%, 88%, 45%, and 40% in groups 1, 2, 3, and 4, respectively. Late relapse of
T2DM occurred in 3 patients (5%).

Conclusions BPD-DS causes a rapid and long-lasting normalization of glycemic metabolism in patients with advanced
T2DM. T2DM remission rate after 6-12 years varies significantly (from 40% to more than 90%) and is highly dependent
on preoperative diabetes severity.

Keywords Biliopancreatic diversion with duodenal switch - BPD-DS - Advanced T2DM - Remission of T2DM - Long-
term remission rate - Diabetes surgery - Metabolic Surgery

Introduction

Type 2 diabetes mellitus (T2DM) is a chronic progressive
metabolic disease [1]. Treatment includes lifestyle modifica-
tion, administration of oral and injectable drugs, and the use
of insulin; these therapies are usually initiated in a stepwise
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manner [2]. Conservative treatment is used to prevent or
delay glycemic metabolism, delay the next therapeutic step,
and postpone the onset of micro- and macrovascular compli-
cations [2—4]. Before the era of metabolic surgery, long-term
remission of T2DM was not considered a therapeutic goal.

The introduction of metabolic surgery completely
changed our understanding of T2DM [5]. Although earlier
reports showed that gastrointestinal surgery can result in
T2DM remission [6, 7], treatment of T2DM using gastroin-
testinal surgery is a novel concept [5]. In a landmark study
by Pories et al., obese patients with diabetes who underwent
a Roux-en-Y gastric bypass (RYGB) had an 83% chance
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of T2DM remission as well as normal glycemia and gly-
cated hemoglobin (HbA, ) levels without being dependent
on antidiabetic medication for up to 14 years [8]. In their
meta-analyses, Buchwald et al. [9, 10] showed the varying
efficacy of several gastrointestinal procedures with regard to
T2DM remission. Biliopancreatic diversion (BPD), accord-
ing to Scopinaro [11], and biliopancreatic diversion with
duodenal switch (BPD-DS) [12, 13] were the most effective
antidiabetic surgical procedures, with a diabetes remission
or improvement rate of 95%.

Schauer et al. [14] classified T2DM severity from least
severe to most severe according to the treatment required to
maintain reasonable glycemic control. Severity classifica-
tions included patients with IFG (impaired fasting glucose),
diet controlled T2DM, oral agent users, and insulin users.
With data from a maximum of 4 years after Roux-en-Y gas-
tric bypass (RYGB), these authors found that T2DM remis-
sion rate depends on disease severity and duration (<5 years,
6-10 years, and > 10 years). Kapeluto et al. [15] studied 141
patients with insulin-treated T2DM who underwent BPD-
DS over 10 years of follow-up and demonstrated an overall
complete T2DM remission rate of 68%. However, Kapeluto
et al. did not stratify their patients according to T2DM sever-
ity or disease duration. Here, we report on long-term effects
in a cohort of patients, largely with advanced T2DM, that is
comparable to that of Kapeluto. However, the major aim of
this study was to investigate whether the evolution of T2DM
after BPD-DS is dependent on preoperative T2DM severity
and insulin therapy duration.

Materials and Methods

Ninety-four patients who underwent a BPD-DS between
February 2005 and June 2011 were eligible for this ret-
rospective analysis; data were collected prospectively.
Three patients with type 1 diabetes mellitus (T1DM) were
excluded, leaving 91 patients to be enrolled in the study.
Current data were obtained during personal interviews or
telephone calls, or from answers to mailed questionnaires,
in addition to data collected during outpatient visits.

The indication for surgery was based mainly on T2DM
severity, and not on the patient’s weight and body mass
index (BMI). Main inclusion criteria were advanced T2DM
and treatment with insulin or treatment with oral antidia-
betic drugs (OAD) for at least 3 years without achieving a
stable glycemic state with an HbA | level of less than 7%.
Although most of the patients had severe obesity, about 10%
(n=9) had a BMI below 35 kg/m? [16].

