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Introduction 

-Scott A. Shikora, MD 

Humans have been performing surgery since the dawn of mankind. For most of that time,

surgery was very straightforward and easy to understand. Surgery was narrowly focused to di-

rectly treat an anatomic or physiologic abnormality. The offending tissue or organ was identified

and targeted. The surgery was then directed only to the diseased tissues. Generally speaking,

surgery consisted of extirpation of the lesion or repair of the injury. For example, symptomatic

cholelithiasis is usually treated by a cholecystectomy which is almost always curative. In a simi-

lar fashion, a severely painful, arthritic hip is typically excised and substituted with an artificial

joint, with good results. 

However, over the course of history, some surgical procedures were developed to treat dis-

ease by manipulating tissue or an organ not directly the responsible for the patient’s disease.

For instance, removing the spleen to treat patients with idiopathic thrombocytopenia purpura

(ITP) or excising the ovaries in women with breast cancer. In these examples, the spleen was

responsible for the ITP no more than the ovaries caused breast cancer. 

The use of surgery in this fashion was first described by Buchwald and Varco in 1978 and

given the name “metabolic surgery. 1 ′′ They defined metabolic surgery (MS) as “the operative

manipulation of a normal organ system to achieve a biological result for a potential health gain.

Presently, the most recognized and effective use of this type of surgery is what was for-

mally called obesity, weight loss, or bariatric surgery (BS). These procedures involved various

manipulations of the stomach and/or the small intestine. The original goal was to achieve sig-
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ificant weight loss. Over time, it became obvious that the weight loss operations had profound

eneficial effects on a number of seemingly independent diseases such as hypertension, type 2

iabetes (T2DM), and liver disease. 

Currently, metabolic surgery has been widely accepted by the bariatric community and now

t is common to see the terms joined as metabolic/bariatric surgery (MBS). The full potential of

BS is not yet known and it is not yet determined whether these procedures might be of value

o non-obese patients with health issues such as diabetes. 

In this monograph, we provide a historical view of MS as well as a review of the current

iterature evaluating the safety, efficacy, and likely future of MBS. 

he definition of metabolic surgery 

-Henry Buchwald, MD, PhD 

In a book entitled, Metabolic Surgery , 1 we defined MS “as the operative manipulation of a

ormal organ or organ system to achieve a biological result for a potential health gain.” This

efinition continues to be valid with the possible addition of “putative” before “normal organ

r organ system” to account for the growing evidence that the organs manipulated may have a

ole in initiating and maintaining a pathologic state (eg, the intestine in obesity and T2DM). 

The term metabolic is derived from the Greek and defined as the processes by which a body

roduces substances and energy to sustain life. The term surgery is derived from 2 Greek words:

herios , a hand, and ergon , work. Thus, surgeons are hand laborers. Combining metabolic and

urgery implies that the discipline of MS is cognitive as well as manual and involves obtaining

nowledge and understanding through thought and experience. 

For the ancient Greeks, the concept of disease consisted of an imbalance of the 4 humors of

ellow bile, black bile, phlegm, and blood. In the 18th to 19th century, the holistic concept of

isease was superseded by the “modern” classification of diseases as organ specific. Thus, the

eart was responsible for a heart attack, and the stomach and duodenum for benign ulcers. The

reat Bohemian (Austrian) surgeon and anatomist Rokitansky was the primary advocate for this

nterpretation. By the late 20th century, however, a holistic perspective started to return to the

eld of medicine. Science and medicine began to consider disease as a body process gone wrong

ue to a genetic pre-inclination, a neurohormonal imbalance, and the internal environment (eg,

he gut biomere), as well as the influence of external factors (eg, smoking). 

The prior principles of surgery—incisional, extirpative, and reparative—were all focused on

he organ gone bad, an organ inflicted with infection, cancer, trauma, or malfunction. The prin-

iple of MS is not focused on diseased organs but on putatively normal organs with the intent

f altering an abnormality in the working milieu of the body. 2 From this perspective, the con-

iction has emerged that MS, with its induced variegated metabolic processes, has the ability to

avorably alter certain of the imbalances of human afflictions. 

he history of metabolic surgery: a dissertation on past metabolic procedures 

-Henry Buchwald, MD, PhD 

Possibly the earliest example of metabolic surgery occurred more than 120 years ago when

eduction of breast cancer metastases was achieved by the extirpation of normal ovaries. In addi-

ion to endocrine ablations for malignancies, other metabolic procedures became popular in the

ast century (eg, splenectomy to cure ITP, portal diversion to ameliorate glycogen storage disease,

nd pancreas transplantation to mitigate type 1 diabetes). Probably the most commonly per-

ormed metabolic surgical procedure prior to the introduction of bariatric surgery was surgery

or peptic ulcer disease. This surgery involved the resection of various segments of normal stom-

ch and the division of branches of normal vagus nerves in order to cure a distal duodenal ulcer

hat remained, except for emergencies, untouched by the hand of the surgeon. 
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Introduced in 1962, with the first human procedure performed on May 23, 1963, the partial

ileal bypass operation for hyperlipidemia is an example of MS by intent, as well as by out-

comes. 1 , 2 The most cited example of MS today is BS, which with a shotgun blast of metabolic

alterations favorably affects a multitude of causal obesity mechanisms. 1 , 2 Many other current

applications of MS are discussed in the following sections. Still more are being explored, (eg,

treatment of resistant depression by electrostimulation of the subgenual cingulate gyrus of the

brain 

3 and single cervical vagal nerve stimulation 

4 ). 

On August 9-10, 2017, the American College of Surgeons (ACS), under the leadership of its

Executive Director, David M. Hoyt, MD, hosted a Metabolic Surgery Symposium. This symposium

included 12 formal presentations that were serialized in successive monthly editions of the ACS

Bulletin from December, 2018 through June, 2019. 5 The symposium called attention to the reality

that MS is influenced by place and race. For example, the population of Asian countries is more

susceptible to T2DM at a lower body-mass index (BMI) than non-Asian populations, therefore re-

quiring a different formulation for advocating MS intervention. The contributions of the ACS and

the American Society for Metabolic and Bariatric Surgery (ASMBS) to metabolic surgery advo-

cacy were reviewed, including unification of standards, increased safety and quality of care, and

decreasing complications and cost, epitomized in the founding of the Metabolic and Bariatric

Accreditation and Quality Improvement Program in 2012. 6 

On reflection, surgeons have achieved the introduction of a new surgical discipline for the

present and for the future at a time when the realm of surgery has otherwise contracted. In-

cisional surgery has been made, for the most part, unnecessary by antibiotics and radiologic-

guided intervention. Extended extirpative surgery has yielded to minimal resections accompa-

nied by chemotherapy and radiation therapy. Reparative surgery will give way to prostheses,

gene therapy, and preventive medicine. MS, on the other hand, opens an evolving future for

surgeons, filled with new expectations and accomplishments. The cognitive attributes of imagi-

nation, exploration, and research integral to metabolic surgery add to possible avenues for sur-

geons to explore intellectually, in addition to their technical skills, in the world of medicine and

health care. 

Metabolic surgery for the treatment of severe obesity 

-Henry Buchwald, MD, PhD 

Obesity has deadly outcomes, shortens life expectancy, robs the afflicted of the pleasures of

life, challenges the health care system, and is detrimental to a nation’s gross domestic product.

It is truly malignant, and this disease deserves to be called morbid obesity. Language is not a

trivial matter. Words reflect reality and also shape reality. If we diminish the impact of obesity,

we remove it from being a disease, truly a morbid disease, to being a social subject of diversity.

We must, therefore, not be persuaded to substitute severe obesity for morbid obesity or the

patient with obesity for the obese patient, thereby minimizing the therapeutic impact of MBS.

We cannot sacrifice truth in language; such an acquiescence is a major disservice to our patients.

History of obesity 

The documented history of obesity starts approximately 30,0 0 0 years ago with pocket-sized

figurines of obese women. The most famous of these figurines, dated to approximately 25,0 0 0

B.C., is the “Venus of Willendorf,” made out of limestone originating in Spain rather than in

Austria where the statuette was discovered; we can thus assume it traveled for some purpose,

whether as a fertility symbol, an idolization of beauty, an object of worship, or a totem for

good fortune. There are many references to obesity in the Bible, essentially all derogatory. The

fourth century monk, Evagruis Ponticus, characterized obesity as resulting from gluttony, 1 of

the 7 deadly sins. A more rational perspective of obesity as an impediment to good health and
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ongevity was documented in the writings of ancient Greece, Egypt, and India. Hippocrates wrote

xtensively in condemnation of obesity (Hippocratic Corpus): “Corpulency is not only a disease,

ut the harbinger of others. Those who are constitutionally very fat are more apt to die quickly

han those who are thin.” For the past 1,0 0 0 years or so, obesity has at times been consid-

red a sign of privilege, although sometimes also a subject of parody and derision. In at least

0 societies, the fattening of young girls and women to make them more desirable has been

ocumented as a tribal custom. 

