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ABSTRACT

Introduction: type-2 diabetes mellitus (DM2) is a major health problem,
as it leads to increased morbidity and mortality. Metabolic surgery has
shown good results in glycemic control; however, its use has not become

popular.



Objectives: to evaluate DM2 remission, as well as changes in body
mass index (BMI), in overweight diabetic patients after undergoing
metabolic surgery.

Methods: a retrospective review was carried out of all patients with
DM2 and BMI between 25 and 29.9 kg/m? who underwent laparoscopic
one-anastomosis gastric bypass (OAGB) as metabolic procedure between
2016 and 2019.

Results: a total of 15 patients were included with a mean age of 46.6 +
11.25 years. Mean BMI was 28.41 = 0.94 kg/m?. Average duration was
5.4 =+ 2.79 years, and presurgical fasting glucose was 288.53 + 65.22
mg/dL. Preoperative glycated hemoglobin (HbAlc) was 9.58 + 1.66 %.
Two years after surgery HbAlc was 5.21 * 0.26 %. The remission rate of
DM2 was 100 %. All patients maintained a normal BMI range.
Conclusions: OAGB is a valid alternative for complete DM2 remission no
matter if it is not accompanied by some degree of obesity, since in this
case the length of the biliopancreatic limb and common channel is

modified to make a less malabsorptive procedure.

Keywords: One-anastomosis gastric bypass. Metabolic surgery. Type-2

diabetes mellitus. Overweight.

RESUMEN

Introduccion: la diabetes mellitus de tipo 2 (DM2) es un gran problema
de salud ya que conlleva un aumento de la morbimortalidad. La cirugia
metabolica ha demostrado tener buenos resultados en el control
glucémico; sin embargo, su uso no se ha popularizado.

Objetivos: evaluar la remisién de la DM2, asi como los cambios en el
indice de masa corporal (IMC), en pacientes diabéticos con sobrepeso

despues de realizarse una cirugia metabdlica.



Métodos: se realizd una revisidon retrospectiva de todos los pacientes
con DM2 e IMC entre 25 y 29,9 kg/m? que fueron sometidos a baipas
gastrico de wuna sola anastomosis (BAGUA) laparoscépico como
procedimiento metabdlico entre 2016 y 2019.

Resultados: se incluyd un total de 15 pacientes con una edad media de
46,6 = 11,25 anos. El IMC medio fue de 28,41 + 0,94 kg/m2. La media de
evolucion fue de 5,4 = 2,79 afos y la glucosa en ayunas prequirdgica de
288,53 £ 65,22 mg/dL. La hemoglobina glucosilada (HbAlc)
preoperatoria fue del 9,58 + 1,66 %. A los 2 aflos después de la cirugia,
la HbAlc fue del 5,21 + 0,26 %. La tasa de remision de la DM2 fue del
100 %. Todos los pacientes se mantuvienron en un rango normal de IMC.
Conclusiones: el BAGUA es una alternativa eficaz para la remisién
completa de la DM2 sin importar que no se acompane de algun grado
obesidad, ya que en este caso se modifica la longitud del asa
biliopancreatica y el canal comdn para hacer un procedimiento menos

malabsortivo.

Palabras clave: Baipds gastrico de una sola anastomosis. Cirugia

metabdlica. Diabetes mellitus de tipo 2. Sobrepeso.

INTRODUCTION

Approximately 1 out of 11 adults worldwide have diabetes mellitus, with
90 % of cases corresponding to diabetes mellitus type 2 (DM2) (1). This
incidence has increased by 4.8 % annually between 2002 and 2012 (2).
The beginning of diabetes mellitus often occurs within years before
diagnosis; worldwide, it was estimated that 45.8 % (or 174.8 million) of
DM2 cases in adults were undiagnosed (3). Approximately 12 % of global
health expenditure was estimated to be devoted to diabetes in 2015 (4).

Besides genetics, obesity is probably the most important trigger factor



for DM2. The "Milan Declaration 2015" by the European Association for
the Study of Obesity (EASO) has defined obesity as a "progressive
disease" that has its onset in being overweight, and has declared it to be
the main "gateway” to many other diseases such as most non-
communicable diseases (NCDs). The central role of obesity in diabetes,
hyperlipidemia, and hypertension is recognized, with the consequence of
increased cardiovascular morbidity and mortality (5).

It has been shown that body weight itself is a poor measure of corporal
body fat. Almost 100 % of people with body mass index (BMI) > 30
kg/m? have a high percentage of fat, just like a third of people with
normal weight (6). BMI is a diagnostic parameter for obesity but does not
reflect fat content, since people vary in their musculature and degree of
sarcopenia, which increases or decreases their weight thus altering the
fat-muscle ratio (5, 7).

However, even if BMI was a perfect measure of body fat content, the
limits for defining obesity and the selection criteria for bariatric or
metabolic surgery are completely arbitrary. On the other hand, the
distribution of body fat is important since visceral fat confers
cardiometabolic risk and gynecoid fat even has a cardiovascular
protective effect. Ectopic fat (liver, pericardiac, intramuscular) also
confers metabolic risk and, in addition, the inflammatory state of
adipose tissue is associated with insulin resistance (7).

The goal of DM2 treatment is to achieve glycemic objectives individually
according to life expectancy and patient preferences.

