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Abstract 

Metabolic surgery can be considered as part of functional 

surgery, where the function to be corrected is a metabolic 

one. The first known example of metabolic surgery is 

probably the partial ileal bypass for the treatment of hy-

percholesterolemia. Modern metabolic surgery was pre-

ceded and inspired by bariatric surgery, basing on the 

strong metabolic effect of some obesity surgery opera-

tions, especially gastric bypass and biliopancreatic diver-

sion (BPD), mainly active on type 2 diabetes mellitus. A 

true metabolic operation, primarily aimed at obtaining a 

favourable metabolic change, should on one side not 

provoke undue weight loss, on the other side act through 

specific mechanisms independent of weight changes. 

BPD, in clinical use since the late 70s, has proven to meet 

these requirements and is successfully used today in clini-

cal trials for the treatment of the metabolic syndrome. 

New developed metabolic operations are represented by 

duodenal-jejunal bypass, endointestinal sleeve, and ileal 

interposition. All the efforts should be aimed at conceiving 

an operation equally effective as BPD, yet less invasive.  
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Introduction 

Any type of surgical activity, to be labelled as 

“discipline”, needs that that specific surgical 

activity be used with the only aim of obtaining 

a specific effect, which, in this case, would be 

a metabolic change. In other words, meta-

bolic surgery can be considered a discipline if 

one or more types of operation can be used 

with the only aim of obtaining, as a result, a 

metabolic change. 

Metabolic surgery can be considered as part 

of the more generally named “functional sur-

gery”, which in turn may be defined as “a sur-

gically-induced anatomic modification which 

provokes either the reduction or the annul-

ment of the altered function that causes the 

disease, or a functional change of opposite 

direction able to counteract partially or totally 

the originally altered function”. If that function 

is a metabolic function, that is metabolic sur-

gery. Good examples of the first type of func-

tional surgery are ablation of endocrine tu-

mors, or splenectomy for idiopathic thrombo-

cytopenic purpura, or antrectomy or vag-

otomy for peptic disease: in all of these cases 

the surgically-induced anatomic change sim-

ply reduces or annuls the altered function. A 

nice example of the second type of action is 

pyloroplasty associated with vagotomy, where 

the gastric emptying problems caused by 

vagotomy are counteracted by the facilitated 

emptying provoked by pyloroplasty.  

Obesity surgery is obviously functional surgery, 

where the excessive food intake can be re-

duced or annulled with gastric restriction pro-

cedures, or counteracted with the operations 

which reduce intestinal energy absorption. 

Bariatric surgery has many beneficial meta-

bolic effects, which, being simply due to the 

weight loss, do not allow obesity surgery to be 
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considered as metabolic surgery, for at least 

two good reasons: 1) bariatric surgery is pri-

marily aimed at weight reduction, with meta-

bolic effects being only beneficial side effects 

secondary to weight loss, which are the better 

the greater the weight loss and would disap-

pear in case of weight regain, while true 

metabolic surgery should be primarily aimed 

at the correction of the metabolic alteration, 

and it should work independently of weight 

changes; 2) most important, the metabolic dis-

turbances that accompany obesity, like hy-

percholesterolemia, hypertriglyceridemia, insu-

lin resistance and type 2 diabetes mellitus, can 

occur also in the absence of obesity, and, in 

these case, even the best weight reducing 

operation would be not only ineffective, but 

also potentially very harmful. On the contrary, 

a true metabolic operation should be able to 

resolve one or more of the above conditions 

independently of the body weight, that is, also 

in the lean patient, and without causing any 

undue weight loss. In a few words, when talk-

ing about metabolic surgery, we should simply 

forget about body weight or BMI. 

