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 Background: Use of steatotic livers is a known risk factor for increased primary nonfunction after liver transplantation. This 
study investigated the efficacy and clinical outcome of simple weight reduction of steatosis for donors under-
going living-donor liver transplantation (LDLT).

 Material/Methods: We defined two groups: the reduction group, which included donors with >30% macrovesicular steatosis and 
body mass index (BMI) >25 kg/m2, and the conventional group, which included donors with <30% macrovesic-
ular steatosis. Donors in the reduction group were educated about the goal of voluntary weight reduction to 
lose 5% of body weight, not exceeding 1.6 kg/week, and attempted to maintain weight reduction for at least 
8 weeks.

 Results: Weight reduction significantly improved steatosis (40.71±14.56 vs. 7.867±2.67, p=0.000). Body weight and BMI 
were reduced in the weight reduction group (85.40±8.254 kg vs. 76.27±7.556 kg, p=0.052; and 28.89±2.303 kg/m2 
vs. 26.16±1.629 kg/m2, p=0.025, respectively). The transplanted grafts of recipients and remnant livers of do-
nors showed intact liver function, and there was no difference in liver function tests between the convention-
al and reduction groups. No significant difference in graft survival was observed.

 Conclusions: Simple weight reduction improves steatosis and contributes to safer LDLT for both recipient and donor. 
Importantly, according to our results, even steatotic livers can be used for LDLT after patients follow a simple 
weight reduction protocol.
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Background

Living-donor liver transplantation (LDLT) has been a success-
ful transplant procedure for many patients and has shown ex-
cellent recipient outcomes over the last decade [1]. The short-
age of available donors leads to use of marginal liver donors, 
such as those with steatotic livers, in LDLT [2]. Marginal do-
nors are defined as those with a greater risk of initial poor 
function or graft failure, and thereby, an increased risk of ex-
pected recipient morbidity and mortality [3]. Although LDLT is 
an important means of addressing the worldwide shortage of 
liver grafts, it is also the most serious surgery a healthy per-
son can undergo as a living donor; therefore, donor safety is 
an absolute priority [4].

Fatty liver disease or hepatic steatosis is a histological find-
ing that is commonly found in human liver biopsy specimens, 
and it is estimated that more than 20% of patients who have 
planned for liver resection have some degree of steatosis [5–7]. 
Steatosis is a known major risk factor for patient outcomes that 
affect hepatocellular recovery by impairing hepatic homeosta-
sis and inducing hepatocellular injury after liver resection, ow-
ing to lipid accumulation [8]. Donor steatosis is associated with 
an increased risk of primary nonfunction and initial poor graft 
function in the recipient [9,10]. Marcos et al. reported a series 
in which no liver dysfunction was found in living donors or re-
cipients using grafts containing less than 30% steatosis [11].

Previous studies have shown a positive correlation between the 
degree of hepatic steatosis and body mass index (BMI) [12,13]. 
Based on this correlation, for several years, donor weight loss 
has been used as pre-hepatectomy management strategy to 
improve donor hepatic steatosis and reduce post-hepatectomy 
risk to the donor. In previous studies, strict weight loss and 
drug therapy have been used to ensure the safety of marginal 
donors and successful transplant cases [2,14]. Standardized 
measurement of the remnant liver volume (RLV) is RLV/sTLV, 
where total liver volume (TLV) is calculated from patient body 
surface area (BSA). RLV/body weight ratio (RLV/BWR) has also 
been used to accurately assess the functional limit of hepa-
tectomy. Three-month overall and severe morbidity (Clavien-
Dindo grade IIIb–V) and mortality were significantly increased 
in groups with RLV/BWR <0.5% and RLV/sTLV <20% [15].

Weight reduction improves steatosis in marginal donors and 
contributes to safer LDLT for both recipients and donors. 
However, compared to previous studies, this study differs sig-
nificantly in the way weight was controlled in marginal do-
nors. Compared to the strict weight control followed in pre-
vious studies, such as with restriction of daily caloric intake, 
exercise control, and drug use, this study set only the upper 
limit of weight loss within a certain period to prevent deterio-
ration of the general health status of donors due to excessive 

weight loss. Further, this study employed autonomous weight 
loss without medication.