Today the deadly disease of obesity has become a world pandemic. World Health Organi-

ation (WHO) data show that approximately 1 billion adults and children are morbidly obese,

nd more than 2 billion are overweight. 7 In the United States, the incidence of overweight and

besity is more than 65%; there is not a single state that has a less than 25% prevalence rate of

besity. 8 

volution of bariatric procedures 

Well over 50 operations have been proposed and implemented for the management of mor-

id obesity, a testament to the vigor and imagination of its advocates. The first non-resectional

ariatric surgical procedure was performed by Richard L. Varco in 1953, who never published his

ase. The operation was a jejunoileal bypass (JIB) with an end-to-end jejunoileostomy and sepa-

ate drainage of the bypassed bowel to the cecum. This procedure was subsequently reported by

remen, Linner, and Nelson in 1954. 9 Several JIB modifications followed, the most popular being

he “14 to 4 ′′ end-to-side reconstruction reported by Payne and DeWind. 10 Although highly ef-

ective, the JIB was associated with many complications, and, in the late 1960s, gave way to the

astric bypass, first introduced by Mason and Ito in 1966. 11 This procedure was modified to a

tapled, undivided separation of the upper and lower pouch, with drainage of the upper pouch

y a loop gastrojejunostomy by Alden in 1977. 12 In the same year, Griffen and colleagues 13 and

ories and colleagues 14 reported the first gastric bypass with a Roux-en-Y gastrojejunostomy

RYGB). Currently, a variation of a single anastomosis loop gastrojejunostomy is again finding

avor. 

Mason, always eager to simplify bariatric procedures and minimize their side effects and

omplications, next introduced gastroplasty. Two variants of the vertical banded gastroplasty

VBG) with a restricted vertical pouch held favor, and, in the 1990s, eclipsed the RYGB in the

umber of procedures performed, those with distal restriction by a Silastic ring 15 and those

ith a Marlex band outlet restrictor. 16 By the turn of the century, however, the VBG faded into

ear oblivion due to fairly ubiquitous weight gain and gastroesophageal reflux over time. 

Scopinaro, from Genoa, Italy, returned to the intestinal bypass concept in the late 1970s but

ought to avoid the static intestinal loop toxic effects of the original procedure by performing a

ubtotal gastrectomy with Roux limb drainage, at least 250 cm in length, anastomosed to a long

iliopancreatic limb to form a common channel of 50 cm. 17 When this procedure crossed the

tlantic, it was transformed into the duodenal switch (DS), first by Picard Marceau, of Canada, 18

ho performed a vertical sleeve gastrectomy with cross-stapling of the duodenum, and an ap-

roximately 100 cm common channel. Cross-stapling of the duodenum proved to be unstable

nd led to the biliopancreatic diversion/duodenal switch (BPD/DS) or simply the DS, by Hess

nd Hess in 1994, who divided the duodenum and performed a proximal duodenoileostomy. 19

f the bariatric procedures, the BPD and the DS provide the greatest weight loss, are the most

nduring in their weight response, and have the highest rate of comorbidity resolution, espe-

ially of T2DM. Nevertheless, they are performed relatively infrequently because they are difficult

rocedures necessitating the skills of a highly competent surgeon, and because they can cause

ong-term nutritional and hepatic complications requiring dedicated lifelong patient follow-up

y a bariatric specialist. 

The DS gave birth to the sleeve gastrectomy (SG) after an interlude of failed enthusiasm for

he most purely anatomically restrictive procedure, the adjustable gastric band (AGB). The AGB

uccumbed to complications of band slippage and gastric perforation, as well as failure to main-
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tain weight loss. In 2017, the SG became the most frequently performed metabolic/bariatric op-

eration in the world. First advocated by Regan and colleagues in 2004, 20 it was popularized by

Gagner 21 as the first stage of a DS, and, subsequently, as a standalone procedure. In order to

avoid the relatively high incidence of upper gastric staple line leaks with the SG, Dolezalova-

Kormanova and Martin Fried 

22 devised the variant of gastric imbrication without resection. 

Today a plethora of metabolic/bariatric operations are being proposed, among which are

procedures that include electrode stimulations, single-anastomosis loop RYGB, and single-

anastomosis variations of the DS, banded SG, and banded RYGB. In addition, there are several

endoscopic suggestions for narrowing the gastric lumen by internal imbrication. Endoscopically

inserted gastric balloons that work as gastric bezoars, and postprandial evacuation of the stom-

ach by a surgically-placed gastrostomy tube have also been advocated for obesity management;

they are, however, not truly metabolic procedures. 

Weight outcomes of metabolic/bariatric surgery 

There are literally thousands of papers in the peer-reviewed medical literature testifying to

the marked weight loss achieved by metabolic/bariatric surgery. In 2004, we published the first

systematic review and meta-analysis of bariatric surgery in 136 studies with 22,094 patients

and an average percent excess weight loss (% EWL) of 61.2%. 23 In 2009, in a meta-analysis of

621 studies with 195,246 patients, we demonstrated increasing % EWL of 46.2%, 55.5%, 59.7%

and 63.6% for GB, VBG, RYGB, and BPD/DS, respectively. 24 These findings have been confirmed

by others, particularly by the publications of the Swedish Obesity Surgery Study 25 and in the

International Federation for the Surgery of Obesity (IFSO) Registry results. 

Weight regain after metabolic/bariatric surgery and occasional failure to lose significant

weight have also been documented. Unbiased assessments, however, conclude that significant

weight loss, greater than 50% EWL, has been maintained in more than 50% of metabolic/bariatric

surgery patients. This statistic exceeds by far the less than 10% maintained weight loss achieved

by diet and/or pharmaceuticals. 

Complications of metabolic/bariatric surgery 

The complications, in addition to weight regain, following metabolic/bariatric surgery have

been well recorded in the literature. There are the universal postoperative complications of med-

ical emergencies, leaks, hemorrhage, obstruction, and infection. In addition, there are the unique

long-term problems of bowel obstruction due to internal mesenteric hernias, stenosis, and pep-

tic ulcers. 26 The most common concern in long-term follow-up is nutritional deficiencies, such

as iron-deficient anemia, and inadequate levels of vitamins and minerals. 27 

Mechanisms of obesity and metabolic/bariatric surgery 

There are excellent data relating the tendency for obesity to genetics, however no epidemic

or pandemic has ever been proven to be caused by a cataclysmic genetic mutation. Pandemics

are the result of the introduction, or proliferation, of an uncontrolled agent into the environment

and its effect on the metabolism of the population. The nature of this agent or factor is currently

unknown. At this time, we attribute the obesity pandemic to an increase in a sedentary lifestyle

and the availability of inexpensive fast food and sugars as primary vectors; they may, however,

only be complementary factors. 

In any event, we postulate that the cause of the obesity pandemic involves metabolic mech-

anisms and is, therefore, amenable to MS. Elucidating the mechanisms by which MS mitigates

obesity may also elucidate the mechanisms for the etiology of obesity. MS is in the forefront of
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his research. Our discipline has contributed enormously to our knowledge of the mosaic of neu-

ologic patterns (eg, afferent vagal-hypothalamic pathways), intestinal hormones (eg, glucose-

ependent insulintropic polypeptide, glucagon-like peptide-1, peptide-YY, etc.), and the contri-

utions of alterations in the intestinal biomere and the composition of bile acids. 

etabolic/bariatric surgery in the COVID-19 or other pandemic eras 

During a national health care crisis that will tax the capacity of health care workers and

ospitals, it becomes imperative to cancel all elective surgery that can wait to be performed

ithout threat to health or life. Metabolic/bariatric surgery is definitely not among these proce-

ures. Once a metabolic/bariatric operation is decided upon, it belongs in the urgent category. It

as been well documented that obesity, diabetes, and hypertension are primary risk factors for

everity of, and mortality from, COVID-19. 28 In essence, these factors equate to the metabolic

yndrome, a manifestation of the disease of morbid obesity, best and successfully treated by

etabolic/bariatric surgery. It will be argued that weight loss per se takes time, but we must

onsider that the COVID-19 pandemic, and possibly future pandemics, will also last for a con-

iderable period of time. In addition, T2DM reversal, “cure,” occurs days after the operative

etabolic/bariatric surgery procedure. Hypertension and hyperlipidemia also respond rapidly;

lood pressure and blood lipid concentrations normalize within weeks. Although it is, of course,

mpossible to operate on the entire obese population of our nation, although that population

ight benefit from it, it is, however, feasible to operate on that fraction of patients most in

eed of the benefits of metabolic/bariatric surgery. 

Once the health care emergency needs of a pandemic are met, a staggered, intelligent return

o the operating room becomes feasible. In selecting the elective operative procedures for this

ffirmative transition, metabolic/bariatric surgery, for its prophylactic, curative, and life-saving

ffects, should be given priority. 

etabolic surgery for the treatment of type 2 diabetes mellitus 

-Colston Edgerton, MD 

As outlined in the proceeding sections, what was once colloquially referred to as “weight

oss surgery” has appropriately evolved into the more inclusive and appropriate concept of MS,

n large part because of the profound and durable effects it has been shown to have on the ame-

ioration of T2DM. In this section, we review the known clinical outcomes of metabolic surgery

or the treatment of T2DM and the proposed etiology and physiologic mechanisms for this phe-

omenon. 

In 1999 the WHO published criteria for defining the metabolic syndrome ( Table 1 ). 29 The

merican Association of Clinical Endocrinologists and The National Cholesterol Education Pro-

ram’s Adult Treatment Panel III Report (ATP III) have published similar definitions. 30 , 31 A signif-

cant contributor and highly morbid component of this syndrome is the development of insulin

esistance associated with T2DM. In the early 1990s, during the open surgery era of bariatric

urgery, long-term data began to show significant remission of T2DM in patients who under-

ent RYGB. 14 , 32-34 A meta-analysis was published in 2009 that included 103 treatment arms

nd 3,188 patients with diabetes data following bariatric surgery. It demonstrated a 78.1% rate

f complete resolution and 86.6% rate of resolution or improvement, which was similar for pa-

ients less than or greater than 2 years out from surgery. 34 There were no randomized controlled

rials (RCT) comparing surgery and medical management for the treatment of T2DM until Dixon

nd colleagues 35 randomized 60 patients to either undergo laparoscopic adjustable gastric band-

ng or medical management. Remission of T2DM was achieved by 22 (73%) in the surgical group

ompared to 4 (13%) of the conventional medical therapy group, with an odds ratio of 5.5 (95%

I 2.2-14.0). Several published RCTs comparing medical management to more contemporaneous
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Table 1 

The 1999 World Health Organization criteria for defining the metabolic syndrome. Adapted from reference 29. 

