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Abstract

Morbid obesity (body mass index [BMI] ≥40 kg/m2) is a relative contraindication to liver 

transplantation (LT) at many transplant centers. The safety and efficacy of pre-LT bariatric surgery 

in morbidly obese LT candidates is unknown. Herein, we describe a cohort study of morbidly 

obese LT candidates who failed to achieve adequate weight loss through a medically supervised 

weight loss program and subsequently underwent sleeve gastrectomy (SG) at our institution. In 

total, 32 LT candidates with a median Model for End-Stage Liver Disease (MELD) score of 12 

(interquartile range [IQR], 10–13) underwent SG. All LT candidates had a history of hepatic 

decompensation, but complications of liver disease were required to be well controlled at the time 

of SG. Median pre-SG BMI was 45.0 kg/m2 (IQR, 42.1–49.0 kg/m2). There were no perioperative 

deaths or liver-related morbidity. One patient experienced major perioperative morbidity 

secondary to a gastric leak, which was managed nonoperatively. Median weight loss at 6 and 12 

months after SG was 22.0 kg (IQR, 18.9–26.8 kg) and 31.0 kg (IQR, 23.6–50.3 kg), respectively, 

corresponding to a percentage of excess body weight lost of 33.4% and 52.4%. Within 6 months 

after SG, 28 (88%) candidates were deemed eligible for LT. Our center’s experience highlights the 

potential option of SG in morbidly obese LT candidates with advanced liver disease who might 

otherwise be excluded from pursuing LT.

Obesity-related liver disease is the fastest growing indication for liver transplantation (LT) in 

the United States.(1) In LT recipients, obesity is associated with an increased incidence of 

wound infections and dehiscence, biliary and cardiopulmonary complications, and overall 

infection, and confers a higher risk of post-LT complications related to metabolic syndrome.
(2,3) As such, morbid obesity (body mass index [BMI] ≥40 kg/m2) is considered a relative 

contraindication to LT at many transplant centers.(4,5)

The optimal approach for the morbidly obese LT candidate is not yet defined.(6) Although 

potential candidates are often referred to medically supervised weight loss programs that 

include dietary counseling, exercise programs, and behavioral therapies, these programs 

rarely result in adequate or sustained weight loss in morbidly obese patients.(7) Moreover, 

patients with decompensated liver disease may have difficulty adhering to intensive lifestyle 
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interventions. Bariatric surgery is more effective than intensive lifestyle interventions for 

weight loss and improvement in obesi-ty-related comorbidities in the general population.(8) 

However, given that patients with cirrhosis are generally at a higher risk of complications 

and liver decompensation with any major surgical procedure,(9) there are limited data to 

support the feasibility and efficacy of bariatric surgery in the pre-LT setting.(10)

To address this problem, our institution developed a bariatric transplant clinical program that 

offers bariatric surgery, specifically laparoscopic sleeve gastrectomy (SG), to obese LT 

candidates. In this study, we first aimed to examine the safety and efficacy of SG in obese 

patients with advanced liver disease. Second, we aimed to determine whether SG improves 

rates of LT eligibility.

Patients and Methods

This is a retrospective cohort study of all adults (≥18 years of age) who were evaluated for 

LT at the University of California, San Francisco, between January 1, 2006 and June 1, 2016 

and subsequently underwent SG for obesity. All LT candidates had failed to achieve 

adequate weight loss after completion of a medically supervised weight loss program, and 

all LT candidates met the National Institutes of Health (NIH) clinical criteria for bariatric 

surgery, defined as either class 2 obesity (BMI, 35 to <40 kg/m2) and an obesity-related 

comorbidity or class 3 obesity (BMI ≥40 kg/m2).(11) Obesity-related comorbidities included 

hypertension, dyslipidemia, type 2 diabetes mellitus, coronary heart disease, congestive 

heart failure, stroke, osteoarthritis, gallstones, sleep apnea, or history of cancer, as defined 

by the NIH clinical guidelines in bariatric surgery.(11) Our institution’s multidisciplinary 

bariatric transplant program is composed of a team of surgeons, hepatologists, dieticians, 

pharmacists, and nurse clinical coordinators, all of whom provide input regarding the 

selection of appropriate candidates for pre-LT SG.