T2DM severity was classified according to the treatment
required to ensure an acceptable glycemic control [14],
which was defined as a stable HbA | level of < 7%, according
to the current guidelines [2, 17]. All patients in the present

study belong to class III or IV according to Schauer’s clas-
sification [14] and (with few exceptions) used either insulin
or used OAD without achieving acceptable glycemic control.
None of the patients suffered from initial or early-stage dia-
betes. Therefore, all cases were defined as advanced T2DM.

A multidisciplinary team, including a diabetologist, con-
cluded that surgery was the best treatment option and offered
surgery to the patient. All patients were well-informed about
the risks and benefits of the procedures, and the necessity
of lifelong surveillance and dietary supplementation with
vitamins, micronutrients, calcium, iron (occasionally), and
proteins, according to standard guidelines.

Surgical Technique

All surgical procedures were performed at the Department of
General and Visceral Surgery, St. Josef Hospital Monheim,
40789 Monheim, Germany. One of the authors (Michael
Frenken) performed all procedures in a highly standardized
manner; he either performed the BPD-DS himself or assisted
one of his colleagues in the operation. At the time these
surgeries were performed, BPD-DS was an open proce-
dure, performed either with a median incision or transverse
upper abdominal incision with a median extension to the
xiphoid (Mercedes star incision). A gastric sleeve resection
was performed along a 44 French bougie. Resection was
begun 6—8 cm above the pylorus to preserve antral motility.
The total length of the small bowel was measured with a
slide stretch on the antimesenteric side of the small bowel.
The small bowel was transected either 250 cm proximal to
the ileocolic valve, or at 300 cm if the total length of the
small bowel exceeded 600 cm. An end-to-side duodenoile-
ostomy was performed, and the oral end of the transected
small bowel was anastomosed to the ileum at 100 cm proxi-
mal to the ileocolic valve, thus creating a common channel
of 100 cm. A cholecystectomy and an appendectomy were
routinely performed simultaneously in all patients if these
organs were still present.

Follow-up

All patients were re-examined 3, 6, and 12 months after
surgery at the cooperating Diabetes Center Rheinland, St
Josef Hospital Haan, 42781 Haan, Germany, and annually
thereafter in the Surgical Department of the St. Josef Hospi-
tal Monheim, 40789 Monheim, Germany. Between August
2016 and October 2017, one of the authors (Olga Kemmet)
contacted all of the patients and asked them to participate
in this study. After written informed consent was obtained,
a patient-reported outcome questionnaire was sent by postal
mail or e-mail. Ethical approval was obtained from the Eth-
ics Committee of the Philipps University in Marburg, 35032
Marburg, Germany (file number 65/16).
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Patient Stratification and Outcome Assessment

All patients were stratified into four groups based on mode
of therapy and duration of insulin treatment (Table 1):
group 1, oral antidiabetic drugs only; group 2, insu-
lin <5 years; group 3, insulin 5-10 years; and group 4,
insulin > 10 years. The primary endpoint was T2DM remis-
sion rate 6—12 years after BPD-DS. In a short-term study
on patients with advanced T2DM undergoing BPD-DS,
we showed that T2DM remission rate after 2 years was
100, 97, 88, and 66% in groups 1, 2, 3, and 4, respectively
[18]. Patient outcome was classified according to Brethauer
et al.’s definition of glycemic outcome after bariatric sur-
gery [19], which has 5 categories: complete remission, par-
tial remission, improvement, unchanged, and recurrence.
In short, complete remission is defined as normal measures
of glucose metabolism (HbA |, < 6%, fasting blood glucose
(FBG) < 100 mg/dL) in the absence of antidiabetic medi-
cations, partial remission as subdiabetic hyperglycemia
(HbA,, 6-6.4%, FBG 100-125 mg/dL) in the absence of
antidiabetic medications, improvement as statistically sig-
nificant reduction in HbA; and FBG not meeting crite-
ria for remission or decrease in antidiabetic medications
requirement, unchanged as the absence of remission or
improvement, and recurrence as FBG or HbA . in the dia-
betic range (> 126 mg/dL and > 6.5%, respectively) or need
for antidiabetic medication after any period of complete or
partial remission. The most recent data available were used
to determine glycemic outcome.

