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ABSTRACT

Background: Metabolic surgery for the treatment of type 2 diabetes patients, with body mass 
index (BMI) less than 35 kg/m2 has been found to be increasing every year. Duodenoileal in-
terposition with sleeve gastrectomy and transit bipartition (TB) has strong effects on control 
of type 2 diabetes mellitus. However, both procedures may have long-term problems. Due to 
duodenal exclusion, endoscopic evaluation of the duodenum and biliary tract becomes impos-
sible after duodenoileal interposition. The TB may have the risk of severe malabsorption due to 
enlargement of the gastroileostomy. We performed ileal interposition and TB in patients with 
class 1 obesity having type 2 diabetes, with ethical approval. The new modification included in 
this paper, was performed in 3 patients, one of whom had a BMI of 30 kg/m2. The aim of this 
innovation is to treat obese (BMI >30 kg/m2), type 2 diabetes patients with an effective, but less 
malabsorptive procedure.
Objectives: The modification that we propose, aims to preserve normal duodenal anatomy and 
prevent possible duodenal transection related surgical problems and secure the absorptive com-
ponent of proximal intestines without the need of an adjustment in gastroileostomy anastomo-
sis.
Materials and Methods: All patients underwent total laparoscopic ileal interposition with gas-
tric bipartition and a weight-adjusted sleeve gastrectomy.
Results: All tree patients stopped insulin use after surgery. No complications occurred.
Conclusions: Ileal interposition with gastric bipartition and a weight-adjusted sleeve gastrec-
tomy is a safe and effective procedure for treatment of type 2 diabetes patients with or without 
obesity.

KEY WORDS: Gastric bipartition; Weight-adjusted sleeve gastrectomy; Duodenoileal interposi-
tion; Transit bipartion; Type 2 diabetes; Metabolic surgery; Obesity; Gastroileostomy anasto-
mosis.

ABBREVIATIONS: BMI: Body Mass Index; TB-SG: Transit bipartition with sleeve gastrecto-
my; OAD: Oral Anti Diabetic; ICV: Ileocecal valve; II-DSG: Interposition with diverted sleeve 
gastrectomy;

INTRODUCTION

Metabolic surgery for type 2 diabetes patients with BMI <35 kg/m2 is increasing every year 
with promising outcomes. However, the difficult learning curve is the prominent factor lead-
ing to very slow widespread acceptance.1 Ileal interposition with diverted sleeve gastrectomy 
(II-DSG) has powerful metabolic effects, giving good control of type 2 diabetes and associ-
ated problems (Figure 1).2-22 Transit bipartition with sleeve gastrectomy (TB-SG) has been 
getting increased acceptance due to its greater feasibility compared to II-DSG and the advan-
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tage of preservation of the normal physiology and anatomy of 
duodenum; although, both procedures have some pros and cons. 
II-DSG patients have a bypassed duodenum which is important 
in eliminating the foregut’s negative incretin effects on insulin; 
however, this prevents any biliary access, if required later. TB-
SG overcomes this problem by preserving the normal duodenal 
access, which makes the procedure more physiologic and easier 
to perform. With time, the gastroileal anastomosis has a ten-
dency to enlarge resulting in “functional bypass” of duodenum, 
enhancing the anti-diabetic effect of the procedure. However, as 
the food is directed more into the ileum, greater malabsorption 
may occur which will be a severe risk for low BMI patients (Fig-
ure 2). 

	 The modification that we propose is aimed at overcom-
ing these factors by eliminating the risk of malabsorption and 
the inability to reach the duodenum endoscopically. As time 

goes by, there is an increasing amount of food that is directed 
through the gastro-ileal anastomosis, causing functional bypass 
of the duodenum to diminish the foregut suppression on insulin 
without causing severe malabsorption due to redirection of food 
to proximal jejunum to be digested, mimicking normal anatomy. 
We present this report of the first 3 cases of this procedure in 
obese type 2 diabetic patients. 

