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terms of their capacity to induce weight reduction and their risk profiles. We then discuss the impact of weight
loss surgery on important obesity related disorders including diabetes, cardiovascular disease, and non-alcoholic
fatty liver disease. The question of operative choice is discussed with respect to benefits and risks of common pro-
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Postoperative complications © 2018 Published by Elsevier Inc.
Obesity

Metabolic diseases
Cardiovascular diseases

Contents
1. Introduction . . . . . . . . L e e e e e e e e e e e e e
1.1, BMICHteria . . . . . . o v o o e e e e e e e e e e e e e e e e e e

1.2.  Improvement of Comorbidities. . . . . . . . . . . . L e e e e e e e e e e e
1.3.  Improved Survival with Bariatric SUrgery . . . . . . . . . . . . e e e e e e e e e e e e e
2. Procedures and OULCOMES . . . . . . . . . L b b v v i it e e e e e e e e e e e e e e e e e e e
20, RYGB . . o o e e e e
2100 WeightLoss . . . . . o o o e e e e e e e e e e e e e e e e

212, Complications . . . . . . . . . e e e e e e e e e e e e e e e e e e e e

22, SG . e e e e e e e s e e
220, WeightLoSS . . . . . . o o e e e e e e e e e

222, Complications . . . . . . . .. e e e e e e e e e e e e

23.  GastricBanding (GB) . . . . . . . . e e e e e e e
230, WeightLoss . . . . . . o o i e e e e e e e e e e e e e e e

232, Complications . . . . . . . .. e e e e e e e e e e e e e e e e e

24. Biliopancreatic Diversion . . . . . . . .. L L e e e e e e e e e e
240, WeightLoSS . . . . . . . o o e e e e e e e e e

242, Complications . . . . . . . . . e e e e e e e e e e

25.  VagalNerve Blocker . . . . . . . . . e e e e e e e
250, WeightLoSss . . . . . . o o o e e e e e e e e e e e e e

252, Complications . . . . . . . . . e e e e e e e e e e e e e e e e e e

26.  GastricImbrication . . . . . . .. oL L e e e e e

Abbreviations: ASMBS, American Society for Metabolic and Bariatric Surgery; BMI, body mass index; CT, computed tomography; GB, gastric banding; GERD, gastroesophageal reflux
disease; MBSAQIP, Metabolic and Bariatric Surgery Accreditation and Quality Improvement Program; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; NSAID,
non-steroidal anti-inflammatory drug; OSA, obstructive sleep apnea; SG, sleeve gastrectomy; RYGB, Roux-en-Y gastric bypass; VTE, venous thromboembolism; WLS, weight loss surgery.

* Corresponding author at: Department of Surgery, Boston University School of Medicine, 1400 VFW Pkwy, SS112, West Roxbury, MA 02132, United States of America.
E-mail address: vivian.sanchez@va.gov (V.M. Sanchez).

https://doi.org/10.1016/j.metabol.2018.12.002
0026-0495/© 2018 Published by Elsevier Inc.


https://doi.org/10.1016/j.metabol.2018.12.002
vivian.sanchez@va.gov
https://doi.org/10.1016/j.metabol.2018.12.002
http://www.sciencedirect.com/science/journal/00260495
www.metabolismjournal.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.metabol.2018.12.002&domain=pdf

J. Nudel, V.M. Sanchez / Metabolism Clinical and Experimental 92 (2019) 206-216 207

26.1. WeightLoss. . . . . . . . . ... ... ......

26.2. Complications. . . . . . . . . ... ... .....
3. Emerging and Endoscopic Approaches . . . . . . . . . ... .. ..
3.1. Endoluminal RYGB Analogues. . . . . . . . . .. ... ...
32. RoboticSurgery . . . . . . . . ...
3.3. IntragastricBalloon. . . . . . . . . . ... .. ... ...,
Mechanism of Action of Weight Loss and Metabolic Surgery . . . . . .
Impact of Surgery on Diabetes Type 2. . . . . . . . . . . ... ...
Impact of Surgery on CardiovascularRisk . . . . . . . . . ... ...
Impact of Surgery on Non-Alcoholic Fatty Liver Disease. . . . . . . . .
Operative Choice . . . . . . . . . . . . . ...
Reoperations for WeightGain . . . . . . . . . . ... ... ....
91. RYGB. . . . . . . . e
92, SG . .. e e
10.  Delivery . . . . . . . e e e e
11. Conclusion . . . . . . . . . . ..
Declarations of Interest. . . . . . . . . . . . ... ...
Funding. . . . . . . . . . . e
Acknowledgments. . . . . . . ... ..o
Author Contributions. . . . . . . . . . ...
References . . . . . . . . . . L

