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pmc-prop-in-epmc yes Introduction The age-adjusted prevalence of obesity (BMI >30) and severe
obesity (BMI >40) among U.S. adults is 42.2% and 9.2%, respectively. 1 The obesity epidemic has
resulted in an increase in the proportion of patients with chronic liver disease due to nonalcoholic
fatty liver disease (NAFLD, also referred to as metabolic associated fatty liver disease or MAFLD)
and in the prevalence of obesity among patients with cirrhosis of all etiologies. The burden of
obesity among patients with cirrhosis appears similar to the general population with a reported
prevalence of 30%. 2 A recent report revealed that 39% and 15% of transplant recipients in 2017
had Class I (BMI ≥ 30 kg/m 2 ) or Class II (BMI ≥ 35 kg/m 2 ) obesity, respectively, as compared to
21% and 12% in 2007. 3 The clinical implications of the epidemic of obesity in liver disease are
many, including its role as risk factor for de novo liver disease, progressive liver fibrosis and
cirrhosis, and adverse outcomes among patients with established cirrhosis ( Table 2 ). 2 , 4 , 5

Despite clear epidemiological risks of obesity and evidence that weight loss is beneficial in
improving or reversing complications of liver disease, 6 , 7 the management of obesity remains
challenging. Bariatric surgery is the most effective and durable approach to obesity management
and improves many associated comorbidities. 8 However, surgical risk in these patients is
increased relative to those without cirrhosis and tools for risk assessment and mitigation continue to
evolve. 9 Determining the risk to benefit ratio for bariatric surgery in individuals with cirrhosis is
complex and hampered by a lack of randomized control trials. The goal of this review is to provide



guidance to clinicians caring for patients with chronic liver disease and obesity, for bariatric surgical
programs evaluating patients with advanced liver fibrosis, and for liver transplant programs aiming
to optimize long-term outcomes in candidates with significant obesity.

This expert review was commissioned and approved by the AGA Institute Clinical Practice Updates
Committee (CPUC) and the AGA Governing Board to provide timely guidance on a topic of high
clinical importance to the AGA membership, and underwent internal peer review by the CPUC and
external peer review through standard procedures of Clinical Gastroenterology and Hepatology.

The authors have reviewed and summarized available data pertinent to performance of bariatric
surgery in patients with cirrhosis in order to generate specific practice advice addressing key
aspects of clinical management. Pubmed databases were queried to identify articles published from
January 2000 to March 2020. We considered and selected peer-reviewed articles in the following
order of relevance: RCTs, systematic reviews and meta-analyses, observational studies published
in the English language, with additional priority given to comparative studies which were most
recently published and eliminating citations with significant overlap in content.

Obesity is associated with significant morbidity and mortality with clinical decompensation rates of
14%, 31% and 43% in normal weight, overweight and obese cirrhotic patients, respectively. 2
Obesity increases morbidity and mortality in patients with hepatitis C, 10 alcoholic liver disease, 11
and NAFLD ( Table 2 ). 12 Obesity is also associated with portal vein thrombosis, 13 portal
hypertension (HTN), 7 hepatocellular carcinoma (HCC), 14 and liver failure in acute on chronic liver
disease. 15 Although no longer an absolute contraindication for liver transplant (LT), 16 obesity is
associated with higher wait list mortality, 17 increased post-operative complications, 18 and may
influence long-term survival post-LT. 19 Since weight loss improves clinical outcomes, 20 histology,
21 portal HTN 6 and the likelihood of receiving LT for patients on the waitlist, 22 weight loss should
be an important therapeutic goal for clinicians caring for these patients.