Most of the patients with diabetes have complicated glycemic control
that worsens over time. Increasing the dose of an existing oral agent is
generally the first step for maintaining control but results are limited.
Therefore, patients often require the addition of 1 or more oral agents,
some of which — as we know — increase the baseline weight of patients
(8).



In 2007 the delegates at the 1% Diabetes Surgery Summit (DSS-I), an
international consensus conference, reviewed the available clinical and
mechanistic evidence and recommended expanding the use and study
of gastrointestinal surgery to treat diabetes, even in individuals with only
mild obesity. In the ensuing years, the concept of "metabolic surgery" or
"diabetes surgery" has become widely recognized in academic circles,
and accordingly, most major worldwide bariatric surgery societies have
changed their names to include the word "metabolic" (9).

There is an increase of references in the literature that justifies the
inclusion of metabolic surgery in the treatment algorithms for patients
with obesity and DM2. These techniques have traditionally been known
as "bariatric surgery," which denotes surgical procedures meant to
induce weight loss (10). However, several studies have demonstrated
that these techniques improve metabolic derangements independently
of weight loss. These surgical procedures alter the gastrointestinal
hormones that play an important role in glucose homeostasis (11).
Metabolic surgery is a vastly underutilized tool for the treatment and/or
cure of DM2, which has led to recognize the need to inform diabetes care
providers about the benefits and limitations of metabolic surgery. The 2"
Diabetes Surgery Summit (DSS-1l) was convened in collaboration with six
leading international diabetes organizations: the American Diabetes
Association, International Diabetes Federation, Chinese Diabetes Society,
Diabetes India, European Association for the Study of Diabetes, and
Diabetes UK. The overarching aim of this consensus conference was to
review the available evidence and to develop global recommendations
that integrate medical and surgical therapies in a rational treatment
algorithm for DM2 (9).

Recent efforts have expanded the indications of metabolic surgery. It is
reflected in the DSS-II, which includes patients with a BMI of 30.0 to 34.9
kg/m? with uncontrolled DM2 despite optimal pharmacological treatment.
The BMI threshold is reduced by 2,5 kg/m? for Asian patients because



they typically have more visceral fat compared to Caucasians with
diabetes and the same BMI (9,11).

OAGB is recognized by the IFSO (International Federation of Obesity
Surgery and Metabolic Disorders) as a bariatric/metabolic procedure not
to be considered for research; however, it is not recommended in
diabetic non-obese patients or for patients with class-1 obesity (12),
since in the DSS-II the only four accepted surgical approaches for weight
loss and DM2 remission are; biliopancreatic diversion, Roux-en-Y gastric
bypass (RYGB), vertical sleeve gastrectomy, and adjustable gastric band.
These are listed by gradient from highest to lowest in terms of efficacy,
and inversely proportional to the comparative safety of these procedures
(9).

MATERIAL AND METHODS

A retrospective review was carried out between 2016 and 2019 of all
patients with DM2, BMI between 25 and 29.9 kg/m? and serum C-
peptide level higher than 1 ng/dL who underwent laparoscopic one-
anastomosis gastric bypass (OAGB) as metabolic procedure. A
modification of the original technique of Dr. Miguel Angel Carbajo
Caballero was made by performing the anastomosis with a ratio of 20/80
of the total length of the small intestine.

All patients had a 24-month follow-up, with measurements of fasting
serum glucose, HbAlc, and BMI at 3, 6, 12, and 24 months after surgery.
All cases were operated upon by a single bariatric surgeon in the same
private institution.

The series did not include revision surgery cases; patients who had
already lost weight but without DM2 remission with another surgical
technique, and patients with gastroesophageal reflux documented by

upper gastrointestinal endoscopy were also excluded, as well as patients
with BMI > 30 kg/m?, prior gastric surgery, inflammatory bowel disease,

major psychiatric disorders, and alcohol or drug abuse.



Continuous variables were expressed as means. All patients included
were informed of the risks and benefits of the procedure, and underwent
surgery after signing an informed consent.

Surgical technique: 6 trocars were used for the procedure — a 10-mm
one for the optical port, two 12-mm trocars for the staplers, and three 5-
mm trocars for the liver retractor and the first assistant.

The first step of the procedure was to identify the ligament of Treitz in
order to measure total intestine length and choose the anastomosis loop
site. Then the stomach’s angle of His was released by sectioning the
phrenoesophageal ligament.

Afterwards, with an ultrasonic device, the blood vessels of the lesser
curvature of the stomach were sectioned below the incisura angularis to
gain access to the lesser sac and the posterior aspect of the stomach.
Subsequently, the stomach was horizontally sectioned with a stapler
(Endo GIA™ Roticulator Tri-staple 45 mm-3.5 mm; COVIDIEN)” and a 36-
Fr orogastric tube was positioned in the stomach for calibration.

In the posterior plane of the stomach gastro-pancreatic adhesions were
released prior to the vertical section of the stomach up to the angle of
His.

Therefore, a large gastric pouch was achieved, approximately 18 to 20
cm in length, which was well vascularized.