© 0N v A

1. Introduction

Obesity is a modern illness associated with weight-related mortality,
cardiovascular disease, diabetes, liver disease, obstructive sleep apnea
(OSA), malignancy, functional impairment, as well as many other disor-
ders [1]. The medical costs of obesity exceed $100 billion per year [2].
Over one third of American adults are obese, and obesity rates continue
to increase [3].

Weight loss surgery (WLS) is the most effective intervention to reduce
body weight and obesity-associated diseases among obese patients and
has become a widely accepted approach to treating these disorders [4].

1.1. BMI Criteria

Joint guidelines from the American Association of Clinical Endocri-
nologists, the Obesity Society, and the American Society for Metabolic
and Bariatric Surgery advise that WLS should be considered for patients
whose BMI is over 40 regardless of comorbidities, for patients with BMI
of 35-40 in the presence of a severe obesity-related comorbidity, and
for patients with BMI 30-35 in the presence of a severe obesity-
related comorbidity such as diabetes [5]. Recent guidelines recommend
WLS for any diabetic patient with BMI over 40 or with BMI 35-40 and
poor glycemic control despite aggressive medical therapy. They advise
consideration of WLS for those with poorly controlled diabetes in pa-
tients with a BMI between 30 and 35. These guidelines also suggest low-
ering the BMI thresholds by 2.5 points for Asian populations [6].

1.2. Improvement of Comorbidities

WLS reliably induces rapid, marked, and durable weight loss
among obese patients [7], and reduces the burden of multiple
obesity-associated comorbidities including diabetes [8], cardiovas-
cular disease including hypertension [9], stroke, coronary artery dis-
ease [10], and heart failure [11]. WLS is also effective in improving
OSA [12]. Excess weight and diabetes are associated with risk of mul-
tiple primary cancers [13,14], and WLS may protect against malig-
nancy [15,16].

1.3. Improved Survival with Bariatric Surgery
Multiple large observational analyses strongly suggest that WLS im-

proves survival compared to non-surgical management over the course
of long-term follow up [17-20]. In the Swedish Obese Subjects study, in

which 2010 WLS patients were prospectively matched to a control
group of 2037 patients who underwent standard medical therapy, the
risk-adjusted hazard ratio for mortality was 0.71 after a mean follow
up of 10.9 years [18]. A retrospective analysis that matched 2500 WLS
patients to 7462 matched controls in the United States Veterans Affairs
system found that surgical patients had significantly decreased mortal-
ity after one year of follow up, with a hazard ratio of 0.47 after five years
[20].In a recently reported retrospective Israeli cohort of over 8000 WLS
patients, the adjusted hazard ratio for mortality among 25,000 matched
controls was 2.02 after four years [17].

2. Procedures and Outcomes

The two most commonly performed procedures for weight loss are
the sleeve gastrectomy (SG) and Roux-en-Y gastric bypass (RYGB),
which together account for the vast majority of initial bariatric surgical
procedures in the United States [21]. We discuss these procedures
below. Less commonly utilized procedures are enumerated and briefly
discussed as well.

2.1.RYGB

RYGB was traditionally regarded as the standard of care and until
2013 was the most popular bariatric operation [21]. RYGB involves di-
viding the stomach to create a small pouch composed of cardia and fun-
dus known as the “gastric pouch.” The jejunum is divided distal to the
ligament of Treitz. The distal “roux limb” is anastomosed to the gastric
pouch such that food bypasses the proximal “biliopancreatic limb,”
composed of the remnant stomach, duodenum, and associated
pancreaticobiliary structures. Meanwhile, the biliopancreatic limb is
anastomosed to the roux limb at about 100 cm along its length such
that the two limbs converge and empty into a “common channel” [22].