The assessment and strategies for weight loss in cirrhosis is mired by complex interactions among
fat mass, visceral fat, edema/ascites and muscle mass that are not captured by BMI. 16 , 18
Patients who have excess visceral fat suffer increased mortality, poor survival after LT, an increase
in bacterial infections and sepsis related death. 23 , 24 Sarcopenia (decreased muscle mass and
strength) occurs in 40–70% of cirrhotic patients and adversely impacts survival, complications of
cirrhosis, quality of life and post-LT outcomes. 24 , 25 Sarcopenic obesity is associated with higher
mortality rates, poor outcomes after LT, recurrent HCC, and perioperative complications. 26
Although there are multiple methods to assess sarcopenia, CT measurement of the psoas muscle
at the level of the third lumbar vertebrate is the most common. With appropriate software, muscle
and adipose tissue can be quantified from routine surveillance exams for hepatocellular carcinoma.
24 In addition to fat mass distribution and sarcopenia, patient variables critical to the determination
of appropriate weight loss management in patients with cirrhosis include evidence of clinically
significant portal HTN (BPA 6), history of decompensation (BPA 5), and potential liver transplant
candidacy (BPA 9).

Achieving effective, durable weight loss is of paramount importance in all etiologies of liver disease
though the bulk of clinical trials have been performed in NAFLD. In a meta-analysis of eight
randomized controlled trials, patients achieving ≥ 3% weight loss had improvement in hepatic
steatosis, ≥ 5% improved ballooning inflammation, ≥7 % had NASH resolution, and ≥10 % was
associated with decreased fibrosis. 27 Most of these trials employed intensive lifestyle
interventions, frequently plagued by weight gain after completion. The SportDiet study, a 16 week
intensive diet and exercise intervention in patients with cirrhosis, was safe, achieved durable (6
months) weight loss of 5% in 52% of patients and a 10% weight loss in 16%. 6 There was also a
reduction in portal hypertension with weight loss. Another prospective cohort of cirrhotic patients
with a mean BMI of 40 kg/m 2 , employing a similar lifestyle intervention, was able to achieve and
maintain a mean BMI of 33 kg/m 2 prior to LT. Three years after LT 22% of these patients were able
to maintain a BMI <35 kg/m 2 . 28 These positive results notwithstanding, behavioral therapy is
challenging to establish in routine clinical practice and optimally achieved by a multidisciplinary



team, including physicians, nutritionists, psychologists and exercise physiologists. The most current
obesity clinical practice guidelines emphasize caution in the consideration of weight-loss
medications in patients with liver disease. 29 Preliminary data for Liraglutide (a glucagon-like
peptide-1 analog) in patients with NASH and advanced fibrosis appear promising. 30 Additional
studies are needed to establish the role of pharmacotherapy assisted weight loss in patients with
cirrhosis.

While caloric restriction is a requisite for weight loss, vulnerability to muscle wasting must be
anticipated when developing lifestyle management criteria for patients with cirrhosis. Per EASL
guidelines, for cirrhotic patients with BMI>30 kg/m 2 (corrected for water retention), nutritional and
lifestyle changes should be implemented to achieve a progressive weight loss of >5–10%. 31 To
attain this goal, a modest but tailored hypocaloric diet (restriction of 500– 800 kcal/day) that
includes a protein intake of ≥ 1.5 gram/kg per ideal weight/day is recommended. Periods of
starvation should be avoided; frequent meals and a nighttime snack are recommended.

Since obesity in cirrhosis is a major risk factor for complications, weight loss should be an important
goal for these patients.

The method and rapidity for obtaining a sustained loss of excess body fat in obese patients needs
to be individualized.

Weight management, ideally 10%, via lifestyle modification may improve liver disease but success
in implementing and sustaining this limits utility in treatment of obese patients with cirrhosis.

Survival benefit with bariatric surgery has been demonstrated in general patient populations though
data for improved transplant free survival in cirrhosis are lacking. 32 , 33 Fibrosis regression may
reduce risk for complications of chronic liver disease, including HCC and mortality. 34 In a study of
NASH patients undergoing serial liver biopsies at a mean interval of 4.6 years, a higher proportion
of fibrosis regression occurred among patients who achieved weight loss ≥10% (63.2 % vs. 9.1 %;
p = 0.001) and among those who underwent bariatric surgery (47.4 % vs. 4.5 %; p = 0.003). 35
Weight loss can also decrease hepatic HVPG in patients with obesity and cirrhosis with greater
declines reported among those with ≥10% weight loss (HVPG decrease −23.7 ± 19.9% vs. −8.2 ±
16.6%; P = 0.024). 6 Long term data evaluating the impact of weight loss-induced improvement in
fibrosis and portal HTN on liver-related morbidity and mortality are not currently available.

