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Abstract
Background Metabolic surgery is an effective treatment method for glycemic control and weight loss in obese patients with type
2 diabetes mellitus (T2DM). This study aimed to present the mid-term metabolic effects and weight loss results of the patients
with T2DM who underwent transit bipartition with sleeve gastrectomy (TB-SG).
Methods A total of 32 obese patients with T2DM who underwent TB-SG were included in the study. The T2DM remission
status after surgery was evaluated. The postoperative glycemic variables, weight loss, lipid profile, and nutritional profile were
also compared with the baseline values.
Results At 36months after surgery, T2DM remission occurred in 27 patients (84.3%) and the mean BMI decreased from 44.70 ±
9.34 to 29.75 ± 2.19 kg/m2. The percentage of total weight loss (TWL) and excess weight loss (EWL) was 33.84% and 77.19%,
respectively. The mean LDL values significantly decreased compared to baseline; however, the mean HDL did not significantly
differ. No significant difference was observed regarding the mean albumin, vitamin B12, and folic acid levels.
Conclusion TB-SG procedure seems promising in terms of T2DM remission and weight loss with less malnutrition and vitamin
deficiency in treating obese patients with T2DM.

Keywords Metabolic surgery . Transit bipartition . Type 2 diabetesmellitus remission

Key Points
• TB-SG leads significant weight loss and diabetes remission in obese
T2DM patients
•TB-SG can be considered a safe and effective metabolic surgical method
• TB-SG may be a remarkable alternative to other metabolic surgeries
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Introduction

Type 2 diabetes mellitus (T2DM) is a metabolic disease most-
ly characterized by peripheral insulin resistance and is closely
related to obesity [1]. Besides, a decrease in insulin production
and/or insulin activity in the target tissue can play role in the
pathophysiology of the disease. Mortality and morbidity rates
are seen to increase in T2DM patients when accompanied by
obesity [2].

Adequate glycemic control cannot be achieved with phar-
macotherapy in more than half of the patients with moderate
to severe T2DM [3], and the majority of the patients in this
group are obese T2DM patients [4]. Weight loss facilitates
glucose metabolism regulation in diabetic patients and re-
duces the likelihood of developing the disease in patients with
a predisposition to diabetes. Weight loss of 1 kg provides a
16% relative risk reduction of progression to T2DM in indi-
viduals with impaired glucose tolerance [5].

Metabolic surgery is an effective treatment method in terms
of glycemic control and weight loss in obese T2DM patients
[4, 6–8]. In the first Diabetes Surgery Summit (DSS-I) held in
2007, it was stated that metabolic surgery could be considered
as a treatment method in class I obese T2DM patients [9]. The
second meeting (DSS-II) was held in 2019, and at that time,
metabolic surgery was emphasized as a potent treatment mo-
dality in the same patient group [10]. Several metabolic sur-
gery techniques such as biliopancreatic diversion (BPD),
Roux-en-Y gastric bypass (RYGB), ileal interposition, and
sleeve gastrectomy (SG) have been performed and achieved
remarkable T2DM remission and weight loss results for years
[4, 11]. Despite the satisfactory results, it is a fact that there are
still problems such as early complications and long-term mal-
nutrition that need to be overcome.

Transit bipartition with sleeve gastrectomy (TB-SG) is a
relatively novel metabolic procedure. It has similar metabolic
effects as conventional procedures, promising less malnutri-
tion and vitamin deficiency [4, 12–14]. This study aimed to
present the mid-term metabolic effects and weight loss results
of patients who underwent TB-SG.

Materials and Methods

Patients and Study Design

This present retrospective study was conducted with the 3-
year follow-up data obtained from the medical charts of the
patients who underwent TB-SG operation in our bariatric sur-
gery department between May 2014 and January 2017. The
study was designed in accordance with the Declaration of
Helsinki, and approval for the study was granted by the
Institutional Review Board (No: 2020/546).

Inclusion and Exclusion Criteria

The inclusion criteria for the surgical procedure were defined
as T2DM for ≥ 2 and ≤ 10 years, glycated hemoglobin
(HbA1c) level > 7% (53 mmol/mol), and body mass index
(BMI) ≥ 35 kg/m2.

