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Abstract

Background At our center, living donor liver transplan-

tation (LDLT) is the main workload supported by a strong,

mature service. Deceased donor liver transplantation

(DDLT) is performed but in small volume. This study

aimed to review the results of a low-volume DDLT service

alongside a strong LDLT service.

Methods Consecutive DDLTs for adults performed from

1991 to 2009 were reviewed. The 1st to the 50th DDLTs

were categorized as Era I cases, and the rest were Era II

cases. The outcomes of the DDLTs were analyzed and

compared with those achieved overseas.

Results Eras I and II consisted of 59 and 183 DDLTs,

respectively. All donors were brain-dead and heart-beating

with a median age of 49 years (range 7–76 years). Among

the 242 DDLTS, 30.2 % were on a high-urgency basis and

15.3 % were for hepatocellular carcinoma. The patients

had a median model for end-stage liver disease score of 21

(range 6–40), and most (67.8 %) were hepatitis B virus

carriers. Before transplantation, 16.1 % of the patients

were in the intensive care unit and 30.2 % were in the

hospital. The hospital mortality rate dropped from 13.6 %

(8/59) during Era I to 3.8 % (7/183) during Era II

(p = 0.012). For Era I, the 1-, 3-, and 5-year survival rates

were 84.7, 79.7, and 76.3 %, respectively, which improved

to 92.9, 89.0 and 87.2 % for Era II (p = 0.026).

Conclusions The recipient survival of this series com-

pares favorably with contemporary series. It is shown that a

low-volume DDLT service alongside a strong LDLT ser-

vice can have excellent results.

Introduction

The surgical operation of deceased donor liver transplan-

tation (DDLT) has remained remarkably unchanged over

the last four decades since it was first described in 1963 in a

detailed manner [1]. Impressively, patient and graft sur-

vival rates have improved decade by decade as recorded in

the liver transplant registries of the United States [2],

Europe [3], and Australia [4]. It is commonly accepted that

factors conducive to such improvement include the appli-

cation of effective immunosuppression [5, 6], reliable

organ preservation [7], and careful case selection [8]. It is

cannot be denied that advances in other facets of surgical

therapeutics have contributed much to such improvement,

let alone the accumulation of surgical experience. Experi-

ence is important, especially with a surgical procedure as

complex as DDLT. Hence, it is no wonder that high-vol-

ume centers boast better results [9–11].

Living donor liver transplantation (LDLT) is considered

more complex than DDLT. It has been noted that the

recipients’ survival, be it short-term or long-term, improves

with the accumulation of experience at each center [12, 13].

DDLT and LDLT now have comparable results [12, 14]. In

Hong Kong, the rate of deceased donor organ donation is as

low as 4.2 per million per year [15], so the case volume of

DDLT is small at our center. In general, the number of

LDLTs is twice the number of DDLTs. This study analyzed

our results of DDLT, a service alongside a robust program of

LDLT, in an attempt to identify areas for improvement.
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Patients and methods

The study period was from 1991 to 2009. Consecutive

DDLTs in adults performed at the center were reviewed,

starting from the first case in 1991. Data were collected

prospectively and entered into a single liver transplant

database. The DDLTs were categorized as Era I cases and

Era II cases. Era I denotes the period from the time the first

DDLT took place to the time the 50th LDLT took place.

There were 59 DDLTs in Era I. The rest of the DDLTs

were in Era II [12]. According to our experience with

LDLT, surgical outcomes significantly improved after the

first 50 cases [16]. Split-liver transplantations were not

included in the study. Donors were all heart-beating and

brain-dead. There was no restriction on donor age, with the

oldest donor 76 years of age [17].

Before November 2003, emergency status (I, IIa, IIb)

and the Child-Pugh classification decided the allocation of

liver grafts. Since November 2003, the model for end-stage

liver disease (MELD) was adopted instead. No additional

MELD points were granted to transplant candidates with

hepatocellular carcinoma (HCC) whereas candidates with

metabolic diseases were granted two points every

3 months. LDLT was performed for patients on the liver

transplant waiting list if there were suitable living donors.