MATERIALS AND METHODS

All three patients were males, with ages 43, 45 and 56 years. 
They had been undergoing diabetes treatment for longer than 
3 years with poor control of diabetes, having HbA1c >7.5 % 
with medical treatment and lifestyle modification. The first pa-
tient was using only oral anti-diabetic (OAD) treatment, while 
the other two were using insulin for more than a year besides 
OADs. The data of the patients are detailed in the Tables 1 and 2.

Figure 1: Duodenoileal Interposition. Figure 2: Transit Bipartition.

Table 1: Pre-Operative Data.

Patient Age BMI
(kg/m2)

Diabetes 
Duration
(Years)

Fasting 
Glucose
(mg/dL)

PP 
Glucose
(mg/dL)

Fasting 
C-Peptide

(ng/ml)

PP 
C-Peptide

(ng/ml)

HbA1c
(%) OAD Insulin

1 45 40 8 189 284 3,79 5,90 9.6 Yes No
2 56 37 6 190 273 4.15 5.52 9.7 Yes 1 y

3 43 30 9 296 349 2.86 3.19 10.2 Yes 2 y

BMI: Body Mass Index; PP: Post Prandial; OAD: Oral Anti-Diabetic Drugs.

Table 2: Operative Data.

Patient Age Gender BMI
(kg/m2)

Previous
Surgery

Surgery 
time (min)

Discharge 
day Complication

1 45 Male 40 No 198 4 No
2 56 Male 37 No 201 5 No
3 43 Male 30 No 178 4 No

BMI: Body Mass Index
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	 The ileal interposition and transit bipartition (TB) was 
performed internationally. The procedure we propose is not a 
completely new procedure but a modification to the existing 
procedures (Figure 3). Thus, only a detailed informed consent 
was deemed necessary at our hospital. All of the patients were 
given detailed comparative information about the surgery, with 
the alternatives via videos, animations and pictures of the proce-
dures. All three patients gave detailed informed consents prior to 
surgery. 

	 Surgery was carried out after completing all the pre-
operative preparations. The patients were placed in a supine 
position with legs spread and a reverse Trendelenburg at 30 
degrees. Central venous catheter and arterial lines were then 
placed. We used a left paraumblical port as usual for camera. 
A 15 mm trocar in the right upper quadrant and a 12 mm trocar 
in the left upper quadrant were placed for dissection and tran-
sections. A 5 mm trocar at the xyphoid for gastric mobilization 
and liver retraction and another 5 mm at the left lower quadrant 
for measurement of the bowels were placed. The dissection is 
started as usual for stomach mobilization on greater curvature. 
A 36 F bougie is used for calibration and to start transection. 
After the sleeve was performed, the staple line was oversewn 
with running 3/0 polydioxanone (PDS) suture. Then the table 
was set to neutral position for bowel preparation. The omentum 
was transected up to the transverse colon, enabling the ileal graft 
to be taken up in an antecolic fashion, with least tension. The 
complete small bowel was measured from the ligament of Treitz 
to the ileoceacal valve (ICV) with a measuring grasper having 
marking at 10 cm. The jejunum was marked at 100 cm from 
the Treitz with double legged suture distally and thermal mark 
with harmonic scalpel proximally. The terminal ileum was tran-
sected at 40 and 200 cm from ICV. The distal end of the ileal 
segment was marked with a double legged suture and proximal 
end with a single legged one. The distal ileum and the proximal 

bilio-pancreatic limb were staple anastomosed side-to-side and 
the mesenteric defect was closed with separate prolene sutures. 
The proximal end of the ileal segment was brought next to the 
antrum in an antecolic fashion. The ileum was fixed to the poste-
rior wall of the antrum for 4-5 cm with interrupted sutures. The 
gastro-ileostomy is fashioned side-to-side with stapler and the 
staple orifice is closed with PDS 3/0 running suture. Leak tests 
were done with methylene blue dye to check the integrity of the 
gastro-ileal anastomosis. 