The previously measured intestine was mobilized in the antecolic and
antegastric positions to suture the gastric reservoir to the intestine,
which is known in the OAGB technique as an anti-reflux mechanism. The
lengths of the excluded biliopancreatic loop and the common loop were
measured with a 20/80 ratio, respectively. The jejunal loop was attached
for a length of 10 cm to the staple line of the gastric pouch. Enterotomy
and gastrotomy procedures were performed with an ultrasonic device of
3 to 4 mm, and 80-90 % of the stapler was inserted (Endo GIA™
Roticulator Tri-staple 45 mm 3.5mm; COVIDIEN) to create a side-to-side

gastro-jejunal anastomosis 3.5-4 cm in length.



The anterior plane of the anastomosis was closed using separate stiches
with No. 2-0 monocryl suture. The biliopancreatic loop was sutured in the
ascending position of the excluded stomach. A pneumatic test was
performed on the anastomosis with methylene blue to rule out leakage.

A closed drain was placed for 48 hours.

Postoperative evolution: a contrast-enhanced radiographic control study
of the gastrointestinal tract was performed in all patients at 24 hours to
confirm the absence of leakage or anastomotic stenosis. In all cases, the
patients had a liquid diet in the first week, then progressed to a semi-
liquid diet during the second week; in the following three weeks a semi-
solid diet was consumed, and at the sixth week a diet consisting of solids
was started. Every step under careful monitoring.

Insulin doses and oral hypoglycemic agents were systematically
modified according to requirements, adjusted to pre- and post-prandial
glucose levels for each individual patient.

During follow-up visits at 1 week, 3, 6, 12, and 24 months after surgery,
weight, BMI, fasting serum glucose, and HbAlc levels were measured,
along with interrogation about the use of insulin and oral hypoglycemic
agents to allow pertinent modifications.

Patients were evaluated with various consensus criteria to determine
DM2 remission. The most commonly used criteria are those issued by
the Spanish Society of Obesity Surgery (SECO), the Spanish Diabetes
Society (SED), the Spanish Society for the Study of Obesity (SEEDO), the
Spanish Society of Endocrinology and Nutrition (SEEN) in 2013, and the
American Diabetes Association (ADA) in 2009. Complete disease
remission was considered when HbAlc < 6.5% or HbAlc < 6 %,
respectively, at 12 months after surgery and without pharmaceutical
treatment (Table 1) (13)

RESULTS



A total of 15 patients were included, 8 women (53.33 %) and 7 men
(46.6 %), with a mean age of 46.6 = 11.25 years.

Mean preoperative weight was 82.26 = 10.95 kg and BMI was 28.41 +
0.94 kg/m?; the lowest BMI was 26.4 kg/m?2.

One hundred percent of the patients had been diagnosed with DM2 for a
mean duration of 5.4 = 2.79 years, and a mean time under insulin
treatment of 2.6 years.

Preoperative C-peptide serum levels had a mean of 3.14 = 0.71 ng/mL.
Mean presurgical fasting glucose levels were 288.53 + 65.22 mg/dL, and
mean preoperative HbAlc was 9.58 £ 1.66 % (Table II).

Fasting glucose decreased after the first postoperative week with a
mean of 141.2 = 46, and then 101.13 * 22.14 within the first month
(Table IIl). After 2 years of surgery mean BMI was 21.8 + 0.89 kg/m? and
HbAlc was 5.21 *= 0.26 %. Remission rate for DM2 was 100 %. All

patients maintained a normal BMI range (Table V)

DISCUSSION

Epidemiological data confirm the value of early weight loss in DM2. In a
study by Lean et al., an increase in survival from 3 to 4 months, weight
loss of 10 kg, was associated with a restoration of life expectancy by
35% (14). A planned moderate weight loss of around 10 kg was able to
reduce mortality in diabetics by around 25 % in a study by Williamson
(15).

Bariatric/metabolic surgery improves control of DM2 through both
weight-dependent and weight-independent mechanisms (16).

The gastrointestinal tract is an important contributor to normal glucose
homeostasis, and mounting evidence, especially over the past decade,
has demonstrated the benefits of bariatric/metabolic surgery to treat
and prevent DM2. Some operations engage mechanisms that improve
glucose homeostasis independently of weight loss, such as changes in

gut hormones, bile acid metabolism, microbiota, and/or intestinal



glucose metabolism. In this way sustained favorable effects on blood
glucose are achieved for up to 20 years in an observational study,
although benefits can decrease over time, with or without weight regain
(9).

A striking feature of bariatric/metabolic surgery is the rapid
improvement in glycemic control. It is known that many patients with
insulin medication prior to surgery will not require it at the time of
discharge (16).

The benefits of surgery go beyond the secretion of incretins, and there
are other factors that also influence blood glucose improvement
regardless of weight loss. The incretin effect or theory of the distal
intestine is the mechanism of action of the best known metabolic
surgery; it is postulated that the rapid arrival of poorly digested foods to
the distal intestine promotes an increase in the secretion of intestinal
hormones called incretins, such as GLP-1, which increases insulin
secretion and decreases insulin resistance. Over the years it was seen
that the incretin effect is only a link in the resolution of the disease.
Another explanation is given by the so called theory of the proximal
intestine, which is based on a contrary affirmation with the existence of
anti-incretin, suggesting the existence of some peptide with an
antagonistic effect on incretins; these peptides X are generated in the
duodenum. Therefore, an overproduction of anti-incretin could stimulate
the factors that cause DM2 and, for this reason, duodenal exclusion
techniques for controlling the anti-incretin effect explain the
improvement in blood glucose; however, such molecules or peptides
have not been identified yet.

