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Abstract
Background The objective of this study was to evaluate the mid-term outcomes of the laparoscopic ileal interposition into the
jejunum (JII-SG) or into the duodenum (DII-SG) associated with sleeve gastrectomy for type 2 diabetes mellitus (T2DM)
patients with BMI below 35.
Methods The procedures were performed on 202 consecutive patients. Mean age was 52.2±7.5. Mean duration of T2DM
was 9.8±5.2 years. Insulin therapy was used by 41.1%. Dyslipidemia was observed in 78.2%, hypertension in 67.3%,
nephropathy in 49.5%, retinopathy in 31.2%, coronary heart disease in 11.9%, and other cardiovascular events in 12.9%.
Results Mean follow-up was 39.1 months (range, 25–61). Early and late mortality was 0.99% and 1.0%, respectively. Early
reoperation was performed in 2.5%. Early and late major complications were 8.4% and 3.5%. Early most frequent
complications were pneumonia and ileus. Intestinal obstruction was diagnosed in 1.5%. Mean BMI decreased from 29.7
to 23.5 kg/m2, mean fasting glucose from 202.1 to 112.2 mg/dl, and mean postprandial glucose from 263.3 to 130 mg/dl.
Triglycerides diminished from a mean of 273.4 to 110.3 mg/dl and cholesterol from a mean of 204.7 to 160.1 mg/dl.
Hypertension was resolved in 87.5%. Mean hemoglobin A1c (HbA1c) decreased from 8.7 to 6.2% after the JII-SG and to
5.9% following the DII-SG. HbA1c below 7% was seen in 89.9% of the patients and below 6.5% in 78.3%. Overall, 86.4% of
patients were off antidiabetic medications.
Conclusion Both JII-SG and DII-SG demonstrated to be safe, effective, and long-lasting alternatives for the treatment of
T2DM patients with BMI <35. Beyond glycemic control, other benefits were achieved.

Keywords Type 2 diabetes . Ileal interposition . Sleeve
gastrectomy .Metabolic surgery . Surgical treatment of
diabetes

Introduction

Type 2 diabetes mellitus (T2DM) and obesity are pre-
dicted to be two of the greatest public health problems
of the coming decades globally.1 Most people with
diabetes will die or be disabled as a consequence of
vascular complications.2

The high cardiovascular (CV) risk that diabetes induces
is probably better addressed by approaching not only hyper-
glycemia but also the usual coexisting risk factors.3 A
strategy of intensive glucose control to lower the hemoglo-
bin A1c (HbA1c) value to 6.5% yielded a 10% relative
reduction in major macrovascular and microvascular
events.4 In another study,5 an intensive glucose control in
patients with poorly controlled T2DM had no significant
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effect on the rates of major CV events, deaths, or microvas-
cular complications. In the ACCORD study, high-risk
T2DM patients submitted to intensive therapy to lower
HbA1c had an increased mortality and no significantly re-
duced major CV events, as compared with standard
therapy.6

Surgical procedures that induce weight loss lead to the
remission of T2DM in the majority of morbidly obese
patients.7 The possibility that gastrointestinal surgeries
may lead to improvement in glucose homeostasis through
mechanisms beyond reduced food intake and weight loss
have been extensively explored.8 A recent review of avail-
able data in humans concluded that, while caloric restriction
or Roux-en-Y gastric bypass (RYGB) leads to gains in
insulin sensitivity that is proportionate to the weight loss,
biliopancreatic diversion is consistently associated with
complete reversal of insulin resistance, occurring before
significant weight loss and disproportionate to the weight
lost.9

