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Obesity is a global pandemic 
affecting nearly 2.1 billion 
adults worldwide (1). In the 

United States, more than one-third of 
adults are obese (2). The accumula-
tion of adiposity is linked to hyperlip-
idemia, impaired insulin sensitivity, 
susceptibility to thrombosis, inflam-
mation, and endothelial dysfunction, 
resulting in increased risk for cardio-
vascular disease, nonalcoholic fatty 
liver disease (NAFLD), and type 2 
diabetes (3–5). Even modest weight 
loss among people with obesity has 
been shown to improve overall mor-
bidity (6). Unfortunately, weight 
recidivism and relapse is common 
among patients undergoing medical 
management of weight loss (7). 

Bariatric surgery is currently the 
most efficacious long-term treatment 
for weight loss and improvement 
in obesity-related diseases (8–10). 
Although bariatric surgery has 
become increasingly safe with 
advancements in laparoscopic and 
endoscopic technologies, it remains 
an invasive and life-altering proce-
dure with many possible short- and 
long-term complications (9). Several 
mechanisms for the efficacy of bar-

iatric surgery have been postulated, 
and these may provide useful phar-
macological targets to narrow the gap 
between medical and surgical man-
agement of obesity in the future. 

To assist primary care providers 
(PCPs) in managing patients with 
bariatric surgery and properly refer-
ring patients who may benefit from 
bariatric surgery, we provide a review 
of the current indications for bariatric 
surgery, the most common proce-
dures, common short- and long-term 
complications, and current proposed 
mechanisms contributing to the effi-
cacy of surgery. 

Indications for Bariatric Surgery
Current indications for surgery are 
shown in Table 1. Initially developed 
by the National Institutes of Health 
in 1991 as a consensus guideline 
statement, the accepted indications 
have not changed noticeably since 
then. However, periodic reviews by 
associated societies have been per-
formed and published (11,12).

Patients should be considered for 
referral to a bariatric surgery center if 
they have a current BMI ≥40 kg/m2 
or a BMI of 35.0–39.9 kg/m2 with at 
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most commonly performed procedures. They analyze medical outcomes of 
bariatric procedures by reviewing key prospective trials and discuss changes 
in physiology after these procedures. They conclude by discussing long-
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these procedures. 



2 6 6  S P E C T R U M . D I A B E T E S J O U R N A L S . O R G

 F R O M  R E S E A R C H  T O  P R A C T I C E  /  O B E S I T Y  T R E AT M E N T  I N  D I A B E T E S  PAT I E N T S

least one comorbidity, including type 
2 diabetes, obstructive sleep apnea, 
hypertension, NAFLD, and others 
(13). There is evidence from Asian 
trials supporting the expansion of the 
criteria for bariatric surgery to include 
patients with uncontrollable type 2 
diabetes or metabolic syndrome and 
a BMI of 30.0–34.9 kg/m2 (14). 
However, the long-term effects of sur-
gery in this population are unknown. 

Importantly, there are several 
contraindications to bariatric sur-
gery that must be addressed before 
undertaking operative intervention. 
Medical conditions, including severe 
coagulopathy and cardiac/pulmonary 
diseases, may preclude the surgical 
and anesthetic risks associated with 
a procedure. Another important 
consideration is a patient’s mental 
fitness to undergo this life-altering 
intervention. A thorough psychiat-
ric evaluation is necessary to screen 
out undiagnosed or untreated men-
tal illness, drug or alcohol abuse, an 
insufficient social support system, 
and inability to observe lifelong 
nutritional requirements. Inadequate 
psychological assessment can lead to 
diminished metabolic efficacy and 
significant long-term morbidity (15). 

As part of the preoperative assess-
ment of patients being considered for 
metabolic surgery, some bariatric cen-
ters suggest or require a prespecified 
weight loss, and most use a prescribed 
meal-replacement plan with protein 

shakes or a similar regimen during 
the 2 weeks before surgery. The 
rationale behind presurgical weight 
loss includes a possible mitigation of 
operative complications with mod-
est weight loss, reduction of liver 
size before surgery, and a period of 
demonstration of ability to adhere 
to strict nutritional requirements 
postoperatively (16). Some insurance 
plans require patients to achieve some 
weight loss before bariatric surgery. 
At our center, we require weight 
loss of at least 10 lb (4.5 kg) after a 
patient’s initial dietitian consultation 
before we finalize plans for bariatric 
surgery.

