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Abstract

Background Obesity, steroid-induced diabetes, hyper-

cholesterolemia, and steatohepatitis can occur after liver

transplantation and may respond to bariatric surgery. The

safety and feasibility of bariatric surgery after liver trans-

plantation is unknown.

Methods Nine morbidly obese patients with prior liver

transplants underwent sleeve gastrectomy in a pilot pro-

gram. Sleeve gastrectomy was chosen over gastric banding

to avoid foreign body implantation, and over gastric bypass

to maintain endoscopic access to the biliary system and

reduce surgical complexity. We reviewed patient demo-

graphics, operative details, 30-day complications, weight

loss, postoperative hepatic and renal functions, and reso-

lution of comorbidities.

Results Sleeve gastrectomy was performed laparoscopi-

cally in eight patients and as an open procedure in one

patient. The mean operative time was 165 min and mean

postoperative length of stay was 5 days. Follow-up ranged

from 3 to 36 months. In the first 30 days, there were three

complications in three patients: mesh dehiscence after a

synchronous incisional hernia repair, bile leak from the

liver surface requiring laparoscopic drainage, and postop-

erative dysphagia that required reoperation. Calcineurin

inhibitor levels and hepatic and renal functions remained

stable. There were no episodes of graft rejection. At

3 months liver function tests remained stable. Excess

weight loss averaged 55.5 % at 6 months.

Conclusion Sleeve gastrectomy is technically feasible after

liver transplantation and resulted in weight loss without

adversely affecting graft function and immunosuppression.

Early complications may be more frequent as a result of

adhesions of the left upper quadrant. Late complications were

rare.
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gastrectomy

Morbid obesity is an epidemic plaguing the United States, in

which nearly one third of the population meets the criteria for

obesity [1]. The liver transplant population is not exempt

from this problem. In one study, 54 % of patients undergoing

orthotopic liver transplant were either overweight or obese

[body mass index (BMI)[25 kg/m2] [2]. Seven percent of

patients who received liver transplant are considered to be

severely or morbidly obese (BMI[35 kg/m2). Weight gain

after solid organ trasnplantation occurs because of steroid-

containing immunosuppression and physical inactivity from

decreased exercise tolerance [3].

Data regarding obesity and its impact on liver transplant

outcomes is limited. Recent studies suggest that obesity does

not affect patient and graft survival after liver transplantation

[4]. However, obesity has been shown to increase the sur-

gical morbidity, including wound infections, wound dehis-

cence, and hernias after transplantation [5]. More

significantly, excess pretransplant body weight hinders the

rate of improvement in health-related quality of life after

liver transplantation [6].
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One possible approach for treating obesity after a liver

transplant is to use bariatric surgery. Currently, bariatric sur-

gery is established as the most effective means for both weight

loss and resolution of metabolic disease in the morbidly obese.

However, its applicability to liver transplant recipients has not

been established; only sporadic case reports have been pub-

lished [7]. Risks of bariatric surgery in this population include

(1) adhesions in the left upper quadrant as a result of previous

surgery, (2) concern for infection and poor healing as a result

of immunosuppression, and (3) potential for graft rejection or

loss as a result of unpredictable immunosuppression phar-

macokinetics and absorption. We sought to determine the

feasibility and outcome of sleeve gastrectomy in patients who

have undergone a liver transplant.

Methods

We conducted a pilot trial of nine liver transplant patients

who underwent sleeve gastrectomy between August 2007

and August 2011 and reviewed outcomes. All patients were

referred by their hepatologists or primary-care physicians

to the UCSF Bariatric Surgery Program for management of

morbid obesity after conservative management failed.

Morbid obesity was defined as having grade III obesity

(BMI [ 40 kg/m2) or grade II obesity with comorbidities

(BMI [ 35 kg/m2). All patients met the 1991 National

Institutes of Health (NIH) Consensus Development Con-

ference Guidelines for weight loss surgery. During this

period, one attending surgeon (AMP) performed eight

laparoscopic sleeve gastrectomies and one open sleeve

gastrectomy in morbidly obese liver transplant recipients.

