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Abstract
Introduction Obesity in the world has been increasing, and the number of diabetic patients will increase by 114%, and the best
treatment results are achieved through surgery. Several techniques have been described; the gastric bypass of an anastomosis
(MGB/OAGB) has been gaining popularity for its simplicity and good results. We present a prospective study with this technique
in 16 mild obesity patients with type 2 diabetes mellitus or peripheral insulin resistance.
Objective To evaluate weight loss as well as metabolic changes by measuring fasting glycemia and Hb A1c after 1 year
of follow-up.
Material and Methods Sixteen patients were operated on with the OAGB/MGB technique from September 2014 to January
2016, with some form of metabolic syndrome, whether DM2, RPI, HBP, or dyslipidemia, including patients in the study with a
follow-up of at least 12 months.
Results There were 13 cases of female sex and 3 of male, average age of 42.9 years, with an average weight of 87.7 kg and BMI
of 32.2 kg/m2. Metabolic values were fasting glycemia of 193.6 ± 52.9 mg/dl and HbA1c of 8.4% ± 1 (preop) and glycemia
posop, 78.8 ± 7.6 mg/dl; HbA1c posop, 6.1 ± 0.2; preop weight, 87.7 ± 14 kg (69–116); weight posop, 66.8 ± 10.5 kg (49–90);
BMI preop, 32.2 ± 1.8 (30–34.9); BMI posop, 25.4 ± 1.7 (21.7–27.6); percentage of excess weight lost, 87.6 ± 11.8 (70.9–100)%
with 100% remission of diabetes.
Conclusion The results show the benefits of MGB/OAGB in mild obese diabetic patients.
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Introduction

The World Health Organization (WHO) estimates that be-
tween 2000 and 2030, World population will experience a
37% growth, and the number of diabetic patients will increase
114% [1]. However, although many novel pharmaceutical
agents have been introduced for the treatment and remission
of diabetes, long-term success results of blood glucose control
through lifestyle changes and conventional medical therapy
are still discouraging [2]. New surgical approaches from sur-
geons have achieved outstanding developments in bariatric
surgery; these techniques are currently the only effective
method for long-term treatment of morbid obesity [2, 3], in
the case of type 2 diabetes (T2D) in morbid or non-morbid
obesity patients [3–8], and possibly, in T2D in non-obese pa-
tients [9, 10]. Although it is accepted that Roux-en-Y gastric
bypass is the gold standard in bariatric surgery, and in the
remission of diabetes [3], it may have a high rate of
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complications when performed by unexperienced surgeons
[2]. Therefore, OAGB/MGB is a safe alternative to RYGB,
with similar success in weight loss and resolution of metabolic
complications, including T2D [11–13]. There are few publi-
cations about this technique for the surgical treatment of this
clinical entity in patients with BMI ≤ 34.9 kg/m2 [14–17]; this
is why we decided to conduct a prospective study using this
technique in 16 patients with grade 1 obesity and type 2 dia-
betes or peripheral insulin resistance. All patients were evalu-
ated in order to assess weight loss and metabolic changes by
measuring fasting blood glucose and HbA1c after 1-year fol-
low-up.

Materials and Methods

This is a prospective study performed from September 2014
through January 2016 with a group of 16 patients who evi-
denced some type of metabolic syndrome: type 2 diabetes
mellitus (T2D), peripheral insulin resistance (IR), high blood
pressure (HBP), or dyslipidemia, that underwent OAGB/
MGB technique surgery. Patients with at least 12-month fol-
low-up were also included in the study. The patients were
operated in one institution; Clínica Santa Sofia, Caracas,
Venezuela. The series did not include revision cases, whether
due to weight gain or other causes and those with gastroesoph-
ageal reflux documented through upper digestive endoscopy.
Patients with a BMI ≤ 30 kg/m2, previous gastric surgery, ma-
jor psychiatric disorders, and/or alcohol or drug abuse were
likewise, excluded.

Continuous variables were expressed as means, and
Wilcoxon test was used for numeric variables.

All patients were included in the protocol after signing
informed consent. The Bioethics Committee of the institution
approved the project.

We performed the technique described by doctors Carbajo
and Garcia-Caballero [18], as a modification of the Mini-
Gastric Bypass (MGB) described by Rutdlege [19] to avoid
biliary reflux. Using six ports: 3 of 12mm and 3 of 5mm, with
an arrangement (Fig. 1), very similar to the one used in Roux-
en-Y, as follows: The surgeon and the camera assistant to the
right of the patient, the assistant to the left and in front of the
surgeon, and the monitor placed on the upper left end of the
patient. Using four blue loads of a 60-mm stapler, a gastric
reservoir was made beginning with a first shot into the angular
incisure. Thereafter, the Greater Omentum was sectioned
searching for the fixed loop in the Angle of Treitz, mea-
suring 150 cm of small bowel and at that distance, one
anastomosis was performed, from the intestinal loop to
the pouch which had been previously suspended from
the end-point of the second vertical shot, to make the
anti-reflux mechanism with a 2–0 silk running suture,
and then a latero-lateral gastrojejunostomy was performed
using a blue load of 30-mm stapler. The orifice was
closed in two layers of running 2–0 polyglactin suture,
and intraoperative air leak test was performed. A
Blake® 19 Fr drain was left in place for 48 h.