Operative Procedures
To manage patients appropriately, it 
is important for PCPs to understand 
the anatomical changes underlying 
bariatric procedures. The most com-
monly performed procedures today 
include the vertical sleeve gastrecto-
my (VSG) and the Roux-en-Y gastric 
bypass (RYGB). Laparoscopic adjust-
able gastric banding (LAGB) and bil-
iopancreatic diversion with duodenal 
switch (DS) are performed less com-
monly now but were routinely per-
formed in the past. Patients who have 
undergone these procedures may still 
present to PCPs in clinic, and thus it 
is important to understand their anat-
omy as well. Currently, most bariatric 
procedures are routinely performed 
laparoscopically, which reduces the 
incidence of surgical site infection, 

abdominal wall hernia, and postsur-
gical stress (17). The resultant surgical 
anatomies of the three most common 
procedures are shown in Figure 1. 

Although RYGB is diminishing 
in popularity, it remains the gold 
standard of efficacy for metabolic pro-
cedures. This procedure is performed 
by creating a small proximal gastric 
pouch and separating this pouch 
from the distal stomach. The small 
intestine is then divided 30–100 cm 
distal to the ligament of Treitz, thus 
creating the biliopancreatic limb. A 
gastrojejunostomy is formed between 
the distal end of the separated limb of 
small bowel and the gastric pouch. 
This portion of intestine is the ali-
mentary limb, called the Roux limb 
after a 19th century Swiss surgeon. 
The biliopancreatic conduit is then 
connected to the Roux limb 75–150 
cm from the gastrojejunostomy. An 
increase in the length of the Roux 
limb increases the malabsorption seen 
after the procedure, although it has 
not always been clear how much of 
this is calorie malabsorption versus 
micronutrient malabsorption. Roux-
en-Y anatomy is thus created with 
the alimentary Roux limb, the bilio- 
pancreatic limb diverting digestive 
enzymes, and the common channel 
distally, where most nutrient absorp-
tion occurs. 

The VSG was initially developed 
as the initial portion of a two-stage 
approach to weight loss (18). The 
procedure entails mobilization of the 
greater curvature of the stomach from 
the fat and vessels of the omentum. 
The anesthesia team passes a bou-
gie (typically 32–40 French in size) 
into the stomach, and the stomach is 
divided using laparoscopic stapling 
devices starting several centimeters 
from the pylorus and continuing 
toward the angle of His close to the 
gastroesophageal junction. In this 
manner, the greater curvature of the 
stomach is removed as a partial gas-
trectomy specimen, and, as a result, 
the operation cannot be reversed. 

The LAGB is a purely restrictive 
procedure that was commonly per-

TABLE 1. Indications for Bariatric Surgery
• BMI ≥40 kg/m2 without comorbidities

or

• BMI 35.0–39.9 kg/m2 with at least one serious comorbidity, including but 
not limited to:

 ❍ Type 2 diabetes

 ❍ Obstructive sleep apnea

 ❍ Hypertension

 ❍ Hyperlipidemia

 ❍ NASH/NAFLD

 ❍ Obesity-hypoventilation syndrome
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formed years ago, but is now only 
rarely performed except in Australia 
(19). It involves encircling the upper 
stomach with a soft silicone balloon 
below the gastroesophageal junction. 
Th e silicone ring is connected to an 
infusion port that is placed subcuta-
neously. Th is allows adjustment of 
the degree of restriction by infusion 
or removal of saline from the subcu-
taneous port. 

Th e DS is typically performed at 
fewer centers because of its complex-
ity and challenges with postoperative 
care (19). In this procedure, the 
proximal duodenum is divided, and 

a sleeve gastrectomy is performed. 
Subsequently, the distal ileum is 
divided, with the distal portion of the 
ileum connected to the stomach and 
the proximal portion anastamosed to 
the terminal ileum 50–100 cm from 
the ileocecal valve. DS was originally 
and is now sometimes performed in 
two steps: the fi rst creating the sleeve 
gastrectomy and the second perform-
ing the intestinal rearrangement. 
Th e DS off ers the greatest weight 
loss (20) but carries a signifi cant 
morbidity profi le given the induced 
malabsorption. 