2.1.1. Weight Loss

RYGB induces loss of about 25% [23] of total and 60% of excess body
weight [24-26] as well as excess BMI reduction of approximately 65%
[23,25]. Weight decreases substantially in the initial 1-2 years fol-
lowing surgery [23,27], followed by a period of erosion [27] that
diminishes over time [7]. Weight loss is durable in cohorts with
long-term follow up of ten years or longer [28-30]. Within these
general trends, the significant variability in weight loss over time
among WLS patients [27] is due at least in part to behavioral fac-
tors [31].
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2.1.2. Complications

2.1.2.1. Short Term Complications. The overall 30-day morbidity rate
for RYGB is about 3.4% for serious complications and 8.3% for any
complication [32]. The most important perioperative complications
are bleeding, gastrointestinal leak, wound complications, and
bowel obstruction, each with an incidence on the order of 1-2%
[32,33]. A recent large database analysis places contemporary ve-
nous thromboembolism (VTE) risk at 0.04% [34] in an era when
most bariatric centers use routine VTE chemoprophylaxis in accor-
dance with ASMBS guidelines [35].

Risk factors for short-term morbidity include patient age [36], male
sex, and low institutional case volume [32]. The overall mortality rate
is very low. In one large study of over 25,000 patients who underwent
RYGB from a Scandinavian database, the perioperative 30-day mortality
after RYGB was 0.04% [32]. In another study of over 128,000 RYGB pa-
tients from an American database, mortality rates within 30 days and
at one year following surgery were 0.13% and 0.23% respectively [37].
The safety of WLS, including RYGB, appears to be improving signifi-
cantly over time [37].

2.1.2.2. Long Term Complications

2.1.2.2.1. Abdominal Pain. RYGB patients can complain of ab-
dominal pain that may be acute or chronic in nature. Nearly half of
these patients require CT imaging to evaluate the pain [38]. Causes
of abdominal pain are variable and workup should exclude prob-
lems related specifically to RYGB such as internal hernias, marginal
ulcers, dumping syndrome, gastric remnant distension, bowel ob-
struction, intussusception, and cholecystitis. Often, the etiology is
not identified [39].

2.1.2.2.2. Marginal Ulcer. About 0.6-7.6% of patients can develop
ulceration of the gastrojejunal anastomosis, though some studies
report higher rates. The etiology of a marginal ulcer is unclear, but
possible factors include large pouch size, smoking, NSAID use, anas-
tomotic tension, corticosteroid use, foreign suture material used at
anastomosis, and anticoagulation. In most cases, marginal ulcers
present as epigastric pain, nausea, vomiting, or reflux-like symp-
toms and are confirmed endoscopically. These symptoms can usu-
ally be treated medically with proton pump inhibitors plus or
minus sucralfate and avoidance of risk factors such as smoking or
NSAIDs. Less frequently, marginal ulcer can present with gastroin-
testinal bleeding, perforation, or fistula, occasionally prompting re-
operation [40,41].

2.1.2.2.3. Internal Hernia. RYGB patients are at risk for herniation of
small bowel through mesenteric defects. The incidence in the literature
is approximately 1-10% [42]. Internal hernias can present any time after
RYGB, but are commonly seen 2-3 years post-operatively in patients
who have lost significant amounts of weight. Patients often complain
of diffuse, episodic, severe abdominal pain that is not predictably post-
prandial [43]. The presentation can frequently be atypical and demands
a high index of suspicion [43,44].

Serum elevations in amylase and lipase may be helpful, being ele-
vated in 48% of patients with obstruction [45]. CT can be useful in iden-
tifying internal hernias especially if mesenteric swirling is visualized,
but is often non-revealing. If clinical suspicion for internal hernia is
high based on symptoms, a surgical consultation and operative explora-
tion is warranted given the high risk of progression to bowel necrosis
absent prompt intervention [43,44].

2.1.2.2.4. Nutritional Complications. WLS patients must be moni-
tored for adherence to taking multivitamins, as there can be exacer-
bation and onset of various micro- and macro-nutritional disorders
[46]. Important among these are B12 deficiency [46], iron deficiency,
anemia [47], and hypovitaminosis D [48]. Bone mineral density de-
creases following surgery [49,50], placing patients at increased risk
for fractures [51]. Other micronutrient deficiencies such as folate,
zing, copper and selenium have been reported [46]. Patients who

undergo RYGB should have periodic surveillance of important
micro- and macronutrient levels [52].