The first known example of metabolic surgery is 

probably the partial ileal bypass (PIB) for the 

treatment of hypercholesterolemia.1,2 The op-

eration consists of the exclusion from the intes-

tinal flow of the last portion of the ileum, where 

the bile salts are absorbed. What results is a 

near total interruption of the entero-hepatic 

bile salt circulation, with huge loss of bile salt 

into the colon and consequent greatly in-

creased bile acid neosynthesis by the liver, 

which occurs at the expense of the cholesterol 

pool.3 The same effect on serum cholesterol is 

obtained by jejunoileal bypass (JIB),4,5 where 

only a few centimeters of the distal ileum are 

left in-continuity. The difference between the 

two operations is that the primary aim of JIB is 

weight loss, and serum cholesterol reduction is 

a beneficial side effect, while the PIB is a pro-

cedure specifically designed for the treatment 

of hypercholesterolemia, which can be used 

in any case of high serum cholesterol, inde-

pendently of the body weight and the body 

weight changes, that is true metabolic sur-

gery. 

Although both JIB and PIB, because of the 

many side effects, were abandoned, the 

concept of bariatric surgery was accepted, 

with gastric banding,6,7 gastroplasty,8 gastric 

bypass (GBP)9,10 and biliopancreatic diversion 

(BPD)11,12 being developed for this purpose. 

The latter, due to its specific actions on serum 

cholesterol, which is exactly the same as in PIB, 

and on type 2 diabetes mellitus,13 actions to-

tally independent of weight changes, is to be 

considered the best example both of func-

tional surgery for obesity and of metabolic 

surgery for the metabolic syndrome.  

BPD, by diverting bile and pancreatic juice 

into the distal ileum, causes a delayed mixing 

between food and biliopancreatic secretions 

resulting in a limited digestion, and thus a lim-

ited absorption which is selective for fat and 

starch, responsible for weight loss and indefi-

nite weight maintenance.14  

In 1984 the powerful specific metabolic ac-

tions of BPD15 were well known, but at that 

time bariatric surgery in general and BPD in 

particular were far from being widely ac-

cepted, therefore BPD was continued to be 

used only for morbid obesity therapy. About 

ten years later, in the mid nineties, Walter 

Pories,16,17 followed by many others, 18-20 de-

scribed the powerful action of gastric bypass 

on the resolution of type 2 diabetes. In GBP a 

very small proximal gastric pouch (15-30 ml) 

causes rapid gastric emptying which, on the 

one hand, provokes an intense and long last-

ing postprandial syndrome, and on the other, 

allows food to reach the ileum, where the 

production of anorexigenic gut hormones like 

GLP-1 and PYY is stimulated. 21-23 Both these 

actions, provoking reduced food intake, act in 

tandem to cause weight loss.  

As in the case of BPD, GBP action appeared 

to be a specific one, which was independent 

of weight loss, since the effect became ap-

parent a few days after the operation. At that 

moment, bariatric surgery became a discipline 
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that was accepted worldwide. BPD and GBP 

had been in clinical use for more than 20 

years, and they both showed very important 

antidiabetic activities. It had become possible 

to consider surgery for the treatment of diabe-

tes and metabolic syndrome, even if that was 

not yet true “metabolic surgery”- that is opera-

tions that could be considered specifically or 

primarily aimed at obtaining beneficial meta-

bolic effect- independently of the presence of 

obesity. Surgical treatment of obesity is indi-

cated for patients with a minimum BMI of 35 

kg/m2, but since more than 90% of type 2 dia-

betic patients have a BMI in the range of 25-

35, treatment of diabetes then becomes the 

real target of metabolic surgery.  