Patients with American Society of Anesthesiologists score
of IV were excluded from the surgery. Other exclusion criteria
were c-peptide level < 1.5 ng/mL, anti-glutamic acid decar-
boxylase antibody or islet cell antibody positivity, malignancy
diagnosis, acute or chronic renal failure, alcohol or drug
abuse, diagnosis of psychiatric eating disorder, or hiatal
hernia.

Preoperative Evaluation and Postoperative Follow-up

All patients were informed about the surgical procedure, pos-
sible complications, postoperative course, and the follow-up
period. Written informed consent forms were obtained before
the surgery. A multidisciplinary team evaluated all patients,
including a metabolic surgeon, endocrinologist, psychiatrist,
cardiologist, and anesthesiologist in terms of suitability for
metabolic surgery. Upper gastrointestinal endoscopy and
hepatobiliary system ultrasound were performed before the
surgery.

In the study, evaluations were made of BMI, HbA1c,
fasting blood glucose (FBG), fasting insulin (FI), HOMA-IR
[fasting glucose (mmol/L) × fasting insulin (mIU/mL)/22.5],
LDL, HDL, albumin, vitamin B12, and folic acid values. The
values were obtained and recorded preoperatively and at the
postoperative 1st, 3rd, 6th, 12th, 24th, and 36th-month follow-
up examination.

All patients were trained by an experienced nurse before
discharge about recording FBG (at least once a day) and
reporting high values of FBG over the phone. They were also
informed on discharge to stop taking anti-hyperglycemicmed-
ication and have a liquid diet for the first week.
Postoperatively, a multivitamin complex (Supradyn energy
fast action sachet, Bayer, Germany) was given once a day
for 6 months.

Definition of T2DM Remission and Assessment of
Weight Loss

Remission definitions of T2DM were made according to the
American Society for Metabolic and Bariatric Surgery out-
come reporting standards [15]. Complete remission was de-
fined as a level of FBG < 100 mg/dL (5.6 mmol/L) and
HbA1c < 6% (42 mmol/mol) in the absence of antidiabetic
medications. Partial remission was defined as a level of FBG
100–125 mg/dL (5.6–6.9 mmol/L) and HbA1c < 6.5 % (48
mmol/mol) in the absence of active pharmacological therapy.
Improvement of glycemic control was defined as a statistically
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significant reduction in HbA1c and FBG (not meeting criteria
for remission) or decrease in antidiabetic medications require-
ment (by discontinuing insulin or one oral agent, or ½ reduc-
tion in dose).

The weight loss assessment of the patients was made ac-
cording to the percentage of total weight loss (%TWL) and
percentage of excess weight loss (%EWL) [15].

%TWL was calculated as :

Initial Weight−Postop Weightð Þ= Initial Weightð Þ½ � � 100:

%EWL was calculated as :

Initial Weight−Postop Weightð Þ= Initial Weight−Ideal Weightð Þ½ � � 100

Ideal body weight was defined as the weight corresponding to
a BMI of 25 kg/m2.

Surgical Technique

Antibiotic prophylaxis (cefazolin 2 g) and an intermittent
pneumatic compression device were applied before the sur-
gery. TB-SG was performed laparoscopically as previously
described [4] (Fig. 1). After sleeve gastrectomy was per-
formed using laparoscopic linear staplers, the ileum seg-
ment was marked at a distance of 80 cm proximal to the
ileocecal valve with a single suture. Then, single-layer
gastro-ileal anastomosis was performed between the resid-
ual antral site and the jejunum at a distance of 150 cm from
the common channel (230 cm from the ileocecal valve) in
an ante colic position. Finally, the small bowel cranial to
the gastro-ileal anastomosis was transected and anasto-
mosed to the ileum previously located (80 cm from the
ileocecal valve) using the laparoscopic linear stapler. All
potential internal hernia defects of the mesenteric fault
were closed with barbed sutures.

Statistical Analysis

Data obtained in the study were analyzed statistically
using Statistical Package for the Social Sciences vn.
15.0 software (SPSS Inc. , Chicago, IL, USA).
Descriptive statistics were stated as mean and standard
deviation (SD) values. The data obtained in each
follow-up period were compared with the preoperative
and preceding follow-up values. The paired samples t-
test and the Wilcoxon signed-rank test were used in the
analyses. At the 12-month and 36-month follow-ups,
patients were evaluated in 2 groups according to
HbA1c values (complete remission and partial remission
group). A value of p <0.05 was accepted as statistically
significant.

