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Abstract

Background: Bariatric surgery offers the best solution in management of obesity and related metabolic ailments,
paving the way for a concept termed metabolic surgery. We report the results of a novel surgical procedure on
glycemic control and metabolic syndrome in poorly controlled type 2 diabetes.
Methods: Ten patients (four men, six women) underwent laparoscopic surgical procedure of sleeve gastrectomy
and ileal interposition. All patients had diabetes for more than 3 years with poor control despite use of oral
hypoglycemic agents (OHAs) and=or insulin. The primary outcome was remission of diabetes (hemoglobin A1c
<7% without OHAs=insulin), and secondary outcomes were change in OHA requirement, components of
metabolic syndrome, insulin resistance, and microalbuminuria.
Results: We report the preliminary postoperative follow-up data of 9.1� 5.3 months (range, 2–16 months).
Participants had a mean age of 48.2� 9 years (range, 34–62 years), duration of diabetes of 11� 5.7 years (range,
4–25 years), and preoperative body mass index of 33.8� 6.5 kg=m2. Seven patients had diabetes remission, and
the remaining three showed significantly decreased OHA requirement. All participants had weight loss ranging
between 15% and 30% and had remission of hypertension. Microalbuminuria (96.8� 19.1 vs. 46.7� 10.1 mg=L,
P¼ 0.03568) and insulin resistance as assessed by homeostasis assessment model of insulin resistance (5.2� 2.1
vs. 1.8� 0.9, P¼ 0.0005) decreased significantly after surgery.
Conclusions: Our preliminary observations demonstrated the feasibility, safety, and efficacy of this novel sur-
gical procedure in type 2 diabetes. Further long-term data from more patients are necessary to confirm these
findings.

Introduction

Obesity and type 2 diabetes mellitus (T2DM) have
reached epidemic proportions, and the scientific world

is exploring new methods of tackling this diabesity.1 The
Asian population has higher insulin resistance (IR) at the
same body weight than the Western population.2 Surgical
procedures offer the best treatment for obesity along with
beneficial effects on hyperglycemia, hypertension, and dysli-
pidemia.3 Remission of diabetes is reported more in proce-
dures that affect the entero-insular axis than pure restrictive
procedures.4 Recent reports have identified improvement in
glucose homeostasis after bariatric surgery that is indepen-
dent of weight loss.5,6 Reduced incretin effect coupled with IR
contributes significantly towards diabetes in nonobese indi-

viduals. Bariatric surgery in these nonobese patients also of-
fers excellent benefits on control of diabetes and co-morbid
ailments, leading to change in the concept as ‘‘metabolic sur-
gery.’’7

With increasing number of bariatric surgeries performed,
modifications have been explored to minimize the associ-
ated malabsorption and morbidity. Ileal interposition is a
novel procedure that involves shift of an ileal segment
proximally into the jejunum. This procedure coupled with
sleeve gastrectomy results in effective glycemic control.8

This procedure does not involve bypass or diversion of food
from the digestive hormones, thus minimizing the malab-
sorption. We started a prospective observational study to
determine the effects of this novel procedure for treatment
of poorly controlled T2DM in overweight or obese patients.
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We report here the clinical data and postoperative results in
the initial 10 patients.

Patients and Methods

We started a prospective study to evaluate the effects of
ileal interposition with sleeve gastrectomy for treatment of
T2DM in overweight or obese patients in January 2008. The
hospital’s ethical committee approved the study, and all pa-
tients provided written informed consent. Of a total of 12
patients who were operated up to now, we report the pre-
liminary data of first 10 patients. The patients were sub-
divided into two groups based on the duration of follow-up:
Group A with follow-up of more than 10 months (n¼ 5) and
Group B with follow-up of less than 10 months (n¼ 5).

The inclusion criteria were patients having T2DM of 3 years
or more in duration with optimum prescribed therapy with
hemoglobin A1c (HbA1c) >8%, age between 30 and 75 years,
body mass index (BMI) of 25–45 kg=m2, stable weight for the
last 3 months, and post-meal C-peptide level>1.5 ng=mL. The
exclusion criteria were duration of diabetes more than 25 years,
post-meal C-peptide levels <1 ng=mL, pregnancy, chronic
kidney disease (glomerular filtration rate <60 mL=min), coex-
isting severe hepatic=neurological=psychiatric disorder, and
obesity due to nonendocrine illness.

Preoperative evaluation included history of T2DM and
complications, physical examination for suitability of sur-

gery, blood tests, urinalysis, and imaging studies. Fasting
samples were analyzed for glucose, total cholesterol (TC),
high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), triglycerides (TG), serum
creatinine, and plasma insulin. Post-meal samples were ta-
ken for estimatation of C-peptide and plasma glucose. The
morning urine sample was used for estimation of micro-
albuminuria, and glomerular filtration rate was calculated
using the modified Cockgroft-Gault equation. IR was
derived from the homeostasis model assessment (HOMA)
formula (HOMA-IR) using fasting blood glucose and
insulin.