Th ere are also a number of U.S. 
Food and Drug Administration (FDA)-
approved medical devices avail-
able for weight loss other than the 
adjustable gastric banding devices, 
although these are typically classi-
fi ed as investigational by insurance 
companies, and treatment availabil-
ity for patients is limited because of 
lack of insurance coverage. Th ese 
include intragastric balloon, vagal 
blockade, and aspiration therapy 
(21–23). Th e vagal blockade device 
and two intragastric balloon devices 
are now FDA-approved and have 
demonstrated modest weight loss in 
randomized, controlled trials (21,22). 
Otherwise, these procedures are pri-
marily investigative and are beyond 
the scope of this review, although 
they are described elsewhere in this 
issue (p. 258). 

Medical Outcomes After 
Bariatric Surgery 
Bariatric surgery has been analyzed 
with numerous randomized trials and 
retrospective reviews. Overall, results 
suggest that RYGB and VSG have 
similar weight loss profi les. Patients 
normally lose weight rapidly during 
the fi rst few months, followed by 
continued but slower weight loss for 
1–2 years until weight loss plateaus 
(24). Th e Swiss Multicenter Bypass 
or Sleeve Study demonstrated sim-
ilar weight loss between VSG and 
RYGB at 1 year (72.3 vs. 76.6% loss 
of excess BMI [BMI ≥25 kg/m2] for 
VSG and RYGB, respectively) (25). 
Th e latest results demonstrate that 
there is no diff erence in weight loss 
outcomes at 3 years (70.9 vs. 73.8% 
excess BMI loss for VSG and RYGB, 
respectively) (10). Long-term ran-
domized trials are lacking, but retro-
spective reviews show that weight loss 
after RYGB peaks at 74% reduction 
in excess BMI at 2 years, and 52% 
at 10 years (24). Given the relatively 
new rise in popularity of the VSG, 
long-term data are sparse. Weight loss 
is slower after LAGB than after RYGB 
or VSG and also usually stabilizes af-
ter 2 years (26). 

■ FIGURE 1. Modern bariatric surgical procedures: A) Roux-en-Y gastric bypass, B) 
vertical sleeve gastrectomy, C) adjustable gastric banding, and D) duodenal switch.
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Bariatric surgery is also effective 
for the treatment of type 2 diabetes. 
A number of randomized trials have 
confirmed the benefits of bariatric sur-
gery over medical management alone 
for type 2 diabetes. Interestingly, 
there appears to be improvement 
in metabolism acutely after RYGB, 
suggesting weight loss–independent 
mechanisms in the improvement in 
glycemic control (27).

The randomized trials exploring 
the effects of bariatric surgery on type 
2 diabetes are summarized in Table 
2. Schauer et al. (28,29) randomized 
patients with an A1C of >7.0% and a 
BMI of 27–43 kg/m2 to RYGB, VSG, 
or medical management alone. At 1 
year, 42% of RYGB, 37% of VSG, 
and 12% of medically managed 
patients reached the endpoint of an 
A1C <6.0%. Recently, the 5-year 
results of this trial were published, 
demonstrating that 29% of RYGB 
and 23% of VSG patients had ful-
filled the primary outcome, whereas 
5% of medically managed patients 
had achieved this endpoint (30).

The Diabetes Surgery Study (8,31) 
was another multicenter randomized 
trial evaluated the role of RYGB in 
patients with type 2 diabetes (A1C 
>8%) and a BMI of 30–39.9 kg/m2. 
Intensive medical management with 
RYGB improved achievement of the 
primary endpoint (A1C <7%, LDL 
cholesterol <100 mg/dL, and sys-
tolic blood pressure <130 mmHg) 
when compared to intensive medical 
management alone (49 vs. 19% for 
RYGB and medical management, 
respectively).

An Italian randomized trial by 
Mingrone et al. (20) found that, 
compared to medical management, 
RYGB and DS were more successful 
than medical management at achiev-
ing remission of diabetes (defined as 
fasting glucose <100 mg/dL, A1C 
<6.5%, and the absence of pharma-
cological therapy) (75, 95, and 0% 
for RYGB, DS, and medical man-
agement cohorts, respectively). At 5 
years, 37% of the RYGB and 63% 
of the DS patients had maintained 
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remission of type 2 diabetes, whereas 
none in the medically managed group 
achieved remission.