Results

Patient Characteristics

Between the specified dates, 37 patients whomet the inclusion
criteria underwent TB-SG. Due to incomplete follow-up data,
five patients were excluded, so the evaluation was performed
on 32 patients (17 females and 15 males). The overall follow-
up rate was calculated as 86.48%. The average follow-up time
was 30.22 ± 6.74 months following the surgery. The baseline
characteristics of the patients are shown in Table 1. The values
of BMI, glycemic variables, lipid profile, and nutritional pro-
file of the patients for preoperative and each follow-up period
are shown in Table 2.

Glycemic Variables

Preoperatively, the mean duration of T2DM was 7.7 ± 2.3
years, and all patients were under insulin therapy. The mean
HbA1c level of the patients was 9.25 ± 1.86% (77.6 ± 20.3
mmol/mol) preoperatively, and this started to decrease from
the first postoperative month significantly fell below 6% (42
mmol/mol) by the 6th month. A significant decrease was also
observed in the mean fasting insulin, fasting glucose, and
HOMA-IR values in the first 6 months.

At the 12-month follow-up, the complete and partial remis-
sion rates were 75% (24 patients) and 12.5% (four patients),
respectively. Although insulin therapy was still needed in the
remaining four patients (12.5%), a significant decrease of in-
sulin dose was observed as improved glycemic control in 2 of
them. One of the 24 patients in complete remission in the
postoperative 12th month regressed to partial remission in
the 36th month. In the same follow-up period of the four
patients in partial remission in the 12th month, one progressed
to complete remission, and the other regressed out of remis-
sion. At the 36th month, the complete and partial remission
rates were 75% (24 patients) and 9.3% (three patients), respec-
tively. Although insulin therapy was still needed in the re-
maining five patients (15.6%), a significant decrease of insulin
dose was observed in three of them as an improvement of
glycemic control. If the remission status of T2DM was eval-
uated without classifying it as complete or partial, the remis-
sion rate was calculated as 87.5% in the 12th month and
84.3% in the 36th month.

Weight Loss

The mean preoperative BMI was 44.70 ± 9.34 kg/m2. Up to
the 12th month, a significant decrease of BMI was observed at
each follow-up evaluation. However, there was no significant
change in subsequent follow-ups. TWL% and EWL% values
were calculated at each follow-up and are presented in Fig. 2.
The TWL% and EWL% in the 12th month were 33.07% and
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75.43%, respectively. At the 36th month follow-up, TWLwas
calculated as 33.84%, and EWL as 77.19%.

Lipid and Nutritional Profile

There was a significant decrease in the LDL values in the first
two postoperative follow-ups (1st and 3rd months). No signif-
icant change was observed in the subsequent controls. None
of the seven patients using antihyperlipidemic drugs before
the surgery needed medication after the 3rd month. The

HDL values showed no significant change after the operation
compared to the preoperative period.

There was no significant decrease in the mean albumin,
folic acid, and vitamin B12 values in the postoperative period.
However, vitamin B12 deficiency was detected in two (6.2%),
and iron deficiency was detected in three (9.3%) patients dur-
ing the follow-up. The mean iron level was significantly de-
creased at the 24th-month follow-up when compared with
preoperative values. Similarly, this reduction was also ob-
served in the 36th-month follow-up. The mean vitamin D
values remained normal during all follow-up periods.

Fig. 1 Schematic demonstration
of TB-SG
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Complications

All operations were completed laparoscopically. No anasto-
motic leak, necrosis, internal herniation, or injury to other
intestinal organs were observed in the perioperative period.
In the early postoperative period, bleeding requiring blood
transfusion was observed in 1 patient. The problem was re-
solved without any surgical intervention with drain follow-up.
Transient nausea and/or vomiting were seen in 3 patients, and
all were successfully treated with medical therapy. Four pa-
tients experienced gastroesophageal reflux (GER) disease dur-
ing the follow-up and were treated with proper dietary advice
and proton-pump inhibitors. One patient was diagnosed with
cholelithiasis 6 months postoperatively, and laparoscopic cho-
lecystectomy was performed.