Mortality Analysis

Aminian et al. [20, 21] proposed and evaluated the Indi-
vidualized Diabetes Complications (IDC) Risk Score to pre-
dict 10-year risk of end-organ complications from T2DM
with and without metabolic surgery. They found that the
IDC Risk Scores provide personalized evidence-based risk
information for patients with type 2 diabetes and obesity
regarding future cardiovascular outcomes and mortality
with and without metabolic surgery based on their cur-
rent status of obesity, diabetes, and related cardiometabolic

Table 1 Patient stratification according to preoperative therapy (oral
antidiabetic drugs versus insulin) and duration of insulin treatment

Group  Therapy Patients Patients
(Total (Follow-up)
population) n=62
n=91

1 Oral antidiabetic drugs only 18 14

2 Insulin therapy <5 years 32 25

3 Insulin therapy 5-10 years 28 18

4 Insulin therapy > 10 years 13 5
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conditions. For each patient in the present study, the pre-
operative 10-year all-cause mortality rate, the 10-year all-
cause mortality rate after metabolic surgery, and the absolute
change in the 10-year mortality rate were estimated using the
IDC Risk Score by Aminian et al. [20, 21]. The IDC Risk
Score is based on demographic data, medical history, clini-
cal and laboratory data, and current medications. All data
were extracted from a prospectively maintained database.

Statistical Analysis

Weight is expressed in kg and BMI in kg/m?. Percent excess
weight loss (%EWL) and percent total weight loss (%TWL)
were calculated using the following formulas: %ZEWL = (pre-
operative weight — current weight) X 100 / (preoperative
weight — 25 x m?), and %TWL = (preoperative weight — cur-
rent weight) X 100 / (preoperative weight). Ideal weight is
defined as the weight corresponding to a BMI of 25 kg/
m?>. Data are expressed as mean + standard deviation (SD).
Standard error of the mean (SEM) is given when appro-
priate. An unpaired ¢ test was used to compare the means
of two groups. For comparison of categorial outcomes, the
two-tailed Fisher’s exact test was used. A P value of 0.05
was considered statistically significant.

Results
Study Population

The mean patient age was 50 + 10 years. Fifty-seven per-
cent of the patients were female. All of the patients were
White/Caucasian. Duration of preoperative medical treat-
ment for T2DM (either OAD or insulin) was 9.7 +7.5 years,
and 80% (73/91) of the patients were treated with insulin
for an average duration of 6.6 +5.1 years. The mean preop-
erative HbA |, was 9.4 +2.0%. The mean weight and BMI
were 141 +30 kg and 47 +9 kg/m?, respectively. Nine
patients had a BMI below 35 kg/m?, with a mean BMI
of 33.1 (range 28-34.9 kg/m?). Demographic and clinical
baseline characteristics including estimated mortality rates
are outlined in Table 2.

Early and Late Mortality

Ten deaths (14%, 10/84 patients, excluding patients lost
to follow-up) were recorded during the study period. Two
patients died within 30 days after the procedure (mortality
2.2%, 2/91). One patient died on postop day 6 due to ful-
minant pneumonia and sepsis. The second patient suffered
from acute peritonitis caused by a small perforation of the
distal esophagus and developed a fatal pulmonary embo-
lism. This patient died on postop day 9. A third patient died
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Table 2 Demographic and clinical characteristics of patients at baseline including estimated 10-year all-cause mortality rates

Characteristic Group 1 Group 2 Group 3 Group 4 Patients who completed
(OAD only) (Insulin<5 yrs.) (Insulin 5-10yrs.) (Insulin> 10 yrs.) the long-term follow-up
(n=18) (n=32) (n=28) (n=13) (n=62)

