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Abstract
Background Knowledge regarding the feasibility and safety
of sleeve gastrectomy (SG) in obese liver transplant recipients
is scarce. We report our experience of sleeve gastrectomy
following liver transplantation (LT).
Methods All patients who had undergone LT and subsequent-
ly underwent SG at our institution were retrospectively
reviewed. Surgical outcomes, liver and kidney function tests,
outcomes of obesity-related comorbidities, and excess weight
loss were analyzed.
Results Between May 2008 and February 2015, six consecu-
tive patients underwent SG after LT. Three procedures (50%)
were performed totally by laparoscopy, and three by upfront
laparotomy for concomitant incisional hernia complex repair.
Within the first 30 days, one complication occurred: early
gastric fistula that required multiple endoscopic procedures
and re-intervention, followed by death 19 months after SG
due to multi-organ failure. Another patient had one late com-
plication: chronic infection on a parietal mesh successfully
controlled by mesh removal. Excess weight loss averaged
76% at 2 years with a median BMI of 28 (21–39) kg/m2.

Median follow-up was 37.2 months (range 13–101 months).
Median length of stay was 9 days (range: 6–81 days).
Conclusions SG is technically feasible after LTand resulted in
weight loss without adversely affecting graft function and im-
munosuppression. However, morbidity and mortality are
high.

Keywords Sleeve gastrectomy . Liver transplantation .

Bariatric surgery . Non-alcoholic fatty liver disease . Excess
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Introduction

According to the World Health Organization, a body mass
index (BMI) ≥ 25, ≥ 30, and ≥ 35 kg/m2 define overweight,
obesity, and severe obesity, respectively. Worldwide, more
than 1.9 billion adults were overweight in 2014 of whom, over
600 million met the criteria for obesity [1]. In the setting of
liver transplantation, the US Organ Procurement and
Transplantation Network and the Scientific Registry of
Transplant Recipients reported that 54% of patients undergo-
ing orthotopic liver transplant (OLT) were either overweight or
obese, and 7% of patients who received liver transplant were
considered severely or morbidly obese [2]. In 2025, non-
alcoholic steatohepatitis (NASH) is predicted to become the
main cause of liver failure requiring liver transplantation (LT)
in the USA [3]. Morbid obesity has been associated with both
increased mortality on the LT waitlist [4], and adverse impact
on outcomes with reduced patient and graft survivals [5].

Subsequently, bariatric surgery (BS) has been proposed
before, during, and after LT [6–8].

BS in obese LT recipient includes the followings potential
specific risks: (i) technical difficulties due to adhesions in the
left upper quadrant, (ii) infection and poor healing as a result
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of immunosuppression, and (iii) potential graft rejection due
to impaired immunosuppression pharmacokinetics [8]. The
purpose of the present study was to assess the feasibility and
outcomes of sleeve gastrectomy (SG) in severely obese pa-
tients following previous LT.

Materials and Methods

The institutional review board approved this observational
descriptive study of consecutive severely obese patients sub-
mitted from 2008 to 2015 to SG after LT.

Patients were considered candidates for SG after LT if they
had a body mass index (BMI) of 35 kg/m2 or greater with
weight-related comorbidities. Preoperative management of
patients was standard for obese patients including a compre-
hensive medical evaluation and counseling by a multidisci-
plinary board (bariatric surgeon, endocrinologist, psycholo-
gist, and dietician) for at least 6 months, as requested by the
French guidelines for bariatric surgery [9]. Decision to pro-
ceed to BS was discussed at the BS board with the participa-
tion of hepatologists and liver surgeons.

A bariatric surgeon assisted by a liver surgeon performed
all cases of SG. BS was performed upfront by laparotomy in
patients needing combined complex repair of LT incision
hernia.

Oral calcineurin inhibitor-based immunosuppression was
cont inued throughout the per iopera t ive per iod .
Thromboprophylaxis with enoxaparin for 3 weeks was started
6 h after BS. Postoperatively patients were transferred to the
liver ICU for 24 h and then to the liver unit ward. Liver and
kidney function tests were measured daily and liver Doppler
ultrasonography was performed at day 1 and 5 days after BS.

Outcomes

Postoperative mortality and morbidity were assessed within
90 days of BS or at any time during hospitalization for surgery.
Metabolic and bariatric surgery results are reported according
to the American Society for Metabolic and Bariatric Surgery
standards [10]. Weight loss was measured as percent of excess
weight loss (%EWL) and body mass index (BMI) reduction.
The %EWL was defined as the ratio between the weight lost
after surgery and the overweight according to the formula:
[(initial weight) − (postop weight)]/[(initial weight) − (ideal
weight)], in which ideal weight is defined by the weight cor-
responding to a BMI of 25 kg/m2.

