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Abstract

Purpose To present the early metabolic effects of sleeve gastrectomy with transit bipartition (SG + TB) procedure in female
obese patients with type 2 diabetes mellitus (T2DM).

Methods This prospective clinical study was carried out between January 2016 and June 2017. Inclusion criteria were female
participants under 60 years old with T2DM, body mass index >40 kg/m” and HbA 1c level > 8%. All patients underwent to SG +
TB procedure. Primary outcomes were the glycemic control variables, and the secondary outcomes were weight loss and
dyslipidemia levels up to the last follow-up point.

Results A total of 35 female participants with an average age of 48.8 6.0 years old and a mean preoperative BMI of 42.0 £
1.3 kg/m* were included during the study period. Diabetic remission was achieved in 88.6% of patients (1 =31) on the third
month without any antidiabetic medications. The mean postoperative BMI of patients was 24.8 + 1.6 kg/m?, and dyslipidemia

levels were significiantly lower at the last follow-up point of all patients.
Conclusions SG + TB procedure may be a potent therapeutic option for the treatment of obese patients with T2DM.
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Introduction

Recently, obesity and type 2 diabetes mellitus (T2DM) has
become a public health crisis. It has been reported that
majority of diabetic patients are overweight (body mass
index (BMI), 25 to 29.9 kg/m?) or obese (BMI > 30 kg/
m?) [1-3]. Glycemic control is usually poor in these obese
patients with T2DM despite of lifestyle changes and opti-
mal treatment with either oral or injectable medications [4].
In the last several decades, treatment of T2DM in obese
population has evolved from traditional medications to sur-
gical options in terms of metabolic surgery.

In 2007, the first Diabetes Surgery Summit (DSS-I)
reached a consensus that “metabolic surgery could be con-
sidered as a tool to achieve better T2DM control, even in
patients with class I obesity” [5]. Since then, several
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studies have steadily reported better glycemic control and
decreased cardiovascular risk factors with metabolic sur-
gery and also put metabolic surgery into the T2DM treat-
ment algorithms [6-9]. In 2016, the second DSS-II guide-
lines suggested that, metabolic surgery should be consid-
ered as an potent therapeutic option to treat T2DM in pa-
tients with class 1 obesity, if patients are poorly controlled
despite optimal medical treatment, particularly in the pres-
ence of other major comorbidities [10]. And also in this
conference, a consensus has been reached that metabolic
surgery is the most cost-effective treatment for type 2 dia-
betes when associated to obesity.

Currently, several metabolic surgery techniques have been
performed as an effective treatment option for T2DM patients
with BMI > 30 kg/m? [9]. Most of the bariatric techniques were
proposed to be restrictive and/or promote malabsorption, differ-
ently affecting metabolic variables. Gastric bypass (usually
Roux-en-Y gastric bypass) and laparoscopic sleeve gastrecto-
my have been the most commonly investigated metabolic pro-
cedures and have formed the majority of the evidence base for
obesity and related comorbidities in the literature. In the last
decade, the ileal transposition with diverted sleeve gastrectomy
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as well as sleeve gastrectomy with transit bipartition (SG + TB)
has become more accepted and frequently performed proce-
dures in several metabolic surgery centers [11-14].

Expected outcomes after a metabolic procedure include
long-term remission of hyperglicemia and/or improvement
in other obesity-related comorbidities such as hypertension
and hyperlipidemia which in turn decrease mostly cardiovas-
cular risks [15]. In this study, we aimed to present the early
results of patients who have undergone SG + TB procedure in
order to obtain glycemic control and other metabolic changes
of obese females with T2DM. To best of our knowledge, this
is the first study investigating the metabolic effects of SG +
TB in a female obese and diabetic population.

Materials and Methods
Patients and Study Design

Patients’ selection, clinical management, and surgical pro-
cedures were performed at Numune Training and Research
Hospital in Adana, Turkey. The study was approved by the
Institutional Ethics Committee (No: 14/194). This study
was applied in coherence with the novel metabolic surgery
guidelines and principles of the Declaration of Helsinki
and Good Clinical Practices. Written consent was obtained
from all patients before the surgery regarding the surgical
complications and postoperative rehabilitation period. The
diagnosis of T2DM was determined according to the
criteria of the American Diabetes Association [16].

We included only female participants because of the
small sample size and to minimize the effects of
heterogenity. This study included participants with BMI
> 40 kg/m? diagnosed with T2DM in accordance with the
restrictions of the government ministry of health regarding
metabolic surgery indications. Other inclusion criteria
were <60 years old, T2D for >2 and <10 years, and
glycated hemoglobin (HbAlc) level > 8. All patients were
under insulin therapy supervised by an endocrinologist.