Age —yr

Mean 50+10 46+ 11 52+9 57+9 50+10

Range (28-63) (27-68) (38-67) (36-68) 27-68
Sex — no. (%)

Female 10 (56) 16 (50) 17 (61) 9 (69) 34 (55)

Male 8 (44) 16 (50) 11 (39) 4 (31) 28 (45)
HbA , at surgery — %

Mean 9.0+22 95+22 94+15 9.7+1.6 92+2.0

Range 6.0-13.5 6.0-14.3 6.8-12.3 7.3-12.3 6.0-14.3
Duration of medical treatment — yr

Mean 7.0+9.0 5.1+32 123453 19.1+5.9 8.8+6.8

Range 0.25-40 1-15 6-27 13-30 0.25-40

Insulin usage — no. (%) - 73 (80) 48 (77)
Duration of insulin treatment — yr

Mean - 24+13 7.6+2.0 15.0+4.4 53+3.6

Range - 0.25-4 5-10 11-25 0.25-14
Amount of insulin — LU*®

Mean - 8659 158 £101 183+96 128 £100

Range - 0-250 60-500 69-400 20-500
Weight — kg

Mean 139+33 139+31 137+32 143+22 139+31

Range 70-185 98-256 83-236 118-191 70-256
BMI — kg/m?

Mean 47+9 4719 45+8 50£8 46+9

Range 28-61 32-71 30-63 35-66 28-71
10-year mortality risk (%)° 16+8 33 +25%xd 39+24 51+24%¢ -
10-year mortality risk after surgery (%)° 9+5 21+ 18#%d 25+18 34 £23%¢ -
Absolute change in 10-year mortality risk ~ 7+4 12+ 3d 15+ 6% 17 & 3xe -

(%)°

Note: Values are presented as mean + standard deviation
#Total amount of insulin used over 24 h

"Two patients who used insulin only intermittently before surgery discontinued use: one due to recurrent hypoglycemic events (this patient had
an HbA | of 14.3%) and one due to non-compliance (this patient had an HbA, of 13.2%). These patients were included in group 2

¢According to Aminian et al. [20, 21]. Details on 10-year mortality risk are provided under “Mortality Analysis” in the “Materials and Methods”

section

dCompared to group 1
¢Compared to group 2
*P<0.05

*P<0.01

P <0.0001

Abbreviations: HbA ., glycated hemoglobin; OAD, oral antidiabetic drug; I.U., international units

on postop day 59 from acute respiratory distress syndrome,
sepsis, and multiorgan failure.

Seven deaths occurred after this period. One patient
died 21 months after surgery from myocardial infarction
related to a preexisting coronary heart disease. A second
patient died in another hospital 33 months after surgery

from multi-organ failure following severe inflammation of
a diabetic foot and sepsis. Late death occurred 6 years after
BPD-DS in a third patient who suffered from lymph node
metastases of a malignancy of unknown primary. The cause
of death was unknown for 4 other patients. The last contact
with these 4 patients was 6 months, 12 months, 2 years, and
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5 years after surgery, and in no case was a fatal disease or
deteriorating health situation noticed.

Among the ten patients who died, none was from group
1 (0/18), two were from group 2 (2/32), four from group 3
(4/28), and four from group 4 (4/13), with a mortality rate
of 0%, 6%, 14%, and 31%, respectively.

Follow-up

Besides the patients who died (n=10), two refused to par-
ticipate, ten were located and contacted but did not return
the questionnaires despite multiple phone calls, and seven
were lost to follow-up. Thus, follow-up data are available
for 62 patients. Follow-up was performed 8.9+ 1.3 (range
6.3-12.0) years after surgery. The follow-up rate was 77%
(62 with available follow-up data out of 81 patients eligible
for follow-up) [22]. Follow-up was available for 14, 25, 18,
and 5 patients from groups 1, 2, 3, and 4, respectively.