Discussion

This study demonstrates that TB-SG can be seen as an effec-
tive metabolic surgery procedure that provides remarkable
T2DM remission and weight loss with less malnutrition or
vitamin deficiency. Furthermore, it improves the lipid profile
of the patients.

Metabolic surgery has become more widely used in the
treatment of obesity and T2DM in recent years. The number
of metabolic surgeries performed worldwide in 2009 was
220,000 [16]. This number has increased over the years and
was recorded as 833,000 per year in 2019 [17]. RYGB and
BPD are the most commonly used metabolic surgeries with

T2DM remission rates of 70–75% and 90–95%, respectively
[18–20].

RYGB has been in use for about half a century as a meta-
bolic procedure since it was first defined in 1969 [21].
Although it is still one of the most commonly performed met-
abolic procedures, difficulties in achieving and maintaining
significant weight loss have been reported in patients with a
BMI > 50 kg/m2 [22, 23]. BPD emerged in 1980 as a more
effective surgical technique for treating super-obese patients
[24]. It provides better weight loss and metabolic improve-
ment results than the RYGB procedure [6, 25]; however, it
does not have widespread popularity, presumably because of
its complex surgical technique and long-term nutritional com-
plications [7].

All metabolic procedures, to variable degrees, alter the
anatomy and physiology of the gastrointestinal tract. As a
result of these alterations, nutritional complications such as
deficiencies of macro- and micro-nutrients can be observed.
Vitamin B12 and folic acid deficiencies are potential compli-
cations that can contribute to anemia following BPD and
RYGB. As a result of bypassing the proximal small intestine
where folic acid is absorbed, folic acid deficiency occurs in a
range of 9 to 39% [26, 27]. The prevalence of B12 deficiency,
which results from inadequate secretion of intrinsic factors
and limited gastric acidity, has been reported to be 19 to
35% [28, 29]. Malnutrition has been reported in 13% and
21% of patients who underwent RYGB and BPD, respectively
[30].

The TB-SG procedure was developed by Santoro et al. in
2006, with the concept of not eliminating any small intestine
passage to thereby decreasing malnutrition and vitamin defi-
ciency complications of metabolic surgeries [31]. In this pro-
cedure, ingested nutrients enter the intestinal system with both
the “short circuit” created by the gastro-ileal anastomosis and
pylorus. As there is no unused intestinal area, malabsorption is
a less expected condition [32]. However, there are insufficient
data in the literature about the mid-long-term nutritional
results.

The potential underlying mechanism of glycemic control
following metabolic surgeries has been partly elucidated.
There are two hypotheses (foregut and hindgut hypothesis)
that have been proposed to explain the antidiabetic effects of
metabolic surgeries [33]. It has been suggested with the fore-
gut hypothesis that the exclusion of the proximal intestine
leads to an increase in incretin levels and a reduction of the
anti-incretin factors [34]. On the other hand, according to the
hindgut hypothesis, the expedited arrival of nutrients to the
distal bowel enhances the incretin secretion that improves glu-
cose metabolism [35]. Besides, the restrictive parts of the sur-
gery, such as SG, decrease food/calorie intake and contribute
to weight loss, leading to improved insulin sensitivity [33]. It
is most likely that both mechanisms explained by the foregut
and hindgut hypothesis potentially improve glycemic control.

Table 1 Baseline characteristics of the patients

Age–years 43.5 ± 10.18

Gender (male/female)—n 15/17

BMI—kg/m2 44.70 ± 9.34

HbA1c—% (mmol/mol) 9.25 ± 1.86 (77.6 ± 20.3)

FBG—mg/dL (mmol/L) 229.04 ± 56.08 (12.7 ± 3.1)

FI—mU/L 21.46 ± 7.46

HOMA-IR 6.95 ± 1.40

LDL—mg/dL 132.75 ± 48.87

HDL—mg/dL 49.20 ± 9.58

Albumin—g/dL 4.34 ± 0.59

Vitamin B12—pg/mL 337.79 ± 45.70

Folic acid—ng/mL 13.54 ± 2.78

Data expressed as mean ± standard deviation

BMI, bodymass index;HbA1c, glycated hemoglobin;FBG, fasting blood
glucose; FI, fasting insulin; HOMA-IR, homeostasis model assessment-
insulin resistance; LDL, low-density lipoprotein; HDL, high-density
lipoprotein
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Table 2 Preoperative and follow-up variables of the patients