Patients with a failing liver graft were entitled to retrans-

plantation in the absence of contraindications.

The liver transplant surgeons were responsible for

organ procurement. The liver was perfused by cannulation

of the inferior mesenteric vein and the infrarenal aorta

using cold University of Wisconsin solution. Graft

implantation was performed with end-to-end anastomosis

of the inferior vena cava. The use of venovenous bypass

was discontinued in February 2002 (49/77 cases, 63.6 %)

[18]. End-to-end arterial anastomosis was performed

using the branch patch at the junction of the gastroduo-

denal artery and common hepatic artery to connect the

aortic cuff of the graft celiac axis. This step was done

under magnifying loupes at 2.59.

The immunosuppression protocol we employed has

been described elsewhere [12]. In brief, before January

2001, immunosuppression included steroid. Since then,

interleukin-2 receptor antagonist basiliximab (Norvartis

Pharma AG, Basel, Switzerland) was used [19]. During the

first 3 months after DDLT, mycophenolate mofetil at

1.5–2.0 g/day was given, and tacrolimus at a trough serum

level of 5–10 ng/ml was maintained. The latter was

adjusted to a lower level, around 5 ng/ml, as the single

agent. Hepatitis B virus (HBV) carriers or recipients of

grafts donated by donors who had hepatitis B core antibody

received nucleoside analogue monoprophylaxis (lamivu-

dine before 2009 and entecavir thereafter). Hepatitis B

immunoglobulin has not been given since 2002 [20].

Eras I and II were compared in terms of hospital mor-

tality (death occurring within the hospital stay during

which the liver transplantation took place), short-term

survival, and mid-term survival. Overall recipient survival

was considered the primary treatment outcome. We also

compared survival with those in other series from the

United States, Europe, Japan, Taiwan, Australia, and New

Zealand. If results of different eras were reported, the most

contemporary results were used for comparison.

All statistics was performed using SPSS 16.0 software

(SPSS, Chicago, IL, USA). Nonparametric data were

expressed as medians and ranges. Group comparisons were

performed with the Mann–Whitney U test. Discrete vari-

ables were compared by Pearson’s chi square test or

Fisher’s exact test. Variables with a value of p \ 0.2 in the

univariate analysis were analyzed with multivariate logistic

regression with the Forward Conditional SPSS method. An

additional analysis with the SPSS Enter method was con-

ducted as there were variables showing intercorrelation.

Survival was computed with the Kaplan–Meier method,

and differences were assessed by the log-rank test. The

univariate Cox regression analysis was used to screen out

recipient and donor variables that adversely affected sur-

vival. Variables with a log-likelihood value of p \ 0.2

were entered into the multivariate Cox regression analysis,

where p \ 0.05 were considered statistically significant.

Results

Before 2000 the median number of DDLTs per year was 7

(range 1–13). From 2000 onward it was 20 (range 15–36).

There were 242 recipients in the whole series, 59 during

Era I and 183 during Era II. Table 1 shows the patient

demographics, indications for transplantation, preoperative

liver function and graft-related factors for Eras I and II.

The two eras were not comparable regarding HBV infec-

tion, Child-Pugh score, MELD score, urgency, donor age,

cold ischemia duration, warm ischemia duration, or

severity of fatty liver as graft.

The entire series had a median follow-up period of

70 months (range 0–220 months). The median follow-up

period for Era I was 156 months (range 0–220 months) and

that for Era II was 61 months (range 0–133 months).

Table 2 shows the complications encountered during Eras I

and II. There were significantly fewer cases of biliary

leakage during Era II.