• Insulin resistance as defined by one of the following: 

◦ T2DM, 

◦ Impaired fasting glucose, 

◦ Impaired glucose tolerance, or 

◦ Normal fasting glucose levels ≥110 mg/dL 

• Any 2 of the following: 

◦ Hypertension 

� Antihypertensive medication, and/or 

� Systolic blood pressure ≥140 mm Hg, or 

� Diastolic blood pressure ≥90 mm Hg 

◦ Hyperlipidemia 

� Plasma triglycerides ≥150 mg/dL 

� HDL cholesterol ≤35 mg/dL in men or ≤39 mg/dL in women 

◦ Central obesity 

� Waist to hip ratio 0.9 in men and 0.85 in women 

� BMI ≥30 kg/m 

2 

◦ Microalbuminemia 

� Urinary albumin excretion ≥20 mcg/min 

� Albumin/creatinine ratio ≥30 mcg/min 

________ 

BMI, body-mass index; HDL, high density lipoprotein; T2DM, type 2 diabetes mellitus. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

procedures followed. Mingrone compared RYGB or BPD to best medical therapy and found a re-

mission rate at 2 years, defined as fasting glucose levels < 100 mg/dL or a hemoglobin (Hb) A1c

< 6.5%, of 75% in the RYGB group, 95% in those undergoing BPD, and 0% in the medical arm. 36 

Schauer and colleagues later randomized 150 patients 1:1:1 to RYGB, SG, or medical therapy. At

5 years follow-up, the primary endpoint of HbA1C < 6.0% off medications was met in only 5%

of the patients in the medical therapy group compared to 29% in the RYGB cohort and 23% in

those who had received SG. 37 

A recently published meta-analysis included 7 RCTs and 463 patients with at least 2 years

follow-up published from 2008 to 2018. 38 T2DM remission was observed in 52.5% of patients

after bariatric surgery compared to only 3.5% of patients with medical management, with a rela-

tive risk of 10 (95% CI 5.5-17.9, P < 0.001). Of the 4 studies that included 5-year follow-up, 27.5%

of surgery patients and 3.8% of medical patients achieved remission targets. A meta-analysis of

4 RCTs comparing SG to RYGB found the remission rates at 5 years defined by HbA1c < 6.5% to

be 60% and 55%, respectively. 39 Although not an RCT, the Swedish Obesity Study is a prospec-

tive cohort study comparing 2010 patients who underwent bariatric surgery to 2037 matched

controls. 40 Preoperative diabetes was diagnosed in 343 of the surgery patients and 260 patients

in the control group. At 2 years, 72.3% of patients who had bariatric surgery achieved remission

of diabetes compared to 16.4% of control patients defined as having a random blood glucose

< 110 mg/dL off all diabetic medications. At 15 years, these rates dropped to 30.4% and 6.5%, re-

spectively. Although the procedures performed (61 AGB, 227 VBG, and 55 RYGB) do not reflect

current patterns, these long-term data nonetheless support the findings of other randomized

studies. 

The antidiabetic effects of bariatric surgery were discovered serendipitously long before the

pathophysiologic mechanisms were understood, which are still being elucidated today. Changes

to insulin sensitivity and glucose metabolism are thought to occur independently of weight loss

as evidenced by this being observed often within the first week after surgery. Interestingly, these

weight independent changes in glucose and insulin metabolism are seen more frequently after

RYGB, SG, and biliopancreatic diversion than after AGB. 38 Broadly speaking, the proposed mech-

anisms have been grouped into “foregut” theories predicated on the principle of bypassing the

foregut as is seen with RYGB, and “hindgut” theories which are based on the more rapid de-

livery of substrate to the more distal small bowel. 41 Due to the observed effects following SG

in which the foregut is not bypassed, many favor physiologic mechanisms based on hindgut
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heories. One proposed mechanism is the increase in plasma levels of incretins, hormones that

timulate a decrease in blood glucose levels, thought to be due to earlier exposure of glucose

ich substrates to the L cells of the more distal intestine, where GLP-1 and peptide-YY (PYY)

re produced. Gastric wall tension after a gastric sleeve promotes bowel motility that may also

eliver food more rapidly throughout the intestines. However, a study performed in rats that

ad undergone SG showed increased levels of GLP-1 with direct intraduodenal infusion of dex-

rose to suggest that the mechanism of mitigating T2DM after sleeve gastrectomy may be due

o other hormonal changes irrespective of gut motility. 42 The alimentary limbs of patients who

ave undergone RYGB have been shown to exhibit increased expression of glucose transporters

nd an actual increase in the number of cells producing GLP-1. 43 Other proposed mechanisms

hat are the focus of intense research include improved hepatic insulin sensitivity, altered bile

cid metabolism, and changes in the gut microbiome. 

In conclusion, the anti-diabetic effects of the most commonly performed bariatric procedures

oday are profound compared to best medical therapy. For this reason, the International Dia-

etes Federation and the American Diabetes Association now recommend MS be considered for

atients with BMI > 30 kg/m 

2 with poorly controlled T2DM on optimal medical therapy. Al-

hough some RCTs have included patients with class I obesity, including the STAMPEDE trial in

hich BMIs ranged from 27 to 43 kg/m 

2 , with an average of 37 kg/m 

2 , 37 additional random-

zed studies are needed in patients with lower BMIs. This will better inform the potential for

S to address diabetes resolution in an even broader patient population, given the successful

utcomes consistently demonstrated in patients with moderate to severe obesity. 

etabolic surgery for the treatment of nonalcoholic fatty liver disease 

-Colston Edgerton, MD 

Nonalcoholic fatty liver disease (NAFLD) is being increasingly recognized as one of the most

orbid conditions associated with metabolic syndrome. NAFLD exists along a spectrum of liver

isease severity that can progress from fatty liver to non-alcoholic steatohepatitis (NASH) to

irrhosis if significant weight loss is not achieved to stabilize or reverse its course. In 2016, NASH

ecame the second most common indication for liver transplantation in the United States and

s the most common indication in Asian, Hispanic, and non-Hispanic white females. 44 This is

n part due to the development of a medical cure for hepatitis C, but also a consequence of

he increasing prevalence of morbid obesity and metabolic syndrome. NAFLD is estimated to be

resent in up to 90% of those with morbid obesity. 45 Within a decade, 25% of these patients will

rogress to NASH and one third of those will further progress to cirrhosis. 46 This is driven by

he finding that 60% of hepatic lipid is generated from adipose tissue derived free fatty acids. 47

teatosis is closely correlated with hepatic and systemic insulin resistance but remains sensitive

o insulin-mediated lipogenesis. The pro-inflammatory environment and oxidative stress seen in

ipid rich hepatocytes eventually leads to cell damage and apoptosis. 

Intervening with MS prior to the development of advanced liver disease and cirrhosis may

revent significant morbidity and mortality as well as decrease health care costs. A comparative

tudy of the National Inpatient Sample Database from 2004 to 2012 analyzed the outcomes of

8,618 patients who carried a diagnosis of NAFLD and morbid obesity. Of those patients, the 41%

ho underwent BS were shown to have a decrease in all-cause mortality as well as diagnosis

f cirrhosis with a RR of 0.08 (95%CI 0.03-0.2) and 0.16 (95% CI 0.13 - 0.19), respectively. 48 Rates

f cirrhosis were 1.46% in the surgery cohort compared to 11.08% in the non-surgery cohort.

espite these data, the percentage of patients who underwent BS in this patient population de-

reased by 5.94% over the course of the study period. A more recent review of a large insurance

dministrative claims database identified 2942 patients diagnosed with NAFLD who also under-

ent bariatric surgery, matched to 5884 controls who were diagnosed with NAFLD but did not

ndergo surgery. After 2 years of follow-up, the relative risk of being diagnosed with cirrhosis

n the surgery group compared to controls was 0.31 (95% CI 0.19 - 0.52). 49 
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Although the benefits of halting the progression of NAFLD to steatohepatitis and cirrhosis

are clear, perhaps the most remarkable finding is that MS can even reverse the most advanced

stages. A meta-analysis of 15 studies containing paired liver biopsies before and after BS showed

improvement or resolution of steatosis in 91.6%, steatohepatitis in 81.3%, and fibrosis in 65.5% of

patients. 50 

Unlike other components of the metabolic syndrome, the degree of liver injury does not di-

rectly correlate to the severity of obesity. 51 The gold standard for diagnosis of NAFLD is a liver

biopsy, with 73% of biopsy proven fatty liver disease being undiagnosed by serum liver function

tests alone. 52 The Fibrosis-4 (FIB-4) and NAFLD Fibrosis Score (NFS) estimate advanced fibrosis,

but screening for earlier stages of disease is more difficult. When selected for the right patients,

ultrasound or magnetic resonance imaging (MRI) elastography have proven diagnostic value, but

are less commonly used as a readily available, inexpensive screening method. Although NAFLD

is present in a striking percentage of patients with morbid obesity, it is for this reason that

other comorbid conditions associated with metabolic syndrome, such as diabetes and hyperten-

sion, are more easily screened for and diagnosed. As such, the potential therapeutic benefit of

MS may be underestimated in population-based studies. Furthermore, although there are exper-

imental treatments being investigated, there are no approved medical therapies for NAFLD. In

contrast to viral hepatitis with new advanced anti-viral therapies, the only treatment for fatty

liver disease is surgical. For these reasons, there will be an increasing importance placed on the

role of MS, even outside of the established BMI cutoffs to address this evolving public health

issue. 