The patients with C-peptide levels <2.0 ng/ml, ICA
autoantibody positivity, cancer, chronic renal disease, alco-
hol or drug abuse, severe eating problems, under psychiat-
ric therapy, and smoke consumer were excluded. In addi-
tion, five participants were excluded from the study as
three of them declined to participate the follow-up period
and two of them because of other reasons. Laboratory datas
(fasting blood samples for glucose, HbAlc, and lipids)
were collected prospectively before surgery (baseline),
and at 3, 6, and at the last follow-up point after surgery.
Demographic variables (BMI, age, anti-diabetic medica-
tions, follow-up time, length of hospital stay) were record-
ed. All of the patients were evaluated at regular intervals,
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and an examination were completed upon arrival to every
appointment.

The primary outcome measures were glycemic control
variables (HbAlc and fasting glucose levels). The second-
ary outcome measures were weight loss and dyslipidemia
variables (cholesterol, triglyceride levels) from baseline to
the last follow-up point. Complete remission of T2DM was
defined as HbA Ic level < 6.5% without any pharmacother-
apy whereas improvement was defined as still required
some oral antidiabetics to achieve normoglycemic levels
(<126 mg/dl).

Surgical Technique

SG + TB procedure was described firstly by Santoro in
2012 [17] designing a shortcut to the ileum while main-
taining access to the duodenum. Shortly, in this laparo-
scopic procedure, after obtaining pneumoperitoneum using
a Veress needle, three 12-mm trocars (1 in the midline 3 to
5 cm above the umbilicus and 2 others in the upper left and
right quadrant) and three 5-mm trocars (1 in the
epigastrium for the liver retractor and 2 at each lateral
flank) are positioned. After a 36 French bougie is passed
to the stomach, a typical sleeve gastrectomy is performed
initially using laparoscopic linear cutting stapler starting at
the gastric greater curvature at a point located 4 to 5 cm
from the pylorus up to 0.5 cm from the angle of His. After
the SG, the ileocecal valve is found and the point at the
ileum 80 cm from the ileocecal valve is marked with a
single stitch. Thereafter, the point at 260 cm from the
ileocecal valve is located, and a latero-lateral gastro-
ileoanastomoses were performed which is 3-to 4 cm in
wide in an antecolic position using a linear stapler. The
residual defect of the gastro-ileoanastomosis is closed with
a 3—0 absorbable extra mucosal running suture. In the sec-
ond part of the operation, the small bowel cranial to the
gastroileal anastomosis is transected and anastomosed to
the ileum at 80 cm from ileocecal valve (previously locat-
ed) using a 45-mm white cartridge (Fig. 1). Mesenteric
defects are closed with a nonabsorbable suture to prevent
internal hernias. All operations were performed by one
surgeon (TB) between January 2016 and June 2017.

Statistical Analysis

Mean, standard deviation, median, minimum, maximum val-
ue frequency, and percentage were used for descriptive statis-
tics. The distribution of variables was checked with
Kolmogorov—Smirnov test. Paired sample 7 test and
Wilcoxon test were used for the repeated measurement anal-
ysis. The values were considered to be statistically significant
when p <0.05. SPSS 22.0 was used for statistical analyses.
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Fig. 1 Schematic demonstration of sleeve gastrectomy with transit
bipartition

Results

This study included 35 female participants with an average
age of 48.8 + 6.0 years old and a mean preoperative BMI of
42.0+ 1.3 kg/m®. The mean duration of T2DM was 6.1 +
2.2 years and all patients were under insulin therapy. The
mean HbAlc (%) levels of the patients was 9.1+ 1.0. The
mean fasting C-peptide levels was 3.1 + 0.8 ng/ml. The mean
total cholesterol and triglyceride values were 222.2 + 38.7 mg/
dl and 179.0+25.9 mg/dl respectively. The 60% (n 21) of
patients were administering lipid lowering drugs at baseline.
The patient’s preoperative demographic characteristics are
shown in Table 1.