Courcoulas et al. (26) completed a 
single-center trial comparing bariat-
ric surgery (RYGB and LAGB) and 
intensive medical management. This 
study found that bariatric surgery 
resulted in partial remission of type 
2 diabetes (defined as the absence of 
medications for type 2 diabetes with 
an A1C <6.5% and fasting glucose 
≤125 mg/dL) or complete remis-
sion of type 2 diabetes (defined as 
the absence of medications for type 
2 diabetes with an A1C <5.7% and 
fasting glucose ≤100 mg/dL) in 60% 
of patients undergoing RYGB, 29% 
of those having LAGB, and 0% of 
those receiving intensive medical 
management 1 year after initiation 
of the intervention. At 3 years, there 
was a decline in any remission for the 
RYGB cohort to 40%, whereas the 
remission rate in the LAGB group 
remained stable at 29% (26). 

Other obesity-related comor-
bidities, including hypertension, 
hyperlipidemia, and obstructive sleep 
apnea, are significantly improved after 
bariatric surgery (9,32,33). Most of 
these benefits are also observed after 
lifestyle modifications inducing weight 
loss; however, some of these modifica-

tions may not be feasible for all obese 
patients.

Resolution of gastroesophageal 
reflux disease (GERD) after bariatric 
surgery is inconclusive. RYGB may 
improve GERD symptoms, use of 
anti-reflux medications, and esoph-
agitis (34). LAGB may also improve 
reflux postoperatively (35). Overall, 
it appears that the VSG may actu-
ally exacerbate GERD symptoms, 
although studies are mixed (36).

The resolution of nonalcoholic ste-
atohepatitis (NASH) and NAFLD is 
also unclear. Some studies have shown 
histological improvements after bariat-
ric surgery, but others have found no 
improvement and even worsening of 
fibrosis after RYGB (37). More study is 
necessary to evaluate the effect of bar-
iatric surgery on these comorbidities. 

In a burgeoning area of research, 
oncological outcomes may be affected 
by bariatric surgery. There has been 
an association between obesity and 
certain cancers; however, the impact 
of bariatric surgery on oncological 
outcomes is difficult to assess given 
the need for long-term intervals to 
evaluate for risk reductions. In stud-
ies evaluating an effect on long-term 
survival, all-cause mortality appeared 
to be reduced after bariatric surgery 
compared to an obese control group 
(38,39). Not surprisingly, bariatric 
surgery demonstrated a 56% reduc-
tion in cardiovascular death (40). 

However, cancer risk was also found 
to be reduced in bariatric surgery 
patients compared to obese control 
subjects. In the Swedish Obesity 
Database, bariatric surgery was found 
to lower the risk of cancer mortality 
with a more pronounced benefit seen 
in women (38). A review of the Utah 
Cancer Registry found that bariatric 
surgery decreased the incidence of 
cancer and cancer-related mortality 
(39). 

Important to PCPs is the effect 
of bariatric surgery on pregnancy. 
Based on retrospective reviews and 
meta-analyses, it appears that bariat-
ric surgery may improve obstetrical 
outcomes, including preeclampsia, 
gestational diabetes, and macroso-
mia (likely as a function of maternal 
reductions in BMI, insulin resistance, 
and hypertension) (41–44). For the 
infants of mothers who have previ-
ously undergone bariatric surgery, the 
effect of changes in metabolism and 
deficiencies in nutrition may increase 
the rate of prematurity, low APGAR 
scores, and small-for-gestational-age 
births. This is especially true in the 
first 2 years after bariatric surgery 
(42). This has lead the American 
College of Obstetricians and 
Gynecologists to recommend avoid-
ing pregnancy during this period 
(43). Neonatal outcomes appear to 
improve 2–3 years after bariatric sur-
gery (42). Research on this effect has 

TABLE 3. Physiological Changes Associated With Bariatric Surgery
Target Function Effect of RYGB Effect of VSG

GLP-1 Increases insulin production, reduces gluca-
gon production, and reduces food intake

Increased Increased

Peptide YY Reduces food intake Increased Increased

Ghrelin Increases food intake Decreased Decreased

Leptin Increases with fat mass and regulates energy 
balance by reducing food intake

Decreased Decreased

Adiponectin Increases insulin sensitivity Increased Increased

Gut microbiome diversity Thought to influence energy metabolism and 
inflammation

Increased Increased

Bile acids Thought to regulate lipid and glucose 
metabolism

Increased Increased
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focused on RYGB and has not been 
confirmed for VSG. 