The bile is also important for glucose regulation. The alteration of the
intestinal flow that derivative techniques provide changes the normal
circulation of bile and therefore modifies the reabsorption of bile acids,
increasing serum bile acids in the circulation. They suppress the

expression of multiple genes involved in hepatic gluconeogenesis, and



consequently result in low glucose levels; on the other hand, serum bile
acids induce the secretion of incretins directly in the distal intestine.

Bile is not only relevant because of the content of bile acids but also of
sodium, since glucose needs sodium to enter the enterocyte and, when
the anatomy is modified by a gastric bypass, biliary sodium flow is
excluded from a part of intestinal transit, and therefore a decrease in
glucose absorption results.

The microbiota also contributes to metabolic control. There is a
hypothesis that if a person is fed a fat-rich diet, the proportion of
endotoxin-producing bacteria may increase, generating a chronic
inflammatory state that induces insulin resistance. When this type of
diet is changed after a bariatric procedure, these endotoxins decrease
and so does resistance to insulin (17).

The small intestine also contributes to glucose synthesis through a
process called intestinal gluconeogenesis. This mechanism involves
glucose -6-phosphate synthetase (G6P-ASA) and carbokinase
phosphoenolpyruvate (PEPCK), enzymes that are at high concentrations
in the liver but not in the normal small intestine; however, after a
gastrointestinal surgical rearrangement, a marked elevation of both
enzymes has been observed in jejunual and ileal segments. The release
of intestinal glucose to portal circulation can be interpreted in hepatic
receptors such as glucose from food, thus altering regulatory signals of
liver glyconeogenesis (18).

Intestinal adaptation in patients who underwent gastric bypass presents
as hyperplasia and hypertrophy of the intestinal mucosa, but having a
caloric deficit a compensatory mechanism is activated that consists of a
restructuring of glucose conveyors by means of conveyor GLUT-1 that
are normally not found in the intestine; however, their expression
increases in these patients leading intestinal cells, for their maintenance,

to remove glucose from the circulation through these passive conveyors



that do not require energy. In this way a decrease occurs in glycemia
(18,19).

Clinical trials reveal that bariatric surgery induces the remission of
diabetes in 33-90 % of patients at one year after treatment, compared
with 0-39 % of those receiving medical treatment. Remission rates may
decrease over time but still remain higher in surgically treated patients
(16).

Currently, only 1 % of the patients who meet the criteria for metabolic
surgery actually undergo surgery. Metabolic surgery is a vastly
underutilized tool for the treatment and/or cure of DM2. This unfortunate
fact may be due to the misconception that metabolic surgery is
associated with increased rates of postoperative complications.
However, it has been shown that the morbidity and mortality associated
with metabolic surgery has experienced a constant decline due to the
widespread application of minimally invasive techniques and the
formalization of national quality programs (10).

The DSS Il delegates identified that there are areas for future research
related to metabolic surgery, such as the development and evaluation of
criteria for surgery that are more appropriate than BMI alone in people
with DM2 (9).

Also, this may determine which operation is the optimal option for each
individual patient. Currently, the DSS Il only proposes 4 procedures for
metabolic surgery: laparoscopic adjustable gastric banding, Roux-en-Y
gastric bypass, vertical sleeve gastrectomy, and biliopancreatic
diversion (9). However, more recently IFSO recognizes OAGB as a
bariatric/metabolic procedure (12). Studies have reported data over the
very long term (> 5 years) about the treatment of DM2 and recurrence
of disease after OAGB. A study confirmed that OAGB is a powerful and
durable therapy for the treatment of DM2 — the DM2 control rate was
76.1 % short-term, and 64.2 % long-term (20).



Several studies have shown similar or even higher weight loss, and
resolution of obesity-related comorbidities with OAGB as compared to
RYGB, but there are few comparative studies of these 2 procedures long-
term. In a retrospective study with a 5-year follow-up the resolution rates
for DM2 (79 %), systemic arterial hypertension (56 %), obstructive sleep
apnea (> 90 %), and dyslipidemia (56 %) were higher in the OAGB group
(21).

In a comparative study between OAGB and Roux-en-Y banded gastric
bypass (BGBP), the resolution of DM2 at 5 years was 79.16 % and
71.42% in the OAGB and BGBP groups, respectively, which
demonstrates the good results of OAGB in the long term (22).

OAGB-MGB and RYGB comparative studies are understandably rare. To
date, W) Lee and M. Robert have published only two RCTs. At present, in
most centers there is no authentic intra-institutional approach adapted
to bariatric surgery, so a single-institution study compared a large
number of patients for a short period of treatment with these two highly
effective surgical procedures. They found that partial or total remission
of individual comorbidities for both procedures was between 79.55 %
and 100.00 % without any important changes at 1, 2, and 3 years (23).
In the study conducted in 415 patients who were included in the
database of the European Council of Accreditation of Excellence Centers
for Bariatric Surgery (EAC-BS), and who underwent OAGB, 79 patients
were selected with altered glycemic levels in the preoperative blood
sample, 47 pre-diabetic patients and 32 diabetics. Presurgical BMI was
42.73 kg/m? in prediabetics and 43.19 kg/m? in diabetics.

The conclusions of this study showed that OAGB was an effective
surgical technique for weight loss in prediabetic and diabetic patients
after one year of follow-up.