Routine antimicrobial with Ampicillin-Sulbactam was
used. Antithrombotic prophylaxis was used only in those
cases with history of deep venous thrombosis, pulmonary em-
bolism, antiphospholipid syndrome, and with severe venous
insufficiency of the lower limbs. All patients began oral toler-
ance with clear liquids after 36 h and were discharged once
tolerance was adequate and after the Blake® drain was
withdrawn.

Fig. 1 Surgical technique
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Patients were monitored weekly during the first month,
monthly the first term, and quarterly up to the first year; from
then on, they were evaluated every 6 months.

The following scheme was used to evaluate the results in
terms of metabolic control:

& Remission—no medication/FPG < 110 mg/dl, HbA1c <
6.5%

& Partial Remission—no medication/FPG < 126 mg/dl,
HbA1c < 7%

& Improvement—less medication/FPG < 126 mg/dl,
HbA1c < baseline

& No response—same or worse than baseline

Results

Sixteen patients underwent surgery: 13 (81.2%) women and 3
(18.8%) men.

Mean Age, 42.9 ± 11.6 years (17–58) (Table 1).
Hospitalization time, 2 days (Table 2).
Mean surgical time, 70 min (Table 2).
BMI between 30 and 34.9 kg/m2; mean weight was

87.7 kg; BMI was 32.2 kg/m2.
Preoperative metabolic values were fasting blood glucose

193.6 mg/dl and HbA1c 8.4% (Table 1).
Weight loss results were as follows:
Weight preop 87.7 ± 14 kg (69–116)/Weight postop 66.8 ±

10.5 Kg (49–90) (Table 3).
BMI preop 32.2 ± 1.8 (30–34.9) kg/m

2/BMI postop 25.4 ± 1.7
(21.7–27.6) kg/m2 (Table 3).

Percentage of excess weight loss (%EWL), 87.6 ± 11.8
(70.9–100) (Table 3).

Metabolic parameters evaluated were as follows:
Fasting blood glucose: Preop, 193.6 ± 52.9 mg/dl/Postop,

78.8 ± 7.6 mg/dl (Table 3).
HbA1c: Preop, 8.4 ± 1%/Postop, 6.1 ± 0.2% (Table 3).
Comorbidities: T2D, 9; Remission, 100%.
IRP, 4 resolutions: All cases.
HBP, 3: Two cases without medication and one with lower

dosage.
Mixed dyslipidemia: 4 resolutions (Table 3).
There is no morbidity nor mortality.

Discussion

The gastric bypass—whether Roux-en-Y or one anastomosis
techniques—is without a doubt an excellent procedure to im-
prove or resolve type 2 diabetes mellitus in patients with grade
2 obesity or with more severe disease [3, 11, 12, 20].

Based on these results, the most important institutions that
oversee the performance of bariatric and metabolic surgery in
the world—ASMBS [21], IFSO [22], IDF [23], SECO [24]—
have decided to reproduce these results through prospective
studies in patients with mild obesity with T2D. In this sense,
many works have already been published using RYGB tech-
nique in patients with BMI < 35 kg/m2. This surgical tech-
nique has evidenced good results and is proven to be safe in
patients with mild obesity [5–8, 25, 28]. All four institutions
agree that it is also effective in patients with poorly controlled
T2D with high HbA1c > 7% or very high fasting blood glu-
cose levels [21–24].

The mean age of our patients was 42 years, a younger age
to those referred in similar RYGB series: Huang [25] 47 years
old, Boza [7] 48, Shah [5] 45, and De Sa [6] 50; however,
older than the ages in the studies of Cohen [26] 34 and Lee
[27] 39 and notably younger than the García Caballero [15]
series withMGB/OAGB that reported a mean age of 63 years.
This is of great significance considering that young adult age
is a positive predictive factor [10, 25, 27, 28] . We have a
predominance of 81% women as in the other study series [6,
25–28] unlike Garcia Caballero [15] which reports 23%.
Regarding the BMI, we have a mean of 32 kg/m2 similar to
the RYGB series [6, 7, 25, 26, 28] and Lee [27] with MGB/
OAGB. Results reported in the Asian series behave differently
since diabetes appears in lower BMI values [29]; reporting
BMI’s of 25 kg/m2 a year after surgery similar to a number
of cross-sectional Asian studies [6–8, 26, 27]: Sha [5] 23 kg/
m2, Huang [25] 23.7, and Lee [28] 23.1.

These results were achieved with a gastric pouch of ap-
proximately 50 cc, very similar in size to those described by
De Sa [6] and Carbajo [12] and other series with smaller size
pouches [7, 25, 27].