Metabolic surgery for the treatment of obstructive sleep apnea 

-Scott A. Shikora, MD 

Obstructive sleep apnea (OSA) is the repetitive reduction or cessation of breathing caused

by upper airway obstruction. This often results in hypoxia and deranged sleep. OSA is un-

common in the general population, with an incidence of only 2% to 4%. 53 OSA occurs at a

dramatically higher rate for individuals whose BMI is greater than 25 kg/m 

2 . OSA is gen-

erally thought to be under diagnosed because not all prospective bariatric surgery candi-

dates are screened for OSA. Studies that evaluated all surgical candidates have reported even

higher incidences. For example, de Raaff and colleagues 54 performed polysomnography on a

cohort of patients preparing to undergo BS, whose mean BMI was 44.1 kg/m 

2 . These in-

vestigators found that 59.9% of their patients had OSA. 54 One third of patients had severe

OSA. 

The symptoms of OSA include poor sleep, loud snoring, daytime drowsiness, and neurocogni-

tive disorders. In some patients, OSA may be asymptomatic. Untreated, individuals with severe

OSA are at risk for cardiovascular issues such as hypertension, pulmonary hypertension, myocar-

dial infarction, respiratory failure, and even sudden death. 55 , 56 

The conventional non-invasive treatment for OSA is the use of continuous positive airway

pressure (CPAP) or bi-level positive airway pressure (BiPAP) at night when sleeping to prevent

the upper airway collapse. 57–59 Although CPAP is effective for improving sleep and reducing mor-

tality, patients are often poorly compliant with its use secondary to discomfort with the appli-

ance or difficulty adjusting to wearing it. 60 , 61 

Various non-bariatric surgical procedures are available. They all attempt to remove excess

pharyngeal tissue to open up the airway. None of these treatments are 100% effective. 60 Uvu-

lopalatopharyngoplasty, the removal of excess soft tissue of the posterior palate, uvula, and phar-

ynx, is a commonly performed procedure, but is not often effective for patients whose BMI is

35 kg/m 

2 or greater. 62 

It has been long recognized that obesity is commonly associated with OSA. There is a positive

correlation between increasing BMI and the severity of sleep apnea. In fact, a 10% increase in

weight is associated with a 6-fold increased likelihood of developing moderate to severe OSA. 64 
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Table 2 

Obesity associated cancers. Adapted from references 74 and 75. 

Esophagus (adenocarcinoma) 

Breast (postmenopausal) 

Colorectal 

Endometrial 

Gallbladder 

Gastric 

Kidney 

Multiple myeloma 

Ovarian 

Pancreatic 

Liver 

Meningioma 

Thyroid 

Table 3 

Estimated new cancer cases, 2020 (adapted from American Cancer Society). 

Breast 279,100 

Lung and bronchus 228,820 

Prostate 191,930 

Colorectal 147,950 

Melanoma 100,350 

Urinary bladder 81,400 

Non-Hodgkin lymphoma 77,240 

Kidney and renal pelvis 73,750 

Uterine corpus 65,620 

Leukemia 60,530 
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n addition, weight loss by any means, even modest weight loss, results in improvements or

esolution of OSA. 63 

There is a large body of literature that has reported that OSA improves, and often even re-

olves after bariatric surgery. 64-66 The severity of the OSA prior to bariatric surgery may influ-

nce the degree to which the OSA improves after surgery. 67 In addition, as not all cases of OSA

re related to excess pharyngeal tissue, the rate of improvement or resolution of OSA after MBS

s not 100% with weight loss. 67 Furthermore, the amount of weight loss achieved does not seem

o significantly correlate with the extent of the improvement in the OSA. 66 As with other obesity

ssociated medical conditions, patients who had improvement or resolution of their OSA after

BS, may experience a recurrence of their OSA with weight regain. 68 Despite these issues, MBS

s still considered the treatment of choice for patients with BMI of 35 kg/m 

2 or greater who

uffer from OSA. This recommendation was supported by the ASMBS based on the review and

nterpretation of the existing literature by their clinical issues committee. 69 

etabolic surgery for the treatment of cancer 

-Scott A. Shikora, MD 

It has long been recognized that patients with excess adiposity are at greater risk of devel-

ping cancer. 70-73 In fact, there are 13 malignancies ( Table 2 ), that are closely associated with

besity. These tend to be the hormonally-sensitive cancers. 74 , 75 In fact, 40% of all new cancers

ere those associated with obesity ( Table 3 ). 75 Furthermore, 55% of cancers in women and 24%

n men are among the obesity associated cancers. 

Weight reduction has been shown to reduce the likelihood of developing cancer and improve

he outcome for those patients who had cancer. 76 , 77 To investigate these observations, Adams

nd colleagues, 77 reviewed a database from a previous retrospective cohort mortality study that
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compared 9,949 patients who had undergone gastric bypass surgery between 1984 and 2002 to

a matched control group of 9,628 participants with obesity who did not undergo surgery. Con-

sistent with previous reports, after a follow-up of more than 24 years (mean, 12.5 years), the

investigators found that the incidence of cancer was 24% lower in the gastric bypass patients

( P = 0.0 0 06). However, this difference was seen only in women. There was no significant differ-

ence in the incidence of cancer in men or those patients with non-obesity related cancers. This

observation may be explained by the greater number of women in the trial than men and the

high prevalence of the obesity-related cancers such as endometrial and breast cancer. In fact,

there was a significant decrease in uterine cancer in the surgical group compared with the con-

trol group ( P < 0.0 0 01). Similarly, Trentham-Dietz and colleagues reported that increasing BMI

was associated with an increased risk of developing endometrial cancer and there was a 30% re-

duction in the risk for developing endometrial cancer for women who sustained weight loss. 78 

In 2 separate but similar studies involving systematic reviews of the medical literature, Winder

and colleagues found that patients who had bariatric surgery reduced the incidence of endome-

trial cancer (0.4% vs 1.4%, P < 0.001) 79 and reduced the incidence of breast cancer (1.1% vs 2.6%,

P < 0.001). 80 Overall, there was a 38% reduction for the obesity-related cancer ( P < 0.0 0 01) as

reported. 81 

Most significantly, Adams and colleagues observed a 46% reduction in cancer deaths for those

patients who underwent gastric bypass surgery. 77 Schauer and colleagues demonstrated similar

findings and stated that every 10% of body weight reduction resulted in a 14% reduction in can-

cer risk. 76 The decrease in cancer morality was thought to be due to the decreased risk of de-

veloping cancer due to the weight loss achieved by the surgery and not due to anything specific

about the operative procedure itself. 76 

There are several other published reports of reduced cancer incidences with weight loss,

including a publication reporting from the ongoing Swedish Obesity Trial. Sjostrom and col-

leagues have been prospectively following 2010 patients who underwent bariatric surgery and a

matched control group of 2037 participants who did not have surgery. After a mean follow-up of

10.9 years, these investigators reported 129 deaths in the control group and significantly fewer

deaths, 101, in the surgical group ( P = 0.04). There were 47 cancer deaths in the control group

versus only 29 cancer deaths in the surgical group. 81 

Lastly, Reeves and colleagues, using the Million Women Study found that BMI influences both

the incidence as well as the outcome for a wide range of cancers. 72 Although there was signifi-

cant heterogeneity, as weight increased, so did the risk of developing cancer. 

Obesity also has a negative effect on cancer treatment. 82 , 83 Abe and colleagues reported

that women with obesity who develop breast cancer had larger primary tumors, higher rates

of lymphatic spread, and overall worse survival when compared with normal weight women. 82 

The reason for this is multifactorial. Tumor biology, delay in diagnosis, underlying health issues,

psychosocial issues, and the challenge of performing surgery on patients with excessive adipose

tissue all contribute. In addition, the treatments (surgery, radiation, and chemotherapy) may all

be less effective. 

As all surgeons know, the patient with severe obesity poses greater perioperative risks than

the patient without obesity. The larger body and excess of adipose tissue makes the technical

aspects of the surgery more difficult, resulting in longer operating time, a higher likelihood for

technical problems such as bleeding or leak, and a greater possibility of having to convert a

laparoscopic or robot case to an open laparotomy. In addition, the patient’s underlying health

issues such as hypertension, diabetes, OSA, heart disease, etc. also increase the likelihood of

perioperative complications such as infections, heart attacks, strokes, deep vein thrombosis, etc. 

Metabolic surgery for the treatment of kidney disease 

-David Harris, MD, PhD 

The incidence of chronic kidney disease (CKD) is increasing worldwide and now affects nearly

10% of the world’s population. The interplay of obesity and the development of CKD is com-
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lex. 84 Although obesity is a potent contributor to the development of CKD and hastens the

ransition from CKD to end stage renal disease (ESRD), there are multiple studies which describe

n “obesity paradox” whereby an elevated BMI is associated with improved survival in patients

ith ESRD on dialysis. 85 Nevertheless, there is substantial literature linking obesity with the de-

elopment of CKD, ESRD, and poor renal transplant outcomes. 

Obesity causes glomerular hyperfiltration, leading to increased sodium reabsorption and im-

aired natriuresis. This results in volume expansion through activation of the sympathetic ner-

ous system and renin-angiotensin-aldosterone system. In addition, obesity associated inflam-

ation, lipotoxicity, and oxidative stress induces renal dysfunction. 86 These effects also increase

he risk for hypertension, which will be discussed in the next section. 