Sleeve gastrectomy was performed by mobilizing the

greater gastric curvature starting 5 cm proximal to the pylorus

and continuing to the left crus using a LigaSureTM device

(Covidien, Mansfield, MA) to divide the gastroepiploic

branches and short gastric vessels. A bougie (size range =

36–44 Fr) was inserted and the stomach was sleeved using

4.8-mm Duet staple cartridges (Covidien) along the bougie.

The separated stomach along the greater curvature was

extracted and the remnant stomach was anchored to the

greater omentum with interrupted sutures to prevent stomach

torsion. Orogastric methylene blue was used to test for gastric

leaks and a drain was placed near the staple line. All patients

were extubated in the operating room and underwent an upper

gastrointestinal series on postoperative day 1. Afterward, a

bariatric clear liquid diet was started. All patients had follow-

up in the bariatric clinic at 2 weeks, 4 weeks, every 3 months

for the first 2 years, and every 6 months thereafter. Each

patient had separate transplant clinic appointments for con-

tinuous surveillance of their liver.

We reviewed patient demographics, preoperative and

surveillance laboratory data, operative details, percentage

of excess weight loss (% EWL), morbidity, and mortality.

Laboratory data included measurements of serum levels of

tacrolimus since the absorption of this drug can potentially

be affected by gastrointestinal surgery, and maintenance of

stable levels is important in preventing rejection and

avoiding tacrolimus-related nephrotoxicity. In addition,

liver function tests were measured on a regular basis to

monitor graft function and detect possible graft rejection.

Paired t tests were calculated for preoperative and post-

operative laboratory values.

Results

Clinical characteristics of patients

Of the nine patients studied (Table 1), eight underwent

laparoscopic sleeve gastrectomy and one had an open

procedure. The mean pretransplant BMI was 29 kg/m2.

Eight patients had prior liver transplants and one had a liver

and a kidney transplant. Before transplantation, four of the

nine patients (44 %) were either overweight or morbidly

obese class I based on NIH criteria. The mean time

between liver transplantation to sleeve gastrectomy was

5.9 ± 2.4 years. The mean BMI prior to sleeve gastrec-

tomy was 41 ± 3 kg/m2 and six patients were morbidly

obese (BMI [ 40 kg/m2). All patients underwent intraop-

erative lysis of adhesions, five had concurrent liver biop-

sies, and two also had incisional hernia repairs with mesh.

All patients had at least two or more obesity-related

comorbidities (Table 1). The mean operative time was

165 ± 68 min and the length of stay in the hospital aver-

aged 5.3 ± 3.8 days.

Complications

There were three complications in three different patients

within the first 30 days and all required reoperation. One

patient had developed an incisional hernia after his liver

transplant and underwent an open sleeve gastrectomy

together with a hernia repair using mesh. An open approach

was used because of the large size of the hernia

(20 9 30 cm). On postoperative day 2, the hernia recurred

and the patient underwent a revisional repair and replace-

ment of the mesh. The patient subsequently did well.

Another patient had two prior liver transplants and

developed a bile leak on postoperative day 1. Diagnostic

laparoscopy showed an injury to the medial edge of the left

lateral segment causing a biliary leak from the liver sur-

face. This was treated with argon beam coagulation and

drainage. The patient recovered uneventfully.

The third patient developed dysphagia to both solid and

liquids postoperatively. An upper gastrointestinal series
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demonstrated delayed esophageal emptying. An upper

endoscopy demonstrated no anatomical deformities and

two attempts at dilation of the lower esophageal sphincter

(LES) and sleeve failed. Manometry demonstrated aperi-

stalsis. The patient required parenteral nutrition, and

6 weeks after her sleeve gastrectomy she underwent con-

version to laparoscopic Roux-en-Y esophagojejunostomy.

She has done well since her corrective surgery.