Material and Methods

Patients and methods

Between May 2010 and January 2015, volunteers underwent liv-
er donation for 109 cases of LDLT at Pusan National University 
Yangsan Hospital, Republic of Korea. Percutaneous needle biop-
sy (PCNB) had been performed in all living donors for preoper-
ative evaluation of hepatic steatosis. We defined the reduction 
(RD) group as donors with more than 30% macrovesicular ste-
atosis on initial liver biopsy and BMI more than 25 kg/m2 and 
the conventional (CV) group as donors with less than 30% mac-
rovesicular steatosis. During the study period of 5 years, sev-
en donors were included in the RD group, of whom five were 
close relatives of the recipients, whereas the two non-related 
donors were the brother-in-law and son-in-law of the recipi-
ents. Individuals with both BMI less than 25 kg/m2 and mac-
rovesicular steatosis more than 30% were excluded for incom-
patibility as living donors. The CV group included 102 donors.

The donors in the RD group were educated about the goal of 
voluntary weight reduction: to lose 5% of body weight, not ex-
ceeding 1.6 kg/week, and attempt to maintain weight reduc-
tion for at least 8 weeks. To confirm improvement in hepatic 
steatosis after weight reduction, we performed PCNB again. 
These pathologic specimens were collectively reviewed by two 
pathologists in a blind fashion.

Liver volume was also measured twice by computed tomogra-
phy using a volumetry program (Dr. Liver, Virtual Liver Surgery 
Planning System, Humanopia Co. Ltd, Pohang, Korea). Then, 
RLV/BWR and RLV/sTLV were calculated to predict improve-
ment in donor safety after right liver lobectomy. The equation 
for sTLV is sTLV=–794.41+1267.28×BSA (m2) [16]. BSA was cal-
culated using Mosteller’s formula, which is
BSA(m2)=

sTLV = -794.41 + 1267.28 × BSA (m2) [16]. BSA was calculated using Mosteller’s 

formula, which is BSA(m2) = �(height [cm] ⅹ weight [kg])/3,600. Um et al. reported 

nearly all formulas including that for sTLV published by Vauthey et al. and crudely 

applicable range of sTLV estimation for Korean adults [17]. After donor hepatectomy, 

we checked surgical complications and classified the grades using the Clavien-Dindo 

classification [18]. 

 

To compare post-hepatectomy safety of donors between the CV (n = 102) and RD 

(n = 7) groups, we defined initial residual liver dysfunction as peak bilirubin level 

more than 3 mg/dL or prothrombin time (PT) more than 18 seconds on postoperative 

Day 5 [19,20]. To compare outcomes between recipients of the CV and RD groups, 

we measured serial changes in liver function tests of LDLT recipients for 1 month 

after LDLT. Transplanted liver function was measured by aspartate aminotransferase 

(AST), alanine aminotransferase (ALT), and peak total bilirubin levels and PT on 

postoperative Days 1, 3, 7, and 28. 

 

Statistical analysis 
Quantitative variables were written in mean and standard deviation. Student’s t-

test was utilized to analyze the results of quantitative variables such as change of 

hepatic steatosis, RLV/BWR, and RLV/s-TLV before and after weight loss. The chi-

squared test was applied to analyze categorical variables. Repeated measures 

analysis of variance (repeated ANOVA) was used to compare changes in serial 

laboratory results, such as AST, ALT, and total bilirubin levels and PT, in the same 

recipients. Statistical differences were considered significant when p<0.05. Recipient 

survival was analyzed by the Kaplan-Meier method. Statistical calculations were 

performed with PASW statistics, version 20 for Windows (SPSS Inc., Chicago, 

Illinois, USA). 

 

Results 
Clinical features of the CV and RD groups are summarized in Table 1. The mean 

age of donors (years) was 27.99 ± 9.31 in the CV group and, 32.14 ± 7.31 in the RD 

group. BMI and steatosis were significantly different between the groups. Before 

LDLT, there was no statistical difference in the Model for End-Stage Liver Disease 

.
Um et al. reported nearly all formulas including that for sTLV 
published by Vauthey et al. and crudely applicable range of 
sTLV estimation for Korean adults [17]. After donor hepatec-
tomy, we checked surgical complications and classified the 
grades using the Clavien-Dindo classification [18].

To compare post-hepatectomy safety of donors between the 
CV (n=102) and RD (n=7) groups, we defined initial residual 
liver dysfunction as peak bilirubin level more than 3 mg/dL 
or prothrombin time (PT) more than 18 seconds on postop-
erative Day 5 [19,20]. To compare outcomes between recipi-
ents of the CV and RD groups, we measured serial changes in 
liver function tests of LDLT recipients for 1 month after LDLT. 
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Transplanted liver function was measured by aspartate amino-
transferase (AST), alanine aminotransferase (ALT), and peak to-
tal bilirubin levels and PT on postoperative Days 1, 3, 7, and 28.