	 After the leak test, the Peterson’s defect was closed 
with interrupted 3/0 prolene sutures. The last anastomosis was 
side-side between the distal end of the ileal segment and proxi-
mal 100 cm of jejunum from the Trietz. The mesenteric defect 
was again closed with interrupted 3/0 prolene sutures. A single 
drain was placed under the gastroileostomy. The patients were 
discharged on the 4th-5th post-operative days without any clinical 
problem.

RESULTS

Patients were followed-up for early complications during the 
first 30 days after surgery and for the glycemic control at 1 and 3 
months. No complications were observed in any of the patients. 
Data from patients were collected during the 30 and 90 days 
follow-ups. All patients achieved remission of diabetes with 
HbA1c <6.5 %, 90 days after surgery. The data of the 30 days 
and 90 days follow-ups are detailed in Tables 3 and 4. 

DISCUSSION

Type 2 diabetes is a condition prevalent ubiquitously, mostly 
linked with mild to severe obesity. Bariatric surgery has proven 
superiority over conservative treatments and lifestyle changes 
for patients with BMI >35 kg/m2. The promising results of 

Figure 3: Gastroileal Interposition with Bipartition.
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bariatric surgery, in obesity related diabetes amongst morbidly 
obese and class ll obese patients (BMI >35 kg/m2), had triggered 
the search for treatment of diabetes associated with severe insu-
lin resistance and/or insulinopenia in patients with BMI <35 kg/
m2. Although, the classical bariatric procedures might have good 
results to some extent, the purely restrictive techniques lack suf-
ficient glycemic control, while malabsorptive techniques carry 
the risk of severe malnutrition. ll-DSG surgery, proposed by De 
Paula et al had opened a new era for effective “non-malabsorp-
tive” metabolic surgical option for low BMI diabetic patients.

	 De Paula et al2 briefly explained and showed the “neu-
roendocrine ileal brake” mechanism which strongly supports the 
hind-gut hypothesis with promising results in type 2 diabetes. 
The technique is challenging and has a long learning curve to 
be safely practiced and therefore, has not gained widespread ac-
ceptance. TB proposed by Santoro et al21 has a simpler technique 
compared to II-DSG with almost the same promising results on 
the control of type 2 diabetes, though in higher BMI patients. 
The advantages of this technique are preserving the anatomical 
continuity of the pylorus and duodenum, and maintaining en-
doscopic access to the biliary tree; it is also simpler to perform 
as it avoids duodenal dissection, transection and anastomosis 
and there is no fear of duodenal stump leaks. No intestinal seg-
ment is anatomically bypassed. However, the diameter of the 
gastro-ileostomy tends to enlarge to direct the food mainly to 
distal ileal segment to create a functional biliopancreatic diver-
sion of proximal intestines and malabsorption. Santoro et al21 
had to revise the diameter of the gastroileostomy after primary 
surgery. This is an unwanted problem for the true definition of 
“metabolic surgery” and there must not be any anastomotic and/
or volume restrictions to preserve the metabolic outcomes for a 
surgical technique to be considered as metabolic, in our opinion. 
The II-DSG is a good example of true metabolic surgery having 
good outcomes (including our humble experience), whereas the 

TB has the risk of unpredictable progress depending on the size 
of the gastro-ileal anastomosis. If the anastomosis gets narrowed 
by a stricture, then all of the metabolic benefits may diminish, 
whereas if it enlarges, the surgery might become severely mal-
absorptive in time. 

	 Two of our patients who had II-DSG had developed 
biliary stones that needed surgery because it is impossible to per-
form endoscopic retrograde cholangiopancreatography (ERCP) 
when the duodenum is anatomically excluded. As our experi-
ence with TB increased and we observed good and satisfactory 
control of diabetes in a similar patient population as with II-
DSG, we started to think of how we could modify and combine 
the advantages of these two techniques. The solution was very 
simple: to transect the alimentary limb of the TB, proximal to 
the distal ileostomy and connect to proximal jejunum in order 
to divert the bowel contents back to the beginning of the small 
intestines. 