Recently, we demonstrated the effects of laparoscopic
ileal interposition into the jejunum (JII-SG) and into the
duodenum (DII-SG) associated with a sleeve gastrectomy
on the different components of the metabolic syndrome for a
population of T2DM patients with body mass index (BMI)
lower than 35.10 Although the cellular mechanisms under-
lying the surgery-induced increase in insulin sensitivity and
ß cell function remain speculative, the operation intends to
primarily target the pathophysiology of the underlying dis-
ease. The first characteristic of the operation is to provide an
early contact of ingested nutrients to the interposed distal
ileum resulting in an early and significant rise of glucagon-
like peptide 1. This corrects the defective early (first-phase)
insulin secretion. The second characteristic is the correction
of the defective amplification of the late-phase plasma insu-
lin response to glucose by glucose-dependent insulinotropic
polypeptide (GIP). Both characteristics were addressed in a
recent publication of the hormonal changes before and after
ileal interposition with sleeve gastrectomy.11 The third char-
acteristic is the amelioration of insulin resistance. Flatt12

suggested that the most attractive hypotheses for rapid im-
provement of insulin sensitivity and associated pancreatic
beta-cell function are related to surgical ablation of GIP-
secreting intestinal K-cells. Another possibility could be
related to short-circuiting the enterohepatic bile acid recy-
cling through an early reabsorption of primary bile acids.13

The fourth and fifth characteristics of this operation are
related to the resection of part of the stomach in order to
provide long-lasting control of obesity, to decrease caloric
intake, to accelerate gastric emptying, and to decrease the
circulating levels of ghrelin. Based on the above pathophys-
iology, we assumed the possibility that the DII-SG would
give better results in relation to JII-SG as it addresses more
aspects of the pathophysiology of the disease. Rubino et

al.14 demonstrated that the exclusion of the duodenum pro-
moted improvement in glycemic control based on the fore-
gut theory. The JII-SG encompassed the hindgut theory,
while the DII-SG combined both the hindgut and foregut
hypotheses. An evidence of the better performance of the
DII-SG was provided by a recent publication of diabetic
patients with BMI below 30 submitted to the DII-SG. Nearly
95% of the patients achieved an adequate glycemic control
(HbA1c<7%) without antidiabetic medication.15 Moreover,
after a prospective randomized controlled study comparing
the two versions, it was observed that the DII-SG patients had
a better performance compared to the JII-SG at 2 years.16

The primary goal of this study was to evaluate mid-term
outcomes of the laparoscopic ileal interposition into the
jejunum or into the duodenum associated with sleeve gas-
trectomy for T2DM patients with BMI below 35.

Methods

This was a retrospective review of our existing diabetic
database. According to the current protocol, we identified
a total of 202 consecutive diabetic patients with BMI below
35 that were operated from April 2005 to early February
2008. All patients met the criteria of a minimum of 2 years
of follow-up to participate in this study and the intermediate
outcomes (2–5 years) were analyzed. There was no intention
to compare the two versions of ileal interposition associated
to sleeve gastrectomy. Both operations were conducted si-
multaneously. Although we recognized that the clinical pre-
sentation and phenotype of patients were not adequate
indicators of diabetic severity, patients with longer duration
of diabetes, with symptoms and findings suggestive of gas-
troparesis, low C-peptide levels (<1.5 nmol/l), and high
glycemic and HbA1c levels were submitted to the DII-SG.
However, the groups were quite comparable regarding age,
gender, weight, and BMI. The inclusion criteria included
patients who had T2DM for at least 3 years. Associated
criteria included documentation of HbA1c>7.5% for at least
3 months, stable weight [defined as no significant change
(>3%) over the 3 months prior to enrollment], and evidence
of stable treatment with oral hypoglycemic therapy and or
insulin for at least 12 months. Patients were diagnosed
according to the American Diabetes Association (ADA)
criteria.17 The exclusions involved C-peptide levels below
0.5 nmol/l, positive anti-glutamic acid decarboxylase test,
elderly patients (>75 years), previous major upper abdomi-
nal surgery, pregnancy, patients with malignant or debilitat-
ing diseases, severe pulmonary or cardiac diseases, severe
renal disease (glomerular filtration rate below 30 ml/min),
taking appetite suppressant medication, eating disorder such
as bulimia or binge eating, and obesity due to any other
endocrine disorder. Definition of remission of T2DM
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followed the most recent consensus statement of ADA,
although it expressed authors’ opinions and not an official
position of ADA.18 Complete remission was defined as a
return to “normal” measures of glucose metabolism, HA1c
below 6, fasting glucose (FPG)<100 mg/dl, for at least
1 year, with no active pharmacologic therapy. Prolonged
remission was defined as complete remission for at least
5 years duration and finally, partial remission, as HA1c<
6.5%, FPG 100–125 mg/dl for at least 1 year, in the absence
of active pharmacologic therapy.