Obesity is a significant risk for the development of many types of cancer including HCC. 36 Severity
of obesity increases the risk of HCC in NAFLD with a 39% increase in risk for HCC per 5 unit
increase in BMI in one meta-analysis. 37 Data from a large propensity matched cohort found
patients with severe obesity undergoing bariatric surgery (baseline BMI 47 kg/m 2 ) demonstrated
fewer incident cases of HCC (0.05% vs 0.34%, p = 0.03) compared to those without surgery
(baseline BMI 46 kg/m 2 ) over a median follow-up of 7.1 years. 38 Data from the US Nationwide
Inpatient Sample (NIS) database (2004–2014) were evaluated for discharges with a diagnosis of
morbid obesity (n=2,881,414). Using a propensity-matched sample, patients with prior-bariatric
surgery (n=267,082) demonstrated a lower prevalence of HCC (PR 0.11; 95% CI, 0.03–0.48; P <
0.001) and in-hospital mortality (0.1% versus 0.5%; OR 0.22; 95% CI, 0.20–0.26; P <0.001). 39

Because of risks inherent to surgery for people with cirrhosis, including those specific to bariatric
procedures (see BPA 10 ), the validation of pathophysiologically plausible benefits of this
intervention on HCC risk and transplant free survival in this population through clinical research is
currently an unmet need.

For obese compensated cirrhotic patients who cannot attain a desirable weight with lifestyle
interventions, bariatric surgery may be considered. Bariatric surgery can achieve long term weight
loss, improve metabolic co-morbidities, and diminish liver injury. 40 , 41 Comorbidities associated
with Metabolic Syndrome, particularly cardiovascular disease, should be evaluated in patients with



cirrhosis being considered for bariatric surgery. The NIS study 42 found the mortality risk of bariatric
surgery in compensated cirrhosis to be slightly higher than patients without cirrhosis (0.9 % vs
0.3%) but significantly higher in decompensated cirrhosis (16.3%). The higher mortality rate with
compensated cirrhosis may be justified given the benefits of weight loss in these patients as
demonstrated in multiple other studies but needs to be acknowledged and addressed with potential
candidates for surgery. 8 , 40 , 41 , 43 Additional 44 – 46 studies indicate that bariatric surgery is
well tolerated and can be performed safely with minimal increased risk in well compensated,
carefully selected obese patients with cirrhosis.

Evaluation for clinically significant portal hypertension (CSPH) is advised prior to any elective
surgical procedure in patients with cirrhosis. 9 Portal HTN may be assessed via transjugular
pressure measurement (HVPG), imaging, esophagogastroduodenoscopy, endoscopic ultrasound,
and MRI or ultrasound-based elastography. Baveno VI guidelines support avoidance of endoscopy
for variceal screening based on elastography and platelet count to exclude CSPH, 47 but this
method has not been validated for use in patients being considered for bariatric surgery. An HVPG
< 10 mmHg is an accepted threshold for safe segmental liver resection in cirrhosis. 48 In a
meta-analysis of liver resection for HCC, individuals with CSPH had significantly higher rates of
postoperative mortality, complications, liver-related morbidity, liver failure, and poorer overall
survival. 49 While the risk for complications from CSPH following liver resection may differ from
those occurring with bariatric surgery, absent validated data specific to bariatric surgery, the
adoption of similar preoperative candidate criteria is prudent.

There are several small series reporting feasibility of bariatric surgery among patients with CSPH
with low rates of post-operative mortality or portal HTN complications. 46 , 50 , 51

Despite relatively low rates of complications reported in case series, performance of bariatric
surgery on patients with evidence of CSPH should be restricted to selected medical centers with
experience and resources for managing complications. The presence of CSPH should be evaluated
prior to bariatric surgery in all patients with cirrhosis. Pending data to validate other modalities,
cross sectional imaging and upper endoscopy should be performed to evaluate features of CSPH.