Blood glucose is normalized in prediabetic patients since 100 % solve
their prediabetic state within the first month after surgery. In the diabetic

group, in the 3™ month after surgery diabetes had resolved in all



evaluated patients, with normal levels of blood glucose and HbAlc, and
total absence of medications.

The best results in both weight loss and blood glucose levels were
observed in the prediabetic patients, which is suggested to anticipate
the damage that obesity and associated comorbidities cause over time,
hence supporting bariatric surgery as soon as possible (24).

Numerous studies have already been published using the Roux-en-Y
gastric bypass technique in patients with BMI < 35 kg/m?2. This surgical
technique has shown good results and its safety has been demonstrated
in mildly obese patients (25); however, in our series we performed one-
anastomosis gastric bypass with adequate results in terms of DM2
remission without increasing risks or complications. One-anastomosis
gastric bypass (OAGB) has multiple advantages over conventional Roux-
en-Y gastric bypass since the alimentary loop is eliminated and therefore
the second anastomosis is suppressed. The internal hernias and
potential complications related to the jejuno-jejunal anastomosis
disappear, the direct endoscopic access to the only anastomosis
between the stomach and intestine is maintained, and fistula formation
and leak rates are much lower due to a greater blood supply to the
gastric reservoir and the fact that neither the intestine nor the
mesentery are divided, so that the blood supply to the anastomosis
remains at its possible maximum (26).

OAGB is superior to RYGB as a solution for insufficient weight loss and
weight regain after failed restrictive surgery, providing more weight loss
and a lower early complications rate (27).

Although one-anastomosis gastric bypass is not recognized by the DSS-II
in the diabetes mellitus type 2 treatment algorithm, there is evidence
supported by IFSO of its effectiveness versus other procedures (12).

The Declaration of the IFSO Consensus Conference (International
Federation of Obesity Surgery and Metabolic Disorders) on One-
Anastomosis Gastric Bypass (OAGB-MGB) considered OAGB-MGB suitable



for patients with a BMI of 25-30 kg/m? and diabetes; however, Delphi
studies, by their nature, are not designed to measure truth but the
degree of consensus between different opinions, so their results are
considered level-1V evidence (28).

There are only two series with non-obese patients in whom OAGB
technique was used. In the first series Garcia Caballero performed a
gastric pouch twice the size that is normally performed for a patient with
obesity; on the other hand, the anastomosis was at 100 cm from the
Treitz ligament, without measuring the entire intestine (29). In the
second series, published by Kim Z, a vertical gastric reservoir of 150-180
cc was formed, and the distance from the anastomosis was 200 cm (30).
In our series the size of the gastric reservoir was exactly as described in
the original technique by Dr. Miguel Angel Carbajo (31). We modified the
distance to which the anastomosis would be placed by measuring the
entire intestine, and then a 20/80 ratio was determined for the excluded
biliopancreatic loop and common loop, respectively.

In the series by Garcia Caballero mean age was 63 years (29). In Kim’'s
study the sample was younger with a mean age of 46.9 years (30),
similar to our population (mean age, 46.6 years). This is relevant since
young age is one of the positive predictors for good outcomes. Another
difference found between the series by Garcia Caballero (29), Kim (30),
and our team is mean DM2 duration which was reported as 16.9 years,
6.6 years, and 5.4 years, respectively, this being another factor that
influences the results of metabolic surgery. Another important parameter
to consider is mean C-peptide levels — Garciaa Caballero (29) reported
1.65 ng/dL (29), Kim 2.78 ng/dL (30), and our team 3.14 ng/dL.

Mean preoperative BMI in the series by Garcia Caballero was 26.9 kg/m?
(29), in the series by Kim 27.2 kg/m? (30), and in ours 28.41 kg/m?,
which is closer to grade-l obesity. Regarding metabolic parameters,

Garcia Caballero reported a decrease in fasting glycemia from 203



mg/dL preoperatively to 100 mg/dL at 6 months postoperatively. HbAlc
decreased from 8.3 % preoperatively to 6.6 % at 6 months.

Kim reported a preoperative fasting glucose of 222 mg/dL, and then 144
mg/dL at 6 months postoperatively, with HbAlc going down from 9.7 %
to 6.7 % pre- and post-operatively at 6 months, respectively (30).

In our series, mean preoperative fasting glycemia was 288 mg/dL, and
90 mg/dL at 6 months postoperatively; HbAlc diminished from 9.58 % to
5.48 % pre- and post-operatively at 6 months, respectively. Up to this
point the improvement seen in our study was greater since fasting blood
glucose levels diminished almost twice as much when compared to the
above series, probably because of the distance at which the anastomosis
was placed, and the 20/80 ratio proposed in our study. In addition, we
continued follow-up to 12 and 24 months, obtaining fast blood glucose
levels of 87 mg/dL and 94 mg/dL, respectively, and HbAlc of 5.03 % and
5.21 %, respectively. According to these data, our patients are in
complete remission for DM2, both according to the criteria established
by the European Associations in 2013 (SEEN, SECO, SEEDO, SED), and
the ADA in 2009 (13).