Demographic data, status of diabetes and comorbidities,
duration of disease, and medication usage were determined
by interview and specific tests. Weight and height were
measured and used to calculate BMI. Associated diseases
or complications of T2DM were diagnosed in all patients.
Dyslipidemia was diagnosed in 78.2% of patients, arterial
hypertension in 67.3%, nephropathy (urinary excretion of
albumin >30 mcg/min and/or creatinine clearance <80 ml/
min) was characterized in 49.5%, retinopathy in 31.2%,
neuropathy in 28.2%, gastroesophageal reflux disease
(GERD) in 44.6%, urinary lithiasis in 12.4%, coronary heart
disease in 11.9%, and other cardiovascular events were
documented in 12.9%.

Biochemical markers of T2DM were obtained and in-
cluded FPG, postprandial plasma glucose (PPG), and
HbA1c. Lipid profile was also evaluated.

Technique

Two versions were performed: a segment of ileum inter-
posed up to the jejunum associated with a sleeve gastrecto-
my or a segment of ileum interposed up to the duodenum
associated with a sleeve gastrectomy, diverting the duode-
num. The detailed technique19 is described in Fig. 1.

Postoperatively, all patients were monitored four times
daily through capillary plasma glucose and were under
insulin therapy according to a sliding scale for 1 month.
An appropriate and restricted diet was suggested.

Outcome Measures

After 1 month, all antidiabetic medications were discontin-
ued. If necessary, oral hypoglycemic agents were used.
Metformin was the first choice. Adjustments were made
according to glucose levels. The goal was to have patients
with HbA1c below 6.5% without medications. Outcome
measures were collected prospectively. Major CV events
included myocardial infarction, stroke, death from CV
causes, congestive heart failure, arrhythmia, CV surgery,
or intervention.

Patient and laboratory evaluations were scheduled every
3 months during the first year after surgery, every 6 months
during the second year, and yearly thereafter. The Ethics
Committee of the Hospital approved the study, and all sub-
jects gave written informed consent.

Statistical Analysis

The significance level adopted was 5%. The results were
expressed in mean, frequency, percentage, minimum, max-
imum, and standard deviation. The one-way ANOVA for
repeated measures was used to verify variations of BMI
twice. Logistic regression models were fitted to estimate
predictors of success. Stepwise forward selection was used
for the regression modeling.

Results

Subject characteristics are presented in Table 1. Overall
mean age was 52.2±7.5 years. In the JII-SG group, the
mean age was 53±7.4 and was 50.9±7.2 for the DII-SG
patients (p00.09). The mean percentage of males was
70.8%, with no difference between the JII-SG and DII-SG
groups (p00.98). Duration of diabetes was greater for the
DII-SG group of patients, with a mean of 10.1±4.3 years. In
the JII-SG group, patients had diabetes for a mean of 9.1±
5.4 years (p00.14). Insulin was used by 46.8% of the
patients in the DII-SG group and by 36.6% in the JII-SG
(p00.17).

All the procedures were performed laparoscopically. The
ileum was interposed into the jejunum in 125 patients and
into the duodenum in 77. Of the 202 patients, 96 (47.5%)
underwent an associated procedure, including 21(10.4%)
cholecystectomies with cholangiography, 43 (21.3%) adhe-
siolysis, 17 (8.4%) hiatal hernia repair, 20 (9.9%) liver

Fig. 1 Technique. Ileal interposition into the jejunum (JII-SG) or into
the duodenum (DII-SG) associated with sleeve gastrectomy
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biopsy, and 1 (0.5%) enterectomy due to Meckel’s
diverticulum.