Bariatric surgery should be considered in selected patients with compensated cirrhosis to

Rates of alcohol use disorder (AUD) following bariatric surgery vary significantly due to
heterogeneous methodology in ascertaining and defining AUD. 52 The LABS-2 consortium reported
prevalence of AUD (symptoms of alcohol dependence or the AUD Identification Test score ≥ 8) to
increase over time following RYGB from approximately 7% pre-surgery to 16% at year 7, while
remaining stable following LAGB between 6% and 8%. 53 A meta-analysis found no increase in
AUD 2 years following bariatric surgery but at 3 years pooled odds were 1.825 (95% CI,
1.53–2.178; P<0.001) with a significant increase in AUD, particularly with RYGB. 54 Reported risk
factors for post-operative AUD include regular or problematic alcohol use pre-surgery, male gender,
younger age, tobacco or recreational drug use, lower interpersonal support and history of RYGB.
55 , 56 In studies measuring blood alcohol concentration (BAC) following bariatric surgery (RYGB
and SG) compared to pre-surgical control patients, time to peak BAC is significantly shorter, peak
BAC is approximately doubled, and subjective feeling of intoxication is increased following both
types of bariatric surgery. 57

While there are limited data on risks and rates of AUD following bariatric surgery, there is sufficient
evidence to recommend careful pre-operative assessment in all bariatric surgical candidates. 58
Given the two-fold increase in BAC per drink equivalent following RYGB and SG, the threshold for
clinically significant liver injury to occur in patients with pre-operative advanced fibrosis is likely
quite low. Comprehension and retention of patient education regarding changes in alcohol
metabolism and risks of post-bariatric alcohol are suboptimal 59 . As such, the evaluation of
surgical candidates for history of AUD, reiterative education of candidates about risks related to
post-bariatric alcohol use, and ongoing assessment for alcohol use following surgery is critical in
these patients.



Potential candidates for bariatric surgery with cirrhosis warrant intensive assessment for alcohol
use disorder pre-operatively and long-term efforts to mitigate risk following surgery.

Endoscopic bariatric therapies are devices or procedures performed via endoscopy for the
treatment of obesity. A broad spectrum of devices and procedures have shown efficacy in achieving
weight loss via reduced calorie intake compared to lifestyle intervention or medical therapies. 60
While there are no direct comparative studies, endoscopic bariatric procedures generally result in
less weight loss than bariatric surgery but have a lower reported complication rate and shorter
recovery time. 60 The presence of CSPH (specifically, the presence of gastric and/or esophageal
varices) is a contraindication for the use of all endoscopic devices.

By occupying space in the stomach, intra-gastric balloons inhibit intake and reduce gastric motility
and are typically removed after 6 months. 61 A recent meta-analysis demonstrated 25.4% excess
body weight loss at 6 months post removal. 62 Longer-term data are lacking but weight re-gain is
expected. There are currently two FDA approved liquid filled balloons (Orbera and ReShape
Integrated Dual Balloon System) and both list hepatic insufficiency or cirrhosis, as well as
esophageal or gastric varices as contra-indications and deaths due to gastric perforation have been
reported. 63 The Obalon Balloon system is air filled, and does not list cirrhosis as a contraindication
though the presence of gastric varices is listed as a contraindication. A published case series from
India reported use of an intra-gastric balloon in 8 cirrhotic patients awaiting LT, 5 of whom were
able to undergo LT following weight loss with the device. 64 A recently published review highlights
early data for endoscopic bariatric and metabolic therapies for patients with NAFLD, including
intra-gastric balloon and the endoscopic sleeve gastrectomy. 65 While the potential benefits of a
less invasive approach are compelling, especially for those with sarcopenia and portal
hypertension, it is important to note that the data for the use of endoscopic devices in patients with
cirrhosis is very limited. A recently published paired biopsy series of 20 patients who had the
intra-gastric balloon showed improved NASH activity scores in a majority of patients, though none
of the patient had cirrhosis at the start of the study. 66 Only 3 patients had improvement in fibrosis
after the device removal, while 12 had no change and 5 had worsening fibrosis.