The operation was performed under general anesthesia
with a standard six-port laparoscopic technique. The surgical
procedure involves creation of a 170-cm segment of ileum,
starting at 30 cm proximal to the ileocecal junction. This seg-
ment is interposed into jejunum, which was divided between
20 and 50 cm from the ligament of Treitz. All three anasto-
moses were performed side-by-side with a endo-GIA stapler
(Ethicon Endo-surgery, Cincinnati, OH) with a 45-mm car-
tridge, and the stapler openings were closed by hand with a
3=0 polydioxanone suture in two layers. The sleeve gastrec-
tomy was performed after devascularization of the greater
curvature from the antrum to the fundus area. The lumen of
the stomach was adjusted by a 32–58 French calibrator
(Romsons International, New Delhi, India) that was placed
along the lesser curvature. The endo-GIA stapler with 60-mm

Part of Stomach
removed

Segment of ilium shifted to jejunal area

FIG. 1. Ileal interposition with sleeve gastrectomy.
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cartridges was used for resection. The schematic representa-
tion of the surgery is depicted inF1 c Figure 1.

The primary outcome measure was remission of T2DM,
defined as HbA1c <7% without requiring oral or parenteral
hypoglycemic agents. Secondary outcomes include change in
oral hypoglycemic agent (OHA) requirement, IR, micro-
albuminuria, and components of metabolic syndrome. Post-
operatively the diabetes and hypertension medications were
adjusted as appropriate according to the blood pressure re-
cord and plasma glucose levels. Postoperatively the patients
were kept on a liquid diet for 5–7 days, followed by semisolid
diet for another 7 days, and finally a solid diet, always in small
quantities. The patients were discharged between the sixth
and eighth postoperative day with follow-up visits at 1, 3, 6, 9,
and 12 months, with the intent for follow-up also at 18 and 24
months. All outcome measures were evaluated prospectively
from the first month onward at every visit.

The continuous data were presented as mean with stan-
dard deviation. Student’s t test was used for statistical anal-
ysis, and a significance level of less than 0.05 was considered
significant.

Results

The clinical details and postoperative follow-up ofT1 c the 10
patients are summarized in Tables 1 andT2 c 2. Participants had a
mean age of 48.2� 9 years (range, 34–62 years), duration of
diabetes of 11� 5.7 years (range, 4–25 years), and preopera-
tive BMI of 33.8� 6.5 kg=m2. The mean operative time was
5.4� 1.1 hours, and all patients were discharged after 1 week
of hospitalization with vitamin supplements. They were on
liquid nutritional supplements initially, and semisolid food
was introduced thereafter. Two patients had difficulty in
swallowing rapidly for the initial 2 weeks, which improved
later on in the early postoperative period. However, none of
the patients had any serious complications intraoperatively
and postoperatively in this short follow-up. Routine upper
gastrointestinal endoscopy after 1 month of surgery did not
reveal any abnormality.

Remission of diabetes was seen in all five patients from
group A and in two patients from group B. The remaining
three patients of group B had a significant decrease in OHA
requirement. Two patients were on single-drug therapy for
diabetes, and only one patient (with shortest follow-up of

2 months) was on two-drug therapy. There was significant
improvement in other secondary outcomes measured as well.
Hypertension was seen in all patients preoperatively requir-
ing single-drug therapy. Blood pressure normalized in all
patients postoperatively without using antihypertensive
medication. Participants from both the groups had significant
weight loss ranging from 15% to 30% of excess weight.
However, patients from group A showed a greater percentage
loss of weight than group B patients. The lipid parameters,
including LDL-C, TG, and HDL-C, did not change signifi-
cantly in both groups postoperatively. One patient in group A
was treated with fenofibrate 145 mg daily postoperatively for
high TG. Microalbuminuria was present preoperatively in
eight of 10 patients and showed insignificant improvement
after surgery in both the groups. All patients had evidence of
IR as assessed by HOMA-IR, which decreased significantly
after surgery (8.5� 3.2 vs. 1.8� 0.4, P¼ 0.0091) in group A but
not in group B (10.3� 13.7 vs. 3.3� 1.3, P¼ 0.3176). One pa-
tient from group B had a history of proliferative retinopathy,
treated with photocoagulation, and showed marked im-
provement in retinopathy postoperatively. We did not assess
for autonomic neuropathy routinely in all our patients.