2.1.2.2.5. Dumping Syndrome. Dumping syndrome applies to uncom-
fortable symptoms that result from rapid passage of chyme into the
small intestine. Early dumping manifests within 30 min of food inges-
tion as combined gastrointestinal and systemic symptoms due to os-
motic fluid shifts and hormonal responses to food; late dumping
describes a reactive hypoglycemia that occurs on the order of hours
postprandially [53]. Early dumping occurs in 10-20% and late dumping
in 5-10% of RYGB patients [54,55]. Though dumping symptoms have
been associated with decreased quality of life [56], they may influence
eating behaviors that contribute to post-operative weight loss [57]
(Fig. 1).

22.5G

SG involves resection of the greater curvature of the stomach,
leaving a tubular remnant with markedly restricted capacity. Ini-
tially used to bridge high risk patients to biliopancreatic diversion,
SG was ultimately accepted as a standalone alternative [59]. In
2013, it became the most frequently used procedure in the United
States [21].

Fig. 1. Roux-en-Y gastric bypass [58].
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2.2.1. Weight Loss

Randomized controlled trials comparing RYGB and SG, includ-
ing the recent SLEEVEPASS and SM-BOSS trials, demonstrate the
procedures are comparable in terms of excess weight reduction
[23-25,60]. However, some data from large, long-term cohort
studies suggest RYGB is probably more effective than SG in reduc-
ing excess weight beyond five years [28,61]. The weight loss trajec-
tory experienced by SG patients is similar to that of RYGB patients
discussed above [62].

2.2.2. Complications

Important short-term complications specific to SG include staple
line bleed and gastrointestinal leak, each occurring in <1% of patients
[63,64]. The incidence of gastrointestinal leak is lower among SG as
compared to RYGB patients [33]. Oxygen dependence, hypertension,
OSA, oxygen dependence, hypoalbuminemia, diabetes, and GERD may
increase risk [33,64]. Many of these complications can be treated endo-
scopically [65]. Surgeons continue to debate the relative importance of
surgical technique versus patient factors in the risk of leak [63,64].

SG patients are at risk for vitamin D deficiency and loss of bone min-
eral density changes [48,50] but may have lower fracture risk than RYGB
patients [51]. Anemia, iron, folate, vitamin B12, and vitamin D deficien-
cies are seen [66] and require frequent surveillance and adherence to
daily multivitamins, B12 and calcium supplementation [5].

The rate of early dumping symptoms after SG is similar to that follow-
ing RYGB, but SG patients seem to experience less late dumping [54].

A recent ASMBS position paper characterized the risk of GERD fol-
lowing SG as a topic of considerable controversy and did not take a
strong position on whether GERD constitutes a relative contraindication
to SG [67]. However, in the recent SM-BOSS trial, of patients with mild
GERD who underwent SG, 32% had worsening symptoms. Furthermore,
9 of 121 SG patients underwent conversion to RYGB for severe GERD
[23] (Fig. 2).

Fig. 2. Sleeve gastrectomy [58].

2.3. Gastric Banding (GB)

GB uses an inflatable band around the gastric fundus and cardia to
restrict food intake and stomach compliance. Evidence in favor of GB
includes one major longitudinal cohort that reported durable weight
loss over an extended follow up period [29] and a randomized con-
trolled trial demonstrating effectiveness versus medical therapy in
achieving diabetes remission [68]. However, GB is associated with a
high rate of reoperation at an unacceptable cost to payers [69]. Al-
though some authors advocate for its continued utility in selected
patients [62], its use has declined precipitously over the last decade
[70] and has been nearly abandoned in favor of RYGB and SG [21].
At academic medical centers, procedures to remove gastric bands
now outnumber placements [21].

2.3.1. Weight Loss

In one large observational cohort, GB patients lost about half of
their excess weight within four years of surgery and the result was
durable in patients with follow up over ten years [29]. However, a
randomized trial comparing RYGB to GB, patients who underwent
RYGB lost a significantly higher proportion of their initial body
weight ten years after surgery [71]. In a systematic review compar-
ing WLS procedures, GB was ruled inferior to RYGB in weight loss in-
duction as excess weight loss was <50% after 2-5 years in 69% of
studies [26]. Weight loss among GB patients appears to be inferior
to that of SG as well [62].

