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Introduction

During the past decades we have been witnesses of the 
world-increasing pandemic of obesity and type 2 diabetes 
mellitus (T2DM). Currently, 415 million people worldwide 
are estimated to have T2DM and if these trends continue, 
by 2040 some 642 million people, or 1 adult in 10, will 
have diabetes (1) .The World Health Organization (WHO) 
estimates that globally, high blood glucose is the third 
highest risk factor for premature mortality, after high 

blood pressure and tobacco use; therefore, preventing 
cardiovascular complications focusing in glucose control, 
lipids and blood pressure is necessary (2). 

Conventional management for T2DM include lifestyle 
interventions and medication (3), but despite the increasing 
number and variety of antidiabetic drugs that have emerged 
during the last two decades to achieve optimal glycemic 
control, T2DM control remains suboptimal (4,5). Current 
treatment goals proposed by American Diabetes Association 
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for T2DM are glycated hemoglobin (A1c) <7%, low-density 
lipoprotein cholesterol levels <100 mg/dL and blood 
pressure <130–80 mmHg (3,6), and less than 20% of USA 
patients achieve these levels in triple target despite having 
the best medical treatment.

Bariatric surgery was first described just for reducing 
weight in severely obese patients. A Swedish Obese Subjects 
(SOS) study, demonstrated that the surgery group arm not 
only had more drastic and sustainable average reduction of 
excess body weight but also had remarkable beneficial effects 
on cardiovascular risk factors, such as waist circumference, 
blood pressure, glucose and insulin levels, uric acid, 
triglyceride and HDL cholesterol levels when compared with 
conventionally treated patients (7-10). Even though the SOS 
study showed a reduction of the number of cardiovascular 
events and overall mortality in the surgery group (HR 
0.76, CI 95%) (11,12), one of the most relevant points was 
the finding of absence of significant relationship between 
cardiovascular mortality and body mass index (BMI) (7,13).

Gastrointestinal (GI) operations have demonstrated, 
especially those that involve food rerouting through the 
GI tract that are safe and provide better outcomes for 
weight loss and improvement in glucose metabolism in 
obese patients with T2DM in comparison to conventional 
strategies.

Several trials have demonstrated that surgical procedures 
improve glycemia independently of weight loss (14,15), 
and also have a positive impact on lipids profile and blood 
pressure control, with very good long-term effects on 
cardiovascular morbidity and mortality (5,11,16,17). 

Better glycemic control was seen in patients following 
a Roux-en-Y gastric bypass (RYGB) comparing them 
with patients with optimal lifestyle and pharmacological 
interventions (18,19). 

The way how these operat ions control  T2DM 
have become the subject of intense research, fueled by 
experimental evidence that GI bypass surgery can induce a 
very rapid diabetes-enhancing effect, independent of weight 
loss, making it a promising tool to treat T2DM (5,20).

In this way, in 2017 the American Diabetes Association’s 
recommendations on metabolic surgery for adult patients 
with type 2 diabetes have been revised (1). The “Standards 
of Medical Care” 2017 have expanded the indications for 
metabolic surgery to include patients with inadequately 
controlled type 2 diabetes who have a BMI as low as 30 kg/m²  
(27.5 kg/m² in Asian Americans). They declared in the 
Standards that metabolic surgery “should be recommended” 
in T2DM with BMI >40 kg/m2 (BMI >37.5 in Asian 

Americans) regardless of glycemic control achieved, and 
in adults with BMI 35–39.9 kg/m2 (32.5–37.4 kg/m2 in 
Asian Americans) when the glycemic level is not adequately 
controlled despite using the best available medical treatment. 
They say that “metabolic surgery should be considered” for 
adults with T2DM and BMI 30–34.9 kg/m2 if there is no 
control of the glycemia with medical treatment (6,8,9).