Early and late mortality and major morbidity are listed in
Table 2. Early mortality was 0.99%. These two patients un-
derwent the JII-SG. There was one dehiscence from a Meck-
el’s diverticulectomy. This patient was reoperated but died
from abdominal sepsis. The other death was related to an
acute renal failure. This patient was discharged from the
hospital after 4 days and was readmitted with nausea and
severe dehydration 7 days later. Thirty-day major complica-
tions were diagnosed in 7.2% of the JII-SG patients and in
10.4% of the DII-SG (p00.44). Late mortality (>30 days<
5 years) was 1.0%. One late death occurred in the JII-SG
group and the other one in the DII-SG. One death was related
to intestinal obstruction and the other to a Guillian–Barrè
syndrome in a patient with advanced renal disease. Both early
and late mortalities were clearly related to underlying associ-
ated diseases, especially renal disease. Late complications
were slightly more frequent following the DII-SG (p00.06).
Late adverse events included: GERD-related symptoms that
required medication in 57/28.8%, food intolerance in 9/4.5%,
urinary tract infection in 8/4%, diarrhea in 6/3%, gallstone in
24/12.1%, herpes zoster in 1/0.5%, alcoholic cirrhosis in 1/
0.5%, urinary lithiasis in 10/5.1%, and seizures in 1/0.5%.

Late in the follow-up period, a variety of procedures were
performed for different causes, including nephrectomy (ade-
nocarcinoma) in one, prostatectomy in one, cholecystectomy
in nine, appendectomy in one, pulmonary lobectomy (breast
cancer) in one, scalp reconstruction in one, and inguinal hernia
repair in one.

Mean follow-up was 39.1 months, range 25 to 61. There
was a similar follow-up for both groups, with 39±
9.4 months for the JII-SG and 40±8.4 for the DII-SG (p0
0.14). The mean BMI decreased from 29.7±3.5 kg/m2 pre-
operatively to 23.5±3.1 kg/m2 (p<0.0001) postoperatively.
The difference was not statistically significant between the
two procedures (p00.19). The mean BMI decreased from
30.3±3.6 kg/m2 preoperatively to 23.6±3.2 kg/m2 after the
JII-SG (p<0.001) and from 29.6±3.3 to 23.3±2.6 kg/m2

after the II-DSG (p<0.001). The mean percentage of weight
loss was 22.5% of the initial weight. Five patients (2.5%)
were underweight (BMI<18.5 kg/m2), 137 (69.2%) had
BMI 18.5–25 kg/m2, and 56 (28.3%) had BMI above
25 kg/m2. The weight loss relative to baseline BMI is
demonstrated in Fig. 2.

Hemoglobin A1c below 7% was seen in 89.9% of the
patients, below 6.5% in 78.3%, and below 6.0% in 60.1%
without antidiabetic medication. Overall, the mean HbA1c

decreased from 8.7±1.7% to 6.1±1.1% (p<0.0001). The
HbA1c distribution throughout the follow-up period, with
respect to patients having normal weight, overweight, and
obesity (BMI >30 and <35) and also in relation to the type
of operation is illustrated in Fig. 3. After DII-SG, the HbA1c

decreased by an average of 2.8% (p<0.001) and by 2.4%
after the JII-SG (p<0.001). The difference was statistically
significant between the two versions (p00.001). Mean FPG
decreased from 202.1±67.6 to 112.2±30 mg/dl (p<0.0001).
The difference was not statistically significant between the
two operations (p00.23). Mean postprandial plasma glu-
cose dropped from 263.3±101.5 to 130±45.7 mg/dl (p<
0.0001), with a decrease from 293.5±110.5 to 120.9±
42.2 mg/dL (p<0.01) after the II-DSG and from 237.8±86.8
to 136.2±47.1 mg/dL (p<0.01) after the JII-SG, Fig. 3. The
difference was statistically significant between the two oper-
ations (p00.04).

A detailed evaluation of diabetes control and its
correlation with preoperative body weight is demonstrat-
ed in Table 3. Overall, 86.4% of patients permanently
discontinued their preoperative oral hypoglycemic agents
and/or insulin. Oral agents were still required in 24
patients (12.1%), with 21 of them using only one med-
ication. Insulin therapy was required in a lower dosage
in three patients (1.5%). Preoperatively, the mean daily
requirement of insulin was 48.9 units. Postoperatively,
this requirement decreased to a mean of 15 units. No
patient required more antidiabetic medication in relation
to preoperative status. Using logistic regression analysis,

