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Abstract
Background: Laparoscopic mini-gastric bypass (MGB) is gaining popularity because of favorable weight loss, co-morbidity resolution, simplicity and exit strategies.
We evaluated the efficacy of the MGB in %EWL and resolution of type 2 diabetes (T2D) in different age-groups who had different durations of T2D. The successful
end-result was set at HbA1c <6.5.
Methods: The study is a retrospective analysis of prospectively-collected data on 189 T2D patients who had undergone MGB from Jan 2007 to Dec 2014. Mean
pre-operative age was 50.4 years (27-75 years). Mean duration of T2D was 12.75 years (6 months - 25 years). Mean pre-operative HbA1c was 10. 4% (6.9%-13.9%),
with mean C-peptide 6.65 (0.24-13.05).
Results: Mean EWL was >90%. For the same length of bypass, the rate of %EWL was greater in the younger age group (27-40 years). T2D resolved in 95.1% of
the patients (complete cessation of medication for T2D), with a significant improvement in the remainder. Although in a few patients with IDDM the requirement
for exogenous insulin persisted, the dose of insulin was significantly reduced. Those who had shorter duration of T2D (6 months to 5 years) showed faster remission.
Conclusions: MGB was effective in both %EWL and improvement in glycemic control, thus leading to clinical resolution or improvement in T2D and its related
complications. Nutritional deficiencies and gastroesophagealreflux were easily avoidable with proper technique. The simplicity, results and exit strategies make MGB
a superior bariatric and metabolic procedure.

Introduction
The increased global incidence of obesity and type 2 diabetes (T2D)
have become two crucial health issues in developing and developed
countries [1]. Increased body fat has been linked to numerous comorbidities, such as dyslipidemia, cardiovascular disease, and T2D [2].
Lifestyle and environmental changes have led to an increased incidence
of both obesity and diabetes [3]. Over the past two decades, the number
of individuals with T2D has increased rapidly worldwide [4,5], and
the term “diabesity” has been used to illustrate the close relationship
between obesity and diabetes [6,7], and the vast majority of T2D
individuals are obese [8,9]. Genetic susceptibility and obesity are the
two most important risk factors for T2D [10].
Although lifestyle modifications and medical treatment is the
mainstay for obesity and T2D, the last decade has proven that weight
loss surgery is an effective solution, especially for morbidly obese T2D
patients [11,12].
It is generally accepted that bypass operations have more powerful
effects on T2D than gastric restrictive operations. Both Roux-en-Y
gastric bypass (RYGB) and Mini-Gastric Bypass (MGB) act on the
principle of restriction and malabsorption, but MGB is simpler with
better outcomes, proven in a number of published comparative studies
[13-15].

Materials and methods
The present study was conducted in a single center - Jammu
Hospital, Jalandhar, India, with the data collected prospectively and
analyzed retrospectively. The study group consisted of all patients
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with T2D who underwent MGB from January 2007 to December 2014
and had at least 6 months of follow-up. An informed consent was
obtained from all the patients. T2D patients with a BMI of ≥ 30 kg/
m2 were offered MGB after failure of conservative treatment, following
complete evaluation by a multi-disciplinary team.

Surgical technique
The MGB is a mildly restrictive but importantly a malabsorptive
operation, started in 1997 by Robert Rutledge [16]. MGB was performed
using a 5-trocar technique, with the first stapler firing perpendicular to
the lesser curvature distal to the crow’s foot, using a 45-mm green or
gold cartridge. This was followed by vertical gastric division continuing
proximally to the left of the angle of His (which was explicitly not
dissected). Thus, a long gastric tube was created loosely against a 38Fr bougie. The excluded part of the stomach remained in situ (Figure
1). Next, the jejunum was measured 200 cm distal to the ligament of
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at every patient visit or through follow-up calls, and entered in the
computer database.
Diabetes Control measured as:

1) Change in Laboratory Outcomes: Blood glucose levels
and HbA1c. HbA1c is a measure of the degree to which erythrocyte
hemoglobin is glycosylated, expressed as percentage of total
hemoglobin concentration. HbA1c provides an indication of average
blood glucose ratio during the preceding 2-3 months. Normal values
(5-6%) indicate very good glycemic control, 7-8% good glycemic
control, 8-9% fair glycemic control, and >9% poor glycemic control.
HbA1C was measured at 3-month intervals; for patients who could not
come to the hospital, data was collected through phone or email via
family physician.
2) Change In Anti-diabetic Medication: The frequency and
daily dose of anti-diabetic medicines varies with the severity of T2D,
so it was used as an indicator for T2D status. The number of agents,
strength and frequency of dose were used to assess improvement and
remission of T2D (oral agents and insulin).
Figure 1. MGB: a lesser curvature channel, is constructed beginning distal to crow’s
foot. This gastric channel is anastomosed to jejunum 200 cm distal to Treitz ligament,
varied as indicated.