The Metabolic and Bariatric Surgery Accreditation and Quality Improvement Program (MBSAQIP)
has created a set of standards which define the best practices for bariatric centers of excellence. 67
Central to these standards is the provision of care by a multi-disciplinary team with expertise in
addressing the unique needs of patients with severe obesity. The standards require a bariatric
surgeon meeting specific training and annual center volume requirements (50 cases annually for
comprehensive bariatric centers), specialized anesthesia protocols, registered dieticians, licensed
behavioral health providers, and physical therapists. Additionally, bariatric centers of excellence
must have access to consultative services from cardiology, nephrology, and pulmonology. 67

Beyond the aforementioned standards, bariatric care of patients with cirrhosis should include a
surgical and anesthesia team with experience in operating on patients with portal hypertension and
cirrhosis. A medical team with expertise in the perioperative care of patients with liver disease
should optimize the management of liver specific complications which may arise in the
post-operative period, as well as providing recommendations for pain management and other
medication adjustments. Determination of potential for liver transplant candidacy should be made in
advance of bariatric surgery, so that patients who are ineligible for transplant (and their families)
have a clear understanding of this, avoiding the need for the medical team to address this issue
urgently if the patient’s condition deteriorates postoperatively. 9 If the bariatric procedure is being
performed at a center which also performs liver transplantation, programs can determine what
aspects of the evaluation would be mandated prior to committing to bariatric surgical candidacy.
This becomes more complex when the bariatric procedure is performed at a center which does not
perform transplantation, though at a minimum consultation with a hepatologist with transplant
expertise is advised. For incidentally discovered cirrhosis at the time of bariatric surgery, transfer to
a medical center with appropriate resources for cirrhosis care should be done in the event of any
intra- or post-operative liver related complications.



Adjustable gastric band involves (laparoscopic) placement of an adjustable prosthetic band around
the upper stomach and is a purely restrictive operation which is now much less commonly
performed due to reduced long-term efficacy, as well as concerns related to band erosion and
displacement. 68 , 69 Though there are limited data, the optimal procedure for patients with
cirrhosis is likely laparoscopic sleeve gastrectomy. As compared to RYGB, sleeve gastrectomy
(SG) preserves endoscopic access to the stomach and biliary tree and does not induce
malabsorption. This results in a more gradual weight loss, which may be beneficial in the settings of
cirrhosis and LT. Rapid weight loss and malabsorption after bariatric surgery in patients with
NAFLD or steatohepatitis (NASH) may impair liver function. A randomized controlled trial of SG
versus RYGB performed in patients with non-cirrhotic NAFLD demonstrated significantly improved
liver chemistries at 12 months with SG compared to RYGB, while excess weight loss was similar in
both groups. 70 Another retrospective analysis of NAFLD patients undergoing SG (n =682) or
gastric bypass (n = 355) found, at 12 months, those with SG had a significant lower ALT, while at
24 months the ALT was comparable between groups. 71 Excess weight loss at 24 months was
75.9% for SG versus 80.1% for RYGB (P= .008). Finally, the efficacy of SG vs RYGB was
compared in a matched case-control study of 34 noncirrhotic patients with both type II DM and a
baseline elevated ALT 72 Weight loss was similar, but ALT decreased more significantly SG
compared to RYGB (ALT 17.8±8.8 vs. 31.1±11.2 U/L, p=0.003), with ALT becoming normal in 41%
with SG compared to 0% with RYGB.