p* p**

BMI—kg/m2 Preoperative 44.70 ± 9.34

1st month 41.04 ± 5.37 0.01 p 0.01 p

3rd month 37.33 ± 4.84 <0.01 p <0.01 p

6th month 34.37 ± 3.01 <0.01 p <0.01 p

12th month 30.20 ± 2.71 <0.01 p <0.01 p

24th month 29.22 ± 1.98 <0.01 p 0.07 p

36th month 29.75 ± 2.19 <0.01 p 0.17 p

HbA1c—% (mmol/mol) Preoperative 9.25 ± 1.86 (77.6 ± 20.3)

1st month 7.75 ± 0.84 (61.2 ± 9.2) <0.01 p <0.01 p

3rd month 6.68 ± 0.89 (49.5 ± 9.7) <0.01 p <0.01 p

6th month 5.96 ± 0.98 (41.6 ± 9.5) <0.01 p <0.01 p

12th month 5.93 ± 0.96 (41.3 ± 10.5) <0.01 p 0.80 p

24th month 5.61 ± 0.65 (37.8 ± 7.1 ) <0.01 p 0.07 p

36th month 5.35 ± 0.41 (35 ± 4.5 ) <0.01 p 0.07 p

FBG—mg/dL (mmol/L) Preoperative 229.04 ± 56.08 (12.7±3.1)

1st month 154.91 ± 19.27 (8.6 ± 1.1) <0.01 p <0.01 p

3rd month 131.79 ± 16.89 (7.3 ± 0.9) <0.01 p <0.01 p

6th month 97.91 ± 14.57 (5.4 ± 0.9) <0.01 p <0.01 p

12th month 95.54 ± 8.87 (5.3 ± 0.5) <0.01 p 0.47 p

24th month 96.20 ± 7.54 (5.3 ± 0.4) <0.01 p 0.66 p

36th month 95.87 ± 6.32 (5.3 ± 0.3) <0.01 p 0.80 p

FI—μIU/mL Preoperative 21.46 ± 7.46

1st month 14.53 ± 3.66 <0.01 p <0.01 p

3rd month 8.85 ± 4.44 <0.01 p <0.01 p

6th month 8.64 ± 4.27 <0.01 p 0.02 p

12th month 8.39 ± 3.91 <0.01 p 0.16 p

24th month 8.11 ± 3.28 <0.01 p 0.37 p

36th month 7.61 ± 2.67 <0.01 p 0.09 p

HOMA-IR Preoperative 6.95 ± 1.40

1st month 4.72 ± 1.38 <0.01 p <0.01 p

3rd month 2.66 ± 0.97 <0.01 p <0.01 p

6th month 2.02 ± 0.69 <0.01 p <0.01 p

12th month 2.06 ± 0.70 <0.01 p 0.82 p

24th month 2.04 ± 0.68 <0.01 p 0.89 p

36th month 2.05 ± 0.64 <0.01 p 0.94 p

LDL—mg/dL Preoperative 132.75 ± 48.87

1st month 121.70 ± 28.18 0.15 w 0.15 w

3rd month 95.33 ± 26.12 <0.01 w <0.01 w

6th month 88.08 ± 17.23 <0.01 w 0.10 w

12th month 82.41 ± 11.35 <0.01 w 0.07 w

24th month 86.50 ± 18.06 <0.01 w 0.24 w

36th month 88.66 ± 17.21 <0.01 w 0.07 w

HDL—mg/dL Preoperative 49.20 ± 9.58

1st month 50.66 ± 8.83 0.12 p 0.12 p

3rd month 49.33 ± 7.31 0.91 p 0.20 p

6th month 48.00 ± 10.01 0.06 p 0.29 p

12th month 46.95 ± 10.27 0.22 p 0.51 p

24th month 49.08 ± 8.91 0.77 p 0.22 p

36th month 48.50 ± 8.38 0.19 p 0.09 p
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Glucagon-like peptide-1 (GLP-1) has been considered the
main incretin secreted from the distal part of the small intes-
tine and responsible for increasing insulin secretion and sen-
sitivity [36, 37]. Glucose-dependent insulinotropic polypep-
tide (GIP) is an incretin secreted from the proximal intestine
with the transit of nutrients and considered to have a combined

agonistic effect with GLP-1 on glucose metabolism regulation
[38]. With the surgeries such as BPD and RYGB, bypassing
the proximal small intestine deprives the patient both of nutri-
ents absorbed from this area and GIP secretion. In the TB-SG
procedure, in addition to less malabsorption, stimulation of
GIP secretion continues as well as GLP-1.