The hospital mortality rate was 6.2 %. Recipient sur-

vival rates were 90.9, 86.8, and 84.5 % at 1, 3, and 5 years,

respectively (Fig. 1). The hospital mortality rate dropped

from 13.6 % (8/59) during Era I to 3.8 % (7/183) during

Era II (p = 0.012). The 1-, 3-, and 5-year recipient survival

rates for Era I were 84.7, 79.7, and 76.3 %, respectively.
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Table 1 Patient demographics, indications for liver transplant, preoperative liver function and graft-related factors during Eras I and II

Factor Total (n = 242) Era I (n = 59) Era II (n = 183) p (I vs. II)

Age (years) 49 (17–66) 46 (20–63) 49 (17–66) 0.193

Sex (M:F) 172:70 39:20 133:50 0.333

Body weight (kg) 64 (35–125) 64 (35–91.6) 64 (40–125) 0.574

BMI (kg/m2) 23.6 (12.6–40.4) 24.4 (12.6–37.7) 23.6 (15.6–40.4) 0.491

Indication for DDLT

Cirrhosis 160 50 110

Cirrhosis with acute deterioration 44 1 43

Chronic hepatitis with acute flare 18 1 17

Fulminant hepatic failure 8 4 4

Polycystic liver 6 3 3

Hyperoxaluria 1 0 1

Citrullinemia 1 0 1

Recurrent pyogenic cholangitis 1 0 1

Primary sclerosing cholangitis 1 0 1

Familial amyloidotic polyneuropathy 2 0 2

HBV infection 164 (67.8 %) 25 (42.4 %) 139 (76 %) <0.001

HCV infection 14 (5.8 %) 6 (10.2 %) 8 (4.4 %) 0.181

No HBV or HCV infection 64 (26.4 %) 28 (47.5 %) 36 (19.7 %) <0.001

HCC 37 (15.3 %) 7 (11.9 %) 30 (16.4 %) 0.401

HCC (beyond the Milan criteria) 12 2 10

Hepatorenal syndrome 26 (10.7 %) 3 (5.1 %) 23 (12.6 %) 0.106

Ventilator-dependent 14 (5.8 %) 5 (8.5 %) 9 (4.9 %) 0.486

Child-Pugh score 11 (5–15) 9 (5–13) 11 (5–15) <0.001

A (5–6) 19 (7.9 %) 8 (13.6 %) 11 (6.0 %)

B (7–9) 50 (20.7 %) 22 (37.3 %) 28 (15.3 %)

C ([10) 173 (71.5 %) 29 (49.2 %) 144 (78.7 %)

MELD score 21 (6–56) 18 (8–52) 22 (6–56) <0.001

\20 103 (42.6 %) 35 (59.3 %) 68 (37.2 %)

20–30 81 (33.5 %) 15 (25.4 %) 66 (36.1 %)

[30 58 (24.0 %) 9 (15.3 %) 49 (26.8 %)

Pretransplant location 0.268

ICU 39 (16.1 %) 7 (11.9 %) 32 (17.5 %)

Hospital (not ICU) 73 (30.2 %) 15 (25.4 %) 58 (31.7 %)

Home 130 (53.7 %) 37 (62.7 %) 93 (50.8 %)

High urgency 73 (30.2 %) 7 (11.9 %) 66 (36.1 %) <0.001

Donor age (years) 49 (7–76) 43 (9–68) 49 (7–76) 0.007

Cold ischemia duration (min) 407 (242–896) 456 (351–884) 386 (242–896) <0.001

Warm ischemia duration (min) 54 (25–353) 58 (43–341) 52 (26–353) 0.003

Severity of fatty liver as graft <0.001

None 90 (37.2 %) 15 (25.4 %) 75 (41.0 %)

Mild (B10 %) 82 (33.9 %) 11 (18.6 %) 71 (38.8 %)

Moderate (11–30 %) 25 (10.3 %) 3 (5.1 %) 22 (12.0 %)

Severe ([30 %) 13 (5.4 %) 0 13 (7.1 %)

No postperfusion biopsy done 32 (13.2 %) 30 (50.8 %) 2 (1.1 %)

Boldface numbers indicate significance in all tables in which they appear

BMI body mass index, DDLT deceased donor liver transplantation, HBV hepatitis B virus, HBC hepatitis C virus, HCC hepatocellular carcinoma,

ICU intensive care unit
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The rates improved to 92.9, 89.0, and 87.2 %, respectively,

during Era II (p = 0.026). The graft survival rates are

plotted in Fig. 2.