Weight loss and laboratory findings

The mean excess body weight loss (EWL) was 38 % for all

nine patients at 3 months. There was a trend toward con-

tinued weight loss 1 year after sleeve gastrectomy (Fig. 1).

Calcineurin inhibitor levels and drug dosages remained

stable, as did hepatic and renal functions for the duration of

the study (Table 2).

Discussion

The obesity epidemic has already had an impact on liver

transplantation. The proportion of liver transplant recipi-

ents classified as obese increased from 15 % in the early

1990s to just over 25 % since 2002 [8]. Although the

increase in general perioperative morbidity and mortality

among obese patients due to its adverse effects on all organ

systems is well documented [9], data regarding obesity and

its impact on liver transplant outcomes is limited. Recent

studies suggest that obesity does not affect patient and graft

survival after liver transplantation [4]. However, obesity

does have a detrimental effect on the health-related quality

of life and exacerbates obesity-related comorbidities after

liver transplantation.

After solid organ transplantation, patients tend to gain

weight because of immunosuppressant drugs and physical

inactivity from a decrease in exercise tolerance [3]. Im-

munosuppressants like calcineurin inhibitors (such as

cyclosporine and tacrolimus) and steroids can exacerbate

obesity-related comorbidities such as hypertension, diabe-

tes, and dyslipidemia. Metabolic syndrome occurs in 59 %

of patients after liver transplantation and can decrease graft

function [3]. It also costs more to take care of morbidly

obese patients after transplant and their long-term survival

is decreased [9].

Bariatric surgery is a potential option for losing weight

and decreasing the effects of metabolic syndrome and

thereby increasing the durability of transplanted organs.

Recently, sleeve gastrectomy has been shown to be safe

Table 1 Patient demographics

Patient Age

(years)

Ethnicity Gender Preoperative

transplant

BMI (kg/m2)

Preoperative

bariatric

BMI (kg/m2)

Time

between

transplant

and sleeve

gastrectomy

(years)

Secondary

procedures

Comorbidities

1 67 Caucasian Male 25.1 35.8 2.7 Open incisional

hernia repair,

liver biopsy

OA, sleep apnea

2 55 Caucasian Female 39.2 46.8 4.4 N/A OA,

hypercholesterolemia,

HTN

3 56 African-

American

Female 18.5 41.2 6.5 N/A DM, depression, HTN,

hypercholesterolemia,

sleep apnea, GERD

4 62 African

American

Female 27.8 40.8 6.7 Liver biopsy HTN,

hypercholesterolemia

5 47 Caucasian Male 38.7 40.7 10.3 Incisional hernia

repair, liver

biopsy

HTN,

hypercholesterolemia

6 58 Caucasian Male 27.6 42.6 7.3 Liver biopsy OA, DM, GERD

7 63 Other Female 32.6 39.5 3.3 Liver biopsy DM,

hypercholesterolemia

8 48 Caucasian Female N/A 36 N/A – HTN, sleep apnea,

GERD

9 55 Hispanic Female 21.4 41.6 6.5 – HTN, DM

Mean ± SD 56.8 ± 6.6 28.9 ± 7.5 40.6 ± 3.3 5.9 ± 2.4

DM diabetes mellitus, GERD gastroesophageal reflux disease, HTN hypertension, NA not applicable, OA osteoarthritis, SD standard deviation
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and effective for morbidly obese patients who seek an

alternative to gastric bypass or gastric banding. In recent

studies, sleeve gastrectomy was shown to improve meta-

bolic syndrome and result in a[70 % excess body weight

loss at 2 years after the procedure [10].

