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INTRODUCTION

Transplantation studies about the clinical differences according to the type of donors are
mostly conducted in western countries with rare reports from Asians. The aims of this
study were to evaluate the clinical impacts of the type of donor, and the predictors of
1-year mortality in patients who underwent liver transplantation (LT). This study was
performed for liver transplant recipients between May 2010 and December 2014 at the
Pusan National University Yangsan Hospital. A total of 185 recipients who underwent LT
were analyzed. Of the 185 recipients, 109 (58.9%) belonged to the living donor liver
transplantation (LDLT) group. The median age was 52.4 years. LDLT recipients had lower
model for end-stage liver disease (MELD) score compared with better liver function than
deceased donor liver transplantation (DDLT) recipients (mean + standard deviation [SD],
12.5 + 8.3 vs. 24.9 * 11.7, respectively; P < 0.001), and had more advanced
hepatocellular carcinoma (HCC) (62.4% vs. 21.1%, respectively; P=0.001). In
complications and clinical outcomes, LDLT recipients showed shorter stay in intensive care
unit (ICU) (mean + SD, 10.8 + 8.8 vs. 23.0 + 13.8 days, respectively, P < 0.001),
ventilator care days, and post-operative admission days, and lower 1-year mortality (11%
vs. 27.6%, respectively, P= 0.004). Bleeding and infectious complications were less in
LDLT recipients. Recipients with DDLT (P = 0.004) showed higher mortality in univariate
analysis, and multi-logistic regression analysis found higher MELD score and higher pre-
operative serum brain natriuretic peptide (BNP) were associated with 1-year mortality. This
study may guide improved management before and after LT from donor selection to post-
operation follow up.
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for the majority of LT cases in Asia (9), studies about the clinical
differences according to the type of donors are mostly investi-

Living donor liver transplantation (LDLT) has been used to in-
crease the donor pool and significantly reduce the waiting list
mortality of patients in need of liver transplantation (LT) (1).
This has been associated with an improved 5-year survival (2).
However, the studies about the clinical manifestations, compli-
cations, and mortality based on the type of donor reported many
different results. Some studies reported similar biliary compli-
cations between LDLT and deceased donor liver transplanta-
tion (DDLT) (3,4). Quintini et al. (5) found that LDLT is safe and,
in select cases, offers advantages over DDLT. However, other
studies have shown a higher risk of biliary complications and
higher rates of post-transplant hospitalization in patients who
underwent LDLT (6-8).

In Asian countries, where hepatocellular carcinoma (HCC) is
endemic, LDLT is the primary treatment option currently avail-
able for HCC and end stage liver disease. Although LDLT accounts
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gated in western countries with rare reports from Asian coun-
tries.

The main goals of this study are to evaluate the clinical im-
pacts of the type of donor, and the predictors of 1-year mortality
in patients who underwent LT, and to recognize the association
between type of donor and mortality. Understanding the clini-
cal effects of type of donor on LT and the predictors of mortality
may improve the management before and after LT from donor
selection to post operation follow up.

MATERIALS AND METHODS

Patients and population

This retrospective study was performed for liver transplant re-
cipients between May 2010 and December 2014 at the Pusan
National University Yangsan Hospital, a 1,200-bed teaching hos-
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pital. We included all recipients aged 18 years or older, and all
patients had been followed from the date of transplantation un-
til either death or up to 1-year post transplant. The demograph-
ic data, the baseline characteristics, the outcomes, and the in-
fectious complications were gathered. All the medical records
were reviewed for the time the patient underwent LT. The fol-
lowing data was recorded for each patient: age, gender, the cause
ofliver disease, model for end-stage liver disease (MELD) score,
Child-Pugh score, type of donor (living donor or deceased do-
nor), pre-operative laboratory findings (alkaline phosphatase
[ALP], C-reactive peptide [CRP], brain natriuretic peptide [BNP],
international normalized ratio [INR]), infectious complications,
bleeding, rejection, the duration of intensive care unit (ICU) ad-
mission, the hospital admission days, needs of extracorporeal
membrane oxygenation (ECMO)/mechanical ventilation (vent
care), and the 1-year mortality.

Statistical analysis

Statistical analysis was done using SPSS version 20.0 (SPSS Corp.,
Chicago, IL, USA). The descriptive analysis consisted of the mean,
percent and range of the various parameters. The differences
between living donor and deceased donor were compared us-
ing the 7 test for the categorical variables, and the t-test or the
rank-sum test was used for the numerical variables. Logistic re-

Table 1. The demographics of the recipients with LT

gression analysis was performed to determine the predictors
that were independently associated with 1-year mortality. Pval-
ues < 0.05 were considered to be statistically significant.