Table 2 Comparison of complications between Eras I and II

Complication Total

(n = 242)

Era I

(n = 59)

Era II

(n = 183)

p (era I

vs. II)

Graft primary

nonfunction

1 (0.4 %) 1 (1.7 %) 0 0.550

Hepatic artery

thrombosis

3 (1.2 %) 1 (1.7 %) 2 (1.1 %) 1.000

Portal vein

thrombosis

8 (3.3 %) 4 (6.8 %) 4 (2.2 %) 0.194

Biliary leakage 7 (2.9 %) 6 (10.2 %) 1 (0.5 %) 0.001

Biliary stricture 31 (12.8 %) 6 (10.2 %) 25 (13.7 %) 0.485

Intraabdominal

bleeding

16 (6.6 %) 5 (8.5 %) 11 (7.1 %) 0.718

Intraabdominal

abscess

21 (8.7 %) 8 (13.6 %) 13 (8.2 %) 0.126

Fig. 1 Kaplan–Meier plot of recipient survival

Fig. 2 Kaplan–Meier plot of graft survival

Table 3 Univariate analysis of hospital mortality

Factor RR 95 % CI p

Age [50 years 0.658 0.218–1.987 0.458

Male sex 0.329 0.114–0.945 0.039

HBV infection 0.291 0.100–0.850 0.024

HCV infection 4.909 1.207–19.962 0.026

HCC 0.379 0.048–2.973 0.356

HCC beyond the Milan criteria 0.000 0–? 0.999

Preoperative ICU admission 1.326 0.356–4.937 0.674

Hepatorenal syndrome 1.301 0.277–6.117 0.739

Ventilator-dependent 0.000 0–? 0.999

Era I surgery 3.944 1.365–11.397 0.011

Donor age [50 years 0.462 0.143–1.494 0.197

Severely fatty graft 3.021 0.606–15.072 0.178

Cold ischemia [10 h 7.673 2.074–28.391 0.002

Warm ischemia [50 min 0.632 0.221–1.809 0.393

High urgency 0.561 0.153–2.049 0.382

RR risk ratio, CI confidence interval
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Univariate analysis showed that hepatitis C virus (HCV)

infection, long graft ischemia duration, and operation per-

formed during Era I were risk factors for hospital mortality.

Male sex and HBV infection were protective factors

(Table 3). Multivariate analysis found that male sex [risk ratio

(RR) 0.32; p = 0.046] was associated with decreased hospital

mortality. Operation performed during Era I (RR 3.383;

p = 0.032) and cold ischemia[10 h (RR 7.038; p = 0.006)

were associated with increased hospital mortality (Table 4).

Univariate analysis of overall survival showed that

severely fatty graft ([30 % fatty change), operation

performed during Era I, and long graft cold ischemic

duration were risk factors for poor overall survival. HBV

infection was a protective factor (Table 5). Multivariate

analysis found that HBV infection (RR 0.428; p = 0.003)

was associated with better survival. Severely fatty graft

(RR 3.187; p = 0.015) and cold ischemia [10 h (RR

3.484; p = 0.001) were associated with poorer survival

(Table 6). Comparison of our survival data with those of

other series can be viewed in Table 7.

Discussion

There have been conflicting results as to whether transplant

outcome is associated with the case volume of a transplant

center [10, 21–23]. That low-volume centers produce poorer

outcomes could mean that low-volume centers are at the

formative stage of their development. On the other hand,

there is evidence that hospital mortality rates of complex

and high-risk operations are lower at high-volume centers

[23, 24]. A multicenter study indicated that a liver transplant

center that conducts more than 20 transplants each year has a

significantly lower recipient mortality rate overall compared

with centers performing 20 or fewer transplants annually. It

also showed that low-volume centers affiliated with a high-

volume center have low recipient mortality rates [10]. A

study in the United States reported that operative mortality

was associated with surgeon volume [25], which might

explain the low mortality rates at high-volume centers.