All patients completed a formal LT evaluation and had no clear contraindications to LT other 

than obesity and obesity-related comorbidities. LT candidates with Child-Pugh score >9, 

Model for End-Stage Liver Disease (MELD) score ≥20, and/or severe coagulopathy 

(international normalized ratio [INR] >2.5) were excluded from SG evaluation. Patients with 

ascites not controlled by either medications or placement of a portosystemic shunt and/or 

hepatic encephalopathy not controlled by medications were also excluded from evaluation. 

All patients were required to undergo upper endoscopy within 12 months prior to bariatric 

surgery, and those patients with large esophageal varices and/or gastric varices were required 

to undergo endoscopic treatment of varices or the placement of a portosystemic shunt. 

However, the presence of portal hypertension with or without intra-abdominal varices was 

not considered an absolute contraindication to pre-LT bariatric surgery at our institution.

All patients underwent laparoscopic SG. SG was performed by mobilizing the greater curve 

of the stomach starting approximately 5–7 cm from the pylorus and continuing to the left 

diaphragmatic crus using ultrasonic coagulation shears. The stomach was stapled with 4.2-

mm (antrum) and 3.5-mm (body and fundus) linear staplers around a 38-Fr bougie. 

Orogastric methylene blue was used to test for leaks. A clear liquid diet was routinely started 

on the first postoperative day. All patients received standard-of-care vitamin and mineral 
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supplementation after SG, which includes vitamin B12, calcium and vitamin D, and a 

multivitamin.

Patient characteristics were collected in the preoperative setting (within 90 days prior to SG) 

and included the following: age, sex, race/ethnicity, liver disease etiology and complications, 

obesity-related comorbidities, and anthropometric and laboratory measurements. 

Perioperative outcomes were assessed and included estimated intraoperative blood loss, need 

for conversion to an open surgical approach, hospital length of stay, perioperative 

complications, liver-related morbidity, and all-cause mortality. Perioperative complications, 

liver-related morbidity, and all-cause mortality were defined as events occurring within 90 

days after SG. Perioperative complications were classified and graded based on the Clavien-

Dindo classification of surgical complications.(12) Liver-related morbidity was defined as the 

acute onset of ascites, spontaneous bacterial peritonitis, variceal hemorrhage, hepatic 

encephalopathy, or hepatorenal syndrome. Weight loss outcomes and the effect of SG on 

obesity-related comorbidities were examined at 3-month intervals up to 12 months after SG. 

Diabetes resolution was defined as random glycated hemoglobin A1c (HbA1c) <6.5% 

and/or random serum glucose <200 mg/dL without oral hypoglycemic agents or insulin 

therapy.(13) LT eligibility was determined based on assessment in our institution’s 

multidisciplinary transplant program. The institutional review board at the University of 

California, San Francisco, approved this research.

Results

PATIENT CHARACTERISTICS

Patient characteristics are listed in Table 1. Among the 32 adults who comprised our study 

cohort, the median age at the time of SG was 55 years (interquartile range [IQR] 50–61 

years) and 23 (72%) were female. The majority of patients were Caucasian (59%) and 

Hispanic or Latino (31%). Median excess body weight at the time of SG was 70.3 kg (IQR, 

58.9–84.2 kg). Median BMI at the time of SG was 45.0 kg/m2 (IQR, 42.1–49.0 kg/m2); 22% 

of patients had a BMI ≥50 kg/m2. All patients had at least 1 obesity-related co-morbidity, 

and 22% had 4 or more comorbidities. The most prevalent obesity-related comorbidities 

included hypertension (75%), osteoarthritis (63%), dyslipidemia (47%), and diabetes 

mellitus (44%).