Glomerular hyperfiltration and obesity-induced renal inflammation leads to the development

f obesity-related glomerulonephritis, which has increased over the past 4 decades. 84 Obesity

s associated with a nearly 25% risk of CKD and in patients with a BMI greater than 30 kg/m 

2

r 40 kg/m 

2 there is 3-fold and 7-fold higher risk of developing ESRD, respectively, when com-

ared to normal weight individuals. 87 Additionally, aside from the direct effects of obesity on

enal function, obesity induces metabolic syndrome, which is linked to the development of CKD.

early 50% of patients with T2DM will end up developing CKD and this risk is compounded in

ndividuals with obesity and hypertension. 84 

Although obesity may offer survival advantage to patients who have progressed to ESRD on

ialysis, with each successive obesity class, patients have a significantly reduced likelihood of

btaining a renal transplant, which offers a clear survival advantage over remaining on dialysis. 88

n fact, according to surveyed members of the American Society of Transplant Surgeons, a BMI

f 38 and 41 kg/m 

2 are relative and absolute contraindications, respectively, to transplantation

n most programs. Obesity not only makes the technical aspects of transplantation much more

ifficult, but also puts patients at higher risk for postoperative surgical site infections, hernia

ormation, and allograft rejection. 89 

Weight loss has been shown to be protective against the progression to CKD and in the

uccess of renal transplantation in patients with obesity. Thus, it would stand to reason that

etabolic operations, which have profound effects upon adiposity, inflammation, T2DM, and

eight, would have a substantial effect upon the development of CKD/ESRD and transplanta-

ion in at-risk patients. 

Imam and colleagues showed that among patients with a BMI greater than 35 kg/m 

2 and

tage 4 or 5 CKD, SG and to a greater extent RYGB led to sustained, 3-year improvement in

he estimated glomerular filtration rate (eGFR) by nearly 10 mL/min/1.73 m 

2 as compared to

atched, non-surgical controls. Interestingly, these changes seemed highly linked to weight loss,

ith an overall increase in eGFR by 0.21 mL/min/1.73 m 

2 for every 10 pounds lost. 90 Others

ave shown that following RYGB, patients with obesity and T2D are greatly protected from se-

ere renal disease (HR 0.56) regardless of baseline renal function. 91 Aside from changes in eGFR,

etabolic operations have been further associated with improvements in the pathogenesis of

besity-induced glomerulonephritis with reduced hyperfiltration and albuminuria. 92-94 

Despite these demonstrated improvements, designing studies to test how the obesity para-

ox affects the decision to proceed with MS in patients with CKD remains elusive. Using Markov

odeling to simulate patient outcomes based on existing published data, Choudhury and col-

eagues sought to address this issue by answering 2 main questions: (1) in patients with CKD3

nd obesity, which class of obesity would benefit from MS and (2) in patients with ESRD and a

MI greater than 45 kg/m 

2 , which metabolic operation would be the most beneficial. 95 , 96 Their

odeling revealed that RYGB and SG improved survival for patients with class II and III obe-

ity but not for patients with class I obesity. 95 And, for patients with morbid obesity, RYGB had

igher rates of transplantation and improved long-term survival with an additional 1.3 and 2.6

ears of life compared with patients who underwent SG and medical weight loss, respectively. 96

Although this study was suggestive that RYGB could offer the most benefit, a recent large ret-

ospective cohort study of 1597 patients by Sheetz and colleagues showed that multiple forms

f MS (eg, RYGB, SG, lap banding, or DS) were associated with a combined lower all-cause mor-
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tality at 5 and 7 years (25.6% vs 39.8%; HR 0.69) and a 13% increase in the transplantation rate

amongst patients with ESRD. 97 

Mirroring the trends in the general population, SG has fast become the most common oper-

ation performed in patients with obesity and ESRD (84% in 2016), owing to its improved safety

profile and profound metabolic benefits. 98 SG has been shown to improve transplant candidacy

by leading to sustained improvements in patient weight and comorbidities. Furthermore, com-

pared to weight-matched controls, patients who underwent SG prior to transplant had reduced

delayed graft function (5% vs 20%) and post-transplant readmissions. 99 Importantly, transplant

waitlist mortality was also improved after SG compared to the general population (1.8 vs 7.3 per

100 patient-years), suggesting that the benefits of SG extend beyond the realization of trans-

plantation. 100 

Although the interactions between obesity and CKD, ESRD, and renal transplantation are

complex, there is convincing evidence that patients with a BMI greater than 35 kg/m 

2 have

profound benefits from MS, with stabilization and/or improvement in eGFR, reduced obesity-

related glomerulonephritis, improved transplant candidacy, improved post-transplantation allo- 

graft function, and reduced mortality. As such, patients with a BMI greater than 35 kg/m 

2 and

CKD should be considered for surgery. Additionally, those patients with ESRD nearing or on HD

would benefit from early referral for MS because they will be near the top of the transplant

waitlist by the time their BMI is at a level safe for transplantation. Patients should be offered

the metabolic operation that is best suited to their individual needs; however, SG is likely the

first line operation for most patients within this population. 

Metabolic surgery for the treatment of hypertension 

-David Harris, MD, PhD 

The pathogenesis of hypertension in obesity is not completely understood. However, obesity

appears to contribute indirectly to hypertension through renal injurious means and directly via

increasing sympathetic drive. Obesity leads to a deleterious cycle of glomerular hyperfiltration,

increased sodium reabsorption, volume expansion, increased mean arterial blood pressure, and

glomerular injury. This is exacerbated further by obesity associated chronic induction of the re-

nal sympathetic nervous system. 101 

Weight loss is known to reduce these effects and a medical weight loss program can reduce

hypertensive medication burden in patients with a BMI greater than 27 kg/m 

2 despite only mod-

est weight loss. 102 Furthermore, weight loss in patients with a BMI between 26 and 37 kg/m 

2 

at risk for hypertension (elevated diastolic blood pressure but systolic blood pressure < 140 mm

Hg), is protective against the development of hypertension at 36 months compared to those

without weight loss (relative risk, 0.79 [CI, 0.65 - 0.96]). 103 

In a multicenter RCT of RYGB versus medical management for the treatment of metabolic

syndrome (obesity, diabetes, hypertension, hyperlipidemia), Ikramuddin and colleagues showed 

that patients who underwent RYGB were much more likely to reach the composite end point

of HbA1c < 7%, serum low-density lipoprotein (LDL) < 100 mg/dL, and systolic blood pressure

< 130 mmHg (28 vs 11%). The difference in outcome was driven by a reduction in HbA1c, but

patients following RYGB had a lower mean systolic and diastolic blood pressure compared to

those randomized to medical therapy. 104 Five-year follow-up data showed that achievement of

the composite end point was more likely in patients who had undergone RYGB. (23% vs 4%). 105 

The GATEWAY trial is the largest randomized controlled study to date focused solely on hy-

pertension after MS. The authors enrolled 100 patients without diabetes and with a BMI of 30 to

39.9 kg/m 

2 and hypertension (defined by ≥ 2 medications at maximum dose or ≥ 3 at moder-

ate doses) to undergo RYGB or intensive medical therapy. One-year outcomes showed that when

compared to medical therapy, patients that underwent RYGB were much more likely to achieve

≥ 30% reduction in anti-hypertensive medical use (12.8 vs 83.7%) and complete remission of 

their hypertension (0 vs 51%). Importantly, as expected, patients following RYGB had greater re-
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uction in BMI (27 vs 36 kg/m 

2 ), increased GFR, and reduced serum LDL. 106 Again, there was

ncredible preservation of these effects at 3 years, with 72.7% (vs 12.5%) and 40.9% (vs 2.1%) of

atients having achieved ≥30% reduction in anti-hypertensive medication use and remission of

ypertension following RYGB, respectively. 107 

Not unexpectedly, SG has also been shown to have a significant impact on obesity-related

ypertension, with nearly 58% having resolution of and 75% improvement in their hyperten-

ion at 1 year follow-up. 108 Some retrospective comparative studies of SG and RYGB and the

LEEVEPASS RCT show that RYGB is superior to SG in terms of hypertension control and re-

ission. In the latter, RYGB was associated with a 51% and SG a 29% hypertension remis-

ion rate at 5 years. 109 However, in a large retrospective study of 70 0 0 patients with obe-

ity and hypertension, there were no differences between the operations. Within this co-

ort (all privately insured), hypertension remission occurred in 84% of patients with 13%

aving recurrence at a median time of 306 days. As in the case with diabetes following

urgery, the number of anti-hypertensive medications prior to surgery was a predictor of

emission. 110 

Nonetheless, it is clear that the profound effects of MS on weight loss and renal function have

n added effect on hypertension in patients with obesity. Patients should be counseled on their

urgical options and the appropriate operation should be chosen based on a shared decision

etween the surgeon and patient. 

etabolic surgery for the treatment of heart disease 

-Scott A. Shikora, MD 

Several recently published studies 111-115 have demonstrated that overweight and obesity are

ndependent risk factors for cardiovascular disease (CVD) including coronary artery disease, my-

cardial infarction, 113 , 114 congestive heart failure, 115 and atrial fibrillation. 118 For example, Khan

nd colleagues demonstrated in a study of 190,672 in-person examinations, that compared with

ormal weight individuals, the lifetime CVD risks were significantly higher in patients who were

verweight (BMI 25.0-29.9 kg/m 

2 ), obese (BMI 30.0-39.9 kg/m 

2 ), and morbidly obese (BMI ≥40.0

g/m 

2 ). In fact, adults with obesity had an earlier onset of CVD, lived more years with CVD,

ad more CVD events, and had an overall shorter life expectancy compared with normal weight

dults. 112 In addition, the higher the BMI, the stronger the association with heart failure. These

ndings were consistent whether abdominal adiposity was estimated by BMI, waist-to-height ra-

io, or waist circumference measurements. 113 , 114 In a multination case-control study, Yusuf and

olleagues found a strong correlation between waist-to-hip ratio and myocardial infarction. 114

urthermore, obesity was found to increase the risk of death from all causes but in particular,

VD. 115 Calle and colleagues prospectively studied more than 1 million adults from the Cancer

revention Study II. Patients were placed in 12 categories based on BMI. The investigators found

hat the relative risk of mortality increased with increased BMI. In men, the relative risk of death

rom CVD was 2.90 (95% confidence interval, 2.37 - 3.56). 115 

Obesity has also been demonstrated to be a risk factor for the development of atrial fibrilla-

ion. 116 Wang and colleagues studied 5282 participants in the Framingham Heart Study. After a

ean follow-up of 13.7 years, 526 participants developed atrial fibrillation. These investigators

ound that the risk of atrial fibrillation increased with increasing BMI, with a 4% increase in risk

or each unit increase in BMI. Adjusted hazard ratios for atrial fibrillation associated with obesity

ere 1.52 (95% CI, 1.09-2.13, P = 0.02) and 1.46 (95% CI, 1.03-2.07, P = 0.03) for men and women,

espectively. This risk was shown to be related to left atrial diameter which was significantly

reater in men with obesity compared to men with a normal BMI (4.4 ± 0.5 cm vs 4.1 ± 0.4

m, P < 0.001). 