A first meeting on “true” diabetes surgery was 

held almost secretly (we were not more than 

15 people) in Strasbourg, June 2006, thanks to 

the initiative of Francesco Rubino, a young re-

searcher, author of wonderful experimental 

studies in rats,24,25 and a second one, more of-

ficial and with larger participation, though dis-

guised as a meeting on animal model surgery, 

was held in Boston, in October of the same 

year. But the main event was the large inter-

national consensus conference called Diabe-

tes Surgery Summit, held in Rome in March 

2007,26 the first endorsing body being the 

American Diabetes Association. The goal of 

the meeting was to reach a consensus on the 

essential guidelines for the use of surgery to 

treat type 2 diabetes. After two days of pres-

entations on the subject, the about 50 more 

prominent world researchers in the field of en-

docrinology, diabetology and gut hormones 

reached some important agreements, the 

most important, approved unanimously, being 

that “in patients with BMI lower than 35, de-

termining the appropriate use of gastrointesti-

nal surgery for the treatment of type 2 diabe-

tes is an important research priority”. The 

statement had been carefully constructed, 

because, while opening the door to the use of 

surgery for the treatment of diabetes in pa-

tients not morbidly obese, a totally new popu-

lation, the word “research” clearly indicated 

that this surgery would be allowed only within 

carefully designed clinical trials, after the ap-

proval of an Ethics Committee. 

Therefore, even though only as part of an in-

vestigation in this phase, surgery could be 

used to treat type 2 diabetes in the BMI range 

for which the use of bariatric surgery is not in-

dicated, that is, independently of BMI. What is 

immediately evident is that the operations per-

formed in patients with BMIs in the lower 

range, especially simple overweight (BMI 25-

30), should be able to achieve two aims: 1) to 

cause little or no weight loss in case there is lit-

tle or no excess weight to lose; 2) to act on 

type 2 diabetes through specific actions, in-

dependent of weight loss. Once we have sur-

gical procedures that meet these two re-

quirements and can be used solely to obtain 

metabolic changes, only then will we be able 

to talk about a “new discipline”.  

Specific metabolic surgery can be found 

among those currently used for the surgical 

therapy of obesity, or new operations can be 

developed which possess the above two re-

quirements. The two well established bariatric 

procedures which have proved to possess 

specific mechanisms of action independent of 

weight reduction are BPD and GBP. However, 

only BPD can be considered true “metabolic 

surgery”, as it can be used with the unique aim 

of diabetes treatment also in lean people. In 

fact, in GBP the effect of diabetes resolution 

cannot be separated from that of weight loss, 

so that the operation, obligatorily causing 

weight loss, cannot be used in normal weight 

people. This does not apply to BPD because 

BPD does not make one lose weight, it simply 

leads the operated subject to the weight 

commensurate with the amount of calories 

that is able to be absorbed after the opera-

tion, so that if the patient’s weight is equal to 

or lower than that weight, there is no reason 

for weight loss. Therefore, BPD, as it causes 

weight loss only if there is an excess weight to 

lose, can be used with the only aim of diabe-

tes treatment at any body weight, and thus 

can be considered a true “metabolic opera-

tion”. Actually, while GBP for type 2 diabetes 



METABOLIC SURGERY Journal of Medical Sciences (2010); 3(1) 

 

31 

was used only in patients in the BMI 30-35 

range,27 BPD was successfully employed in 

both the mild obesity and simple overweight 

patient ranges.28,29 We have recently com-

pleted the first year follow-up of a prospective 

study of 30 type 2 diabetes patients equally 

distributed between BMI 25 and 35 submitted 

to BPD, obtaining 83% of control (HbA1c 7% 

on free diet and with no antidiabetic therapy), 

and 17% of improvement (unpublished data). 

How do BPD and GBP work? Let us mention 

first a peculiar mechanism of action of BPD, 

which is based on the minimal fat absorption,30 

causing intramyocellular fat depletion31,32 with 

consequent return to glucose utilization as a 

source of energy and disappearance of insulin 

resistance.33,34 The two other specific (i.e. in-

dependent of weight loss) mechanisms of ac-

tion which have been hypothesized to explain 

the effects of GBP and BPD are based on two 

anatomo-functional features shared by the 

two operations, that is the bypass of the duo-

denum and the food stimulation of the ileum. 