Table 1 Demographic and clinical data

Normal weight Overweight Obese Total

Patients (n) 18 77 107 202

BMI (kg/m2)

Mean 23.9±1.0 27.6±1.3 32.8±1.6 29.7±3.5

Range 21.5–24.9 25.1–29.8 30.1–34.9 21.5–34.9

Age (years)

Mean 54.3±7.0 53.4±6.9 51±7.7 52.2±7.5

Range 40–72 40–67 29–71 29–72

Gender

Male 72.2% 75.3% 67.3% 70.8%

Female 27.8% 24.7% 32.7% 29.2%

Follow-up (months)

Mean 41±8 39±9 39±9 39±9

Range 26–54 26–57 25–61 25–61

T2DM duration (years)

Mean 11.7±3.8 9.3±5.0 9.4±5.2 9.8±5.2

Range 4–20 3–20 3–25 3–25

Treatment

OHA 66.7% 61.0% 56.1% 58.9%

Insulin and
OHA

27.8% 28.6% 37.4% 33.2%

Insulin only 5.6% 10.4% 6.5% 7.9%

BMI body mass index, T2DM type 2 diabetes mellitus, OHA oral
hypoglycemic agent
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different preoperative variables could not predict suc-
cess, defined as HbA1c below 6.5%, Table 4.

Figure 4 demonstrates lipid profile, hypertension resolu-
tion, and pre- and postoperative micro- and macroalbuminuria.
Preoperatively, abnormal levels of low-density lipoprotein

(LDL) were seen in 55.2% of patients. A LDL<100 mg/dL,
without medication, was achieved by 65.1% of patients. The
LDL decreased from amean of 107.3±37.4 to 90±25.6mg/dL
(p<0.0001). Postoperatively, normal cholesterol levels
(<200 mg/dL) were observed in 93.6%. The mean total

Table 2 Early and late mortality
and major complications

p Fisher’s exact test comparing
the procedures
aEarly (30-day) reoperation
bLate reoperation

JII-SG, n0125 DII-SG, n077 Total, n0202 p

Patients % Patients % Patients %

Early morbidity (30-day)

Pneumonia 2 1.6 2 2.6 4 2.0 0.65

Ileus 1 0.8 3 3.9 4 2.0 0.13

Gastrointestinal bleeding 1 0.8 1 1.3 2 1.0 0.75

Acute renal failure 1 0.8 – – 1 0.5 0.42

Myocardial infarction 1 0.8 – – 1 0.5 0.42

Cardiac arrhythmia 1 0.8 – – 1 0.5 0.42

Urinary tract infection – – 1 1.3 1 0.5 0.21

Intra abdominal abscessa 1 0.8 – – 1 0.5 0.42

Gastric leaka 1 0.8 1 1.3 2 1.0 0.75

Early mortality (30-day)

Acute renal failure 1 0.8 – – 1 0.5 0.42

Meckel's diverticulectomy dehiscence 1 0.8 – – 1 0.5 0.42

Late morbidity

Ileus – – 1 1.3 1 0.5 0.21

Vomiting – – 1 1.3 1 0.5 0.21

Abdominal wall infection – – 1 1.3 1 0.5 0.21

Intra abdominal bleeding 1 0.8 – – 1 0.5 0.42

Intestinal obstructionb – – 2 2.5 2 1.0 0.07

Gastric tube strictureb 1 0.8 – – 1 0.5 0.42

Late mortality

Guillain–Barrè – – 1 1.3 1 0.5 0.21

Intestinal obstruction 1 0.8 – – 1 0.5 0.42

Fig. 2 BMI and weight loss
evaluation pre- and postopera-
tively. BMI body mass index,
NW normal weight, OW over-
weight, OB obese. a Mean pre-
and postoperative BMI accord-
ing to initial BMI. b Mean
weight loss according to initial
BMI. p 0 Student’s t test be-
tween the pre- and postopera-
tive period
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cholesterol decreased from 204.7±53.2 to 160.1±28.3 mg/dL
(p<0.0001). Triglycerides decreased from a mean of 273.4±
222.2 to 110.3±66.1 mg/dL (p<0.0001). The triglycerides
were lower than 150 mg/dL in 81.8% of patients. High-
density lipoprotein (HDL) increased from a mean of 45.5±