3) Improvement In Diabetes-Related Co-Morbidities: After
MGB, patients were clinically assessed for T2D improvement, including
diabetic retinopathy, neuropathy and nephropathy.

Treitz, where an antecolic wide gastrojejunostomy (GJ) was performed
using a 45-mm or 60-mm blue cartridge. The GJ anastomosis may be
placed more proximally or distally, depending on the need for weight
loss [17]. A long gastric channel and a limited length bypass avoided
complications [14].

Data collection

4) Impact On Nutritional Status: Because MGB is a bypass,
careful monitoring of nutritional status by a team of nutritionists
was important. Patients with longer bypass lengths had some
nutritional concerns like hair loss, gallstone formation, anemia,
vitamin-D deficiency, bone loss, and importantly protein deficiency –
hypoalbuminemia[14].

The data consisted of 229 T2D patients, of whom 54. 6% (125)
were female and 55. 4% (104) were male. Mean age was 51 (27 to 75)
years, and mean BMI was 50 kg/m2 (30 to 70). The patients were further
categorized as (insulin-dependent) IDDM and NIDDM. Minimum
duration of T2D was 6 months and maximum was 25 years. Data was
collected from the in-patient and out-patient medical records, phone
calls and electronic media. Data included pre-operative investigation,
and post-operative outcome at 30 days, 3 months, 6 months, 1 year and
yearly thereafter.

The protocol which we followed to prevent nutritional deficiencies
was bypass lengths limited to 200cm. For the super-obese (BMI >50),
possible longer limb lengths were tailored [17],keeping in mind the
nutritional status, compliance, age and family support. Vegetarians
were encouraged to eat high protein diet, comprising tofu, soya
bean and its products, legumes and grains, peanut butter, corn and
sometimes whey protein supplements. For the non-vegetarian Indian
population, protein deficiency was never seen, since the eggs, chicken
and fish provided sufficient protein to avoid deficiency.

The database included pre-operative demographics and
anthropometric features including BMI, weight, excess weight loss
(EWL), fasting glucose, HbA1c, C-peptide level, type of anti-diabetic
treatment and follow-up information. Morbidly obese patients,
previously diagnosed as T2D but having normal HbA1c levels with
metformin or anti-diabetic medications, were also included in the
study. Patients were stratified into groups based on duration of T2D
(≤5years, 6 to 15 years and 16 to 25 years), IDDM or NIDDM, and
T2D alone or with complications (retinopathy, neuropathy and
nephropathy).

Compliance: MGB was offered to patients found to be committed
after psychological counseling. Compliance is required for intake of
vitamins and minerals, patients committed to follow-up, and change in
lifestyle and eating habits.

Pre-operative check-up

Family support: Before surgery, counseling to patient and family
by the team (bariatric surgeon, nutritionist, psychologist, family
physician) was done. Satisfaction by all members of the team was the
criteria for longer bypass if indicated; otherwise, bypass of 200 cm or
less was not exceeded.

Pre-operative evaluation including history and physical
examination, and nutritional and psychiatric assessment were
performed on all patients. All patients were screened for T2D, and comorbidities associated with T2D and obesity was recorded.

Outcome measures
The main parameters considered during the study were:
Weight Loss: Expressed as %EWL or change in BMI, recorded
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Age and gender: Longer bypasses were avoided in age >55 years,
to prevent nutritional deficiencies. It was found that heavy males, age
<55 years withstood longer bypasses more comfortably. Females in the
menstruating age group were counseled about iron intake.

Statistical analysis
Data are presented as mean ± SD unless otherwise stated. Data
before and after surgery were compared using Student’s t-test. A
p-value <0.05 was considered significant.
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Results

after gastric banding [21].