Hepatitis C virus was the most common primary etiology of liver disease (47%), followed 

by nonalcoholic fatty liver disease (31%), alcohol (9%), and hepatitis B virus (6%). There 

were 5 (16%) patients who had hepatocellular carcinoma [HCC], all of which were within 

Milan criteria(14) at the time of SG. Median laboratory MELD score was 12 (IQR, 10–13; 

range, 7–18) at the time of SG, and approximately half of the patients (52%) were classified 

as Child-Pugh classification B. All patients had experienced a prior hepatic decompensation: 

22% had a history of variceal hemorrhage, 44% had a history of ascites, and 38% had a 

history of hepatic encephalopathy. There were 5 (16%) patients who had previously 

undergone placement of a transjugular intrahepatic portosystemic shunt (TIPS). In 3 

patients, this was performed for management of refractory ascites, and in 2 patients, this was 

performed for management of recurrent variceal hemorrhage.
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OPERATIVE OUTCOMES, PERIOPERATIVE COMPLICATIONS, LIVER-RELATED 
MORBIDITY, AND ALL-CAUSE MORTALITY

Operative and perioperative outcomes are listed in Table 2. The median estimated blood loss 

was 50 mL (IQR, 50–100 mL). There were no conversions from a laparoscopic to an open 

procedure. Median length of hospital stay following SG was 3 days (IQR, 2–3 days, range 

1–6 days). According to the Clavien-Dindo classification of surgical complications, 2 

patients experienced grade 1 complications and 1 patient experienced a grade 2a 

complication. Grade 1 complications included renal insufficiency requiring albumin 

administration (not secondary to nausea/emesis or poor oral intake in the postoperative 

setting) and transient encephalopathy deemed secondary to medication effect and not hepatic 

decompensation, both lasting <36 hours. Both patients who experienced grade 1 

complications were Child-Pugh class B at the time of SG. The patient with a grade 3a 

complication, who was Child-Pugh class A at the time of SG, experienced a gastric staple 

line leak due to an inadvertently retained orogastric tube. This was managed with 

percutaneous drain placement. There were no reoperations or perioperative deaths in the 

cohort.

No patients experienced liver-related morbidity in the perioperative period. Trends in MELD 

score following SG are shown in Fig. 1. Median laboratory MELD score at 3 and 6 months 

after SG was 12 (IQR 8–16) and 11 (IQR 9–19), respectively. Among the 32 patients in the 

cohort, 5/32 (16%) had an increase in MELD score at 6 months after SG with a mean 

MELD score increase of 3 (range 2–6). The remainder of patients had either a stable or 

improved MELD score at 6 months after SG.

WEIGHT LOSS AND IMPROVEMENT IN OBESITY-RELATED COMORBIDITIES AFTER SG

Weight loss outcomes after SG are shown in Table 3. Among the 24 patients with follow-up 

to at least 12 months after SG, the median percentage of excess body weight lost was 52.4%, 

which correlated to an absolute weight loss of 31 kg. The median BMI at 12 months after 

SG was 32.9 kg/m2, which represented an absolute reduction of 11.3 kg/m2 in BMI. BMI 

trends for each patient are shown in Fig. 2. At 6 and 12 months following SG, 59% and 81% 

of patients had reached a BMI of <40 kg/m2 (Fig. 3).

Among the 14 patients with diabetes, 5 (36%) patients had complete resolution of diabetes 

and 9 (64%) patients had improvement in diabetes within 12 months following SG. Mean 

HbA1c reduction at 12 months was 1.5%. Among the 24 patients with hypertension, 20 

(83%) had reduction in antihypertensive medication use within 12 months after SG. No 

patients experienced either inability to tolerate oral intake or nutritional deficiencies with 

routine postoperative supplementation after SG.

ELIGIBILITY FOR LT AFTER SG

There were 28 (88%) patients who were deemed eligible to be actively listed for LT at our 

institution within 6 months following SG. Of the 4 patients who were not eligible for active 

listing, 3 patients either transferred care to another transplant center or did not return for 

follow-up with our transplant program. The remaining ineligible patient experienced 

postoperative gastric leak with additional complications precluding LT.
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Among the 28 patients deemed eligible for active listing, listing was deferred in 7 patients 

because of low MELD laboratory score (“being too well”); 2 of these 7 patients were Child-

Pugh class B at the time of SG. The remaining 21 patients were actively listed for LT at our 

institution, and of these, 14 underwent LT (including all 5 patients with HCC who received 

MELD exceptions). Median time between SG and LT was 22 months (IQR, 14–88 months), 

and median MELD laboratory score at the time of LT was 15 (IQR 12–28). Among the 7 

patients who were listed and did not undergo LT, 2 were later delisted because of low MELD 

score; 2 were delisted for nonobesity-related reasons (nonadherence and psychosocial 

issues); 2 patients died secondary to complications of advanced liver disease prior to 

receiving a LT offer; and 1 remains active on the waiting list.