There are other studies where one-anastomosis gastric bypass was used
but in patients with BMI < 35 kg/m?. Navarrete reported a series of 16
patients with a mean age of 42.9 years (32). It was more similar to our
series with a mean age of 46.6 years. Mean BMI was 32.2 kg/m?, and in
our case was 28.41 kg/m?. Navarrete’s series reported a fasting blood
glucose of 193.6 mg/dL with a decrease to 78.8 mg/dL postoperatively at
12 months (32). In our series, fasting blood glucose decreased from 288
mg/dL preoperatively to 87 mg/dL at 12 months; on the other hand,
Navarrete’s HbAlc was 8.4 % preoperatively and 6.1 % postoperatively
at 12 months (32), and ours was 9.58 % and then 5.03 % at 12 months.
At this point, both series present complete DM2 remission in terms of the
SEEN, SECO, SEEDO, SED criteria established in 2013 (13). In Navarrete

‘s series (32) no levels of C-peptide were reported, nor was the evolution



time of DM2. Regarding the surgical technique, they performed a gastric
pouch, as we did, with the original technique of Dr. Miguel Angel Carbajo
(31), but they performed the anastomosis at 150 cm from the Treitz
ligament without considering the entire intestine (32) whereas we used
the 20/80 ratio as previously commented.

It is possible to corroborate with these results what has already been
reported in the literature regarding the best postoperative results of
metabolic surgery, which is more effective the younger the patients are,
the shorter disease duration is, and the better the pancreatic reserve.
None of the series of non-obese diabetic patients or of patients with
obesity grade 1 have a follow-up longer than 1 year.

Our series has a 2-year follow-up, where it can be observed that the
levels of fasting glucose and HbA1c still remain within normal ranges but
begin to increase, so it would be advisable to have a long-term follow-up
of these patients to corroborate whether the distance at which we
performed the anastomosis is adequate, since it should be taken into
account that DM2 and obesity are chronic diseases, and long-term
control in younger patients may require an adjustment of the intestinal
loop with a 30/70 or 35/65 ratio for the biliopancreatic and common

loop, respectively.

CONCLUSIONS

The treatment of DM2 is far from being effective using a medical therapy
and lifestyle modifications approach alone, and metabolic surgery is a
tool that significantly improves morbidity and mortality in these patients.
OAGB is a bariatric/metabolic procedure accepted by the international
scientific community, and currently represents the third most commonly
performed bariatric surgical technique in the world, maintaining a
different metabolic profile, much higher than that of RYGB, as has been
demonstrated in multiple comparative studies, so we consider that the



societies and federations responsible for promoting a DM2 treatment
algorithm should consider this procedure too.

On the other hand, the benefits of metabolic surgery should be used for
patients without obesity, since being overweight indicates excess fat, a
condition that can decrease with the procedure without causing any
degree of malnutrition, since surgery can be carried out following an
individualized approach, determining the site of the anastomosis
depending on the entire small intestine of each patient. In this series we
obtained complete DM2 remissions and all patients had a normal BMI at
12 and 24 months; however, longer-term studies are needed to establish
which is the appropriate proportion for biliopancreatic and common
handles, in which a remission of disease without weight loss greater than

necessary is maintained.



REFERENCES

1. Zheng Y, Ley S, Hu F. Global aetiology and epidemiology of type 2
diabetes mellitus and its complications. Nat Rev Endocrinol

2018;14:88-98. DOI: 10.1038/nrendo.2017.151
2. Mayer-Davis EJ, Lawrence JM, Dabelea D, Divers J, Isom S, Dolan L,

et al. Incidence trends of type 1 and type 2 diabetes among
youths, 2002-2012. N Engl ] Med 2017;376:1419-29. DOI:

10.1056/NEJM0al610187
3. Beagley J, Guariguata L, Weil C, Motala AA. Global estimates of

undiagnosed diabetes in adults. Diabetes Res Clin

Pract 2014;103(2):150-60. DOI: 10.1016/j.diabres.2013.11.001
4. International Diabetes Federation. IDF Diabetes Atlas 7%

Edition. Diabetes Atlas; 2015. Available from:

http://www.diabetesatlas.org/
5. Dabelea D, Mayer-Davis EJ, Saydah S, Imperatore G, Linder B,

Divers ], et al. Prevalence of type 1 and type 2 diabetes among
children and adolescents from 2001 to 2009. JAMA

2014;311(17):1778-86. DOI: 10.1001/jama.2014.3201
6. Gémez-Ambrosi J, Silva C, Galofré JC, Escalada J, Santos S, Milldn

D, et al. Body mass index classification misses subjects with
increased cardiometabolic risk factors related to elevated
adiposity. Int | Obes (Lond) 2012;36(2):286-94. DOI:

10.1038/ijo.2011.100
7. Hanson P, Barber TM. Should we use BMI as a selection criterion

for bariatric surgery? Expert Review of Endocrinology &
Metabolism 2019;14(4):221-

3. DOI: 10.1080/17446651.2019.1618184
8. Vijan S. Type 2 Diabetes. Ann Intern Med 2019;171(9):ITC65-80.

DOI: 10.7326/AITC201911050. Erratum in: Ann Intern Med

2020;172(10):708.
9. Rubino F, Nathan DM, Eckel RH, Schauer PR, Alberti KG, Zimmet

PZ, et al. Delegates of the 2nd Diabetes Surgery Summit metabolic




surgery in the treatment algorithm for type 2 diabetes: a joint
statement by international diabetes organizations. Diabetes Care

2016;39(6):861-77. DOI: 10.2337/dc16-0236
10. Rachlin E, Galvani C. Metabolic Surgery as a Treatment

Option for Type 2 Diabetes Mellitus: Surgical View. Curr Diab Rep

2018;18(11):113. DOI: 10.1007/s11892-018-1094-1
11. Hage MP, Safadi B, Salti I, Nasrallah M. Role of Gut-Related

Peptides and Other Hormones in the Amelioration of Type 2
Diabetes after Roux-en-Y Gastric Bypass Surgery. ISRN Endocrinol

2012;2012:504756. DOI: 10.5402/2012/504756
12. De Luca M, Tie T, Ooi G, Higa K, Himpens J, Carbajo MA, et al.