The optimal timing for surgery is related to the stage of disease. For patients with compensated
cirrhosis, there are several case series reporting successful outcomes with laparoscopic SG. The
largest is from University of California, San Francisco which reported on 32 patients with previous
decompensated cirrhosis (compensated at the time of SG) with a median MELD score of 12. There
were no deaths in the perioperative period and no liver-related morbidity. Seven patients improved,
14 underwent LT, 3 were transferred to other centers and 1 patient was ineligible for LT. 73 An
important note of caution, a recent analysis of 78 patients with cirrhosis with prior bariatric surgery
evaluated for LT at a single center compared with a cohort of 156 patients without prior surgery
matched by age, MELD, and underlying liver disease found a higher risk of de-listing and death on
the list for those with prior bariatric surgery (33% versus 10% p= 0.03). 74 Notably, those who
underwent a RYGB were more likely to be delisted and had more sarcopenia than those with other
types of bariatric surgery.

For patients with decompensated cirrhosis, the options are SG concurrent with or after transplant,
with the goal of improved long-term post LT outcomes. The group at Mayo Clinic first reported a
series of 7 patients undergoing a combined LT + SG compared to a group which was previously
obese but were successful in reducing their BMI <35 kg/m 2 and thus underwent LT alone. 75
Those who underwent LT+SG attained and maintained significant weight loss with improved
metabolic parameters compared to those who were successful with weight loss before LT who
experienced more weight gain post LT. The hospital stay and complication rates were similar. A
larger series with 3 year outcome data was recently published by the same group and
demonstrated durable weight loss, favorable metabolic profiles and excellent graft and patient
outcomes for the patients with the LT+SG procedure, compared to those with weight loss prior to
LT. 28 Two additional case reports also reported favorable outcomes. 76 , 77 There are multiple
small case series of 6–10 patients who underwent SG after transplant, and all reported acceptable
outcomes though with longer OR times and increased complication rates. 78 – 80 An advantage of
combined LT+SG is that patients have only one procedure and recovery, though a disadvantage is
the need to adapt to the challenges of LT and bariatric surgery simultaneously. The risk of
complications with the combined approach compared to the risks with sequential operations is
unknown. Patient preference should also be a consideration.

Programs offering bariatric surgical services for patients with cirrhosis must include a surgical and
anesthesia team with experience in operating on patients with portal hypertension and cirrhosis as
well as a medical team with experience in treating a postoperative patient with cirrhosis. Potential
candidacy for liver transplantation should be determined as part of the pre-operative assessment of



obese patients with cirrhosis.

The optimal bariatric surgical procedure for patients with cirrhosis is most likely a laparoscopic
sleeve gastrectomy. The optimal timing is determined by the stage of liver disease. In
decompensated liver disease, the only acceptable option at present is bariatric surgery concurrent
with or following liver transplant.

The epidemic of obesity has led to a dramatic rise in the incidence of chronic liver disease due to
NAFLD and deleterious effects on cirrhosis from non-NAFLD etiologies; weight loss has the
potential to improve patient outcomes. Identification of safe and effective approaches to medically
supervised weight loss in obese patients with cirrhosis is currently an unmet need. Bariatric surgery
is an effective, durable therapy for obesity and associated comorbidities yet safe implementation in
patients with cirrhosis poses unique challenges. A multidisciplinary approach at all phases of care is
crucial for optimizing outcomes for obese patients with cirrhosis aiming to achieve gradual weight
loss without compromise of lean muscle mass (see Figure 1 ). Pre-operative evaluation of bariatric
surgical candidacy requires careful evaluation of portal hypertension and liver decompensation, and
successful performance of bariatric surgery in this population requires appropriate resources to
manage liver specific complications. The available evidence on the role of bariatric surgery for
patients with cirrhosis is limited in scope, usually lacks risk-matched controls, and are based largely
on single-center experiences; therefore, evidence-based recommendations are mostly lacking.
Studies of larger cohorts with matched controls and longer follow up are needed to improve
management of this challenging population.
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HCC, hepatocellular carcinoma; HTN, hypertension; LT, liver transplant; NAFLD, nonalcoholic fatty
liver disease; NASH, nonalcoholic steatohepatitis.
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