Evolution of T”2DM and Diabetes Remission

Daily insulin requirement as well as early and late glyce-
mic levels of all patients was assessed. Figure 1A shows the
daily amount of insulin used. Preoperatively, 73/91 (80%)
patients used insulin (131492 I.U. daily). At the time of
discharge, 21 patients required insulin to maintain maxi-
mum glycemic levels below 200 mg/dL. These 21 patients
used only small amounts of insulin (26 + 12 1.U.) daily. After
1 year, 6 patients still used 14 +9 units of insulin daily. After
6—12 years, five patients used 20 + 7 units of insulin daily
(including three recurrences, see Fig. 2B). Thus, complete
discontinuation of insulin therapy was achieved in 90%
(43/48) of the patients. Figure 1B shows the development
of HbA . levels after BPD-DS. In addition to the develop-
ment data of HbA, after 6-12 years, a subgroup with the
longest follow-up consisting of 16 patients followed up
for 10-12 years was analyzed separately. In 11 of those 16
patients, HbA . levels with an average follow-up duration
of 10.6 +0.5 years and a mean HbA, of 5.6 +0.8% (range,
4.6-7.0%) were available. These findings suggest that the
6—12-year data are also likely valid for a time span of 10 or
more years. Figure 2 demonstrates the evolution of T2DM
after BPD-DS dependent on the mode of diabetes therapy
and insulin treatment duration (see Table 1 for stratification).
Data for the 62 patients available for follow-up are shown.
Figure 2A shows (for each group) the number of patients
who used insulin preoperatively, upon discharge from the
hospital, and at 1 month and 6-12 months after surgery. The
longer the duration of preoperative insulin use, the lower the
discontinuation rate of insulin during hospitalization (96%,
67%, and 20% of the patients in groups 2, 3, and 4, respec-
tively), 1 year after surgery (100%, 94%, and 60% in groups
2, 3, and 4), and 6-12 years after BPD-DS (96%, 83%, and
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80% in groups 2, 3, and 4, respectively). Six to 12 years after
surgery, insulin therapy was necessary for two patients who
exhibited a continuous need of small amounts of insulin over
the years, and for three patients who suffered a disease recur-
rence (relapse). Figure 2B shows the rate of complete and
partial remission, improvement, unchanged glycemic state,
and recurrence in each of the four groups. The percentage
of remission decreased as the intensity of diabetes therapy
and the duration of treatment with insulin increased. Few
patients relapsed (3/62, 5%). The three patients with T2DM
recurrence were analyzed in detail but no specific explana-
tion for the recurrence in these patients could be detected.

Re-operation to Modify Limb Length

Three patients had to be re-operated because of recurrent
and life-threatening protein deficiency 2-3 years after BPD-
DS. In 2 cases, the common channel was elongated at the
expense of the biliopancreatic limb by 100 cm, and in one
case by 150 cm. All three patients were eligible for follow-up
more than 9 years after primary surgery. One patient belongs
to group 1, another patient to group 2, and the third patient
to group 3. At the time of the last follow-up, none of the
three patients used any antidiabetic drugs. The most recent
HbA, levels for the first two patients were 4.8% and 4.9%.
The third patient did not know his HbA,, but, according to
his general practitioner, his diabetes was resolved. Weight
loss was excellent in 2 patients (BMI 50.5 to 24 and 49 to
25 kg/m?, respectively). In the third patient, BMI dropped
from 55 to 27 kg/m? after 2-3 years and increased to 45 kg/
m? after 6-12 years.

Weight and Weight Stability

Body weight, BMI, and %#EWL are shown in Fig. 3. Preoper-
ative weight and BMI amounted to (mean+SD) 139 +31 kg
and 46.0 + 8.8 kg/m? before surgery and 89 +21 kg and
29.3 +0.6 kg/m? at 6-12 years after surgery, respectively.
EWL was 80+24% at 6-12 years after surgery. TWL
amounted to 37+ 8%, 39+ 8%, and 35+ 11% at 1, 4-5, and
6-12 years after surgery, respectively.