Mini Gastric Bypass-One Anastomosis Gastric Bypass (MGB-OAGB)-
IFSO Position Statement. Obes Surg 2018;28(5):1188-206. DOI:

10.1007/s11695-018-3182-3
13. Pereyra-Garcia Castro FM, Oliva Garcia JG, Garcia Nufiez MA,

Garcia Bray BF, Suarez Llanos JP, Moneva Arce ME, et al. Efficacy in
type 2 diabetes mellitus remission in patients undergoing bariatric
surgery. Endocrinol Diabetes Nutr 2019;66(1):56-61. DOI:

10.1016/j.endinu.2018.08.007
14. Eeg-Olofsson K, Cederholm J, Nilsson PM, Zethelius B, Nunez

L, Gudbjornsdéttir S, et al. Risk of cardiovascular disease and
mortality in overweight and obese patients with type 2 diabetes:
an observational study in 13,087 patients. Diabetologia

2009;52(1):65-73. DOI: 10.1007/s00125-008-1190-x
15. Williamson DF, Thompson TJ, Thun M, Flanders D, Pamuk E,

Byers T. Intentional weight loss and mortality among overweight
individuals with diabetes. Diabetes Care 2000;23(10):1499-504.

DOI: 10.2337/diacare.23.10.1499
16. Affinati AH, Esfandiari NH, Oral EA, Kraftson AT. Bariatric

Surgery in the Treatment of Type 2 Diabetes. Curr Diab Rep

2019;19(12):156. DOI: 10.1007/s11892-019-1269-4
17. Zubiaga L, Vilallonga R, Ruiz-Tovar J, Torres A, Pattou F.

Importance of the gastrointestinal tract in type 2 diabetes.



Metabolic surgery is more than just incretin effect. Cir Esp

2018;96(9):537-45. DOI: 10.1016/j.ciresp.2018.09.004
18. Cavin JB, Bado A, Le Gall M. Intestinal Adaptations after

Bariatric Surgery: Consequences on Glucose Homeostasis. Trends
Endocrinol Metab 2017;28(5):354-64. DOI:

10.1016/j.tem.2017.01.002
19. Cavin JB, Voitellier E, Cluzeaud F, Kapel N, Marmuse ]P,

Chevallier JM, et al. Malabsorption and intestinal adaptation after
one anastomosis gastric bypass compared with Roux-en-Y gastric
bypass in rats. Am ] Physiol Gastrointest Liver Physiol

2016;311(3):G492-500. DOI: 10.1152/ajpgi.00197.2016
20. Soong TC, Lee MH, Lee W], Chen JC, Wu CC, Chun SC. One

Anastomosis Gastric Bypass for the Treatment of Type 2 Diabetes:
Long-Term Results and Recurrence. Obes Surg 2021;31(3):935-41.

DOI: 10.1007/s11695-020-05093-z
21. Bhandari M, Nautiyal HK, Kosta S, Mathur W, Fobi M.

Comparison of one-anastomosis gastric bypass and Roux-en-Y
gastric bypass for treatment of obesity: a 5-year study. Surg Obes

Relat Dis 2019;15(12):2038-44. DOI: 10.1016/j.s0ard.2019.05.025
22. Bhandari M, Nautiyal HK, Mathur W, Kosta S. OAGB vs BGBP:

A retrospective comparative study of a cohort of patients who had
bariatric surgery in 2012 at one centre by a single surgeon. Clin

Obes 2019;9(4):e12308. DOI: 10.1111/cob.12308
23. Rheinwalt KP, Plamper A, Ruckbeil MV, Kroh A, Neumann UP,

Ulmer TF. One Anastomosis Gastric Bypass-Mini-Gastric Bypass
(OAGB-MGB) Versus Roux-en-Y Gastric Bypass (RYGB)-a Mid-Term
Cohort Study with 612 Patients. Obes Surg 2020;30(4):1230-40.

DOI: 10.1007/s11695-019-04250-3
24, Carbajo MA, Jiménez JM, Castro MJ, Ortiz-Solérzano J, Arango

A. Outcomes in weight loss, fasting blood glucose and glycosylated
hemoglobin in a sample of 415 obese patients, included in the
database of the European accreditation council for excellence
centers for bariatric surgery with laparoscopic one anastomosis



gastric bypass. Nutr Hosp 2014;30(5):1032-8. DOl:

10.3305/nh.2014.30.5.7720
25. Navarrete Aulestia S, Leyba J, Navarrete LL, Garcia Caballero

M, Sanchez N, Pulgar V et al. Bypass gastrico en Y de Roux para el
tratamiento de pacientes con diabetes mellitus tipo Il con IMC de
30 a 35 kg/m2 Nutr Hosp 2012;27(4):1160-5. DOI:

10.3305/nh.2012.27.4.5855
26. Magouliotis DE, Tasiopoulou VS, Tzovaras G. One

anastomosis gastric bypass versus Roux-en-Y gastric bypass for
morbid obesity: a meta-analysis. Clin Obes 2018;8(3):159-69. DOI:

10.1111/cob.12246
27. Poublon N, Chidi I, Bethlehem M, Kuipers E, Gadiot R, Emous

M, et al. One anastomosis gastric bypass vs. Roux-en-Y gastric
bypass, remedy for insufficient weight loss and weight regain after
failed restrictive bariatric surgery. Obes Surg 2020;30(9):3287-94.