From Jan 2007 to Dec 2014, 229 diabetic patients underwent
MGB. Complete follow-up information was achieved in 189 of the
229 patients (82.5%), and mean duration of follow-up was 51 months
(minimum 6 months and maximum 96 months). The 40 patients with
incomplete follow- up were excluded from the study, which included
12 patients with <6 months follow-up and 28 patients who could not
be contacted despite multiple attempts, probably due to change of
contact numbers and addresses.

The younger age group showed a faster rate of weight loss compared with the older group. It may be due to high BMR in the younger
age group and easy adaptability to the new milieu. Sugerman et al.
found that younger age and %EWL were predictors of T2D resolution
[22]. Younger age group, duration of T2D and higher β-cell mass were
the predictors of remission in our study. Nine patients, who were on
insulin pre-operatively, still required insulin post-operatively but in
much reduced dosage. Associated microvascular and macrovascular
co-morbidities (retinopathy, neuropathy and nephropathy) showed
improvement. MGB can induce a significant and sustainable improvement in T2D and improve or halt the development of microvascular
complications such as nephropathy. An improvement in neuropathy
and retinopathy after bariatric surgery has been found by others [2325].

The 189 patients with complete data consisted of 112 (59.3%) females
and 77 (40.7%) males. Pre-existing diabetes-related complications were
nephropathy 2.6% (5), retinopathy 0.5% (1) and neuropathy 1.1% (2)
(Table 1).
Weight Loss: The mean %EWL was >90%. There was no
relationship between EWL and prior duration of T2D. However, there
was a relationship between EWL and age group. %EWL was faster in
the younger age group (27-40 years) even for the same length of bypass.
All patients achieved %EWL >75%. Weight loss did not correlate with
severity of T2D (Table 2).

Diabetes control
Glycosylated hemoglobin: MGB had a marked effect on T2D.
HbA1c markedly improved or returned to normal. Out of 189 patients,
180 patients achieved HbA1c levels between 5.0 and 6.2% without antidiabetic medicine. Out of 50 patients with IDDM, 9 achieved HbA1c
levels of 8% and had to take additional anti-diabetic medicine to
achieve HbA1c levels <6.5% (Table 2).
Change in usage of anti-diabetic medication: A significant
reduction in usage of oral anti-diabetic medicine and insulin followed
MGB. Patients who were taking multiple medicines for T2Dshifted to
a single agent. The 9 patients who still had to take oral anti-diabetic
medicines were those with a long history of uncontrolled diabetes and
whose C-peptide levels were very low (<1) (Table 2). All the diabetic
patients were put on metformin 500mg daily after MGB for a minimum
of 1 year.
Improvement in diabetes-associated co-morbidities: Complete
remission or improvements in diabetes-associated co-morbidities
were noted in the majority of patients. All 5 patients with diabetic
nephropathy showed significant improvement in renal function a few
months after the MGB. The two patients with diabetic neuropathy
showed some improvement. The patient with diabetic retinopathy who
had very compromised vision showed improvement in eyesight (Table 2).

Discussion
The goal of this study was to determine the effect of MGB on T2D
remission in obese and morbidly obese patients. Our results showed
that there is a marked reduction in blood glucose levels and HbA1c
after MGB. Biochemical and clinical analysis showed a diabetic
remission rate of 95.23%, similar to results in other studies [18-20].
The magnitude of %EWL and resolution of T2D were independent
factors of T2D remission, as diabetes went into remission even before
the target %EWL. Patients with shorter duration of T2D showed earlier
remission compared with patients with longer duration of T2D. Higher
levels of stimulated C-peptide were associated with better outcomes
in our study; higher levels of C-peptide had earlier and complete
remission. Dixon et al. also found that %EWL and pre-operative
duration of T2D were independent predictors of diabetes remission
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We had previously found MGB to be a more effective and safe
bariatric and metabolic procedure than sleeve gastrectomy and RYGB
[14].

Conclusions
T2D in morbidly obese individuals is no longer an uncontrollable
disease. A return to normal levels of glucose, insulin, HbA1c and
ideal weight are attainable with MGB in the majority of obese diabetic
patients. The quality of life improved in all the patients. MGB results in
sustained weight loss and significant improvement in glycemic control,
leading to clinical resolution or improvement in T2D and its related
complications.
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