Discussion

This study shows the evolution of T2DM up to 12 years
after BPD-DS in a cohort of patients with advanced diabe-
tes. For further analysis, the cohort was divided into four
groups according to mode of diabetes therapy and duration
of insulin treatment. The classification into groups accord-
ing to T2DM treatment intensity serves as a surrogate for
diabetes severity.
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Fig.1 Evolution of T2DM as assessed by daily insulin require-
ment and HbA | levels up to 12 years after BPD-DS. Panel A: The
amount of insulin required before surgery (Pre-op), at discharge from
hospital, after 1 year, and after 6-12 years in patients with advanced
T2DM treated with insulin before undergoing BPD-DS. The number
of patients (n) using insulin (numerator) and the number of patients
available for follow-up at each time point or period (denominator) are
also shown. Panel B: HbA,, levels preoperatively, after 1 year, and
after 6-12 years. Additionally, data of all patients with a follow-up
of more than 10 years is indicated (rightmost column, dotted lines,

The main characteristics of the undivided cohort are as
follows: first, 80% (73/91) of the patients were treated with
insulin; second, the average duration of T2DM from onset of
medical therapy was approximately 10 years, with an aver-
age duration of insulin therapy of approximately 7 years;
third, despite the use of daily average insulin doses above
130 I.U., the mean HbA | was as high as 9.4 +2.0% at the
time of surgery; and fourth, since the primary indication for
surgery was advanced T2DM regardless of weight or BMI,

After 1 year After After

6 -12 years 10 12 years

and dotted area). The number of patients available for follow-up is
also shown. The dotted horizontal line at the HbA | level of 6% indi-
cates the upper limit of the normal range of HbA,, levels. Panels A
and B: The columns show the mean (filled symbols), standard error
of the mean (SEM, small bars), standard deviation (SD, narrow rec-
tangles, base and top representing mean + SD), and the minimum and
maximum values (connected to the rectangles by dotted lines). BPD-
DS, biliopancreatic diversion with duodenal switch; HbA,, glycated
hemoglobin; I.U., international units; SD, standard deviation; SEM,
standard error of the mean; T2DM, type 2 diabetes mellitus

some patients (=9, 10%) did not meet the criteria of the
National Institutes of Health [23]. Thus, although this is a
population of patients with mostly higher-class obesity, the
main indication for surgery was an advanced stage of T2DM.

This cohort exhibited sustainable long-term remission
or improvement after 6—12 years, even in those patients
who had used insulin for many years, as well as a low
recurrence rate. The rate of complete remission was 71%
(44/62), the rate of improvement combined with partial
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Glycemic outcome after BPD-DS

Fig.2 Effect of BPD-DS on percentage of patients requiring insulin
observed at 4 different time points (A) and long-term T2DM remis-
sion rates up to 12 years after BPD-DS (B); both effects analyzed
according to the T2DM severity groups. Sixty-two patients were
available for follow-up. All patients were stratified at the time of sur-
gery into 1 of 4 T2DM severity groups (see Table 1). Panel A shows
the percentage of patients using insulin in each T2DM severity group:
preoperatively (black circles), at discharge from the hospital (black
triangles), 1 year after surgery (black squares), and 6-12 years after
surgery (black squares standing on the tip). The numbers of patients
using insulin (n, bottom line) and the number of all patients in that
specific group (below the group classification on top) are shown.
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Panel B illustrates the long-term rates of remission, improvement,
and recurrence of T2DM 6-12 years after BPD-DS. Glycemic out-
come was divided into 5 categories following current recommenda-
tions [19]: complete remission (CR, open circles and open columns),
partial remission (PR, open triangle standing on the tip and dotted
column on top of CR), improvement (/m, open triangles and hatched
columns), unchanged (open squares), and recurrence (Rec, open
squares standing on the tip and reversed hatched columns). The bot-
tom line shows the number of patients with remission, improvement,
or recurrence in each of the 4 T2DM severity groups. BPD-DS, bili-
opancreatic diversion with duodenal switch; OAD, oral antidiabetic
drugs; T2DM, type 2 diabetes mellitus
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remission was 24% (15/62), and recurrence was observed
in 5% (3/62) of patients. These results are consistent with
two earlier studies on the long-term effects of BPD-DS on
T2DM. Kapeluto et al. [15] reported 10-year remission