Mechanisms related to improvement in glucose 
homeostasis

Improvement in glucose homeostasis after a gastric bypass 
begins short days after surgery, before significant weight loss 
occurs. The important role of the GI tract in the regulation 
of glucose metabolism was firmly established along the past 
two decades. However, it seems that the physiological and 
molecular mechanisms underlying glycemic improvement 
after metabolic surgery still  remains incompletely 
understood. Several mechanisms have been proposed 
since Pories et al. published “Is Type II Diabetes Mellitus 
a Surgical Disease?” and “Who Would Have Though It? An 
Operation Proves to Be the Most Effective Therapy For Adult 
Onset Diabetes Mellitus”. In that last publication, Pories et al.  
suggested that caloric restriction was the cornerstone for 
glycemic improvement with collaboration of the nutrient 
exclusion of the proximal gut and rapid delivery of them 
to the distal gut. In parallel, several studies demonstrated 
that changes in gut hormones, bile acids metabolism, GI 
tract nutrient sensing, and microbiome are implicated in 
the effects of RYGBP for T2DM. Rubino et al. showed that 
GI surgical procedures that involve food rerouting were 
related to weight independent antidiabetes effect of surgery 
by improving both, insulin sensitive and production (21,22). 
RYGB increase the delivery rate of nutrients into the small 
intestine, with a fast glycemic rise and increased secretion 
of GLP-1, restoring first-phase insulin response (22).  
This leads to an improved insulin secretion after a meal, 
suggesting enhancement B-cell function and increase of 
B-cell mass. 

There exist numerous mechanism proposed to explain 
how RYGB exerts its effects on B-cell islets. The strongest 
hypothesis is that gut hormone changes after RYGB are 
probably the principal mechanism involved in rapid and 
weight independent anti-diabetic effect of surgery. Indeed, 
the incretin effect, a hormonal response of B cells to 
exacerbate insulin secretion after an oral load of glucose 
mediated by GLP-1—an intestinal hormone released by 
L cell in the ileum—appears to be enhanced after surgery. 
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In fact, surgery causes a three to fourfold increase levels 
of GLP-1 (23) resulting in further stimulation to insulin 
release from the pancreas as well as an antiapoptotic effect 
on the B-cell. 

On the other side, the anti-incretin theory postulates 
that the uncertain effect (GLP-1, GIP) nutrient passage 
through the small bowel could also activate “anti-incretin” 
or feedback mechanisms to balance the actions of GLP-1 
and GIP such us enhance insulin secretion. In the absence 
of one or more of these feedback mechanisms, these 
effects would expose to exacerbated insulin hypersecretion 
and B-cell function and growth, with the concomitant 
risk of postprandial hyperinsulinemic hypoglycemia and 
uncontrolled B-cell proliferation. Reduction of nutrient 
passage and stimuli on the gut by surgical procedures that 
exclude parts of the foregut and the arrival of them to the 
handgun could restore appropriate incretin/anti-incretin 
balance explaining improvement of T2DM (24-30). Bile 
acids are now considered to be important regulators of 
energy balance and metabolism, primarily via de nuclear 
farnesoid X receptor (FXR) and the G-protein-coupled 
receptor (TGR5). Several trials demonstrated that the 
duodenum and jejunum sense nutrients and initiate a 
feedback response through the gut-brain-liver axis to 
regulate hepatic glucose production. When nutrients are 
delivered to medium jejunum led a greater insulin sensitivity 
for glucose and fatty acids (20,26,31-39).

Eligibility criteria for metabolic surgery

Bariatric and metabolic surgery might be misunderstood 
as synonymous, but they are not since bariatric operation 
primary indication is to achieve weight loss in morbidly 
obese patients, and the metabolic benefits (improvement in 
T2DM, hypertension, dyslipidemia) and reduction of overall 
mortality might be considered beneficial side effects (40).