19.9 to 49.4±13.4 mg/dL (p<0.0001). Preoperatively, all
patients with arterial hypertension were using medication
(mean, 1.9±1.2). Postoperatively, the blood pressure had nor-
malized (≤130/≤85 mmHg), without medication, in 87.5% of
the patients. Overall, CV disease was identified in 50 (24.8%)
patients. Postoperatively, six major adverse CV events were
diagnosed in five (2.5%) patients. An early myocardial

Fig. 3 Pre- and postoperative glycemic evaluation. HbA1c glycated
hemoglobin, NW normal weight, OW overweight, OB obese. a Overall
pre- and postoperative HbA1c evaluation. b Pre- and postoperative
HbA1c according to the type of operation. c Pre- and postoperative
HbA1c according to the initial BMI. d Pre- and postoperative HbA1c

during the follow-up period. e Pre- and postoperative fasting plasma
glucose according to the type of operation. f Pre- and postoperative
postprandial glucose according to the type of operation. *p 0 Student’s
t test between the pre- and postoperative period

Table 3 HbA1c and T2DM control without medication in 198 patients

Normal weight,
n018 (%)

Overweight,
n075 (%)

Obese,
n0105 (%)

Total (%)

HbA1c (%)

<7.0 88.9 90.7 89.5 89.9

<6.5 66.7 76.0 83.0 78.3

<6.0 61.1 58.7 61.0 60.1

FPG (mg/dL)

<126 50.0 74.7 81.0 75.7

<100 27.8 44.0 57.1 49.5

PPG (mg/dL)

<200 72.2 98.7 97.1 95.5

<140 38.9 78.7 80.0 75.8

HbA1c glycated hemoglobin, FPG fasting plasma glucose, PPG post-
prandial glucose

Table 4 Logistic regression analysis

Preoperative
variables

p value Odds ratio (OR) Confidence interval
of 95% for OR

Male gender 0.3463 1.82 (0.52; 6.28)

Age 0.2064 0.95 (0.87; 1.03)

Body mass index 0.7614 1.03 (0.86; 1.23)

T2DM duration 0.5239 0.96 (0.84; 1.09)

Fasting glucose 0.8272 1.00 (0.99; 1.01)

Postprandial glucose 0.4988 1.00 (0.99; 1)

Total cholesterol 0.6934 1.00 (0.99; 1.02)

HDL cholesterol 0.0766 0.94 (0.89; 1.01)

LDL cholesterol 0.7139 1.00 (0.99; 1.02)

Triglycerides 0.5901 1.00 (1; 1.01)
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infarction and then angina was observed in one/0.5% patient,
angina in two/1.5%, stroke in one/0.5%, and pericardial effu-
sion in one/0.5%. Two of these patients with postoperative CV
events had a documented preoperative episode. CV interven-
tions were performed in three/1.5% patients (coronary angio-
plasty in one, coronary revascularization in one, and coronary
stent in one). Themeanmicroalbuminuria decreased from 99.7
±193.2 to 37.5±91.5 μg/min after the operations (p<0.001).
Microalbuminuria was diagnosed in 82 (40.6%) patients in the
preoperative period. Resolution was achieved in 71.1%. Mac-
roalbuminuria was documented in 14 patients. Postoperatively,
42.9% normalized, 28.6% had microalbuminuria, and 28.6%
still had macroalbuminuria. All patients with GFR of 60–
89 ml/min had normalized filtration rate (>90 ml/min) in the
postoperative period.

Discussion

In this report of 2 to 5 years follow-up of 202 consecutive
type 2 diabetic patients with BMI<35 submitted to laparo-
scopic ileal interposition associated with a sleeve

gastrectomy, we showed that 89.9% had HbA1c below 7%
without antidiabetic medication, 78.3% of patients had
HbA1c below 6.5%, and 60.1% below 6%. The achieve-
ments of the Steno-220 study with optimal medical therapy
in a very similar patient population resulted in only 17%
incidence of patients with HbA1c below 6.5%.