Changes in Physiology 
Associated With RYGB and VSG
Altered foregut anatomy is accompa-
nied by a host of changes in entero-
hepatic physiology that are linked to 
whole-body energy metabolism. In 
particular, attention has been focused 
on changes in endocrine physiology 
in gastrointestinal (GI) tract, as well 
as from adipose tissue, changes in 
bile acid concentrations and signal-
ing, and, more recently, shifts in the 
composition of the intestinal micro-
biota. This section will briefly discuss 
the basic physiology of each of these 
aspects, and changes that occur after 
bariatric surgery. These changes are 
summarized in Table 3. 

Endocrine Response
The GI tract is responsible for the 
secretion of myriad hormones that 
may affect dietary intake. Chief 
among these are the anorexigen-
ic hormones glucagon-like peptide 
1 (GLP-1) and peptide YY and the 
orexigenic hormone ghrelin (45,46). 
GLP-1, an incretin produced by the 
ileum, increases insulin and reduces 
glucagon production and has been a 
primary target of antidiabetic thera-
pies (47). Strong evidence suggests 
that bariatric surgery induces an ex-
aggerated incretin response, possibly 
accounting for one of its mechanisms 
of action beyond simple caloric re-
striction (48,49). Although both 
VSG and RYGB affect the incretin 
response, RYGB does so to a greater 
extent (50). This effect is not observed 
with LAGB, hypocaloric restriction, 
or intensive medical management 
(46,48,49). Furthermore, the degree 
of postprandial GLP-1 response after 
surgery has been proposed as an im-
portant determinant of weight loss 
and diabetes remission (51).

Peptide YY, also released from the 
distal GI tract, induces satiety and 
reduces food intake and has been 
observed to increase after bariatric 
surgery (45,50–53). In contrast, a 
reduction in peptide YY is observed 

after weight loss resulting from 
caloric restriction (54).

Circulating ghrelin concentra-
tions, which are reduced with obesity, 
increase in the fasted state and in 
diet-induced weight loss (55–57). 
There appear to be distinct responses 
after VSG and RYGB. Whereas 
ghrelin appears to decrease after 
VSG, the impact of RYGB on ghrelin 
is controversial and unclear, with var-
ious studies indicating reductions, no 
change, or even increases (45,50,58). 

In addition to enteric-derived 
hormones, adipose tissue has gained 
recognition as a complex endocrine 
organ intimately involved in energy 
metabolism and the development of 
metabolic syndrome (59,60). In the 
obese state, as adipocytes undergo 
hypertrophy, a spillover effect is 
observed at which point organs are 
exposed to the deleterious effects 
of unoxidized free fatty acids. 
Macrophage tissue infiltration and 
cytokine release ensues in adipose 
tissue (60,61).

Two important adipokines are 
leptin and adiponectin. Serum leptin 
concentrations increase in propor-
tion to body fat stores and act on the 
central nervous system to regulate 
energy balance directly by reduc-
ing food intake (62–65). Thus, it is 
not surprising that a reduction in 
leptin is common after bariatric sur-
geries, including gastric banding, 
as well as medical weight loss 
(54,66–68). Adiponectin, a hormone 
with anti-atherogenic and insulin- 
sensitizing properties, has been 
observed to inversely correlate with 
serum tumor necrosis factor-α (69,70). 
Adiponectin markedly increases after 
weight loss from either caloric restric-
tion or bariatric surgery (46,71,72). 

Shifts in the Intestinal 
Microbiota
The gut microbiome has emerged 
as a new and exciting research fron-
tier, particularly in the past decade. 
Although this field holds therapeutic 
potential, much remains unknown 
regarding underlying mechanistic 

relationships with the host. Evidence 
continues to emerge linking alter-
ations in the composition of the intes-
tinal microbiota with obesity, insulin 
resistance, and type 2 diabetes.

Nearly a decade ago, Turnbaugh 
et al. (73) identified compositional 
shifts in the intestinal microbiota 
favoring an increased capacity to 
harvest energy from the diet, thus 
linking the microbiome to obesity. 
Obesity is associated with reduced 
microbial diversity and richness and 
an altered composition (5). After bar-
iatric surgery, the gut microbiome 
changes significantly and may con-
tribute to weight loss. It is unclear 
whether these changes are the result 
of changes in diet or weight loss or 
are purely surgically driven.