Ethics statement

This study protocol was approved by the Institutional Review
Board of Pusan National University Yangsan Hospital (IRB No.
30-2015-011). Informed consent was waived by the board.

RESULTS

Demographic features

A total of 185 recipients who underwent LT were analyzed. The
median age was 52.4 years. The ratio was 131 men (70.8%) and
54 women (29.1%).

Of the 185 recipients, 109 (58.9%) belonged to the LDLT group.
Compared with DDLT, LDLT recipients had a higher percent-
age of patients who were diagnosed as HCC (62.4% vs. 21.1%,
respectively; P = 0.001) and liver cirrhosis associated hepatitis
B virus (71.6% vs. 39.5%, respectively; P = 0.001). They also had
alower level of creatinine, ALP, INR, BNP, CRP, and count of plate-
let at pre-operative laboratory findings. LDLT recipients had a
significantly lower average MELD score (mean + standard devi-
ation [SD], 12.5 + 8.3 vs. 24.9 + 11.7, respectively; P < 0.001) and

Parameters All patients (n = 185) LDLT (n = 109) DDLT (n = 76) 2
Age, yr 524+ 9.6 52.0 £ 8.5 531 £ 11.0 0.488
Gender (male/female) 131/54 81/28 50/26 0.210
Score of MELD 176 £ 115 125+ 83 249 £11.7 < 0.001
Child-Pugh score 46 £ 3.7 3.6 £32 6.1 £39 < 0.001
Underlying liver disease < 0.001
HCC 84 (45.4) 68 (62.4) 16 (21.1)
Cause of hepatic disease
HBV 108 (58.4) 78 (71.6) 30(39.9)
HCV 21 (11.4) 13(11.9) 8(10.5)
Coinfection of HBV/HCV 422 2(1.8) 2(2.6)
Alcohol-related liver disease 40 (21.6) 19 (17.4) 21(30.0)
Autoimmune hepatitis 5(2.7) 1(0.9 4(5.3)
Toxic hepatitis 632 1(0.9 5(6.6)
Idiopathic hepatitis 7(3.8) 1(0.9 6(7.8)
Others* 5(2.7) 2(1.8) 339
Pre-operating laboratory finding
ALT 104.9 + 318.2 89.1 £ 3248 127.6 + 309.3 0.420
Cr 1.0 £ 0.7 09+04 12+£09 0.002
ALP 2711 £ 1874 240.1 £ 120.9 315.6 £ 248.3 0.016
INR 18 £ 0.7 15+£0.7 22+07 < 0.001
PLT 79.0 £ 49.5 88.4 £ 52.3 65.6 £ 41.9 0.001
CRP 1624 0714 29+ 3.0 < 0.001
BNP 184.7 + 426.6 126.9 £ 279.5 273.3 £ 576.5 0.042

Values are presented as mean % SD or number (%).

LT = liver transplantation, LDLT = living donor liver transplantation, DDLT = deceased donor liver transplantation, MELD = model for end-stage liver disease, HCC = hepatocell-
ular carcinoma, HBV = hepatitis B, HCV = hepatitis C, ALT = alanine transaminase, Cr = creatinine, ALP = alkaline phosphatase, INR = international normalized ratio, PLT = platelet,

CRP = C-reactive peptide, BNP = brain natriuretic peptide, SD = standard deviation.

*Others: 1 sclerosing cholangitis, 1 primary pulmonary hypertension, 1 Klatskin tumor, 2 Wilson's disease.
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Table 2. Clinical influence of type of donor in patients with LT

Parameters All patients (n = 185) LDLT (n=109) DDLT (n = 76) P

1-year mortality 33(17.8) 12 (11.0) 21 (27.6) 0.004
Post-operative admission day 40.4 £ 29.3 323 £ 20.7 521 £ 35.4 < 0.001
30-day mortality 11 (6.0) 3(2.8) 8(10.5) 0.053
100-day mortality 24 (13.0) 6 (5.5) 18 (23.7) < 0.001
Duration of ICU 158 £ 126 10.8 + 8.8 23.0 + 13.8 < 0.001
Duration of vent care 8.1 £10.3 43 £ 6.1 141 £ 121 < 0.001
ECMO 8 (4.3 2(1.8) 6(7.9) 0.066

Values are presented as mean + SD or number (%).
LT = liver transplantation, LDLT =
oxygenation, SD = standard deviation.