Discussion

As a result of the obesity epidemic, the number of obese patients with end-stage liver disease 

undergoing evaluation for LT is expected to rise. Our institution’s experience with SG in the 

pretransplant setting yields several important findings pertinent to the management of obese 

LT candidates. This study suggests that SG in appropriately selected patients is technically 

feasible, has acceptable complication rates, and results in significant and sustained weight 

loss.

A few small studies have reported on the safety and efficacy of bariatric surgery in patients 

with cirrhosis. However, in the majority of these studies, cirrhosis was unidentified prior to 

bariatric surgery, and thus, most patients had well-compensated liver disease.(15–18) Just over 

50% of the patients in our cohort were classified as Child-Pugh B, and all patients had a 

prior history of liver decompensation. However, it was required that these liver 

complications were well controlled at the time of bariatric surgery. Despite the severity of 

liver disease in our patient cohort, there was no perioperative mortality or liver-related 

morbidity. The major morbidity rate in our patient cohort was 3% (1 patient with a gastric 

staple line leak) and similar to the major morbidity rate with laparoscopic SG in the general 

bariatric surgery patient population, which ranges from 2.1% to 5.6%.(19–21) We also noted 

similar reoperation rates (0% versus 3%) and mean length of hos-pitalization (2.4 versus 3.0 

days) in our patient cohort as compared with published data of outcomes in the overall 

bariatric surgery population.(19–21)

Importantly, SG yielded significant sustained weight loss associated with improvement or 

resolution of obesity-related comorbidities in the majority of patients. By 12 months after 

SG, the absolute reduction in BMI in our cohort was 11.3 kg/m2, which compares to a BMI 

reduction of 11.9 kg/m2 in the general bariatric surgery population.(19) Excellent weight loss 

outcomes in our cohort resulted in high (88%) rates of eligibility for active listing for LT.

Laparoscopic SG was chosen as the weight loss procedure in our patient cohort. There were 

no adjustments to the SG operative technique in this patient population, as compared with 

the general bariatric population, other than the need for more careful hemostasis 

intraoperatively. SG has several advantages, particularly in a patient population with 

advanced liver disease, when compared with other bariatric surgery techniques. First, SG has 

been shown to require less operative time and confers lower perioperative risks when 
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compared with Roux-en-Y gastric bypass.(22) Second, SG does not compromise endoscopic 

evaluation of the upper gastrointestinal tract, including maintaining direct access to the 

biliary tract should biliary complications arise after LT. Finally, given that SG is a restrictive 

bariatric surgery technique, there is less risk of malabsorption of both nutrients and 

medications.

An alternative strategy in morbidly obese LT candidates is to perform SG at the time of LT.
(23,24) Potential benefits of a combined operation include a single operation and recovery 

period in addition to avoiding the risk of complications or liver-related morbidity in the pre-

LT period, which could delay or prevent LT. Moreover, LT candidates deemed “too sick” for 

pre-LT SG—particularly those with high MELD score and hepatic decompensation—may 

derive a benefit from a combined procedure, given that pre-LT SG would not be appropriate 

in these candidates. We chose a staged approach, using SG in the pretransplant period in 

those LT candidates with a low MELD score and well-controlled complications of liver 

disease (ie, those early in their pretransplant course), for several reasons. First, we 

hypothesized that sustained weight loss after SG may reduce the risk for further hepatic 

decompensation and potentially even negate the need for LT alto-gether in some candidates. 