2.3.2. Complications

Perioperative and late mortality following GB is very low [29]. Al-
though the 30-day morbidity rate is about 1% and lower than that of
RYGB, GB patients are much more likely to suffer major adverse events
or reoperation in the years following surgery [71,72]. Complications
that commonly prompt surgery include erosion of the band into the gas-
tric mucosa, slippage of the band, obstruction, food intolerance, reflux
symptoms, pouch dilation, infection, and complications related to tub-
ing [71,73]. In a large database analysis that included over 25,000 pa-
tients who underwent GB with mean follow up of 4.5 years, about 20%
of patients underwent an average of nearly four reoperations [69]

(Fig. 3).
24. Biliopancreatic Diversion

Typically discussed in the context of super-obesity (BMI over 50),
biliopancreatic diversion consists of a partial gastrectomy in combina-
tion with a Roux-en-Y gastro-ileostomy [78]. A variant of this procedure
is duodenal switch, which includes sleeve gastrectomy [22]. Both proce-
dures are thought to minimize fat absorption more than other bariatric
surgical interventions [78].

24.1. Weight Loss

These procedures are highly efficacious in weight loss induction
with an effect size larger than that of RYGB. In an RCT comparing
RYGB to duodenal switch among patients with BMI from 50 to 60, BMI
reduction in RYGB patients was 13.6 as compared to 22.1 among duode-
nal switch patients [79]. Similarly, in a 20-year follow up data from a co-
hort of over 2000 open duodenal switch patients at a single institution,
patients lost an average of 70% of excess weight, corresponding to a
mean 20-unit BMI reduction [78].

24.2. Complications

This efficacy comes at the expense of complications. It is perhaps due
to surgical risk that utilization of these procedures is low and has been
estimated at 1% of bariatric operations worldwide [22]. In the random-
ized controlled trial mentioned above, about 10% of RYGB patients as
compared to nearly 50% of duodenal switch patients required reopera-
tion after five years of follow up. Furthermore, over 10% of duodenal
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Fig. 3. Gastric band [58].

switch patients required hospital admission for malnutrition [79]
(Fig. 4).

2.5. Vagal Nerve Blocker

This is a relatively new intervention in which laparoscopically-
placed electrodes, powered via a rechargeable subcutaneous source,
are used to intermittently inhibit the vagal signaling near the gastro-
esophageal junction. An American Society for Metabolic and Bariatric
Surgery (ASMBS) position statement from 2016 recognizes the tech-
nique as measurably efficacious with a reasonable safety profile and
calls for further investigation [74].

2.5.1. Weight Loss

ReCharge and EMPOWER are randomized, sham-controlled trials
evaluating vagal blockade. They demonstrated significant weight loss
that is durable in up to two years of follow up [75,76]. The effect size ap-
pears to be relatively lower than that of RYGB and SG. In the first open-
label study of vagal blockage for diabetes among adults with BMI be-
tween 30 and 40, excess weight loss was 22% and glycemic control
was improved with a glycosylated hemoglobin reduction of 0.6% after
two years of follow up [77].

2.5.2. Complications

In the ReCharge study, the rate of Clavien-Dindo grade IlI-IV adverse
events was 3.7% after two years [75]. The EMPOWER study did not re-
port graded adverse events. Further research is needed to quantify the
long-term risks of vagal inhibition.

Fig. 4. Biliopancreatic diversion (including duodenal switch) [58].

2.6. Gastric Imbrication

Gastric imbrication, also commonly referred to as gastric plication, is
a relatively new procedure that attempts to create the restrictive func-
tional anatomy of SG through imbrication of the greater curvature of
the stomach. Patients are spared gastric resection and foreign body
placement, leading to hypothesized safety benefits [80]. The procedure
remains under active investigation.

2.6.1. Weight Loss

Arecent meta-analysis of prospective trials comparing gastric imbri-
cation to SG found improved excess weight reduction among SG pa-
tients through 18 months of follow up. At the 24 and 36-month time
points, there was no detectable difference between SG and gastric im-
brication patients in terms of weight loss, but results exhibited a high
degree of heterogeneity, highlighting the importance of collecting addi-
tional data on long-term follow up [81].

2.6.2. Complications
In the same meta-analysis, safety was comparable between gastric
imbrication and SG patients on all important measures [81].

3. Emerging and Endoscopic Approaches
3.1. Endoluminal RYGB Analogues

Endoluminal RYGB analogues are tubular devices that are anchored
endoscopically in the proximal GI tract and act to separate ingested nu-
trients from the intestinal lining and pancreaticobiliary secretions
through the jejunum at the termination of the tube [82].