These mechanisms are related to a family of 

gut hormones, called “incretins”, character-

ized by the property of stimulating insulin pro-

duction by the beta-cell,35,36 and mainly repre-

sented by the gastric inhibitory polypeptide 

(GIP) 37 and the glucagon-like peptide-1 (GLP-

1),38 respectively released by the duodenum 

and the ileum. The first mechanism, which is 

known as the “foregut hypothesis” is based on 

the bypass of the duodenum, which is consid-

ered responsible for the type 2 diabetes cau-

sation. Particularly, Pories39 hypothesized that 

an excessive response of the duodenum to 

food stimulation causes excessive incretin se-

cretion, and thus insulin release, the insulin re-

sistance representing a mechanism of de-

fense. Rubino40 speculated the existence of 

“anti-incretins”, produced by an ill duodenum 

on food stimulation, which would interfere with 

normal incretin action. In both cases, the by-

pass of the duodenum would solve the prob-

lem.  

On the contrary, according to the “hindgut 

hypothesis”, the beneficial effect of GBP and 

BPD would be based on the food-stimulated 

release by the ileal mucosa of a powerful in-

cretin, the GLP-1, which has proven to be able 

not only to improve beta-cell function,38 but 

also to stimulate beta-cell proliferation41 and 

decrease beta-cell apoptosis42. An increased 

production of GLP-1 was demonstrated both 

after GBP21 and after BPD43,44.  

With the exception of omentectomy, which 

has proven to be totally ineffective,45 the 

newly developed operations specifically de-

signed for type 2 diabetes treatment were in-

spired by the two above hypothesis. The 

foregut hypothesis generated the duodenal-

jejunal bypass (DJB) surgery, consisting of tran-

secting the duodenum 1-2 cm distal to the py-

lorus, and then fashioning a short (30 + 50 cm) 

Roux-en-Y reconstruction with pyloro-jejunal 

anastomosis. The experiences reported so far 

by Cohen46 and Ferzli47 are rather disappoint-

ing. It seems (personal communication by Dr. 

Ricardo Cohen) that better results can be ob-

tained by adding to this operation a sleeve 

gastrectomy (SG, a subtotal longitudinal 

gastrectomy leaving a gastric tube along the 

lesser curve of no more than 100 ml capacity, 

which results in much more rapid gastric emp-

tying), but this evidently represents a mix of 

foregut and hindgut mechanisms. Moreover, 

sleeve gastrectomy is a weight loss operation, 

with the consequent risk of excessive weight 

reduction if used in simply overweight diabetic 

patients. 

Another procedure suggested by the foregut 

hypothesis is the so called “endobarrier” sur-

gery, consisting of a tubular prosthesis 60 to 

100 cm in length which is inserted endoscopi-

cally in the duodenum and anchored to the 

muscular layer distal to the pylorus.48 What re-

sults is a lack of contact between food and 

duodenal mucosa, but also a shortening of 

food pathway to the ileum, thus again mixing 

the two mechanisms. The results, reported by 

Galvao-Neto49 after a 12-week implant, are 

good both in terms of weight loss and of dia-

betes improvement. 
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Finally, the procedure exploiting the hindgut 

mechanism, that is ileal interposition, has been 

extensively studied in animals in the past for 

the effect on food intake,50,51 and recently for 

the beneficial influence on type 2 diabetes,52-

54 and pioneered in man by De Paula55,56. After 

a disappointing experience with ileal interposi-

tion alone (personal communication by Dr. 

Aureo Ludovico De Paula), De Paula had 

much better results by adding a sleeve 

gastrectomy to the procedure, with or without 

the bypass of the duodenum, the former pro-

cedure being more effective. Again, the pres-

ence of a weight loss component entails the 

unpleasant side-effect of undue weight loss. 

Moreover, it is a formidable major surgery op-

eration, entailing the presence of 4 to 7 staple 

lines at risk of dehiscence, with no demon-

strated advantages compared to the much 

safer and more effective BPD.  

In summary, metabolic surgery can be con-

sidered today a true new discipline, which in-

cludes all the operations that can be used 

with the only aim of treating type 2 diabetes, 

and/or severe hypercholesterolemia, and/or 

the other components of the metabolic syn-

drome, independent of BMI. All of these op-

erations belong today to major abdominal 

surgery, so all future efforts must be aimed at 

designing new operations equally effective 

but less invasive.  
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