Table 2 (continued)

p* p**

Albumin—g/dL Preoperative 4.34 ± 0.59

1st month 4.22 ± 0.58 0.14 p 0.14 p

3rd month 4.18 ± 0.55 0.07 p 0.33 p

6th month 4.22 ± 0.52 0.21 p 0.16 p

12th month 4.30 ± 0.50 0.59 p 0.07 p

24th month 4.19 ± 0.44 0.07 p 0.06 p

36th month 4.30 ± 0.38 0.79 p 0.27 p

Vitamin B12—pg/mL Preoperative 337.79 ± 45.70

1st month 318.75 ± 71.85 0.29 p 0.29 p

3rd month 324.08 ± 72.63 0.44 p 0.97 p

6th month 320.29 ± 70.56 0.39 p 0.78 p

12th month 312.95 ± 69.47 0.18 p 0.51 p

24th month 317.04 ± 76.00 0.29 p 0.67 p

36th month 322.95 ± 72.25 0.44 p 0.18 p

Folic acid—ng/mL Preoperative 13.54 ± 2.78

1st month 14.33 ± 3.60 0.26 p 0.26 p

3rd month 12.45 ± 3.67 0.19 p 0.06 p

6th month 14.08 ± 2.88 0.50 p 0.12 p

12th month 14.50 ± 3.25 0.18 p 0.62 p

24th month 14.66 ± 3.26 0.11 p 0.80 p

36th month 14.91 ± 3.14 0.06 p 0.74 p

Iron—μg/dL Preoperative 94.29 ±18.82

1st month 88.66 ± 11.63 0.14 p 0.14 p

3rd month 86.91 ± 10.81 0.08 p 0.13 p

6th month 87.33 ± 9.92 0.08 p 0.75 p

12th month 86.08 ± 8.61 0.05 p 0.36 p

24th month 83.33 ± 6.84 0.01 p 0.09 p

36th month 80.75 ± 8.24 <0.01 p 0.01 p

Vitamin D—ng/mL Preoperative 30.62 ± 5.12

1st month 29.95 ± 5.08 0.57 p 0.57 p

3rd month 28.87 ± 6.25 0.35 p 0.52 p

6th month 28.66 ± 6.23 0.16 p 0.91 p

12th month 27.33 ± 7.56 0.09 p 0.34 p

24th month 27.08 ± 7.11 0.09 p 0.82 p

36th month 25.66 ± 6.84 0.06 p 0.35 p

Data expressed as mean ± standard deviation

*Comparison with preoperative value

**Comparison with previous follow-up value
p Paired sample t test, w Wilcoxon test

p < 0.05 considered as significant

BMI, bodymass index;HbA1c, glycated hemoglobin; FBG, fasting blood glucose; FI, fasting insulin;HOMA-IR, homeostasis model assessment-insulin
resistance; LDL, low-density lipoprotein; HDL, high-density lipoprotein
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T2DM remission rates of TB-SG have been reported as
86% and 86.5% in previous studies. [13, 39]. In both of those
studies, T2DM remission was defined as a level of HbA1c
<6.5% without the use of any antidiabetic medication. With
the same cutoff value for HbA1c to define T2DM remission,
the current study's remission rate was 87.5% in the 12thmonth
and 84.3% in the 36th month, similar to the previous studies.
In the present study, T2DM remission was categorized in 2
groups as partial and complete to evaluate the degree of gly-
cemic control within the patients in remission and transitions
between groups (switching to the other group or coming out of
remission) during the follow-up period. The remission status
change rate was found to be 4.2% (1 of 24 patients) in the
complete remission group and 50% (2 of 4 patients) in the
partial remission group between the last 2 follow-ups. These
rates showed that the remission status of the partial remission
group was more unstable. Therefore, it is important to keep
follow-up intervals closer and make necessary diet and life-
style adjustments for patients in partial remission to ensure
that their current remission is maintained for a longer time.