In the present study, sustainability of effect was evident.
Similar numbers of HbA1c control were seen at a 7-month
follow-up study using these same techniques,21 and repeated in
a prospective randomized controlled study at a mean of 2 years
follow-up.16. This last study demonstrated that although the
difference between the two operations was not statistically
significant, the DII-SG provided a greater decrease in the
HbA1c level compared to the JII-SG. Due to the findings of
this prospective randomized controlled trial, the duodenal ver-
sion was utilized in more severely diabetic patients in the
present study, and again, the DII-SG had a better performance
in decreasing HbA1c and controlling postprandial glucose. The
anatomical similarity of the DII-SG with the duodenal switch
(DS) operation is evident. The DS has the highest rate of
resolution of diabetes in morbidly obese patients; however,
its long intestinal bypass results in harmful nutritional

Fig. 4 Resolution of major associated comorbidities. a Mean pre- and
postoperative total cholesterol. b Mean pre- and postoperative trigly-
cerides. c Mean pre- and postoperative HDL cholesterol. d Mean pre-

and postoperative LDL cholesterol. e Pre- and postoperative incidence
of major associated comorbidities. *p 0 Student’s t test between the
pre- and postoperative period
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complications that are avoided by the ileal interposition. So,
the possible advantage of the DII-SG in relation to the DS is
due to the shorter bypass (only the duodenum and the first
50 cm of the jejunum) that maintains almost the same preop-
erative intestinal length while stimulating the ileal hormonal
secretion as much as the DS. As observed in this study, patients
did not have problems of protein malnutrition, fat and vitamins
malabsorption as typically seen with the DS operation.

In this study, 86.4% of patients were off antidiabetic
medication. Hari Kumar et al.22 reported a series of ten
patients with BMI<35 submitted to the laparoscopic sleeve
gastrectomy associated to ileal interposition with a 70%
remission rate of T2DM at a 9-month follow-up. Tinoco et
al.23 in a mid-term outcome of 30 patients, described an
80% remission rate, and Goel et al.24 demonstrated that after
6 months of operation, 100% of the patients with BMI<35
submitted to JII-SG had HbA1c below 7%.

In the present series, patients were categorized as a “real
world” typical clinical population of moderate to severe
T2DM as judged by disease duration and on-treatment val-
ues of HbA1c and glucose levels. Early on, we decided to
approach T2DM according to the current pathophysiologic
knowledge of the disease.

Although the percentage of weight loss is a predictor of
remission of diabetes in morbidly obese diabetic patients,25

glucose control was not related to the amount of weight loss
in this subset of patients. In this study, mean BMI decreased
from 29.7 to 23.5 kg/m2. The operations induced progres-
sively greater weight loss across the normal weight, over-
weight, and obesity (BMI >30 and <35) groups. It is
suggested that patients with T2DM possess adverse CV
disease risk factors and have a significant burden of macro-
vascular disease irrespective of their baseline body weight.26

As indicated by the INTERHEART study, central obesity
was a more powerful predictor of CV disease than BMI.27

The concomitant and significant impact on the other com-
ponents of CV risk was also a relevant finding in this study.
Hypertension control was achieved in 87.5% of patients with-
out medication. The benefits of lowering blood pressure have
been demonstrated by randomized trials.28 In the present
study, the resolution rate of hypercholesterolemia and hyper-
triglyceridemia was 93.6% and 81.8%, respectively. Lipid
management aimed at lowering LDL cholesterol, raising
HDL cholesterol, and lowering triglycerides reduced macro-
vascular disease and mortality in patients with T2DM, partic-
ularly in those who had experienced prior CVD events,29 a
condition present in 12.9% of the patients in this study.