Excess adiposity is a risk factor for heart failure in part due to unfavorable remodeling of the

eart itself. 111 These patients are at risk for left ventricular hypertrophy and left atrial enlarge-

ent. 117 
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The disease of obesity is very diverse. Patients suffering from obesity vary greatly in

the presence or absence of morbid conditions and when present, the severity of these dis-

eases. Although some patients suffer greatly, others have few or none of the associated con-

ditions and would be considered “fit.” However, in a study of these patients, Stevens and

colleagues found that patients with obesity that were fit, as defined by performance on a

standard treadmill test, still had a greater risk of all-cause mortality and CVD. 118 The rela-

tive risk of CVD in these patients was highest in the unfit patients with obesity, and low-

est in the fit patients of normal weight. The fit patients with obesity were somewhere in

between. The investigators concluded that “fitness and fatness are risk factors for mortal-

ity, and that being fit does not completely reverse the increased risk associated with excess

adiposity.”

Having obesity as a young adult or adolescent has serious consequences for the development

of CVD at a later age. 119 Hendrickson and colleagues studied 1 million young men in the Swedish

Military Conscription Register. Young men with obesity were 2.5 to 4 times more likely to get

granted disability pensions due to chronic cerebrovascular diseases and ischemic heart disease

(HRs between 2.57 and 4.35) and 6 times more likely due to heart failure (HR 600; 95%, CI 2.97-

12.11) compared with normal weight adolescents. This was particularly true for the unfit young

adult with obesity. 

There is a growing body of literature that has demonstrated that BMS improves cardiac func-

tion. It is unclear, however, whether these improvements are solely the result of the surgery-

induced weight loss or whether there are other factors in play as well. Using data from the

much acclaimed Utah Obesity Study, Owan and colleagues, 117 demonstrated that at the 2-year

follow-up, in addition to meaningful weight loss, patients who underwent BMS also benefitted

from significant reductions in waist circumference, systolic blood pressure, heart rate, triglyc-

erides, LDL cholesterol, and insulin resistance and an increase in high-density lipoprotein (HDL)

cholesterol. Additionally, they observed an actual reversal of the cardiac remodeling including a

reduction in left ventricular mass index and right ventricular cavity area. There was a decrease

in interventricular septum thickness, posterior wall thickness, and relative wall thickness. This

resulted in improved heart function. 

Metabolic surgery for the treatment of hyperlipidemia 

-Henry Buchwald, MD, PhD 

It is well known that metabolic/bariatric surgery markedly lowers serum total cholesterol,

and, in particular, the LDL fraction. The responsible metabolic/bariatric surgery operative proce-

dures are both restrictive and malabsorptive by the old terminology, primarily focused on the

stomach (SG) or on a short common intestinal segment (BPD/DS), and all do so by metabolic

mechanisms not yet fully identified. This response is, of course, cardinal for the mitigating ef-

fect of metabolic/bariatric surgery on heart disease, part of the spectrum of metabolic/bariatric

surgery metabolic outcomes. 

There is one MS operation that was developed specifically for the treatment of the hyperlipi-

demias and is still today the most effective therapy for lowering blood lipids: the partial ileal

bypass. 

Circulating cholesterol consists of synthesized cholesterol, formed primarily in the liver,

plus ingested cholesterol, and because bile acids are the primary end products of cholesterol

metabolism, interference in the cholesterol and bile acids enterohepatic cycles should reduce

the circulating plasma cholesterol concentration. Working in the laboratory, from 1962 to 1963, I

was able to demonstrate that the terminal ileum is the primary site for the absorption and reab-

sorption of both cholesterol and bile acids; that the partial ileal bypass in hypercholesterolemic

rabbits and pigs significantly lowered the plasma cholesterol concentration; and that in 7 human

volunteers who had previously undergone a partial ileectomy for benign causes, the plasma total

cholesterol concentration was exceptionally low (130 mg/dL). On May 23, 1963, I performed the
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rst partial ileal bypass operation on a 14 year old boy with severe familial hypercholesterolemia

nd coronary heart disease. 120 

In later years, in human subjects, in our metabolic laboratory, we showed that the partial

leal bypass operation would, on an average, lower cholesterol absorption by 60%, cause a com-

ensatory increase in fecal steroid excretion of 380%, a compensatory increase in cholesterol

ynthesis of 450%, with a cholesterol turnover rate increase of 300%. Most importantly, by dual

sotope analyses, we ascertained that the cholesterol pools were reduced by 35%, including the

ess freely miscible pool of arterial plaque cholesterol. 121 The side effects of the partial ileal by-

ass were relatively minimal and consisted of an increase in bowel movements to approximately

 to 4 daily, with occasional gas-bloat syndrome, and the generation of oxalate kidney stones,

reventable by oral citrate administration. 

In 1972, Richard L. Varco and I submitted our grant application to the National Heart Lung

nd Blood Institute (NHLBI) of the National Institutes of Health (NIH) for what was to become

he Program on the Surgical Control of the Hyperlipidemias (POSCH) trial, a 65 million dollar

ffort in 4 geographically diverse institutions, involving 838 survivors of a single myocardial in-

arction documented by electrocardiograms and changes in enzyme values (417 diet controls,

21 diet instruction plus partial ileal bypass). The POSCH trial was the first NIH-funded RCT that

tilized a MS procedure as the intervention modality. The results of the POSCH trial were pre-

ented at a special session of the American College of Surgeons in October of 1990, and first

ublished in the New England Journal of Medicine concurrently with the meeting. 122 

When compared with the control group at 5 years, the surgery group had a total plasma

holesterol level 23.3% lower, a LDL cholesterol level 37.7% lower, and a HDL cholesterol level

.3% higher (all P < 0.05). Overall mortality and mortality due to coronary heart disease were

educed, however it took another 5 years for this outcome to become statistically significant at

he P = 0.05 level. The overall mortality in the surgery subgroup with an ejection fraction greater

han 50% was 36% lower than in the control group, and this finding was statistically significant

 P = 0.021). The combination of 2 endpoints (death due to coronary heart disease and confirmed

onfatal myocardial infarction) was 35% lower in the surgery group ( P < 0.001). During follow-

p, 137 control-group and 52 surgery-group patients underwent coronary artery bypass grafting

 P < 0.0 0 01). In addition, peripheral vascular disease was reduced in the partial ileal bypass

roup, in terms of intermittent claudication (71 events in controls, 52 in the intervention group,

 = 0.038) and Doppler assessment (119 in controls, 126 in the intervention group, P < 0.01). 

The POSCH trial permitted us to obtain sequential coronary arteriograms at baseline and 3,

, 7, and 10 years after randomization. The percentage of patients with disease progression in-

reased in both study groups but was consistently higher in the control group. At each follow-

p interval, the difference between the control and surgery groups in the percentage of patients

ith definite disease progression was significant ( P < 0.001). There was definite and statistically

ignificant ( P < 0.05) evidence for plaque regression 5 and 7 years after randomization. 123 

The POSCH study patients were followed for up to 30 years, and some longer. During that

pan of time, a significant ( P < 0.05) increase in life expectancy was found in the partial ileal

ypass group. 124 

Although the clinical utilization of the partial ileal bypass operation today is minimal due

o the development of the statin drugs, this metabolic procedure and the POSCH trial repre-

ent the first proof of the converse of the lipid/atherosclerosis hypothesis, namely that not only

s hypercholesterolemia a major risk factor for atherosclerotic coronary and peripheral vascular

isease but that lowering the plasma cholesterol markedly reduces this liability with respect to

ymptomatology and mortality. 

In a 2017 reassessment of the POSCH database, we ascertained another metabolic outcome

f the partial ileal bypass procedure. Over approximately 30 years following trial randomization,

he control group incidence of developing T2DM was 2.7-fold that of the partial ileal bypass

roup. This finding was achieved with essentially minimal weight loss. 125 

In conclusion, partial ileal bypass represents an operation specifically designed and re-

earched for the amelioration of hypercholesterolemia. Contrary to MBS, the mechanisms for

he processes and outcomes of partial ileal bypass have been ascertained. These findings may be
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Table 4 

Clinical staging of traumatic brain injury. 