At a functional level, it is pre-
dicted that shifts favor an increased 
potential for microbial utilization 
of macro- and micronutrients (74). 
Despite similar shifts at the phyla 
level, diversity appears to increase 
with RYGB, but not necessarily 
with VSG (74–77). Several specific 
changes appear to correlate with 
metabolic improvements, and the 
microbial composition among 
patients who achieve diabetes remis-
sion differed from that of patients 
who do not achieve remission by 1 
year after RYGB or VSG.

Studies in mice have corroborated 
findings in humans. The transfer-
ence of gut microbiota from mice 
having undergone RYGB to germ-
free mice resulted in weight loss and 
decreased fat mass relative to recip-
ients of microbiota from mice after 
sham surgery (78). Tremaroli et al. 
(79) built on these observations and 
found that transference of microbiota 
from humans post-bariatric surgery 
into germ-free mice led to reduced 
adiposity relative to mice humanized 
from obese controls.

It is important to note that, despite 
a large body of research in basic sci-
ence, at present, clinical evidence of 
the effect of the microbiome on obe-
sity and metabolic disease remains 
scarce. Overall, more evaluation is 
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needed in this realm to confirm the 
importance of gut microbiota in 
obesity and characterize the effect of 
bariatric surgery on the microbiome.

Roles of Bile Acids
Bile acids (BAs) are synthesized from 
cholesterol by the liver and modified 
by intestinal microbiota (80). BAs and 
their relative composition are closely 
linked to the composition of intes-
tinal microbiota (81,82). BAs func-
tion as signaling molecules, playing 
significant roles in metabolic path-
ways involved in lipid and glucose 
metabolism via the nuclear recep-
tor farnesoid X receptor (FXR) and 
G protein–coupled receptor TGR5 
(83,84). When activated, FXR induc-
es the production of fibroblast growth 
factor-19 (FGF19). FGF19 enters the 
portal circulation and inhibits hepatic 
BA synthesis via CYP7A1, responsible 
for producing the primary BAs cho-
lic acid and chenodeoxycholic acids. 
In the gut, the microbiome converts 
primary BAs into secondary BAs by 
dehydroxylation, creating deoxycholic 
and lithocholic acids. More than 95% 
of BAs are reabsorbed by the gut and 
transported back to the liver (85–87). 

Strong evidence implicates FXR 
and TGR5 as crucial to the efficacy 
of VSG (88,89). In conjunction with 
studies in mice, humans studies have 
identified increased serum concentra-
tions of BAs after bariatric surgery 
(90–94).

Interestingly, changes in BAs 
appear to accompany RYGB and 
VSG, but not necessarily medically 
managed weight loss. For example, 
in a cohort of patients calorically 
matched to our surgical cohorts, 
BAs actually decreased (90). Studies 
involving long-term weight loss pro-
grams of 6 months have observed 
reductions in serum BAs and GLP-1 
despite significant weight loss (95). 
In patients included in the Diabetes 
Surgery Study (94), medically man-
aged patients had no changes in BAs 
despite significant weight loss and 
metabolic improvement 1 year after 
treatment. Thus, an increase in serum 

BAs might be an important physio-
logical change promoting metabolic 
improvement after RYGB and VSG. 

Nutritional Management of 
Post-Bariatric Patients
Specific diets early after surgery are 
surgeon- and institution-dependent, 
but in all cases, patients should be 
instructed with the guidance of a 
bariatric registered dietitian (RD). 
Maintaining hydration is the most 
important factor in the early post-
operative state. It is customary after 
bariatric surgery to introduce differ-
ent textures and volumes in stages. 
Initially, patients are maintained on a 
clear-liquid diet for several days, fol-
lowed by institution of a full-liquid 
diet as a source of protein. Eventually, 
patients are introduced to soft solid 
foods in several small, controlled 
meals (13). 

In the long term, patients are nor-
mally followed through annual visits 
with a bariatric RD. It is import-
ant for PCPs to understand the key 
elements of post–bariatric surgery 
nutrition to provide excellent care 
to these patients. Micronutrient 
supplementation is essential for the 
long-term care of bariatric surgery 
patients (96).

The American Association of 
Clinical Endocrinologists, The 
Obesity Society, and the American 
Society for Metabolic & Bariatric 
Surgery released guidelines on the 
metabolic support of bariatric sur-
gery patients (13). Although lacking 
a malabsorptive component, the VSG 
and LAGB are treated similarly to the 
RYGB. The guidelines recommend 
routine nutritional supplementation, 
including a standard multivitamin 
(containing the daily recommended 
intake of vitamin B12, thiamine, folic 
acid, vitamin K, biotin, zinc, iron, 
and copper), calcium, vitamin D, and 
elemental iron. Per these guidelines, 
patients should undergo routine labo-
ratory monitoring every 3–6 months 
in the first year after surgery and 
annually thereafter. Laboratory test-
ing should include complete blood 

count, electrolyte panel, iron studies, 
liver function tests, lipid panels and 
measurement of glucose, vitamin 
B12, and vitamin D. 