We previously showed that laparoscopic gastric bypass

in patients with end-stage renal disease and laparoscopic

sleeve gastrectomy in patients with cirrhosis or end-stage

renal disease are safe and well-tolerated and improve the

patient’s candidacy for transplantation [11]. The data

regarding safety and feasibility of bariatric surgery after

liver transplantation is scarce. Both gastric bypass and

gastric banding have been described as technically feasible

[12, 13]. Several challenges exist for considering bariatric

surgery in this population. First, bariatric surgery requires

mobilization of the left lobe of the liver, and adhesions

from the previous transplant can be tenacious. Second,

postoperative complications may have more severe

sequelae due to prolonged wound healing and risk of

infections associated with immunosuppression. Finally,

there is concern about changes in the absorption of

immunosuppressive medications and the resultant impact

on graft function.

Our study showed that laparoscopic sleeve gastrectomy

was feasible and resulted in weight loss and metabolic

benefits. Patients lost nearly 40 % of their excess body

weight by 3 months. The three patients who reached 1 year

of follow-up lost 65 % of their excess body weight, which

is comparable to that of bariatric patients without prior

solid organ transplant [10]. There was resolution of dia-

betes despite steroid-based immunosuppression. There was

no difficulty in maintaining immunosuppression, no need

for dose escalation of calcineurin inhibitors, and no epi-

sodes of acute rejection. However, three patients had early

complications after sleeve gastrectomy and all three

required reoperation. Complications may have been more

frequent because of the patients’ underlying disease and

previous surgical procedures.

Limitations of this pilot study are its small size and short

follow-up, and more patients with longer follow-up are

needed to determine the safety and efficacy of bariatric

surgery in this population. Yet, given the recent widespread

interest in bariatric surgery for morbidly obese patients

after solid organ transplantation, we wanted to report our

early experience in order to help guide others interested in

this approach.
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patients who underwent sleeve
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Table 2 Laboratory findings before and after sleeve gastrectomy

Laboratory valuea Before 3 months postop p value

Total bilirubin 0.76 ± 0.40 0.64 ± 0.38 0.341

AST/ALT 29 ± 8.4/33 ± 18 20 ± 4/19 ± 7 0.032/0.0572

International normalization ratio (INR) 1.08 ± 0.05 1.13 ± 0.1 0.275

Creatinine (mg/dL) 1.35 ± 0.58 1.21 ± 0.40 0.263

Fasting glucose (mg/dL) 136 ± 50.5 103 ± 17 0.184

Hemoglobin A1c (%) 7.45 ± 0.63 5.1 ± 1.8 0.407

Cholesterol (mg/dL) 200 ± 25 163 ± 13 0.356

Fasting triglycerides (mg/dL) 231 ± 112.6 168 ± 38 0.286

Tacrolimus dosage (mg/day) 2.3 ± 1.9 2.8 ± 3.2 0.436

Tacrolimus serum (lg/L) 4.36 ± 2.0 5.17 ± 3.5 0.43

a Data are given as mean ± standard deviation

AST aspartate aminotransferase, ALT alanine aminotransferase
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Sleeve gastrectomy is an attractive option for liver

transplant recipients because it preserves endoscopic

access to the biliary tree and duodenum, an important

consideration because an estimated 12–30 % liver trans-

plant patients will require future endoscopic intervention

related to their transplanted organ [14]. Sleeve gastrectomy

is less technically challenging and takes less time than

gastric bypass because there is no need to create a Roux

limb or build a second Roux if one was already created for

the liver transplant. Finally, sleeve gastrectomy may be less

likely than gastric bypass to cause malabsorption of

nutrients and immunosuppressive medications. Although

laparoscopic gastric banding is technically easier than a

sleeve gastrectomy, we were concerned about placing a

foreign body and the frequent adjustments in this immu-

nosuppressed population.

We conclude that laparoscopic sleeve gastrectomy after

liver transplantation can provide weight loss and metabolic

benefit without adversely affecting graft function or

immunosuppression. While early technical complications

were more common, late complications were rare, and

weight loss was similar to that seen in nontransplant

patients. Based upon this pilot study, laparoscopic bariatric

surgery after solid organ transplant is feasible and warrants

further investigation. Larger series of patients and long-

term follow-up are needed to determine if weight loss is

sustainable and offers long-term benefit.
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