Table 1 Clinical and biochemical preoperative characteristics

Age (years) 42.9 ± 11.6 (17–58)

Sex (F/M) 13/3

Weight (kg) 87.7 ± 14 (69–116)

Heigth (cm) 162

BMI (kg/m2) 32.2 ± 1.8 (30–34.9)

Fasting glycemia (mg/dl) 193.6 ± 52.9

HbA1c (%) 8.4 ± 1

Disease duration (years) 5

Table 2 Surgical results
Surgical time (min) 70 (58-71)

Hospital stay (days) 2

Morbidity 0

Mortality 0
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Our surgical time was 70 min, similar to Navarrete [30]
with 69.01 min, who reported a significant difference with
RYGB operative time, longer than Rudtlege [19], 36.9 min.
and Kular [31], 50 min, but shorter when compared to the
studies of Carbajo [12] and Noun [32]. Hospitalization time
was similar for both techniques; therefore, the recovery of
intestinal transit is similar [30].

It is necessary to highlight that early and late morbidity was
0%, much lower than those reported from the best series. We
recently published about the complications of OAGB/MGB in
a 100 case prospective series [33], reporting three cases of
bleeding as immediate complication, two intraabdominal and
one intraluminal; Kular [31] reported 0.6%, Noun [32] 1.7%,
Musella [34] 3.4% and Wang [35] 1.7% (as a major bleeding
anastomotic complication), with no leakage. In relation to
leaks Rutledge [19] reported 1.08%, Carbajo [18] 1.9% and
Wang [35] 0.7%. We consider this is due to both improve-
ments in surgical technique and the small size of the series,
which makes it a very safe technique.

Given the values of preoperative metabolic data, our pa-
tients would seem to have a less severe disease given the preop
values of fasting blood glucose and HbA1: 193.6 ± 52.9 mg/dl
and 8.4 ± 1%. These results are comparable with those from
other series studies. A study by García Caballero [15] with 13
non-obese patients which underwent OAGB/MGB showed
values of blood glucose 203 mg/dl and HbA1c 8.3%; and a
study by Kim [17] with ten non-obese patients with blood
glucose of 222 mg/dl and HbA1c of 9.7%.

It is important to highlight a series [36] from India which
included more cases—128 patients that underwent
OAGB/MGB—82 mildly obese women, with preoperative
BMI of 33.4 ± 3.3 kg/m2, T2D patients with mean on-set
age of the disease of 6.5 years, with elevated values of
HbA1c of 10.7 ± 1.5% (8.4 ± 1%), and blood glucose over
200 mg/dl.

This study reports good results; however, it has low remis-
sion values when compared to our study. After 1 year, they
registered 64% remission in the first 24 patients. When com-
pared with this small sample, the value is somewhat lower
than ours probably due to the remission criteria: HbA1c <
6% versus our 6.5%.

Likewise, this same series is comparable to ours in age and
BMI parameters: 41.6 years and 33.4 kg/m2, although with a
lower percentage of women 64% vs 81.2%. It is interesting
that as a series from an Asian country, patients are not consid-
ered within the criteria of moderate-risk obesity, but as low-
risk obesity [37], when it is well known that high-risk obesity
has a higher chance of better outcomes.

In any case, they reach a mean of HbA1c of 6.2% a year, the
same as Lee’s [38] prospective comparative series study with
sleeve gastrectomy: 6.1%, with a BMI mean of 30.6 kg/m2.

However, all these series present preoperative data with
greater metabolic instability, contrasting with results reported
by Navarrete in moderate-risk obese patients that underwent
RYGB [28] with blood glucose of 120 mg/dl and HbA1c
7.6%, but similar to Sha’s [5] 10.1%.

It seems that preoperative metabolic instability is not a
predictive factor for improvement [5], as are—at least in
Western countries—both a BMI < 30 kg/m2 or older age pa-
tients [9, 10].

Conclusion

Results show the benefits of MGB/OAGB in mild obese dia-
betic or metabolic syndrome patients.

While BMI is suitable for classifying the degree of obesity,
it does not seem suitable to select T2D candidates for meta-
bolic surgery. The clinical status of T2D is important for the
selection of eligible candidates for metabolic surgery in addi-
tion to the current BMI criteria for bariatric surgery. Although
several concerns need to be addressed, metabolic surgery for
patients with low body mass index is increasingly ap-
proaching the mainstream of diabetes treatment.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflict of
interest.

Ethical Approval Approval from the local ethics committee and in-
formed consent from all patients were obtained. All procedures

Table 3 Anthropometric and
metabolic results Variables Preoperative Follow-up (1 year)

BMI (kg/m2) 32.2 ± 1.8 (30–34.9) 25.4 ± 1.7 (21.7–27.6)

Percentage of excess weight loss (%EWL) – 87.6 ± 11.8 (70.9–100)

Fasting glycemia (mg/dl) 193.6 ± 52.9 78.8 ± 7.6

Hb A1c (%) 8.4 ± 1 6.1 ± 0.2

DM2 remission 9 0 (100%)

PIR (peripheral insulin resistance) 4 0 (100%)

High blood pressure 3 1 (66%)

Mixed dislipydemia 4 0 (100%)
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performed in studies involving human participants were in accordance
with the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards.
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