All operations were performed laparoscopically by one sur-
geon and the average length of hospital stay was 3.9+
1.1 days. There was no preoperative complication regarding
bleeding, necrosis, early leak, internal herniation, or any other
intestinal injuries. In the postoperative period, four patients
suffered from temporary nausea and/or vomitting and they
were medicated with drugs. One patient had subileus and
she was managed non-operatively. One patient underwent lap-
aroscopic cholecystectomy at postoperative seventh month.
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Table 1.  Preoperative demographic characteristics of the patients

Min-max Median Mean + sd./n %
Age 37.0-60.0  48.0 48.8 £ 6.0
BMI (kg/m?) 40.0-445 417 42.0+13
T2DM duration (year) 2.0-10.0 6.0 6.1+22
Fasting blood glucose (mg/dl) 137.0-320.0 168.0  187.5 +£46.8
HbAlc (%) 8.0-11.9 9.0 9.1+1.0
C-peptide (mg/dl) 2.0-53 32 3.1+0.8
Total cholesterol (mg/dl) 165.0-310.0 213.0 222.2 +38.7
Triglyceride (mg/dl) 128.0-230.0 179.0  179.0 + 259
Hospital stay (day) 3.0-8.0 4.0 39+1.1
Follow-up time (month) 12.0-22.0 14.0 143 +2.8

The average follow-up time was 14.3 +2.8 months after
surgery.

In the postsurgical assessment of the glycemic changes, 31
patients (88.6%) went into complete remission on the third
month without any insulin or oral antidiabetics and four pa-
tients (11. 4%) were much improved on the third month but
these patients still required some oral antidiabetics to achieve
normoglycemic levels (<126 mg/dl). Among these without
complete remission, one patient had to restart insulin on the
fourth month because of gastro-ileostomy anastomosis steno-
sis. After endoscopic balloon dilatations were performed, gly-
cemic control was obtained rapidly in this patient without any
medication. The remaining three patients are still under oral
medication. Hypertriglyceridemia as well as hypercholester-
olemia were improved in all patients after the surgery. Fifty-
five percent of patients who were under hyperlipidemia treat-
ment did not require any antihyperlipidemic drug at their last
follow-up point. Metabolic changes of patients after surgery
are shown in Table 2. No nutritional supplementation and/
or multivitamin tablets were needed since vitamin and min-
eral deficiency, malnutrition, and anemia were not ob-
served in any patient at their last follow-up points.

Discussion

T2DM is a chronic and progressive disease affecting mil-
lions of patients in worldwide. It is clear that uncontrolled
T2DM increases the risk of long-term micro and macrovascular
complications despite best medical care. It is well documented
that majority of patients with T2DM are obese or have increased
body fat that cannot be determined by traditional BMI calcula-
tions [3, 18]. Recently, metabolic surgery (MS) has been
widely offered to eligible patients as a treatment tool in
many centers because of its well-known results in weight
loss and glycemic control as well as other metabolic effects
such as on lipid profile [19, 20].
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Table 2. Metabolic changes of patients after surgery
Min-max Median Mean =+ sd. p¥ pF*

Weight (kg)

Baseline 100.0-145.0 118.0 117.6 = 10.5

Last follow-up 60.0-84.0 69.0 69.5+7.1 0.000%
HbAlc (%)

Baseline 8.0-11.9 9.0 91+1.0

3rd month 5.6-7.3 6.2 63+04 0.00%

6th month 5.1-6.4 5.7 57+03 0.000% 0.000%

Last follow-up 43-59 52 52+04 0.000% 0.000%
Fasting blood glucose (mg/dl)

Baseline 137-320 168.0 187.5 £ 46.8

3rd month 86-125 103.0 104.6 +9.2 0.000™

6th month 85-115 95.0 95.6 +79 0.000% 0.000%

Last follow-up 76-110 92.0 89.8 +7.9 0.000% 0.000%
Triglyceride (mg/dl)

Baseline 128-230.0 179.0 179.0 + 25.9

Last follow-up 90-142.0 125.0 122.6 £ 11.5 0.000%
Total cholesterol (mg/dl)

Baseline 165-310 213.0 222.2 +38.7

Last follow-up 125-190 156.0 159.1 £ 16.1 0.000%

P Paired sample ¢ test; * Wilcoxon test

p*Difference with preop; p**Difference with previous measurement
Triglyceride (mg/dl): normal range between 0 and 150 mg/dl

Total cholesterol (mg/dl): normal range between 0 and 200 mg/dl

The potential underlying mechanism of better metabolic
outcomes following MS has been demonstrated in previous
studies. It has been shown that some incretins such as
glucagon-like peptide-1 (GLP1) and glucose-dependent
insulinotropic polypeptide (GIP) play a major role regarding
with metabolic changes after a MS [21-23]. And also, it has
been reported that several metabolically active proteins such
as fibroblast growth factor 19 (FGF19) are associated with
glycemic control and decrease in atherosclerosis [23, 24].