In a meta-analysis, subjects treated with one such device, the
duodenal-jejunal bypass liner, lost about 10% more excess weight than
controls. However, glycemic control was not significantly improved
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[83]. Data from a systematic review specifically focused on safety of the
duodenal-jejunal bypass liner show a serious adverse event rate of
about 3%; among these, 85% were attributed to design of the device an-
chor [84].

3.2. Robotic Surgery

While the vast majority of WLS is performed by conventional lapa-
roscopy, the use of robotic surgery increased about tenfold in the decade
prior to 2015 [85]. A meta-analysis of studies comparing robotic to lap-
aroscopic sleeve gastrectomy found the approaches had a similar safety
profile, but that robotic surgery was associated with longer operative
times, longer length of stay, and higher cost [86]. In an analysis of
MBSAQIP data, patients who underwent robotic RYGB were
propensity-score matched to patients who underwent laparoscopic sur-
gery. In this analysis, robotic RYGB was as safe as conventional laparos-
copy on most outcomes of interest, however, robotic surgery was
associated with longer operative times and increased readmission
[87]. Improved safety with the robotic approach has been reported in
at least one cohort [88]. Whether the robotic platform provides a good
incremental value over traditional laparoscopy remains to be
determined.

3.3. Intragastric Balloon

Intragastric balloons have been under development and in use
around the world since the 1980s, but their use in the US has been lim-
ited. Since 2015, the FDA has approved three new intragastric balloons.
Because they are intended for short term use, these devices are not an
alternative to WLS [89]. A recent review of intragastric balloons meta-
analyzed four controlled trials and found the devices led to mean total
body weight loss of 9.7%, which is significant but small in relation to
standard WLS interventions [90]. There have been multiple FDA advi-
sories on gastric rupture and hemorrhage following intragastric balloon
placement, the outcomes of which remain undetermined [91].

4. Mechanism of Action of Weight Loss and Metabolic Surgery

Researchers continue to actively investigate and debate the underly-
ing physiology of weight loss and blood glucose homeostasis following
WLS. While the precise mechanisms of action remain to be fully eluci-
dated, they appear to be multifactorial and mediated by interrelated
changes in enteroendocrine function, bile acid circulation, behavior
and appetite, and intestinal microflora. Following surgery, patients ex-
perience significant changes in food preferences and eating behaviors,
with decreased caloric intake lasting for years following intervention.
RYGB and SG increase PYY and GLP-1, intestinal peptide hormones se-
creted by L cells in the distal gut that are normally increased following
meals. PYY likely acts centrally and increases satiety; GLP-1 also acts
centrally to increase satiety and potentiates insulin responsiveness;
and its analogues are common and effective diabetes medications. Bar-
iatric surgery also increases bile acids, which have various metabolic
functions including regulation of metabolically important hormones
such as GLP-1 and FGF-19. WLS induces intestinal luminal morphologic
and functional changes. Malabsorption of macronutrient content ap-
pears to play a partial but relatively minor role in weight loss after sur-
gery [57].

5. Impact of Surgery on Diabetes Type 2

Randomized controlled trials have shown that in patients with obe-
sity associated with diabetes, WLS is highly effective in controlling hy-
perglycemia [92,93]. The Diabetes Surgery Study randomized 120
adults with obesity and diabetes to intensive medical management
alone or in combination with RYGB. After a year, 49% of surgical patients
achieved a composite endpoint combining control of blood sugar, blood

pressure, and cholesterol levels as compared to 19% of the non-surgical
arm, and they required significantly fewer medications [94]. After three
years, 28% of RYGB patients as compared to 9% of controls met criteria
for the primary endpoint, demonstrating the durability of surgical inter-
vention. In addition, full or partial diabetes remission was seen in 36% of
the surgical arm versus zero non-surgical patients [95]. Although the ef-
fect of surgery diminished over time, it remained robust after five years
[96].

The STAMPEDE trial randomized 150 overweight or obese adults
with diabetes to intensive medical therapy alone or in combination
with RYGB or SG. After five years, 29% and 23% of patients in the RYGB
and SG arms respectively had achieved a primary outcome of glycosyl-
ated hemoglobin <6% as compared to 5% of patients who received inten-
sive medical therapy alone. Surgical patients also maintained adequate
glycemic control, using significantly fewer diabetes medications as
compared to medical patients [97].