Table 3. Infectious and non-infectious complications according to type of donor in
patients with LT

living donor liver transplantation, DDLT = deceased donor liver transplantation, ICU =

intensive care unit, ECMO = extracorporeal membrane

Table 4. Simple logistic regression analysis of the potential independent risk factors
for 1-year mortality

Complications All patients LDLT DDLT p
(hn=185 (=109 (n=76)
Infection 87 (47.00 33(30.3) 54(71.1) <0.001
Type of infection
Intraabdominal infection 33(17.8) 12(11.0) 21 (27.6) 0.004
Blood stream infection 20 (10.8) 5 (4.6) 5(19.7) 0.001
Pneumonia 29(15.7)  6(5.5) 3 (30.3) < 0.001
Urinary tract infection 30 (16.2) 9(8.3) 21(27.6) <0.001
Wound infection 7(3.8) 43.7) 3(4.0) 1.000
VRE 0.051
1st colonizer 10 (5.4 4(3.7) 6(7.9)
New colonizer 40 (21.6) 18(16.5) 22 (29.0)
None 134 (72.4) 86(78.9) 48(63.2)
Non-infectious complications
Bleeding 34(18.4) 14(12.8) 20(26.3) 0.017
Rejection 36 (19.5 21(19.3) 15(19.7) 0.541
Biliary (biliary leaks, stricture) 15 (8.1) 10(9.1) 5(6.5) 0.085

Values are presented as number (%).
LT = liver transplantation, LDLT = living donor liver transplantation, DDLT = deceased
donor liver transplantation, VRE = vancomycin resistant enterococcus.

Child-Pugh score (mean + SD, 3.6 + 3.2 vs. 6.1 + 3.9, respective-
ly; P < 0.001).

There were no significant differences in age and gender be-
tween LDLT and DDLT groups. The demographic characteris-
tics of the recipients with LT are shown in Table 1.

Clinical outcome and complications

The recipients of DDLT group showed higher 1-year mortality
(27.6% vs. 11.0%, respectively; P = 0.004) and post operation 100-
days mortality (23.7% vs. 5.5%, respectively; P < 0.001). They also
showed longer duration of ICU care (mean + SD, 23.0 + 13.8 vs.
10.8 + 8.8, respectively; P < 0.001), mechanical ventilation care
(mean + SD, 14.1 + 12.1vs. 4.3 + 6.1, respectively; P < 0.001), and
hospital admission days (mean + SD, 52.1 + 35.4 vs. 32.3 + 20.7,
respectively; P < 0.001).

Of the 185 patients enrolled, 87 (47.0%) experienced 173 in-
fectious episodes. Bacterial infections were the most common
infectious complications (n = 157, 90.7%), followed by fungal
infections (n = 10, 5.7%), viral infections (n = 4, 2.3%), and tu-

1260  http://jkms.org

Parameters Alive (n = 152) Death (n = 33) P
LT type 0.004

DDLT 55 (36.2) 21 (63.6)

LDLT 97 (63.8) 12 (36.4)
HCC 74 (48.7) 10 (30.3) 0.055
Score of MELD 16.4 £ 10.7 229 £ 139 0.005
Child-Pugh score 44 £ 37 53 £ 36 0.204
Duration of ICU 13.8 £ 109 24.8 £16.0 < 0.001
Duration of vent care 6.2 £7.3 18.0 £ 155 < 0.001
Preoperative BNP 1721 £ 3737 563.2 + 1,082.1 0.008
Preoperative CRP 14+£24 25+£25 0.032
Acute rejection 23 (15.1) 8(24.2) 0.204
Infection 64 (42.1) 23(69.7) 0.004
Frequency of infection 07141 20+£16 < 0.001
Blood stream infection 9 (5.9 11(33.3) < 0.001
Intraabdominal infection 21(13.8) 12 (36.4) 0.002
Pneumonia 17 (11.2) 12 (36.4) < 0.001

Values are presented as mean + SD or number (%).

LT = liver transplantation, DDLT = deceased donor liver transplantation, LDLT = living
donor liver transplantation, HCC = hepatocellular carcinoma, MELD = end-stage liver
disease, ICU = intensive care unit, BNP = brain natriuretic peptide, CRP = C-reactive
peptide.

berculosis (n = 1, 0.6%). Enterococcus spp. (31.6%) were the lead-
ing pathogens, followed by E. coli (11.1%) and Klebsiella pneu-
moniae (10.2%).

The most common infections were intraabdominal (17.8%) and
urinary tract infection (16.2%), followed by pneumonia (15.7%)
and blood stream infections (10.8%). Infectious complications
were more frequently observed in DDLT group (71.1% vs. 30.3%;
P < 0.001). Tables 2 and 3 show the clinical outcome and com-
plications in the patients with LT, according to type of donor.