Different MS techniques such as Roux-en-Y Gastric
Bypass (RYGB), biliopancreatic diversion (BPD), mini
gastric bypass, and sleeve gastrectomy have been emerged
by surgeons in order to achieve glycemic control and im-
provement on lipid profile in obese patients with T2DM.
All these procedures are proposed to be restrictive and/or
promote malabsorption that may result in malnutrition
signs (anemia, vitamin E and/or mineral deficiency, hypo-
albuminemia). In 2012, Santoro et al. reported sleeve gas-
trectomy with transit bipartition (SG + TB) technique
which was designed to minimize mechanical restriction
and malabsorption aiming at adaptive and neuroendocrine
goals [17]. In their study, the authors stated that SG + TB
procedure to be functionally restrictive which means re-
duction in the rate of gastric emptying and intestinal tran-
sit. In this new procedure, distal gut function is increased
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because of fast transport of food to the ileum through the
gastroileal anastomosis. In addition, proximal gut activity
is decreased in this procedure since a great portion of food
is switched directly to the ileum. In their study, the authors
reported that complete diabetes remission was achieved in
86% of the patients with T2DM while 14% were much
improved but still needed some oral anti-diabetic medica-
tions. When compared with the results published by
Santoro et al., the complete diabetic remission was higher
in the present study as well as the rate of patients requiring
oral medications were lower (88.6% and 11.4% respective-
ly). The more successful outcomes of the present study
may be related to its small number of patients and includ-
ing a homogeneous population such as only female pa-
tients and BMI >40 kg/m?.

Mingrone and colleagues conducted a prospective random-
ized trial comparing RYGB and biliopancreatic diversion (BPD)
with medical therapy for the treatment of T2DM [25]. In this
trial, it has been reported that diabetes remission had occurred in
no patients in the medical-therapy group vs 75% in the RYGB
group and 95% in the BPD group at 2 years. Of note, the authors
revealed that preoperative BMI and weight loss did not predict
the improvement in hyperglycemia after these procedures in
their trial. Many studies reported that the best DM remission is
observed in biliopancreatic derivation (BPD) in approximately
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90% of patients, however may induce severe malnutrition
[26-28]. In the present study, T2DM remission rate was similar
to BPD outcomes. Since the malapsorptive component is much
minimized in SG + TB procedure, malnutrition signs did not
occur in any patients in the present study.

In a systematic review that evaluated the impact of meta-
bolic surgery on cardiovascular risk factors, the authors found
that improvement/solution of hyperlipidemia occurred in 65%
of subjects at a follow-up of 57.8 months [29]. Similar results
have been found in studies with different surgical techniques
[25, 30]. In the present study, 55% of patients who were under
hyperlipidemia treatment did not require any antihyperlipidemic
drug at their last follow-up point.

Leak and bleeding are the most common early complica-
tions of SG associated with high pressure in the gastric rem-
nant that may result in significant morbidity and mortality. In
addition, SG as well as other by-pass procedures such as
RYGB and mini-gastric bypass have the potential of ulcera-
tions in the long term. Because of the low pressure due to
gastric drainage through gastro-ileoanastomosis, all these ear-
ly and long-term complications are expected to be decreased
in SG + TB procedure [17]. Besides all these advantages,
endoscopic interventions can still be applied after a SG +
TB procedure for treating possible duodenal and choledochal
pathologies which may occur in the future. In this study pop-
ulation, leak and/or bleeding were not seen in any patients in
the perioperative period. At the last follow-up points, no pa-
tients suffered from any ulcer symptoms.

This clinical study has several limitations. First of all, this
study was limited inclusion to females diagnosed with T2DM
and a BMI > 40 kg/m”. The patients BMI <40 kg/m?” could not
be involved to study population as the metabolic surgery indica-
tions used in our clinic was determined according to the govern-
ment ministry of health policy. Secondly, fasting levels of FGF19
and proinsulin as well as the GIP and GLP1 responses of patients
at baseline and after the surgery were not measured. Another
limitation was that we did not report the validated measures of
health-related quality of life. Although the present study has been
conducted in only female patients with T2DM, the findings were
interesting and may be reproducible in diabetic obese males.

In conclusion, the results of the present study support that
SG + TB procedure may be a safe and effective metabolic
procedure for the treatment of obesity and T2DM. The attrac-
tive findings of this study should be examined in larger dia-
betic populations.
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