It is also important to under-
stand the complexities of micro- and 
macronutrient deficiencies associated 
with the DS procedure. Given the 
profound malabsorption in post-DS 
patients, this procedure carries a high 
risk for protein malnutrition, hypo-
albuminemia, and micronutrient 
deficiency. Overall, patients who have 
undergone DS should be managed 
at specialized bariatric centers with 
expertise in this procedure.

Complications After Bariatric 
Surgery
Despite the success of bariatric sur-
gery in treating obesity and metabolic 
disease, there are important compli-
cations to consider when managing 
post-bariatric patients. Each proce-
dure has its own set of late compli-
cations. Understanding these com-
plications allows PCPs a differential 
diagnosis when evaluating these pa-
tients after surgery. 

The RYGB was previously the 
most commonly performed bar-
iatric procedure in the United 
States. Despite its excellent medical 
outcomes, there are a number of com-
plications resulting from its relatively 
complex alteration of GI anatomy.

Small-bowel obstruction is one 
relatively common complication 
after RYGB. The estimated lifetime 
incidence is 3–5% (97). Small-bowel 
obstruction presents with decreased 
bowel function, abdominal pain, 
nausea/vomiting, and bloating. 
Small-bowel obstruction after RYGB 
can be the result of surgical adhesions 
but is more commonly caused by 
internal hernias through the newly 
formed mesenteric defects. They can 
also be caused by intussusception or 
stenosis at the created anastomoses. 
Internal hernias can occur in up to 
5% of patients after RYGB, despite 
current recommendations to close all 
mesenteric defects (17,98). Defects 
are normally found between the 
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transverse mesocolon and Roux-limb 
mesentery or the mesenteries of the 
jejunojejunostomy. Internal hernias 
are diagnosed on CT scan with a 
characteristic “mesenteric swirl” sign 
and routinely require surgical decom-
pression with closure of the defect 
(99). If a patient develops signs and 
symptoms of peritonitis and surgical 
treatment is delayed, that patient is 
at a high risk for bowel strangulation 
and ischemia.

Another potentially lethal long-
term complication of RYGB is gastric 
remnant distension. Gastric rem-
nant distension presents similarly 
to small-bowel obstruction and may 
occur in the same setting. Because 
the gastric remnant is not in conti-
nuity with the esophagus, patients 
with this condition may not develop 
vomiting. Although rare, gastric 
remnant distension can also occur 
in the setting of a paralytic ileus of 
the biliopancreatic limb. The gastric 
remnant represents a blind pouch 
and is at a higher risk of perforation 
if distended (100). The relatively large 
inoculum of bile and stomach acid 
creates a significant septic response 
should perforation occur; thus, this 
condition is a surgical emergency 
if diagnosed. Treatment requires 
immediate decompression either via 
surgical decompression or percutane-
ous gastrostomy tube placement. 

Because two anastomoses are cre-
ated during RYGB, this procedure 
is especially prone to stomal com-
plications (101). Leaks, stenosis, and 
marginal ulcerations are all possible 
after RYGB.

Leaks occurs in up to 1% of 
RYGB (102). Leaks normally occur 
soon after surgery but can occur 
years later. These normally present 
with abdominal pain, which can 
radiate to the shoulders if there is 
diaphragmatic irritation; sepsis; and 
peritonitis. A number of possible 
treatment modalities exist that are 
beyond the scope of this review.

Stomal stenosis is a common com-
plication after RYGB, occurring in 
5–20% of patients (103). Several fac-

tors contribute to stenosis, including 
tissue ischemia or ulcer formation. 
Patients typically present with nau-
sea, vomiting, and dysphagia. Soon 
after surgery, stenosis of the gas-
trojejunostomy may be caused by 
postoperative edema and should be 
treated conservatively until the edema 
resolves. After the perioperative 
period, stenosis is treated endoscop-
ically with serial dilations (104). If 
endoscopic management fails, surgi-
cal revision of the gastrojejunostomy 
may be required.