One-year mortality

The 1-year mortality rate was 17.8%. Higher mortality rate was
seen in recipients with DDLT (P = 0.004), high MELD score (P =
0.005), longer ICU stay (P < 0.001), longer vent care (P < 0.001),
higher preoperative BNP (P = 0.008)/CRP (P = 0.032), more
frequent infectious complications (P < 0.001) including blood
stream infection (P < 0.001), intraabdominal infection (P = 0.002)
and pneumonia (P < 0.001). Table 4 shows the differences be-
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Table 5. Multiple logistic regression analysis of the potential independent risk factors
for 1-year mortality

Predictors OR 95% Cl P

LT type 1.60 0.48-5.29 0.443
Score of MELD 1.05 1.01-1.08 0.004
Child-Pugh score 0.94 0.82-1.07 0.360
Duration of ICU 0.97 0.90-1.03 0.313
Duration of vent care 1.14 1.04-1.24 0.065
Preoperative BNP 1.002 1.001-1.004 0.008
Preoperative CRP 0.97 0.80-1.18 0.776
Infection 0.68 0.17-2.76 0.589
Frequency of infection 1.18 0.55-2.50 0.675
Blood stream infection BYE 0.67-20.80 0.133
Intraabdominal infection 1.90 0.43-8.37 0.395
Pneumonia 1.33 0.31-5.75 0.704

OR = odds ratio, Cl = confidence interval, LT = liver transplantation, MELD = model
for end-stage liver disease, ICU = intensive care unit, BNP = brain natriuretic pep-
tide, CRP = C-reactive peptide.

tween the survivors and the non-survivors. According to multi-
logistic regression analysis of the predictors of 1-year mortality,
MELD score (relative risk [RR], 1.07; 95% confidence interval
[CI], 1.04-1.10, P = 0.005), preoperative BNP (RR, 1.02; 95% CI,
1.00-1.19; P = 0.019) were independently associated with 1-year
mortality (Table 5).

DISCUSSION

Many patients with end stage liver disease die of disease aggra-
vation while on the waiting list for transplantation. However,
the waiting time has been shortened and survival has improved
with the advent of LDLT. Living donors provide a large pool of
organs, and LDLT seems to be the only immediately available
alternative to DDLT (1,2). In Asian regions such as Japan, Korea,
Hong Kong, and Taiwan, where HCC is endemic, LDLT is the
main currently available treatment option for HCC and end stage
liver disease (10-12). Although there have been great advances
in LDLT, the studies about the clinical impact of LDLT compared
with DDLT is rare in Asian countries.

In this study, we evaluated mortality, days of admission, du-
ration of ICU/ventilator care, infection, and non-infection com-
plications. Compared with DDLT recipients, LDLT recipients
had lower MELD score, better liver function and had more ad-
vanced HCC. In complication and clinical outcomes, LDLT re-
cipients showed shorter ICU/vent care days, post-operative ad-
mission days, and lower mortality. Bleeding and infectious com-
plications were less in LDLT recipients. However, there was no
difference in the 2 donor types for biliary complications and re-
jection (Table 3). Contrary to this study, many other western
studies showed higher complication and readmissions in LDLT
recipients (6,7,14). Samstein et al. (13) also reported LDLT re-
cipients had a significantly higher probability of technical com-
plications, including bile leaks, biliary strictures and biliary tree

https://doi.org/10.3346/jkms.2017.32.8.1258

infections, but they found a decreasing trend in the probability
of biliary stricture in centers performing the highest number of
LDLTs per year.

This suggests that greater experience may play a role in con-
siderably lowering the technical complication rates in LDLT re-
cipients (13). Similar biliary complications between LDLT and
DDLT recipients in this study seems to be due to the experience
gained by performing the LDLT more frequently.

We hypothesized that mortality is affected by type of donors
and evaluated the risk factors of 1-year mortality after LT. Reci-
pients with DDLT (P = 0.004) showed higher mortality in uni-
variate analysis. But in the multi-logistic regression analysis, only
higher MELD score and higher preoperative BNP were associ-
ated with 1-year mortality (Table 5).

Several studies have shown the mortality to be similar in DDLT
and LDLT (2,10-12). Ping et al. (12) did a meta-analysis with 19
published clinical cohort studies, and they reported that peri-
operative mortality after LT was not significantly different be-
tween LDLT and DDLT recipients. We found preoperative BNP
was a significant predictor of mortality. Recently, Toussaint et
al. (15) reported that recipients with MELD score exceeding 25
and pre-LT serum BNP level less than 155 pg/mL survived, wher-
eas patients combining MELD score exceeding 25 and pre-LT
BNP concentration exceeding 155 pg/mL had a 27% ICU mor-
tality rate. Further larger studies about BNP as predictor of mor-
tality are needed.

This study may be affected by all of the limitations of the study’s
retrospective design. Therefore, further prospective large multi-
centered studies are required to provide more accurate results
in the Asian region. Cumulative data may help to improve the
management before and after LT from donor selection to post
operation follow up.
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