Time after BPD-DS [years]

rates in 141 patients with exclusively insulin-treated
T2DM after BPD-DS and comparable patient characteris-
tics (age, 48.5 years; female, 60%; BMI, 51.9 +7.8 kg/mz).
Their study described a complete remission rate of 68.1%,
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a partial remission rate of 2.3%, an improvement rate of
15.9%, an unchanged rate of 2.3%, and a relapse rate of
11.4% [15]. Another study [24] on long-term outcomes
for 153 patients who underwent laparoscopic BPD-DS
found that only 24 patients had T2DM, including seven
who were not insulin-dependent and seven who were on
insulin treatment. The other ten patients were diagnosed
with diabetes only perioperatively. The remission rate was
87.5% (21/24). Their results resemble those of groups 1
and 2 in our study.

The impact of diabetes severity on the metabolic effects
of BPD-DS is investigated by dividing the study population
into four different severity groups according to mode of
therapy and duration of treatment with insulin. To the best
of our knowledge, this is the first long-term study involv-
ing patients with advanced T2DM who underwent BPD-
DS to stratify patients according to T2DM severity. We
found that the absence of insulin therapy in group 2 was
significantly higher at discharge from the hospital than in
patients in groups 3 and 4. Because insulin requirement
after 1 year and 6-12 years was low in all T2DM severity
groups, no statistical difference was found among groups 2
to 4. Complete remission rate was similar between groups
1 and 2, but significantly different between group 2 and
groups 3 and 4 combined. Thus, if patients do not use insu-
lin for more than 5 years, a rapid discontinuation of insulin
and complete remission of T2DM will likely occur. Even
among patients in the groups with the most severe disease
who were treated with insulin for more than 5 years, the
remission and improvement rates after 6—12 years follow-
ing BPD-DS were remarkable.

Ten patients died within the study period. Three patients
died early (<90 days, early mortality 3.3% [3/91]), and
seven died within 6-12 postoperative years (late mortality
8.3% [7/84]). The mortality rates in this study are similar
to those in the study by Kopeluto et al. (early mortality,
2.1%; late mortality, 9.9%) [15]. This relatively high sur-
gery-related early mortality rate of 2-3% may be partly due
to surgical complexity, open surgery technique, and lack of
perioperative experience available more than 10 years ago.
With the introduction of laparoscopic surgery for BPD-DS,
30-day mortality was reduced, but 90-day mortality was
still 2.0% in one large study [24]. Thus, the main reason
for the relatively high surgery-related early mortality rate
may be due to the high proportion of patients with risk fac-
tors and co-morbidities. DeMaria et al. [25] showed a dra-
matic increase in early (90-day) mortality among patients
who underwent gastric bypass surgery that was depend-
ent on preoperative factors. The difference in mortality
rate among the three risk classes was significant: class A,
0.31%; class B, 1.9%; and class C, 7.56%. Most of our
patients were in classes B and C; therefore, this may be the
main factor for the high early mortality rate.