Statistical analysis

Quantitative variables were written in mean and standard 
deviation. Student’s t-test was utilized to analyze the results 
of quantitative variables such as change of hepatic steatosis, 
RLV/BWR, and RLV/s-TLV before and after weight loss. The chi-
squared test was applied to analyze categorical variables. 
Repeated measures analysis of variance (repeated ANOVA) was 
used to compare changes in serial laboratory results, such as 
AST, ALT, and total bilirubin levels and PT, in the same recipi-
ents. Statistical differences were considered significant when 
p<0.05. Recipient survival was analyzed by the Kaplan-Meier 
method. Statistical calculations were performed with PASW sta-
tistics, version 20 for Windows (SPSS Inc., Chicago, Illinois, USA).

Results

Clinical features of the CV and RD groups are summarized in 
Table 1. The mean age of donors (years) was 27.99±9.31 in 
the CV group and, 32.14±7.31 in the RD group. BMI and ste-
atosis were significantly different between the groups. Before 
LDLT, there was no statistical difference in the Model for End-
Stage Liver Disease (MELD) score and Child-Turcotte-Pugh (CTP) 
scores between the recipients in the CV and RD groups. From 
preoperative anesthesiological evaluation, American Society of 
Anesthesiologists (ASA) classification, we found that the pre-
operative condition of recipients in both groups was similar. In 
preoperative evaluation, six patients with BMI >25 kg/m2 and 
steatosis >30% achieved weight loss of over 5%; their aver-
age weight reduction (kg) was from 85.40±8.25 to 76.27±7.56 
(p=0.052). The mean value of percentage (%) of weight loss 
was 10.63±3.77. As body weights changed, BMI also improved 
from 28.89±2.30 to 26.16±1.63 (p=0.025). After weight reduc-
tion, fatty changes during the second biopsy also improved 
from 40.71±14.56% to 7.87±2.67% (p<0.001), and RD donors 
were now in a transplantable state (Table 2).

RLV/BWR increased from 0.59±0.15 to 0.65±0.14 (p<0.001), and 
RLV/sTLV increased from 28.29±7.11 to 30.71±6.36. (p<0.001). 
Three categories reflect improved safety for donor hepatec-
tomy in the RD group (Table 2).

All seven donors in the RD group had no initial residual liver 
dysfunction (peak bilirubin level over 3 mg/dL or PT over 18 
seconds) on postoperative Day 5 (Table 3). Compared to re-
sults from donors in the CV group, there were no significant 
differences on postoperative Day 5. In addition, there was only 
one major complication, which was bile leakage (Clavien-Dindo 

classification IIIa). Endoscopic retrograde biliary drainage and 
percutaneous drainage of biloma were performed for this com-
plication and the donor was discharged in 15 days without any 
sequelae from bile leakage. There was another case of pleu-
ral effusion (Clavien-Dindo classification I). There were also 
some complications of donor hepatectomy in the CV group: 
three portal vein thromboses, two bile leaks, one postoper-
ative bleed, and one bleeding duodenal ulcer (Clavien-Dindo 
classification IIIa).

Postoperative outcomes of recipients from the two groups were 
determined using four results: AST, ALT, and total bilirubin lev-
els and PT (Table 3). There was no statistically significant dif-
ference between the CV and RD groups (p>0.05) or in survival 
rates (p>0.05) (Figure 1). As a result, marginal donors with BMI 
>25 and steatosis >30% became normal donors through sim-
ple weight reduction. Further, the outcomes of LDLT from do-
nors in the RD group did not differ from those in the CV group.

Discussion

In the current study, all seven donors had a successful result 
in terms of improving steatosis. In Case 4, weight loss was 
slightly short of the goal, but the improvement in hepatic ste-
atosis was sufficient for liver transplantation. After weight re-
duction, steatosis in Case 3 had improved to 5% from 70%. 
This result was considered abnormal; however, we could not 
account for this difference from the other donors. Given these 
two cases, we believe that further studies are necessary on 
the correlation between the degree of weight loss and degree 
of improvement in hepatic steatosis.