One reason for the popularity of metabolic surgery is its
positive effects on cardiovascular risk factors such as being
overweight and the lipid profile [40, 41]. In the present study,
a significant improvement was observed in LDL levels, espe-
cially in the first 3 months postoperatively. Similar findings on
lipid profile have been reported in other metabolic surgical
methods [18, 42].

Pancreatic burnout can be defined as endocrine insufficien-
cy of the pancreas (HbA1c > 6.5%, 2 h plasma glucose > 200
mg/dL in oral glucose tolerance test) together with the absence
of pain [43]. It might be a possible contributing factor to the
deficiency of remission of T2DM after metabolic surgery. The
serum c-peptide concentration is frequently employed to de-
termine the sufficiency of pancreatic insulin secretion. The
fasting c-peptide level’s normal range is 0.78 ± 1.89 ng/mL
in healthy persons [44]. A criterion was defined as c-peptide

level < 1.5 ng/mL to exclude the patients with low pancreatic
endocrine reserve in the present study.

GER symptoms have been described following the laparo-
scopic sleeve gastrectomy (LSG) procedure in many studies.
It is one of the most common indications for converting LSG
to gastric bypass [45–47]. However, in high-volume trials,
where strict criteria for patient selection for LSGwere applied,
it was stated that reflux symptoms could be overcome with
medical treatment, and the need for conversion operation due
to GER disease was reduced [48]. In the present study, with
the preoperative gastroscopy, patients with endoscopic reflux
signs and hiatal hernia were excluded. In the postoperative
period, patients with GER disease were treated with proper
dietary advice and acid suppression therapy.

The dumping syndromes (early and late) are well-known
phenomena after gastric resections and bypass procedures due
to altered gastrointestinal anatomy. They are closely related to
the rapid delivery of the osmotically high nutrients to the small
intestines [49, 50]. The two syndromes have distinct symp-
tomatology and pathophysiology [51]. In the present study,
late dumping syndrome that is mainly characterized by post-
prandial hypoglycemia was not observed. However, nausea
and/or vomiting accompanied by vasomotor symptoms seen
in three patients could be considered early dumping syn-
drome. These symptoms were treated with strict dietary rec-
ommendations and symptomatic medications.

Rapid weight loss in obese patients increases the risk of
cholelithiasis [52]. After TB-SG, reported rates of cholecys-
tectomy differ in a wide range from 2.8 to 21.9% [13, 14, 39].
This difference might be caused by different follow-up pe-
riods of the studies. In the current study, it was found to be
3.12%.

“Sleeve plus procedure” is a term that can be used to define
the metabolic procedures in which SG is added to the surgery
alongside anatomic route modifications [53, 54]. Some of the
sleeve plus procedures are transit bipartition, biliopancreatic

Fig. 2 TWL and EWL values in
each follow-up
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diversion, duodenojejunal bypass, mini-gastric bypass, and
ileal interposition [6, 55–57]. In these procedures, except the
surgical rerouting of nutrients to the distal part of the small
intestine and hormonal changes, reducing food/calorie intake
and ghrelin secretion that is provided with SG improves gly-
cemic control by reducing insulin resistance [56, 58, 59].
However, in these procedures other than transit bipartition,
the duodenum is anatomically excluded, and the endoscopic
approach to the biliary tract is not possible with endoscopic
retrograde cholangiopancreatography. Depending on the type
of surgery performed, some complications are observed more
frequently in some sleeve plus procedures. Bile reflux to the
remnant gastric tube is a common concern after mini-gastric
bypass procedure due to the single anastomosis to the antral
gastric region [60]. Ischemia, necrosis, and internal herniation
are more common in ileal interposition due to its relatively
complex anatomy in which ileal segments are relocalized [4,
61]. In the present study, no bile reflux or internal herniation
was observed.

The limitations of this study were its nonrandomized, ret-
rospective design, and the lack of a control population.
Despite the limitations, the present study contributes to the
literature by presenting mid-term results of the TB-SG proce-
dure, for which there is not much follow-up data.

In conclusion, the present study supports that the TB-SG
procedure can be considered a safe and effective method in the
treatment of obesity and T2DM. It seems that TB-SG may be
an alternative to other metabolic surgeries with the advantages
of the prevention of malnutrition and vitamin deficiency.

Limitations

The study was a retrospective analysis.
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