The outcome of the following comorbidities was assessed
whenever present: diabetesmellitus (DM), hypertension (HT),
dyslipidemia, obstructive sleep apnea syndrome (OSAS), and
non-alcoholic fatty liver disease (NAFLD). Each comorbidity
outcome was assessed as worsened, stable, or improved.

Statistical Analysis

Quantitative variables are reported as median and range.
Paired t test was used as appropriate for comparisons. A p
value < 0.05 was considered statistically significant. All sta-
tistical analyses were performed using SPSS Statistics 23.0
(IBM).

Results

Study Population

Between May 2008 and February 2015, six consecutive pa-
tients underwent SG after liver transplantation. During the
same period 506 LT and 659 bariatric procedures (SG,
n = 275; gastric bypass, n = 341; and adjustable gastric
banding, n = 43) were performed.

The main patient characteristics are reported in Table 1. All
six patients had at least one obesity-related comorbidity. At
BS, the median BMI was 41.9 kg/m2 (range 38–46.1 kg/m2).
Themedian delay fromLT to SGwas 44months (range: 36.0–
46.1 months) and the median increase of BMI during this
delay was 2 kg/m2 (range: 0.0–9.6 kg/m2).

Three procedures (50%) were performed totally by lapa-
roscopy, and three by upfront laparotomy due to the required
combined repair of LT incisional hernia, as alreadymentioned.
No artificial grafts were needed for caval, portal, or arterial
reconstruction. Median operative time was 150 min (range:
120–240 min). No intraoperative complications occurred.
Median length of stay was 9 days (range: 6–81 days).
Median follow-up was 37.2 months (range 13–101 months)
and no patient was lost to follow-up.

Postoperative Events

Postoperative mortality occurred in one patient following the
sole major complication (1/6 patients, 17%) of the series. The
third patient of the cohort developed a leak from the gastric
staple line, needing multiple surgical and endoscopic
reoperations and a prolonged hospital stay (81 days). When
the leak finally healed, the patient developed a gastroparesis,
provoking a severe dysphagia to solid. Neither endoscopic
exploration nor bolus swallow test ruled out any abnormality.
Manometry confirmed total aperistalsis of the stomach rem-
nant. After several weeks of parenteral nutrition, and failure of
medical treatment, the SG was converted by laparotomy into a
Roux-en-Y gastric bypass (RYGB). The patient developed a
leak from the gastric pouch, leading progressively to multi-
organ failure and death 19 months after SG and 11 months
after conversion to RYGB.

Wound infection of the laparotomy incision (1/6 patients,
17%) occurred in one patient. The latter had been operated on
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for a ventral hernia with an intra-abdominal mesh positioning
several months before SG. The infected part of the mesh was
removed with a favorable outcome.

The rate of postoperative acute rejection was nil.

Long-Term Outcomes

Median %EWL and BMI at 1 year were 76% (range: 25%–
119%) and 29 kg/m2 (range: 21–39 kg/m2), respectively
(Fig. 1). Median BMI at BS and last follow-up were 42.7
and 29.8 kg/m2 (paired t test; p = 0.007), respectively.

Liver and kidney function tests values at last follow-up
were not significantly different as compared to values before
sleeve gastrectomy (paired t test, Table 2). The decrease of
HbA1C observed in all four diabetic patients did not reach
statistical significance.

Antihypertensive medications were stopped in 2/4 patients
within 1 year of SG and remained unchanged in the remaining

two. Two out of three with OSAS needing upper airway stim-
ulation before SG were weaned of the latter within 6 months
of SG.

One patient underwent uneventful partial hepatectomy for
recurrent hepatocellular carcinoma (HCC), 49 months after
LT for HCC and 13 months after SG.

Discussion

The present series shows that SG after OLT is feasible in patients
with severe obesity with significant weight loss at the 1 year
follow-up.