Previous studies have suggested that weight loss of more than 
1.6 kg/week may worsen hepatic inflammation and portal fibro-
sis because of increase in free fatty acids and proinflammatory 
cytokines released by visceral fat [21]. Therefore, we recommend, 
as a simple guideline, that voluntary weight reduction not ex-
ceed 1.6 kg/week and an attempt should be made to maintain 
weight reduction for at least 8 weeks. However, a recent study 
by Choudhary et al. suggests that steatosis can be reversed in 
a short time (28±10 days) with aggressive lifestyle modifica-
tions in highly-motivated liver donors [22]. The proper duration 
for weight reduction should be investigated in future studies.

The Kaplan-Meier survival curve shows that there was no sta-
tistically significant difference between the CV and RD groups. 
This result indicates that the RD group recipients can expect 
the same survival rate for liver transplantation as that of the 
CV group recipients. However, because the number of sam-
ples in the RD group in this study was not large, additional 
studies are needed.
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Conventional group (n=102) Weight reduction group (n=7) p-Value

Donor

Sex M=76/F=26 M=7 0.126

Age  27.99±9.31  32.14±7.31 0.251

BW (kg)  65.77±11.27  85.4±8.25 0.052

BMI (BMI, kg/m2)  23.13±3.27  28.89±2.30 0.025

Steatsosis (%)  6.19±5.68  40.71±14.56 <0.001

Relation

 Related 95 5
0.466

 Non-related 7 2

Recipient

Sex M=78/F=24 M=4/F=3 0.252

Age  51.39±9.94  53.86±5.15 0.142

CTP  1.66±0.84  1.71±0.95 0.862

MELD  12.71±7.56  8.43±4.47 0.518

 Etiology

 HCC 69 6

0.989
 Alcoholic LC 10 –

 Viral LC (B or C) 16 1

 Others 7 –

Table 1. Clinical characteristics of conventional group and reduction group.

BW – body weight; BMI – body mass index; MELD – Model For End-Stage Liver Disease. CTP – Child-Turcotte-Pugh; 
HCC – hepatocellular carcinoma; LC – liver cirrhosis.

Case No.
Sex
/Age

Weight(kg) Weight
Reduction

(%)

Interval
(wks)

BMI RLV/BWR RLV/sTLV Steatosis

1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd

1 M/33 94 81 13.83 8 33.1 27.5 0.49 0.56 24.6 28.9 35 5

2 M/43 70 65 7.14 8 26.0 25.5 0.84 0.90 39.8 41.6 30 10

3 M/33 86 77 10.47 10 27.8 24.9 0.56 0.62 26.6 28.8 70 5

4 M/24 90 86.3 4.11 9 29.6 28.8 0.76 0.79 37.0 37.4 50 10

5 M/39 84 73.2 12.86 12 27.1 26.2 0.52 0.59 24.4 26.7 35 10

6 M/23 92.8 82.1 11.53 16 29.8 26.3 0.44 0.50 21.6 23.8 35 10

7 M/30 81 69.3 14.44 10 28.8 23.9 0.49 0.58 24.0 27.8 30 5

AVG 
(SD)

32.14
(7.31)

85.40
(8.25)

76.27
(7.56)

10.63
(3.77)

10.43
(2.82)

28.89
(2.30)

26.16
(1.63)

0.59
(0.15)

0.65
(0.14)

28.29
(7.11)

30.71
(6.36)

40.71
(14.56)

7.86
(2.67)

p - 0.052 - - 0.025 <0.001 <0.001 <0.001

Table 2. Results of post weight reduction of donors in the reduction group.

BMI – body mass index; PCNB – percutaneous needle biopsy; SD – standard deviation; RLV – remnant liver volume; BWR – body weight 
ratio; sTLV – standardized total liver volume. sTLV=–794.41+1267.28×BSA (m2). Interval means the intervening period between the first 
and second percutaneous liver biopsies.
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Hepatic steatosis is very common; more than 20% of patients 
planned for liver resection have some degree of steatosis [5]. 
Marsman et al. showed that livers with up to 30% steatosis 
used for LDLT could result in a decreased rate of 4-month graft 
and 2-year patient survival rates [23]. Rinella et al. reported 
that a donor with BMI less than 25 has a low risk of hepatic 
steatosis [24]. Consequently, some institutions have tried to 
improve hepatic steatosis with weight reduction. For example, 
Hwang et al. educated their donors to adhere to a low-calo-
rie balanced diet (25–30 calories×ideal body weight [kg] per 
day), aerobic exercise, and total abstinence from alcohol [14]. 