Our findings demonstrated that the operations could be
performed in relative safety. Of the two deaths (0.99%) in
the first 30 days after the operation, one was clearly related
to the concomitant baseline nephropathy. Of the two late
deaths (0.99%), one was related to neurological disease and
associated nephropathy. All types of surgeries involve the

risk of associated mortality and morbidity, especially in a
group of diabetic patients with clinical characteristics such
as those presented in this study. Early mortality and mor-
bidity were dealt with in a publication of 454 patients with
these techniques.30 During 1988–2000, the annual all-cause
mortality rates among T2DM patients were 25.2 per 1,000
person-years compared with 9.5 per 1,000 person-years in
those without diabetes in the US population age 35 to
74 years. CV disease mortality in this diabetic population
was 11.1 per 1,000 person-years compared to 3.4 per 1,000
person-years in those without diabetes.31

Overall, early 30-day morbidity was 8.4%. The 0.99% leak
rate reported in this study is low. A recent position statement on
sleeve gastrectomy from the American Society for Metabolic
andBariatric Surgery declared a mean leak rate of 2.2%.32 Late
complications were observed in 3.5% of the patients. The
observed 1.5% incidence of bowel obstruction resembles that
seen with laparoscopic RYGB for morbid obesity, which
ranges from 1.5% to 11%.33 Gallstone formation was observed
in 12.1% and is a very common finding after weight loss.34

Any comparison between procedures must take into account
the patient population, the procedural complexity, associated
diseases, andmost importantly, the resolution of diabetes and its
comorbidities. In a recent mid-term outcome report of the ileal
interposition associated with a sleeve gastrectomy performed
for regular bariatric patients, the long-termmorbidity was 5.9%,
with no mortality.35 The use of laparoscopic sleeve gastrectomy
(SG) as a sole bariatric procedure has been progressively ac-
cepted. Recent reports have shown that sleeve gastrectomy
gives similar results in controlling diabetes36 and cardiovascular
risk factors37 in an obese population when compared to RYGB.

Malnutrition was not observed. Albumin levels were rou-
tinely measured and were always normal. The increased levels
of GLP-2 leading to intestinal growth and improvement of
nutrient absorption may eventually explain the absence of
malnutrition in this series.38 Although a specific measure of
quality of life after the operations was not used, the majority of
patients reported only mild complaints during the follow-up
period and a significant improvement in their daily routine.
The most frequent postoperative symptoms were food intol-
erance and heartburn. Postoperative reflux symptoms were
observed in a significant group of patients. A recent report
demonstrated that SG produced a significant decrease in lower
esophageal sphincter pressure and that the partial resection of
the sling fibers during the SG could be related to the increased
rates of postoperative GERD.39

We cannot determine whether the favorable survival ef-
fect of this operation is related to glucose control or due to
any other beneficial effect. We speculate that beyond glyce-
mic control, this type of surgery may eventually impact all-
cause mortality as it statistically improves the usual risk
variables, like cholesterol, triglycerides, weight, microalbu-
minuria, and hypertension. It also provided an early and

974 J Gastrointest Surg (2012) 16:967–976



long-lasting control of postprandial glycemia. A relationship
between mortality and postprandial glucose is known and is
independent of the fasting glucose levels.40 It has also been
suggested that postprandial plasma glucose, and not fasting
plasma glucose, is associated with cardiovascular disease.41

The sustained effect of the operation could be related to a
number of factors, and one of them could be addressing the
current pathophysiologic mechanisms of T2DM. The pri-
mary objective of this study was not to evaluate the mech-
anisms by which the surgery influences glucose metabolism,
but we speculate that they are probably different from those
of other antidiabetic treatments. In a recent publication, we
found that the operation induced changes in T2DM by
mechanisms independent of weight loss, principally involv-
ing restoration of insulin sensitivity and improvement of ß
cell function.42 Surprisingly, we could not identify preoper-
ative clinical predictors of success.

The results of this study suggest to the clinician that surgery
may be an alternative treatment for diabetic patients at lower
BMIs. More objective criteria of disease severity are certainly
necessary as this study has also confirmed the superiority of
the DII-SG for diabetic patients with greater severity of dis-
ease. The good results related to the use of the JII-SG for those
with less advanced disease were also confirmed.

In conclusion, after a follow-up of 2 to 5 years, the ileal
interposition associated with sleeve gastrectomy has been
shown to be a safe, effective, and long-lasting alternative for
the treatment of T2DM patients with BMI<35. Hemoglobin
A1c below 7.0% without antidiabetic medications was seen
in nearly 90% of the patients, and below 6.5% in 78.5%. It
was also observed that besides glycemic control, other ben-
efits were achieved. Future studies should address predictive
factors of success and more specific selection criteria.
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