	 This is a simple modification of the II-DSG and TB. 
This easily and intentionally, directs undigested food to the in-
terposed distal ileal segment and avoids any concerns regarding 
size of the gastro-ileostomy. We eliminated the risk of severe 
malabsorption by connecting the distal end of the interposed il-
eal segment to the very proximal part of the jejunum so that food 
has sufficient small bowel length, to maintain almost normal ab-
sorption of micronutrients. Our modification preserves the ana-
tomical continuity of pylorus and duodenum as in TB. As we do 
a liberal anastomosis, and if we assume it to dilate with time, 
then we suppose that most of the gastric contents will function-
ally bypass the duodenum and go through the gastro-ileostomy. 

	 This will give the operation a further benefit of “func-
tional duodenal exclusion”, which is expected in TB and ana-
tomically present in II-DSG; also a better and stronger ileal stim-

Table 3: Post-Operative 30 Days Data.

Patient Duration
(Days) BMI (kg/m2) % Excess BMI 

Loss (%EBMIL)

% Total Body 
Weight Loss

(% TBWL)

Fasting 
Glucose
(mg/dL)

PP 
Glucose
(mg/dL)

HbA1c
(%) OAD Insulin

1 30 33.8 15 %  15% 110 140 6.9 No No

2 30 32.6 11 % 12 % 116 107 6.7 No No

3 30 27.4 11 % 10 % 139 142 8.9 No No

BMI: Body Mass Index; %EBMIL: Percentage Excess Body Mass Index Loss; % TBWL: PercentageTotal Body Weight Loss; PP: Post Prandial; OAD: 
Oral Anti-Diabetic Drugs.

Table 4: Post-Operative 3 Months Data.

Patient Duration BMI (kg/m2) % Excess BMI 
Loss (%EBMIL)

% Total Body Weight 
Loss

(% TBWL)

Fasting 
Glucose
(mg/dL)

PP 
Glucose
(mg/dL)

HbA1c
(%) OAD Insulin

1 3 months 27.4 31 % 30% 110 90 6.4 No No

2 3 months 28.2  21 % 21 % 85 103 5.9 No No

3 3 months 26 16 % 17 % 90 98 5.8 No No

BMI: Body Mass Index; %EBMIL: Percentage Excess Body Mass Index Loss; % TBWL:PercentageTotal Body Weight Loss; PP: Post Prandial; OAD: Oral 
Anti-Diabetic Drugs.
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ulation to evoke more potent incretin effect. However, in TB, 
this “functional exclusion of proximal intestines” might provoke 
a risk of “functional malabsorption”, due to massive food transit 
directly to the very distal intestines. In gastro-ileal interposition, 
as we divert the ileal contents back to the proximal jejeunum, the 
normal absorption will continue after the metabolic stimulation 
is done. 

	 The proposed technique is of moderate complexity, in 
between two well-known metabolic surgeries. The additional 
anastomosis gives greater security with respect to malabsorption 
when TB is considered. The gastro-ileostomy is simpler than 
duodeno-ileostomy, avoiding duodenal preparation and transec-
tion, and any possible complications due to this dissection. 

	 This first and early report of our technique lacked the 
long-term follow-up with respect to glycemic control and weight 
stabilization with a very limited patient number. These are the 
limitations of this report. Further long-term follow-up with a 
greater number of patients will give a better understanding of 
the efficacy of this new metabolic surgery.

CONCLUSION

Ileal interposition and gastric bipartition with BMI-adjusted 
sleeve gastrectomy is a feasible technique which preserves the 
hind gut stimulation and normal duodenal anatomy for future 
endoscopy, while eliminating the risk of malabsorption due to 
enlargement of the gastro-ileal anastomosis. Further studies will 
give us a better understanding of our primitive assumptions. 
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