Nakamuta et al. treated donors with hepatic steatosis more 
strictly, with an initial oral diet intake of 1,400 kcal per day for 
2 days, an then intake of 1,200 kcal per day orally for 2 days. 
The last-step maintenance oral diet intake was 1,000 kcal per 
day containing 131 g per day of carbohydrate, 92 g per day of 
protein, and 13 g per day of fat. Simultaneously, they educat-
ed donors to adhere to an exercise program with the goal of 
burning 600 kcal per day (200 kcal×3 exercise sessions), main-
ly with a stationary bike. For medication, donors were admin-
istered bezafibrate (400 mg/day) until the day of surgery [2]. 
Both studies showed improvement in hepatic steatosis in 

Conventional group Reduction group p-Value

Donor

AST (IU/L)

POD#1 195.73±120.20 232.00±146.91

0.454POD#3 101.78±36.86 74.57±13.85

POD#5 69.80±26.06 48.14±15.80

ALT (IU/L)

POD#1 203.48±127.75 248.14±124.14

0.253POD#3 116.99±55.57 126.86±37.81

POD#5 83.81±29.05 81.14±31.66

PT time (second)

POD#1 16.15±1.62 15.63±0.99

0.454POD#3 14.76±1.24 14.73±1.25

POD#5 12.99±0.89 12.73±0.43

T-bil (mg/dL)

POD#1 2.71±1.01 3.04±1.60

0.253POD#3 2.01±1.28 2.40±2.09

POD#5 1.48±0.87 1.34±0.28

Recipient

AST (IU/L)

POD#1 376.5±298.0 236.8±115.9

0.307
POD#3 105.0±71.6 49.4±13.4

POD#7 69.4±47.8 49.2±31.4

POD#28 36.0±31.0 34.2±24.5

ALT (IU/L)

POD#1 376.7±288.6 255.7±121.1

0.545
POD#3 185.1±127.2 111.2±39.7

POD#7 155.6±154.6 108.5±71.4

POD#28 69.7±95.5 68.5±73.8

T-bil (mg/dL)

POD#1 5.1±4.9 2.3±1.2

0.367
POD#3 3.2±3.7 1.2±0.3

POD#7 2.8±2.6 1.0±0.2

POD#28 1.1±1.4 0.6±0.2

PT (INR)

POD#1 1.6±0.2 1.4±0.1

0.192
POD#3 1.3±0.1 1.1±0.0

POD#7 1.2±0.1 1.1±0.0

POD#28 1.0±0.1 1.0±0.0

Table 3. The serial LFT changes in post LDLT.

AST – aspartate aminotransferase; ALT – alanine aminotransferase; T-bil – total bilirubin; PT – prothrombin; POD – post operation day.
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donors. LDLT was then performed without any adverse events 
in either donors or recipients. In addition to these studies, var-
ious combination therapies for steatosis with restricted diet 
and exercise have been reported [25–29].

The same results were obtained with the simple treatment 
of weight reduction in the current study. Because this meth-
od is more efficient and simpler to comply with, it is a prom-
ising way to ensure the safety of donors and expand the pool 
of available liver transplant donors.

The Asian population tends to have a higher percentage of non-
obese patients with nonalcoholic fatty liver disease (NAFLD) 
than the Western population [30]. Therefore, prevalence of low 
BMI and hepatic steatosis may be high. For example, prevalence 
of NAFLD in non-obese patients was 16.14% in Korea [31]. Our 
study excluded donors with hepatic steatosis but with low BMI 
from the RD group. Therefore, further studies are required of 
donors with hepatic steatosis and low BMI, with the goal of 
expanding the donor pool.

This study should be interpreted with certain limitations in 
mind. It was retrospective and conducted at a single center 
with a small number of subjects.

Conclusions

Simple weight reduction improves steatosis and contributes 
to safer LDLT for both recipients and donors. Importantly, our 
findings indicate that even steatotic livers can be used for LDLT 
after the donors adhere to a simple weight reduction protocol.
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0.0
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P=0.202
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Wt reduction
Conventional-censored
Wt reduction-censored

Figure 1.  Rate of recipient survival between the C and RD 
groups. Recipient survival in both the CV and RD 
groups was analyzed by the Kaplan-Meier method. 
Statistical differences were considered significant 
when p<0.05. There was no statistically significant 
difference between the CV and RD groups in survival 
rates (p=0.202).
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