Large, long-term, prospective cohort studies show improved blood
sugar control and remission of diabetes among WLS patients, providing
evidence for the stability of this effect over time [7,98]. In one such co-
hort, nearly one third of diabetic patients remained in remission fifteen
years after surgery [8]. In addition, multiple studies suggest WLS de-
creases the burden of diabetic microvascular disease [8,99,100].

WLS has considerable efficacy in diabetes prevention as well: In a
study that prospectively followed patients with obesity who sought
and underwent RYGB to patients that either sought and did not undergo
surgery or did not seek surgery, the incidence of diabetes in the RYGB
patients was 3% as compared to 26% in the non-surgical patients after
12 years [30].

6. Impact of Surgery on Cardiovascular Risk

An emerging body of literature confirms that WLS has a significant
capacity to improve cardiovascular risk. In a recent trial that random-
ized patients with hypertension to RYGB versus medical therapy, the
primary endpoint of blood pressure control with >30% reduction in
number of blood pressure medications was met by 83.7% of surgical pa-
tients as compared to 12.8% of medical enrollees [9]. The trial confirmed
prior findings that WLS leads to reduced cardiovascular risk as mea-
sured by Framingham Risk Score [101-103]. Cardiac risk reduction
may proceed through a mechanism independent of weight loss [104].
WLS appears to decrease coronary arterial calcification [105] and im-
prove both diastolic and systolic function in obese patients with heart
failure [11]. It also leads to a reduced risk of heart failure in according
three large, recent observational cohort studies [106-108]. In terms of
neurovascular risk, WLS appears to reduce carotid atherosclerosis
[109] and atrial fibrillation [110].

Over two thousand WLS patients and a prospectively matched non-
surgical control group were followed for ten years in the Swedish Obese
Subjects study. Surgical patients had lower risk of cardiovascular mor-
tality and of total first-time acute coronary syndrome or stroke [10].

7. Impact of Surgery on Non-Alcoholic Fatty Liver Disease

WLS is hypothesized to slow or reverse non-alcoholic fatty liver dis-
ease (NAFLD) by improving lipid metabolism and insulin sensitivity and
by reducing the chronic inflammation of obesity [111]. WLS decreases
the incidence of NASH among subjects on biochemical and histological
measures [111]. In one prospective cohort, WLS induced resolution of
biopsy-proven non-alcoholic steatohepatitis (NASH) in 85% of patients
on biopsies taken one year after surgery [112]. Another prospective
study confirmed the dramatic effect of WLS on NAFLD using serial MR
imaging [113]. Resolution of NASH following WLS is seen among pa-
tients with improved insulin sensitivity [111] and increased weight
loss [112]. Dedicated randomized trials to evaluate WLS as a therapy
for NAFLD are unavailable at this time.
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8. Operative Choice

Both recent European randomized controlled trials comparing SG to
RYGB, SM-BOSS and SLEEVEPASS, suggest RYGB and SG offer similar
five-year outcomes with respect to weight loss [23,24].

The SM-BOSS and SLEEVEPASS trials found SG and RYGB offer simi-
lar rates of complete diabetes remission and blood glucose control. In
the former trial, rates of diabetes remission were 68% and 62% for
RYGB and SG respectively; in the latter, the corresponding remission
rates were 25% and 12% [23,24]. However, the STAMPEDE trial suggests
RYGB may be preferable to SG as a diabetes intervention, as RYGB pa-
tients were more likely to be off glucose-lowering medications than
SG patients after five years (45% versus 25%) [97].

The SM-BOSS and SLEEVEPASS trials suggest resolution of other co-
morbidities is similar between RYGB and SG [23,24].

Neither trial reported significant differences between RYGB and
SG in operative morbidity, complications requiring operative
reintervention, or mortality [23,24]. The SLEEVEPASS trial found
similar quality of life between RYGB and SG at study conclusion
[24].

A large meta-analysis including 1394 patients did not show any sig-
nificant weight differences between RYGB and SG or resolution of co-
morbidities within five years. Beyond that, RYGB induced slightly
more weight loss than SG without an associated advantage in comor-
bidity resolution [61].

Of note, the SM-BOSS trial found SG patients had a significantly
higher rate of worsened (32% vs 6%) and de novo GERD (32% vs 11%),
while RYGB patients had a significantly higher rate of GERD remission
(60% vs 25%) [23]. Patients with GERD should be cautioned that RYGB
is more likely to improve their symptoms than SG, and that SG may
make mild GERD worse [114].