In 1978, Varco and Buchwald defined “Metabolic 
surgery: manipulation of an organ system to achieve a 
biological result for a potential health gain” (41). This 
definition involves the notion of an anatomical and 
functional procedure on a normal GI tract aimed at 
reducing or reverting an altered function that cause a 
metabolic disease (42).

GI surgery for the specific intention to treat T2DM was 
first recommended at the 2007 Diabetes Surgery Summit 
(DSS) (43) and implicated a shift in the primary focus of 
surgery from mere weight management to treatment or 
improvement of metabolic illness may have significant and 

practical ramification (40,44,45).
The preoperative evaluation for metabolic surgery should 

include clinical considerations such as inadequate response 
of glycemia to optimal medical therapy or the presence of 
other cardiovascular risk factors. In fact, the SOS study 
demonstrated that baseline BMI does not predict the 
benefits of surgery related to T2DM development, cancer, 
cardiovascular events or death (39,40) but surgical benefits 
were notably predicted by high baseline insulin and/or 
glucose levels, presumably reflecting insulin resistance. 
In this background, BMI cut-off at 35 kg/m2 is not an 
accurate parameter to predict the potential of surgery to 
induce glycemic and metabolic control, so it should not be 
considered a stand-alone criterion for surgical selection (43).

Results of metabolic surgery and prognostic factors

Metabolic surgery is a highly effective treatment of 
T2DM, inducing improvement and/or remission in obese 
patients, decreases the risk of macrovascular complications, 
prevents or delays microvascular complications and 
improves survival (14,15,18).

The GI tract is an important contributor to normal 
glucose homeostasis (41) and increasing evidence has 
demonstrated that GI operations can dramatically 
ameliorate or prevent T2DM. Beyond inducing weight loss-
related metabolic improvements, some operations engage 
mechanisms that improve glucose homeostasis independent 
of weight loss. Moreover, when compared medical therapy 
(conventional and/or intensive) for T2DM versus surgical 
GI procedures, surgery resulted in significantly better 
glucose control than did medical therapy alone; so it’s not 
surprising that bariatric-metabolic surgery is being used 
throughout the world to treat diabetes (42). 

Defining the idea of T2DM remission following surgery 
has been controversial (40,41,45).

Various factors have been proposed as predictor of 
remission T2DM after RYGB (40). Durable remission 
has been seen early stage of T2DM (41), loss of a large 
percentage of excess bodyweight, young age and low BMI 
(25–35 kg/m2). Duration of diabetes, usage of insulin 
and duration of insulin usage have all been reported to 
negatively predict the likelihood of diabetes remission after 
surgery (39,40).

The DiaRem scoring system is a method that uses four 
preoperative clinical variables (use of insulin before surgery, 
age, HbA1c and diabetes drugs before surgery) to predict 
the probability of remission of T2DM after RYGB surgery. 
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It predicts remission irrespective of early or late occurrence, 
and includes patients in partial remission who might be 
progressing to complete remission (45).

However, the mayor benefit of surgery, would probably 
not be to improve glycemic control per se but rather to 
reduce microvascular and macrovascular complications 
associated with T2DM (40), so in the selection of T2DM 
patients for metabolic surgery should be considered a 
balance between the diabetes-related risk of micro and 
macrovascular complications and the potential benefits of 
surgery rather than BMI solely (41,45).

The STAMPEDE (Surgical Therapy And Medications 
Potentially Eradicate Diabetes Efficiently) trial is the 
largest randomized trial with one of the longest follow-
ups comparing medical therapy with bariatric surgery (3). 
In the 5-year follow-up report from the STAMPEDE trial, 
the authors shows that bariatric surgery’s beneficial effects 
on blood glucose control in mild and moderately obese 
patients with type 2 diabetes may persist for up to five years, 
with the advantage over diabetes medications. The 5-year 
follow-up also reported that:

(I) Over 88% of RYGBP and sleeve gastrectomy 
patients maintained healthy blood glucose levels 
without the use of insulin;

(II There are 29% of RYGBP patients and 23% of 
sleeve gastrectomy patients achieved normal blood 
glucose levels, compared to just 5% of those on 
medication alone;

(III) Weight loss was significantly greater with gastric 
RYGBP and s leeve gastrectomy than with 
medications and was the primary driver for glucose 
control. 