Stage I: Attention deficit, short-term memory difficulties, confusion, disorientation, dizziness, headaches, aggressive 

tendencies 

Stage II: Social instability, impulsive behavior, mood swings, executive dysfunction, language difficulties, suicidality 

Stage III: Cognitive impairment, explosivity, memory loss, visio-spatial difficulties, depression 

Stage IV: Severe depression, movement disorders, tremors, severe memory loss, paranoia, dementia, suicidality 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

beneficial in the elucidation of the metabolic mechanisms responsible for the outcomes of other

MS procedures. 

Metabolic surgery for the treatment of traumatic brain injury and chronic traumatic 
encephalopathy 

-Henry Buchwald, MD, PhD 

Preceding sections have highlighted established examples of MS. As we proceed into the fu-

ture, new, often previously not imagined, employments of the discipline of MS are discovered.

On the cusp of arrival is MS for the treatment of traumatic brain injury (TBI) and chronic trau-

matic encephalopathy (CTE). 126 

Of the multiple named diseases of neurocognitive impairment, the etiology of only a few are

known. We have risk factors and brain pathology for Alzheimer’s disease but no agreed upon

mechanism of causation. Two exceptions are post cerebrovascular accident vascular dementia

secondary to ischemic brain damage, and TBI as a result of a devastating concussion or lesser

multiple concussions. The terminal outcome of TBI is the dementia and early death from CTE, a

disease definitively diagnosed today only at autopsy with no premortem signature marker. 

TBI and CTE have been present in humankind since caveman days, with the advent of civ-

ilization often a subject of fiction and non-fiction literature. Historical descriptions of CTE can

be found in ancient Egyptian papyruses (eg, the Edwin Smith Papyrus of 3,0 0 0 B.C.). The preva-

lence of TBI and CTE has not been well-documented. The problem certainly exists in other con-

tact sports (eg, soccer, boxing, ice hockey), in the military (eg, blast injuries), and in the general

population. These processes have come to the forefront in the last decade due to the publiciz-

ing of multiple early deaths in former National Football League (NFL) players. In 2005, Omala

and colleagues published the first autopsy report defining CTE by the deposition of tau protein

neurofibrillary tangles in the depth of brain sulci. 127 In 2017, Mez and colleagues, in an autopsy

series of 110 former NFL players demonstrated CTE tauopathy in 110 of 111 (99%). 128 This au-

topsy finding was also existent in college football players who died young (48 of 53, [91%]). 129 

Failing the availability of a signature marker for the diagnosis of TBI and progression to CTE,

the Centers for Disease Control (CDC) has resorted to clinical staging ( Table 4 ). The time course

for progression of TBI to CTE is prolonged, possibly up to 10 years or longer before the earliest

brain pathology becomes manifest, and probably more years before the process becomes clini-

cally evident. Therefore, a window of opportunity exists for acceleration of the process, as well

as for mitigation and delaying or preventing clinical expression. 

Known factors for acceleration include the presence of elevated inflammatory markers (eg,

tumor necrosis factor, IL-6), 130 cardiovascular disease and risk factors, 130 , 131 and obesity. 132 Sev-

eral authors have defined the relationship between obesity, progressive TBI, and CTE. Obesity

reduces cognitive and motor functions across the lifespan 

133 ; obesity is associated with brain

atrophy 134 ; obesity is associated with executive dysfunction 

135 ; and obesity disrupts neurocir-

cuitry, neuroendocrine activity, neurotransmitter metabolism and activity, and neurogenesis. 136 

There are at least 35 references in the peer-reviewed literature demonstrating that MBS is

appropriate therapy for TBI and early CTE during the window of opportunity from initiation

(concussion) to clinical asseveration. At 24 weeks after MBS, cerebral metabolism in obese pa-

tients improved, as well as executive function, in association with favorable changes in metabolic
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nd inflammatory parameters. 137 In 10 out of 10 studies in a systematic review, there was doc-

mented improvement in a neurocognitive domain after MBS. 138 And MBS improved cognitive

unction for up to 3 years, a long time span for progressive TBI. 139 

Why does MBS affirmatively impact TBI/CTE? Weight loss per se is probably beneficial. The

etabolic perturbations secondary to MBS may play an independent, substantial role in pro-

oting therapeutic outcomes. These changes include decreased levels of inflammatory markers,

ncreased adiponectin levels, release of GLP-1 hormone, favorable alterations in the gut micro-

iome, and changes in bile salt composition. It has also been shown that white and gray matter

rain integrity is benefitted by MBS. 

In summary, today there is no known therapy to prevent, retard, or reverse TBI/CTE. None

hatsoever. MBS has the potential to be the first effective treatment for TBI/CTE in the sizable

bese cohort of this deadly neurocognitive impairment. 

etabolic surgery role for organ transplantation patients 

-Colston Edgerton, MD 

Organ transplant recipients and those with end stage organ disease were historically felt to

e too high risk for consideration of MS. With advances in operative technique and a decline

n morbidity and mortality, this paradigm has shifted. For those patients in need of an organ

ransplant, but denied due to severe obesity, MS may result in sufficient weight loss to be listed

or transplantation. In this way, MS can extend life expectancy in this unique population through

eans not directly associated with its metabolic effects. In this section, we focus on the role of

S in patients with end stage renal, liver, and cardiac disease. 

Although there are numerous etiologies for ESRD, diabetes and hypertension are among the

eading causes in the United States. Given their association with metabolic syndrome, it is no

urprise that as many as 20% of patients with ESRD in need of kidney transplantation (KT)

re obese and meet criteria for MS. 140 Morbid obesity has been shown to be correlated with

nferior outcomes following KT, including graft failure, delayed graft function, new onset dia-

etes after transplantation (NODAT), and death. 141 Many transplant centers and surgeons are

ess likely to accept organs from patients with severe obesity, which has resulted in BMI being

nversely correlated to time on the renal transplant waiting list. 142 MS in this patient population

as not been widely adopted in the past because of the increased 30-day adverse events asso-

iated with the concomitant cardiovascular disease and uremic platelet dysfunction, as well as

he well-described “obesity paradox,” in which improved survival is seen in dialysis dependent

DD) patients with higher BMI. 143 , 144 Nonetheless, it has been demonstrated that patients with

evere obesity do benefit from KT over lifelong dialysis. 145 , 146 Consideration for KT in these pa-

ients is becoming more common as data emerge which demonstrate safety and overall benefit

f undergoing MS prior to or after KT. A review of data from the ACS National Surgical Qual-

ty Improvement Program (NSQIP) showed no difference in 30-day adverse outcomes between

D and non-DD patients undergoing MS. 147 SG has become the most common metabolic pro-

edure performed in ESRD patients, in part because of the concern for renal oxalate deposition

nd malabsorption associated with gastric bypass. 148 , 149 In one of the largest series of patients

ndergoing KT after SG, Kim and colleagues analyzed the outcomes of 41 patients and found an

verage decrease of 9 BMI points prior to KT with a significant decrease in the number of anti-

ypertensive medications and insulin dependence. Importantly, no patients experienced NODAT.

nly 1 patient had delayed graft function, and only 1 had graft loss. Thirty-day readmission was

een in 27.3% and surgical complications were noted in 7.3%. 150 A retrospective cohort study

f 43 patients who underwent MS before KT and 21 after KT found no significant difference

n change in BMI 5 years following surgery between the 2 groups. Propensity score matching

gainst controls who had received KT but not undergone MS showed a decrease in risk of allo-

raft failure and mortality in the MS cohort with the most profound effect seen in those who

ad surgery prior to KT. 151 
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NAFLD is present in 30% of adults in the United States, with 42% progressing to non-alcoholic

steatohepatitis (NASH). 152 , 153 Of those, one third will develop cirrhosis. 154 NAFLD is rapidly be-

coming the most common indication for liver transplantation (LTX) and is projected to be the

leading cause of end stage liver disease in 2025. 155 As a consequence, a substantial percentage

of patients who have ESLD are also morbidly obese. Although there is no universal BMI cutoff

for LTX, many centers have imposed their own BMI limits which has subjected candidates with

morbid obesity to longer wait times to receive an organ. 156 Older data have shown increased

morbidity and mortality following bariatric surgery in patients with cirrhosis, 157 , 158 while more

recent studies are emerging that demonstrates not only the relative safety of LTX in the morbidly

obese, but the improved outcomes in those who receive BS. A recent meta-analysis included 8

studies that identified 187 patients who underwent MS prior to LTX. These patients experienced

an average BMI reduction of 30.4%, from 45.7 to 31.8 kg/m 

2 , at 12 months. Eighty-two percent

were successfully listed for transplant and 70% eventually received LTX. The graft survival at 1

year was 70% and the 30-day minor and major complication rates were 4% and 1%, respectively.