The proportion of liver transplant recipients classified as obese
has increased from 15% in the early 1990s to 33% in 2011 [11].
Despite conflicting reports [12, 13], BS has emerged as a valu-
able option to treat obese patients in the setting of LT [6, 14]. As
shown in Table 3, BS after LT in adults has been reported so far

Table 1 Patient characteristics

Case, sex, age at BS (y) Indication for LT Delay from LT
to BS (months)

BMI (kg/m2) Comorbidity at the
time of BS

LT BS

1, Male, 46.7 HCV cirrhosis 47.6 46.1 46.1 DM

2, Male, 63.4 HCC + alcoholic cirrhosis 44.6 38.9 39.8 DM, HT, OSAS, DL

3, Female, 62.8 HCC + alcoholic cirrhosis + NASH 70.3 41.8 44.9 DM, HT

4, Female, 65.4 HCC + NASH 37.9 34.1 43.7 DM, HT, DL

5, Male, 52 Acute alcoholic hepatitis 36.0 36.0 38.0 HT, OSAS

6, Male, 57 HCC + alcoholic cirrhosis +HCV 54.0 38.5 40.1 OSAS, Hypothyroidism

Total
Male = 4/6
Age = 63 (46.7–65.4)

HCV = 2/6
HCC = 4/6
Alcoholic cirrhosis = 3/6
NASH = 2/6
Acute alcoholic hepatitis = 1/6

44.6 (36.0–70.3) 38.9 (36.0–46.1) 43.7 (38.0–44.9) DM = 4/6
OSAS = 3/6
HT = 4/6
DL = 2/6

p = 0.09 (paired t-test)

LT liver transplantation, BS bariatric surgery, BMI body mass index, DM diabetes mellitus, HT hypertension, OSAS obstructive sleep apnea, DL
dyslipidemia, HCC hepatocellular carcinoma, NASH non-alcoholic steatohepatitis

Fig. 1 BMI and %EWL at LT, at SG, 6,12, 18, and 24 months following
sleeve gastrectomy (gray lines indicate each patient and red line the
average of BMI and %EWL of all six patients). LT indicates Liver

Transplantation, BMI for Body Mass Index, %EWL for Percentage of
Excess Weight Loss and M for Months
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in 37 cases to date, including the current cases, with a mortality
and morbidity rate of 11 and 28%, respectively. During the study
period, mortality and severe morbidity rates of SG in our center
were nil. However, the mortality and morbidity following BS in
the general population was 0.12 and 10%, respectively [23, 24].

In our series, patients lost nearly 56% of their excess body
weight within 6 months of BS. In addition, liver graft function
was preserved or improved in all patients, with no difficulty in
maintaining immunosuppression, and no episodes of acute re-
jection. Four of the six patients were diabetic, and the dosage of
HbA1c before and after SG showed improved control of diabe-
tes after SG as shown by decreased levels of HbA1c; however,
this was still not significant.

Five of the six patients with a 1 year of follow-up lost 80%
of their excess bodyweight, but one patient did not lose weight
after the SG. These results are consistent with the reported
failure rates of relevant series (range: 15–25%) [25, 26].

SG might be the favored bariatric surgical technique in the
setting of liver transplantation compared to gastric bypass for
two main reasons: (i) SG preserves easy endoscopic access to
the biliary tract [8, 27] if ever needed; and (ii) SG does not
include any intestinal bypass that could impair the absorption
of immunosuppressive or other medications [14, 17, 28].

Only one de novo non-alcoholic fatty liver disease (NAFLD)
was discovered after biopsy examinations during post-LT fol-
low-up (Table 4; patient 6). Vallin et al. showed that de novo and
recurrent NAFLD after LTwere different entities, with the latter
being a more severe disease with an earlier onset [29].

Artificial grafts may be used in LT for caval, portal, or
arterial reconstruction, especially when vascular grafts from
the donor are not available or adequate in terms of length, size,
or quality. Complications like infection and migration of these
grafts in the stomach can occur and which can complicate the
SG [30]. For optimal outcome, SG should be done with pres-
ence of a bariatric surgeon and a liver surgeon. In our series,
no artificial or vascular grafts were used.

Major limitations of this work include the retrospective
nature of the study and the small number of patients. Larger
series are needed to confirm the efficacy of BS in liver trans-
plant recipients. Due to the learning curve effect, we assume
that these larger series will also show improved safety of the
procedure in this setting of LT.

Multivariate analysis would be of interest to identify the
risk factors of morbi-mortality. In order to establish significant
results, more patients and more events are needed. Our team
previously published a systematic review on bariatric surgery
and LT [6]. In that paper, 56 patients were included; however,
we still had to use a generalized linear mixed model frame-
work with an underlying Poisson distribution because of the
small number of patients and events. Confidence intervals
were very large not very informative.

In conclusion, SG is feasible in severely obese patients after
LT. It results in an improvement in obesity-related comorbiditiesT
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with no impact on graft function. Larger studies are needed to
improve the safety of the procedure in this high-risk population
towards that seen in the general population. [8, 14–22].
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