@ Springer

Late mortality might best be explained by recently devel-
oped prediction models estimating the 10-year risk of end-
organ complications (including death) in obese patients with
T2DM who have or have not undergone metabolic surgery
[20, 21]. Using preoperative data, we analyzed the 10-year
all-cause mortality rate for each patient. Mean and SD for
the four diabetes severity groups are shown in Table 2.
This study’s observed mortality rates (0%, 6%, 14%, and
31% of groups 1, 2, 3, and 4, respectively) demonstrate a
steady increase in mortality parallel to T2DM severity. This
increase is likely not only due to a more advanced T2DM,
including microvascular and macrovascular complications,
but also due to increased age (see Table 2) and a higher
incidence of other metabolic diseases such as arterial hyper-
tension, dyslipidemia, hepatic steatosis, or similar. However,
due to insufficient data, this hypothesis cannot be confirmed.
Regardless of possible confounders, the observed mortality
rate was consistently lower than predicted. One probable
reason is that our mean follow-up time was only 8.9 years.
Another possibility is that the extent of reduction of mor-
tality following BPD-DS is higher than that of RYGB or
sleeve gastrectomy, the two most commonly performed
surgical procedures, when estimating mortality according
to IDC Risk Scores [21]. The 10-year all-cause mortality
risk without surgery increases substantially in conjunction
with diabetes severity (see Table 2). Therefore, the abso-
lute change in 10-year mortality risk significantly increases
from groups 1 to 4, a compelling and unexpected finding
that suggests that patients with the highest risks and lowest
life expectancy may benefit the most from BPD-DS. On the
other hand, BPD-DS might also be a good choice for patients
with less advanced diabetes, since the mortality rate is low,
the T2DM remission rate is high, and the chance of diabetes
relapse is very low.

Also, of interest is the disappearance of insulin resistance
within a few days postop, a fact demonstrated by the low
postoperative insulin requirements. From the early postop-
erative period until postoperative year 12, the daily insulin
requirement of the few patients who still needed insulin ther-
apy was low, a sign of permanent normal insulin sensitivity
(the opposite of insulin resistance) after BPD-DS (Fig. 1A).
The insulin dose was nearly always lower or equivalent to
the physiological secretion of insulin in non-insulin-resistant
healthy adults [26, 27] or the amount needed in insulin-sen-
sitive patients with destroyed p-cells in TIDM or missing
[-cells after pancreatectomy. Mingrone et al. [28] and Harris
et al. [29] examined this phenomenon in detail in patients
who underwent BPD and RYGB and found that insulin sen-
sitivity was higher after BPD than RYGB. The rapid dis-
appearance of insulin resistance was analyzed earlier [30]
in 27 patients after BPD-DS with repeated measurements
of insulin resistance using the HOMA-IR index [31, 32].
The mean HOMA-IR index decreased from a preoperative
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value of 14.3 to 3.6 and 1.9 three and 7 days after surgery,
respectively. There was no significant difference between the
patients treated with OADs or insulin. Also, three patients
who were discharged from the hospital with small amounts
of insulin (a maximum of 36 units per day) had a low post-
operative HOMA-IR index ranging from 1.3 to 2.6 [30].
Thus, the current study shows that, after BPD-DS, insulin
sensitivity remains normal for at least the next 12 years.

This study had some limitations. The retrospective
design, lack of a control group or any element of randomi-
zation, and the limited follow-up rate may have affected our
results. However, we enrolled the patients consecutively and
patients were registered prospectively according to a given
standardized surveillance protocol. Furthermore, a standard-
ized surgical protocol was used to eliminate the risk of bias
from learning curve effects and inhomogeneity in surgical
technique.

Conclusion

This study shows that long-term normalization of glycemia
and insulin sensitivity, and a high rate of complete T2DM
remission can be maintained up to 12 years after BPD-DS.
Most importantly, the T2DM remission rate after BPD-DS
depends on the preoperative treatment intensity and duration
of insulin therapy, and ranges from approximately 90% in
patients using no insulin or for less than 5 years to approxi-
mately 40% in patients using insulin for more than 5 years.
The rate of discontinuation of insulin therapy after surgery,
as well as predicted and observed mortality rates, is also
dependent on T2DM severity. For different reasons, the use
of BPD-DS should be seriously considered in all patients
with advanced T2DM as it yields good outcomes in patients
with moderate to severe T2DM. However, further research
is required to confirm this claim.
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