Thirty-seven patients underwent a MS procedure at the time of LTX, with 0% 30-day mortality

and 100% graft survival at 1 year. Finally, 64 patients had MS after LTX and had a 0% 30-day

mortality rate with similar weight loss and resolution of comorbidities compared to matched

controls who had undergone BS alone. 159 Although BS patients on chronic immunosuppression

have been shown to have higher 30-day complication rates compared to non-immunosuppressed

patients, this was noted to be most significant in anastomotic cases. 160 The largest retrospective

case-control study of laparoscopic SG patients after LTX compared to matched controls who had

not undergone LTX showed a longer hospital length of stay in the post-LTX group (1.5 vs 3.1

days) but no difference in conversion to open procedure, change in BMI, resolution of comor-

bidities, 30-day complications, or mortality. 161 

Heart failure has the strictest weight criteria for organ transplantation. This is due to higher

graft failure seen in recipients with a BMI > 35 kg/m 

2 caused by an increase in cardiac demand

in these patients. 162 Accordingly, the International Society for Heart Lung Transplantation pub-

lished recommendations in 2016 to establish a BMI threshold for consideration in listing patients

for cardiac transplantation to be < 35 kg/m 

2 . 163 Because of this strict BMI criteria, most heart

transplant recipients are not candidates for MS. Instead, MS may be needed in order to achieve

the necessary weight loss before consideration of transplant. This is balanced against the find-

ing that patients with heart failure are at increased risk of perioperative complications following

bariatric surgery. One study demonstrated a higher 30-day mortality rate (odds ratio, 2.63) in

patients with heart failure undergoing gastric bypass. 164 

Left ventricular assist devices (LVADs) are used as a bridge to cardiac transplant. Since there

are no BMI cutoffs for LVAD placement, many obese patients awaiting cardiac transplantation

may have undergone LVAD implantation prior to consideration for BS. Although the need for

systemic anticoagulation with these devices increases bleeding risk, data from smaller case se-

ries have shown that MS can be accomplished safely with acceptable complication rates and

significant weight loss that facilitates patients meeting criteria for cardiac transplantation. One

study followed 5 patients with an LVAD who underwent BS as a bridge to transplant with 3

RYGB and 2 SG cases. At 12 months, 4 patients had lost sufficient weight to be transplanted

and 1 patient was only 6 months out from MS and was not yet eligible for transplantation. 165 

Another study reviewed 11 patients with LVADs who underwent SG. Four patients received a

cardiac transplant with another 3 successfully achieving a BMI < 35 kg/m 

2 and waiting for trans-

plant. 166 Yang and colleagues published a larger series of 21 patients with advanced heart failure

in which 18 underwent gastric banding, 2 SG, and 1 BPD. At 12 months, 1 patient had received

a heart transplant and 2 others were taken off the list due to significant improvement in car-

diac function. The average BMI at the time of operation was 46.2 kg/m 

2 and average weight loss

was 26.0 kg. 167 Although the type of BS performed and resulting weight loss may have a strong

impact on the number of patients who ultimately are transplanted, there is also evidence that

weight loss in and of itself has significant effects on cardiac remodeling and improvement in

ventricular systolic function. 168 
Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Library of Health and Social 
Security de ClinicalKey.es por Elsevier en abril 07, 2022. Para uso personal exclusivamente. No se 
permiten otros usos sin autorización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



20 S.A. Shikora, C. Edgerton and D. Harris et al. / Current Problems in Surgery 59 (2022) 101059 

 

b  

H  

t

C

 

d  

t  

I  

s  

g  

m  

e  

o  

s

 

a  

u  

f  

d  

a

 

u  

M  

i  

r

 

c  

f  

f  

c  

o  

a  

d  

o

 

p  

r  

l  

r  

p  

l

 

t  

o  

a  

t  

a  

f

Although once considered to be a contraindication, patients with end stage organ disease are

ecoming increasingly recognized as a high-risk group that may substantially benefit from MS.

owever, larger prospective cohort studies are needed to better assess perioperative and long-

erm outcomes. 

an metabolic surgery be used for prophylaxis? 

-Henry Buchwald, MD, PhD 

Ten of the prior sections on applications of MS involve the prophylaxis of the onset of a

isease and its secondary manifestations, the progression of a disease, and, ultimately, the fa-

al disease endpoint. MBS in the patient with obesity prevents, arrests, and may cure T2DM.

n so doing, it is prophylactic with regard to the pathologic outcomes of T2DM: heart disease,

troke, high blood pressure, neuropathy, blindness, renal failure, lower extremity ulcerations,

astroparesis, Alzheimer’s disease, and depression. Similar litanies of prevention after MBS are

anifest for the sequelae of the metabolic diseases of hypertension, hyperlipidemia, heart dis-

ase, NAFLD, OSA, cancer, TBI, and CTE. Currently, modifications of MBS procedures to achieve

ne or more of the above disease benefits without, or with minimal, weight loss are being

tudied. 

Serendipitously, MS devised for a particular disease may be prophylactic for another. For ex-

mple, perirenal nerve ablation for hypertension mitigates T2DM. 169 Cervical vagal nerve stim-

lation by an implanted pacing mechanism intended to induce weight loss actually resolves re-

ractory depression. 4 These neuro- or neurohormonal metabolic pathways influencing metabolic

iseases are independent of surgery on the gastrointestinal tract, which has traditionally been

ssociated with MS. 

Prophylactic surgery, per se, has long been practiced; total or subtotal colectomy for chronic

lcerative colitis and familial polyposis to prevent colorectal cancer are established procedures.

ore recently, bilateral prophylactic mastectomies have been advocated for women with inher-

ted autosomal dominant BRCA1 and BRCA2 genes. However, this surgery is directed toward the

eceptor end organs and is therefore not metabolic according to our definition of MS. 

However, metabolic extension of the prophylactic concept of disease prevention, even to the

oncept of MS for a genetic alteration in a preceding generation is being practiced and may

oretell future advocacy. Marceau and colleagues, in Montreal, studied the expression of genes

or obesity and T2DM in women before and after MBS, as well as in their offspring. 170 The

hildren born while the mothers were morbidly obese, as preteens were, or were becoming,

bese and displayed signature markers for T2DM. Children, though, with the same fathers, born

fter the mothers had undergone MBS were not afflicted by obesity and T2DM. Genetic profiling

ocumented genes for obesity and T2DM in all offspring, but failure of clinical gene expression

ccurred if conception was post MBS. 

Ileal resection in infancy prevented adult hypercholesterolemia, and partial ileal bypass in

atients with hypercholesterolemia who had sustained a prior myocardial infarction not only ar-

ested and reversed the manifestations of atherosclerotic cardiovascular disease but prolonged

ife expectancy and, therefore, was prophylactic with regard to the progression of atheroscle-

osis outcomes. Furthermore, in examination of the POSCH database, the partial ileal by-

ass operation proved to be preventative, thus prophylactic, for the onset of T2DM later in

ife. 

All of these partial ileal bypass benefits were achieved by an operation of less than 1 hour

hat can be performed as an outpatient procedure via a small (eg, appendectomy) incision

r laparoscopically. Advocacy of partial ileal bypass for an entire population seems unreason-

ble. Encouraging partial ileal bypass early in life for children born with familial hypercholes-

erolemia and, possibly, for children with a strong genetic inclination for hypercholesterolemia,

therosclerosis, and early death, determined by buccal smear genetic analysis, is somewhat less

antastic. 
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MS is in the evolution of recognition. We are seeing the ice mountain above the surface

of the iceberg but have yet to appreciate the other 90% that is integral to the concept. Eighty

percent to 90% of all diseases are metabolic in origin or have a metabolic cofactor. Therefore,

over time, the MS concept and the practice of MS will come to the forefront. The acceptance of

MS reality will progress from an appreciation of its history to clinical therapeutic practice, and,

finally, to prophylactic utilization. 

What is the future of metabolic surgery? 

-Scott A. Shikora, MD 

Although the term “metabolic surgery” was first reported in 1978, it was not well recognized

until more recently. Early BS was more focused on weight loss than the metabolic benefits of

surgery such as the remission of T2DM and other comorbid conditions. However, over time, it

was becoming increasingly clear that bariatric operations were very effective for treating the

comorbid conditions and therefore BS was in fact, MS. The tremendous increase in the accep-

tance and use of BS made the term “metabolic surgery” more commonplace. Additionally, there

has been growing interest for discovering the mechanisms by which bariatric operative proce-

dures are metabolic. For example, is it the stimulation of the release of glucagon-like-peptide-1

(GLP-1) in the ileum after gastric bypass that is the etiology of the postoperative control of

T2DM 

171 ? 

One can imagine several pathways for MS to travel in the future. First, we can see the devel-

opment and introduction of newer endoscopic and surgical procedures. These procedures would

achieve the same metabolic effects of the current bariatric operations but might be less complex,

safer, and/or more effective. Currently, there are several such procedures under investigation,

both laparoscopic and endoscopic, including one anastomosis gastric bypass or duodenal switch,

sleeve gastrectomy with transit bipartition, and the endoscopic gastroplasty. MS can be consid-

ered for treating comorbid conditions such as T2DM in patients with normal weight instead of

reserving it for patients with severe obesity. 

In addition to creating/upgrading procedures, we can anticipate that the physiologic actions

of the bariatric procedures will be elucidated, enabling researchers to develop medications that

mimic the actions of the operations without the risks. For example, the antidiabetic medication

exenatide is a GLP-1receptor agonist. It is currently used to treat T2DM, but it also may achieve

weight loss. Although it does not copy the restrictive characteristics of bariatric procedures, it

does seem to elicit similar hormonal effects. 

Lastly, one can anticipate that the success of MS for the treatment of the obesity-associated

health conditions may attract researchers to target other conditions not associated with severe

obesity. Currently, splenectomy is performed for the treatment of ITP, portal diversion is used for

the treatment of glycogen storage diseases, and thalamic ablation is used to treat the tremors

of Parkinson’s disease. Like bariatric surgical procedures, these procedures qualify as metabolic.

It is very likely that this is just the tip of the iceberg. Now that MS is established, it is sure to

expand into other organ systems and other diseases. 

Conclusions 

Although the term “metabolic surgery” has been around over 30 years, it had little acceptance

until the tremendous explosion in the popularity of BS. Bariatric operations are the quintessen-

tial examples of metabolic procedures and it was not long before clinicians saw the results

bariatric surgeons had known for years. Since that time, MS has become widespread. This mono-

graph described the adverse effects of severe obesity on several conditions such as heart disease,

cancer, and hypertension and the beneficial effect of metabolic operations on these conditions.
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n the future, one can anticipate an even greater role of MS, developing new and better proce-

ures and addressing conditions currently not considered metabolic in nature. 
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