Finally, metabolic surgery should be considered as a 
broad surgical specialty where the GI operations are used 
with the primary intent to treat diabetes and metabolic 
disease. This definition is not based on the assumption of 
whether the site of surgery is normal or pathological, yet it 
is consistent with the evidence that GI procedures engage 
mechanisms of action beyond the mechanical restriction of 
energy intake and altered nutrient absorption. According 
to such definition, standard Roux-en-Y gastric bypass 
should be thought as a “metabolic” rather than “bariatric” 
surgery (6,9,14,15,40).

Surgical technique

In the last 10 years, multiple publications demonstrated 
improvement of blood glucose levels and concomitant 

reduction of morbidity and mortality related to CV 
events after BS/MS (26-29). RYGB technique was the 
first technique that proved its effectiveness in remission of 
T2DM in morbidly obese patients. Laparoscopic RYGB 
is the most accepted and effective procedure; it is also 
the safest and has the best long term T2DM remission 
rates compared with other restrictive techniques. These 
characteristics postulate laparoscopic RYGB as the gold 
standard (30,31). 

RYGB technique description

The patient is in a split legs position and the surgeon is 
located in between the patient’s legs. Abdominal insufflation 
is performed at 14 mmHg was obtained with a Veress needle 
placed through the umbilicus of the patient (27,33-37).  
Trocar placement: 10 mm in the midline (between xyphoid 
and umbilicus); two of 12 mm, one in the right upper 
quadrant and a left one in the mid-clavicular line; after that 
two more 5-mm trocars were used, one for liver retraction 
just distal to the xyphoid; and the other 5-mm of distal to 
the costal margin (Figure 1A,B).

Gastric pouch of approximate volume 30 to 50 mL, 
calibrated with 36 Fr Boogies. The approximated size 
should be about 4×7 cm. The stomach is transected firing 
blue load linear staplers, to disconnect the small upper 
stomach from the remaining portion of the stomach  
(Figure 2) (27,38,39).

Gastrojejunostomy is recommended a hybrid technique 
(manual-mechanic), although it can be performed fully hand 
sewn. It should be always calibrated with a 34–36 Fr boogie. 
The omentum is divided. The gastrojejunal anastomosis is 
about to be performed (5). For this step, a blue load linear 
stapler is inserted only half way into the pouch hole in order 
to create an anastomosis that is about 2 cm in length before 
firing. This anastomosis is 2 cm in diameter (Figure 3). A 
running suture is used to close the defect (Figure 4) (27,39).

It is recommended a biliary limb of 100-cm of length 
from duodenojejunal flexure; a 150-cm alimentary limb: 
from gastrojejunostomy and a jejunojejunostomy with 
hybrid mechanic-manual techniques (Figure 5). It’s also 
suggested the antecolic/antegastric loop ascent to decrease 
the risk of vowel obstruction. It is advisable the closure 
of mesenteric gaps, Petersen’s and intermesenteric spaces 
to decrease the risk of internal hernia (Figure 6). Blue test 
is performed. Finally a last stapler is fired in the jejunum 
(Figure 7). Finally, the abdominal cavity is drained with a 
Jackson-Pratt (JP) drain for about 7 days (27,39). 
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Figure 1 (A) Patient and (B) trocars position.

Figure 3 The gastrojejunal anastomosis is done with blue 
cartridges with a diameter of 2 to 2.5 cm.

Figure 2 The gastric pouch is manufactured by using 60 mm blue 
cartridges.

Figure 4 Closure of the anastomotic defect.

Figure 5 A side-to-side jejunojejunostomy is done with a 60-mm 
white cartridge.
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