Marginal ulcer is another common 
complication after RYGB, occurring 
in up to 15% of patients (105). Ulcers 
commonly form at the gastrojejunos-
tomy site because of the acidic load on 
the nearby jejunum, but they can also 
form at other sites. Marginal ulcers 
present as either acute or chronic pain 
that worsens after eating. Similar 
to peptic ulcer disease, marginal 
ulcers are also caused by nonsteroi-
dal anti-inflammatory use, smoking, 
and Helicobacter pylori infection 
(106). Removal of the inciting agent 
and proton pump inhibitors are the 
mainstays of treatment. Medical 
management is successful in the 
majority of patients, but surgical 
therapy may be required should the 
ulcer perforate or the patient remain 
symptomatic.

The rapidity of weight loss and 
altered BA profile after RYGB pre-
disposes patients to cholelithiasis. 
About 40% of people who undergo 
RYGB develop gallstones postop-
eratively, and 40% of these people 
develop symptoms (107). There is 
evidence that ursodeoxycholic acid 
may decrease the frequency of stone 
formation (108). Some surgeons 
advocate for cholecystectomy to be 
performed at the time of RYGB, but 
this has not been shown to be effi-
cacious (109). The development of 
choledocholithiasis is also a challenge 
after RYGB because the altered sur-
gical anatomy makes endoscopically 
accessing the common bile duct chal-
lenging. Depending on the bariatric 
center’s level of endoscopic comfort, 

choledocholithiasis can be managed 
through combined surgical/endo-
scopic techniques or with surgical 
common bile duct exploration alone. 
Symptoms of cholelithiasis and its 
associated manifestations are simi-
lar to those of patients who have not 
undergone bariatric surgery.

Dumping syndrome is also a com-
mon complication after RYGB. Up 
to 10% of patients have moderate to 
severe symptoms of dumping syn-
drome after ingestion of high levels of 
carbohydrates (110). Early dumping 
refers to a rapid onset of symptoms, 
including abdominal pain, diarrhea, 
and tachycardia, after carbohydrate 
bolus. Early dumping syndrome 
occurs because of a rapid fluid shift 
and an alteration in sympathetic tone 
resulting from the hyperosmolar load 
in the bowel (111). This can usually 
be treated by lifestyle intervention 
to limit the amount of simple carbo-
hydrates ingested at one time. Late 
dumping syndrome is a rare compli-
cation that occurs several hours after 
ingestion of carbohydrates (111). 
Although not thoroughly under-
stood, symptoms are usually the 
result of hypoglycemia caused by a 
series of changes in neurohormonal 
pathways. Again, most patients can 
be treated with dietary modifications. 

VSG has a lower complication 
rate than RYGB (112). Nevertheless, 
VSG still causes significant morbidity 
(113). The most common complica-
tions after VSG include gastric staple 
line leaks and stricture or narrowing 
of the sleeve.

Leaks are the most worrisome 
complication after VSG and can 
occur in 2–5% of patients (114). They 
are normally caused by ischemic fac-
tors at the relatively long staple line 
required to form the gastrectomy. 
Leaks present with abdominal pain 
sometimes radiating to the left shoul-
der, nausea, vomiting, peritonitis, 
and signs of sepsis. Treatment of 
leaks ranges from reoperation with 
primary repair to more conservative 
endoscopic/radiological management. 
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Most bariatric surgeons prefer conser-
vative management of leaks.

Sleeve stricture can cause cyclic 
vomiting syndrome and dehydra-
tion, along with dysphagia (115). This 
condition may be caused by techni-
cal factors at the time of surgery or 
by exuberant healing afterward. 
Treatment includes endoscopic 
dilation. However, if refractory, con-
version to RYGB may be necessary. 

Complications of LAGB include 
band erosion and slippage. Restriction 
of the band system may be reversed 
by removal of saline or by removal of 
the band, port, and tubing. Surgical 
removal has been necessitated by lon-
ger-term complications such as gastric 
prolapse, dysphagia associated with 
esophageal dysmotilty or dilatation, 
or chronic regurgitation syndromes.

Conclusion
Bariatric surgery is a life-altering in-
tervention proven to induce weight 
loss and improve type 2 diabetes and 
other obesity-related comorbidities. 
Although efficacious, the currently 
performed bariatric procedures re-
quire lifelong adherence to nutritional 
supplementation and observation for 
potential complications.
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