DOI: 10.1007/s11695-020-04536-x
28. Ramos AC, Chevallier JM, Mahawar K, Brown W, Kow L, White

KP, et al. IFSO (International Federation for Surgery of Obesity and
Metabolic Disorders) Consensus Conference Statement on One-
Anastomosis Gastric Bypass (OAGB-MGB): Results of a Modified
Delphi Study. Obes Surg 2020;30(5):1625-34. DOI:

10.1007/s11695-020-04519-y
29. Garcia-Caballero M, Valle M, Martinez-Moreno |M, Miralles F,

Toval JA, Mata JM, et al. Resolution of diabetes mellitus and
metabolic syndrome in normal weight 24-29 BMI patients with One
Anastomosis Gastric Bypass. Nutr Hosp 2012;27(2):623-31. DOI:

10.1590/50212-16112012000200041
30. Kim Z, Hur KY. Laparoscopic mini-gastric bypass for type 2

diabetes: the preliminary report. World J Surg 2011;35(3):631-6.

DOI: 10.1007/s00268-010-0909-2
31. Carbajo MA, Luque-de-Ledn E, Jiménez JM, Ortiz-de-Solérzano

J, Pérez-Miranda M, Castro-Alija MJ. Laparoscopic One-Anastomosis
Gastric Bypass: Technique, Results, and Long-Term Follow-Up in



1200 Patients. Obes
10.1007/s11695-016-2428-1
Navarrete Aulestia S, Leyba JL, Navarrete Llopis S, Pulgar V.
One Anastomosis Gastric Bypass/Minigastric Bypass in Patients
with BMI <35 kg/m?and Type 2 Diabetes Mellitus: Preliminary

Report. Obes Surg 2019;29(12):3987-91. DOI: 10.1007/s11695-
019-04071-4

Surg 2017;27(5):1153-67. DOI:
32.



Table I. Type-2 diabetes mellitus remission criteria

SEEN-SECO-SEEDO-
SED (2013)

ADA (2009)

Complete  remission

(for 12 months)

HbAlc < 6.5 %
Blood glucose < 100

HbAlc < 6 %
Blood glucose < 100

mg/dL mg/dL
Without antidiabetic | Without antidiabetic
drugs drugs

Partial remission (for | HbAlc < 6.5 % HbAlc < 6.5 %

12 months) Blood glucose = 100- | Blood glucose = 100-
125 mg/dL 125 mg/dL
Without antidiabetic | Without antidiabetic
drugs drugs

Improvement HbAlc <7 %

Prolonged remission

At

complete remission

least 5 years of

At least 5 years of

complete remission

SECO: Spanish Society of Obesity Surgery; SED: Spanish Diabetes
Society; SEEDO: Spanish Society for the Study of Obesity; SEEN:

Spanish Society of Endocrinology and Nutrition.

ADA: American

Diabetes Association; HbAlc: glycosylated hemoglobin.




Table Il. Preoperative clinical and biochemical characteristics

Variables

Averange

Age (years)

46.6 + 11.25 (23-63)

Gender (F/M)

8/7

Weight (kilograms) 82.26 = 10.95
Height (centimeters) 169 = 10

BMI (kg/m?) 28.41 £ 0.94
Fasting blood glucose (mg/dL) 280.53 £ 65.22
HbA1lc (%) 9.58 + 1.66
Duration of disease (years) 54+ 2,79

Use of insuline (years) 2.6

C-peptide (ng/dL) 3.14 = 0.71




Table Ill. Mean fasting serum glucose in the preoperative period, and at 1
week and 1 month after surgery

Fasting blood glucose

( mg/dL)
Preoperative 288.53 £ 65.22
1 week 141.2 + 46.00

1 month 101.13 + 22.14




Table IV. Preoperative anthropometric and biochemical parameters, with

follow-up at 3, 6, 12, and 24 months after surgery

Variables Preoperative 3-month 6-month 12-month 24-month
follow-up follow-up follow-up follow-up

Fasting 288.53 = 65.22 | 91.8 + | 90.6 + | 87.2 + |94 +£6.66

blood 10.73 10.47 7.27

glucose

(mg/dL)

HbAlc (%) | 9.58 = 1.64 6.04 £ 0.78 | 5.48 £0.34 | 5.03 +|5.21 +

0.38 0.26

BMI 28.39 £ 0.93 23.25 + | 22.15 + | 21.40 +|21.81 +

(kg/m?) 0.91 0.87 0.93 0.89

Use of | 73.3 % 0% 0 % 0% 0 %

insuline

Use of | 26.6 % 0% 0 % 0 % 0 %

oral

antidiabet

ic drug

DM?2 - - - 100 % 100 %

remission