In comparative trials, the complication rate of SG is similar to that of
RYGB [23] aside from some evidence of increased early, minor compli-
cations among RYGB patients [24,115]. However, meta-analytic data
[116] and evidence from large databases [36,37,117] collectively sug-
gest morbidity and mortality may be somewhat lower among SG
patients.

In general, SG and RYGB are comparable in terms of effectiveness
and safety, and providers should tailor the operative choice to individual
patients' goals, values, and risk tolerances through a process of shared
decision-making [114].

9. Reoperations for Weight Gain

Treatment failure in the form of weight regain or insufficient
weight loss is considered an indication for reintervention by the
ASMBS [118]. It is included as an indication for reoperation in many
studies, but there is currently no consensus definition or guideline
to define or classify weight regain after WLS [119]. Weight recidi-
vism after WLS is multifactorial and related to type of bariatric pro-
cedure performed. Prior to contemplating revisional surgery for
weight recidivism, a wide range of factors must be optimized includ-
ing endocrine function, mental health, physical activity, and dietary
compliance [60,118]. Revisional surgery for weight regain is per-
formed by some bariatric surgeons; however, these procedures
have modest weight loss, require redo surgery, and are associated
with increased complications [118]. As a result, bariatric surgeons
exhibit significant variability of opinion regarding the definition of
weight regain and its optimal treatment in various clinical situations,
and the decision to pursue reoperation is often driven by patient
goals [120,121].

Additional research is needed to clarify appropriate clinical defini-
tions of treatment failure, specify indications for secondary interven-
tions, and determine the efficacy of various interventional options in
clinical trials.

9.1. RYGB

Weight regain in RYGB patients is multifactorial but often attributed
to post-surgical anatomical changes [122] including pouch distention
and widening of the gastrojejunal anastomosis [123,124]. A recent re-
view of interventions following weight recidivism after RYGB found
that conversion to biliopancreatic diversion with duodenal switch and
conversion to distal gastric bypass were both safe and effective in induc-
ing weight loss [122]. Another review found that weight loss can be
achieved through endoscopic intervention, and in particular, full thick-
ness suturing of the gastrojejunal anastomosis combined with argon
plasma coagulation [125]. Evidence regarding other salvage interven-
tions including pouch reshaping [126] and wedge resection of the
gastrojejunostomy [127] continues to emerge.

9.2.5G

A review of reoperation for weight regain after SG found that both
re-sleeve gastrectomy and conversion to RYGB were effective and com-
parable in weight loss induction. It recommended re-sleeve gastrec-
tomy given its relatively low technical difficulty as compared to
conversion to RYGB [128]. Single anastomosis duodenoileal bypass has
also produced weight loss in this context [129].

10. Delivery

WLS is highly effective, and though it may not be cost-saving [130], it
is cost-effective [131]. Nevertheless, reported WLS utilization rates are
well under 1% in clinically eligible populations [132,133]. Furthermore,
WLS utilization varies considerably by region, and this variation is not
easily explained by population epidemiology [134], or access to care
[135].

Health insurance policies do not consistently cover the procedure
despite the value to be gained by expanding access [132]. Publicly in-
sured patients are relatively unlikely to undergo WLS [136], though uti-
lization may be increasing marginally in this publication [137]. Patients
belonging to racial and ethnic minority groups appear less likely than
whites to undergo WLS [136], though the extent to which this is driven
by racial disparities in healthcare provision is unclear and may vary by
region [138,139].

A number of factors contribute to low and variable utilization rates
[140]. Studies examining barriers to WLS implicate lack of knowledge
and experience with bariatric surgery among referring providers, and
their relative over-emphasis of complications as opposed to effective-
ness of WLS as major contributors [141-143].

11. Conclusion

WLS comprises a number of procedures and interventions that have
proved durably efficacious in treating a number of obesity-related dis-
eases. Bariatric surgeries have an acceptable safety profile and continue
to improve and evolve over time as existing interventions are refined
and new ones are developed and incorporated into the surgical reper-
toire for treating obesity. The next generation of obesity treatments is
likely to include weight loss surgical interventions with an emphasis
on minimal intervention in conjunction with existing and emerging
drugs [144]. For the foreseeable future, WLS remains the most effective
option for treating obesity and related metabolic disorders and can sig-
nificantly improve morbidity and mortality associated with these
diseases.
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