Discussion

Our preliminary report demonstrates the beneficial effects
of this novel procedure in control of T2DM. To the best of our
knowledge, this is the first report from our country about
laparoscopic surgical procedure for control of T2DM. Dia-
betes control was excellent following surgery with complete
remission in seven patients. Remission was observed in all
patients with long duration of follow-up (group A) and in two
out of five patients with short follow-up (group B). There was
significant change in HbA1c in both the groups. Glucagon-
like peptide hormone produced from ileal L cells is the key
hormone in mediating the diabetes improvement and weight
loss after bariatric surgery. DePaula et al.9 have reported 87%
resolution in diabetes with similar surgery in a group of 23
patients followed up for less than a year. Our data showed
remission of diabetes in seven and significant improvement in
the remaining three patients from group B. The lack of re-
mission of diabetes in the remaining three patients could be
due to the short follow-up period and high IR in our patients.
Patients from group B showed significant improvement in

Table 2. Clinical and Biochemical Data Before (Preop) and After (Postop) Surgery

Group A (n¼ 5) Group B (n¼ 5)

Parameter Preop Postop P value Preop Postop P value

Body weight (kg) 81.6� 15.8 61.4� 8 0.0092 101.2� 16.5 83.6� 13.9 0.0227
BMI (kg=m2) 33.1� 5.3 24.6� 3.1 0.0103 34.5� 8.1 27.9� 5.8 0.0071
FBS (mg=dL) 208.4� 48.3 97.8� 8.9 0.0039 196.6� 26.6 134.2� 15.6 0.0108
PLBS (mg=dL) 308.6� 46.9 125� 27.3 0.0002 285.4� 47.3 186.8� 20 0.0058
HbA1c (%) 10.9� 2.9 6.1� 0.5 0.0256 9.2� 0.8 7.3� 0.7 0.0102
HOMA-IR 8.5� 3.2 1.8� 0.4 0.0091 10.3� 13.7 3.3� 1.3 0.3176
TG (mg=dL) 359.6� 434 205.6� 189 0.2392 201� 83.8 130.8� 42.2 0.1495
HDL-C (mg=dL) 43.6� 7.4 41� 7.8 0.2763 37.4� 4.2 37� 5.6 0.8355
LDL-C (mg=dL) 121� 28.3 94.2� 37.2 0.0910 101.8� 24.3 93.4� 17.2 0.3894
Microalbuminuria (mg=L) 190� 271 53� 59.7 0.2303 70� 36.9 24.9� 10.1 0.0835

Data are mean� SD values. Group A had a mean follow-up of 13.6 months (range, 11–16 months), and Group B had a mean follow-up of
4.6 months (range, 2–8 months). FBS, fasting blood sugar; PLBS, plasma blood sugar.
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glycemic profile despite a short follow-up period, indicating
weight loss-independent benefits of the metabolic surgery.

All patients had considerable weight loss ranging between
15% and 30% coupled with remission in hypertension.
Weight loss was seen in both the groups, but the group with
longer follow-up (Group A) had a higher percentage loss of
excess weight than group B patients. Insulin sensitivity im-
proved in group A when compared with group B, suggest-
ing the accrual of benefits with prolonged observation
period after surgery. The observed beneficial effect on hy-
pertension in all the patients is related to weight loss and
improved insulin sensitivity.10 We have not observed any
complications in the form of anastomotic leak, stomal ulcers,
or malabsorption features in any of our patients, although it
is a short follow-up.

The foregut and hindgut theories are proposed to explain
the pathogenesis of resolution of diabetes following bariatric
surgery.11 The surgical technique used in this study is de-
signed essentially for diabetes control and utilizes both these
mechanisms. The first component is sleeve gastrectomy, re-
sulting in restriction of calorie intake and loss of ghrelin.
Ghrelin is a potent orexigenic hormone and contributes sig-
nificantly towards impaired glucose homeostasis.12 The sec-
ond characteristic of this surgery is ileal interposition,
resulting in rapid stimulation of transposed ileal segment by
ingested food leading to augmented glucagon-like peptide
hormone secretion. Glucagon-like peptide hormone is the
incretin hormone responsible for the first phase of insulin
secretion, which is defective in type 2 diabetes.13 Glucagon-
like peptide hormone also influences glucose metabolism by
inhibiting glucagon secretion, delaying gastric emptying, and
stimulating glycogenesis.14

Microalbuminuria is an independent predictor of cardio-
vascular risk in diabetes patients, and the surgery resulted in a
trend towards improvement in microalbuminuria in all par-
ticipants. Our patients did not show significant improvement
in lipid parameters as observed in earlier studies, suggesting a
different metabolic milieu in our population.9 The short
postoperative follow-up period and the small number of pa-
tients are the limitations of our study. Another impor-
tant limiting factor is the technical expertise required for the
laparoscopic ileal interposition, which requires extensive
training.

In conclusion, augmented incretin hormones due to rapid
stimulation of a proximally shifted ileal segment coupled with
a sleeve gastrectomy lead to control of hyperglycemia in
T2DM patients. This surgery appears safe and a potentially
effective option in the management of type 2 diabetes patients
with excess weight. Further long-term data from a larger
number of patients is necessary to define the role of this novel
surgery in type 2 diabetes.
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