Second, in those candidates who proceed to LT, SG prior to LT versus concurrent with LT 

may lessen the risk of staple-line complications, which could be precipitated by high-dose 

steroid exposure after LT.(25) Additionally, we postulated that rapid weight loss in the 

posttransplant period resulting from a combined SG and LT procedure could make 

immunosuppressive management more challenging. Finally, as compared with simultaneous 

SG and LT, patients who undergo pre-LT SG may have lower risk of intolerance to oral 

intake immediately after LT, which is especially important given that the optimization of 

nutritional intake is an integral component of immediate post-LT care.(26) Further 

investigation is needed to determine the optimal timing of SG in morbidly obese LT 

candidates, but an individualized approach will likely be necessary.

Our study has limitations. This is a single-center retrospective study with a modest number 

of patients. Moreover, all SG procedures were performed by 1 attending surgeon (A.M.P.). 

Ultimately, additional questions need to be addressed to further define the role of bariatric 

surgery in patients with end-stage liver disease. These considerations include delineating 

both the appropriate timing and type of bariatric surgery procedure, in addition to refining 

patient selection criteria in order to identify those patients who would derive the greatest 

benefit with the least risk of harm. Moreover, we must examine whether pre-LT SG leads to 

improvement in wait-list outcomes and/or longterm graft function and overall survival, as 

compared with patients who achieve weight loss with nonsurgical therapies prior to LT. 

Nevertheless, our center’s experience highlights the potential option of SG in obese patients 

with advanced liver disease who might other-wise be excluded from pursuing LT.
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FIG. 1. 
MELD score at time points after pre-LT SG.
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FIG. 2. 
BMI trends for each patient after pre-LT SG.
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FIG. 3. 
Percentage of patients who achieved a BMI <40 kg/m2 at time points after SG.
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TABLE 1.

Baseline Patient Characteristics at Time of SG

Characteristic Value (n = 32)

Age, years  55 (50−61)

Sex, female  23 (72)

Race/ethnicity

 Caucasian  19 (60)

 Hispanic or Latino  10 (31)

 African American   2 (6)

 Other   1 (3)

Excess body weight, kg 70.3 (58.9−84.2)

BMI, kg/m2 45.0 (42.1−49.0)

 35–39.9 kg/m2   4 (12.5)

 40–44.9 kg/m2  12 (37.5)

 45–49.9 kg/m2   9 (28)

 ≥50 kg/m2   7 (22)

Number of obesity-related comorbidities

 1   8 (25)

 2–3  17 (53)

 ≥4   7 (22)

Obesity-related comorbidities

 Diabetes mellitus type 2  14 (44)

 Hypertension  24 (75)

 Dyslipidemia  15 (47)

 Obstructive sleep apnea  12 (38)

 Osteoarthritis  20 (63)

Child-Pugh classification

 A  15 (48)

 B  17 (52)

Primary etiology of liver disease

 Hepatitis C virus  15 (47)

 Nonalcoholic fatty liver disease  10 (31)

 Alcohol   3 (10)

 Hepatitis B virus   2 (6)

 Other   2 (6)

HCC*   5 (16)

Laboratory MELD score  12 (10−13)

Serum sodium, mEq/L 137 (135−139)

Total bilirubin, mg/dL  1.3 (1.0−2.4)

INR  1.2 (1.1−1.4)

Serum creatinine, mg/dL  0.9 (0.73−1.18)

Prior cirrhosis complications
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Characteristic Value (n = 32)

 Ascites  14 (44)

 Hepatic encephalopathy  12 (38)

 Variceal bleed   7 (22)

History of TIPS   5 (16)

Serum albumin, g/dL 3.3 (3.1−3.5)

Serum platelet count  95 (79−141)

NOTE: Data are given as n (%) or median (IQR). Prior cirrhosis complications are not mutually exclusive.

*
All patients with HCC were within Milan criteria at the time of sleeve gastrectomy.
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TABLE 2.

Operative and Perioperative Outcomes With SG

Characteristic Value (n = 32)

Estimated blood loss, median (IQR), mL  50 (50−100)

Conversion to open procedure, n   0

Hospital length of stay, median (IQR), days  3 (2−3)

Reoperation, n   0

Perioperative morbidity, n   3

Major perioperative morbidity, n*   1

Liver-related morbidity, n   0

All-cause mortality, n   0

NOTE: Perioperative outcomes were defined as those occurring within 90 days after SG.

*
Major morbidity was defined as Clavien-Dindo surgical complication grade of >2.
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