The first DDLT in Japan was conducted in 1999 [26].

Until 2009, there had been only 63 DDLTs in Japan [27].

This small number of cases may explain the suboptimal

survival rates [28]. The DDLTs in the present study were

performed by a constantly small number of surgeons, no

more than four at any time. These surgeons were the same

surgeons who undertook the LDLTs. Thus, on average each

surgeon performed 15–20 liver transplants a year. Before

2005, our center conducted no more than 20 DDLTs

annually, except in 2002. Although the DDLT volume was

small, the LDLT volume was considerable. It is difficult to

draw a conclusion that there is a causal relation between

LDLT experience and DDLT expertise, but the association

appears to be strong.

Table 4 Multivariate analysis of hospital mortality

Factor RR 95 % CI p

Forward conditional method

Male sex 0.320 0.105–0.980 0.046

Era I 3.383 1.114–10.278 0.032

Cold ischemia [10 h 7.038 1.727–28.678 0.006

HBV infection NS

HCV infection NS

Donor age [50 years NS

Severely fatty graft NS

Enter method

Male sex 0.329 0.098–1.102 0.072

Era I surgery 3.898 1.075–14.132 0.038

Cold ischemia [10 h 5.589 1.302–23.995 0.021

HBV infection 0.857 0.222–3.309 0.823

HCV infection 2.572 0.470–14.083 0.276

Donor age [50 years 0.581 0.161–2.098 0.407

Severely fatty graft 6.093 0.895–41.496 0.065

Table 5 Univariate analysis of overall survival

Factor RR 95 % CI p

Age [50 years 1.047 0.605–1.811 0.871

Male sex 0.973 0.539–1.754 0.926

HBV infection 0.392 0.226–0.680 0.001

HCV infection 2.118 0.902–4.973 0.085

HCC 1.599 0.681–3.752 0.281

HCC beyond Milan criteria 1.672 0.602–4.644 0.324

Preoperative ICU admission 0.838 0.377–1.861 0.664

Hepatorenal syndrome 0.903 0.359–2.275 0.829

Ventilator-dependent 0.513 0.124–2.115 0.355

Era I surgery 1.956 1.074–3.561 0.028

Donor age [50 years 0.932 0.531–1.636 0.807

Severely fatty graft 2.885 1.136–7.327 0.026

Cold ischemia [10 h 4.118 1.923–8.821 <0.001

Warm ischemia [50 min 0.850 0.473–1.525 0.585

High urgency 0.681 0.349–1.332 0.262

Table 6 Multivariate analysis of overall survival

Factor RR 95 % CI p

HBV infection 0.428 0.245–0.750 0.003

Severely fatty graft 3.187 1.249–8.129 0.015

Cold ischemia [10 h 3.484 1.617–7.506 0.001

Era I surgery – – NS

HCV infection – – NS
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Although one could argue that only well-equipped, well-

staffed centers should undertake LDLTs so their DDLT

results are also satisfactory, it is undeniable that experience

with LDLTs is often as intense because LDLTs often deal

with high-urgency situations and small-for-size grafts.

Graft inflow modulation guided by transonic flowmetry or

portal manometry [29], which is a frequently used tech-

nique for LDLT, helps solve the problem of graft size

discrepancy in DDLTs and thus helps reduce the rate of

graft loss after DDLTs. Six patients (2.5 %) in the present

series had graft loss and underwent DDLT or LDLT for

salvage.

The issue of biliary drainage had been regarded as the

Achilles’ heel of liver transplantation [30]. Fortunately,

experience from LDLTs has made this issue less significant

in DDLTs. Our 2008 study reported that the biliary leakage

rate after LDLT at our center was \1 % [12], which is

echoed by the low leakage rate (0.5 %) during Era II in the

present study (Table 2). In this study, Era I (i.e., ‘‘inex-

perienced’’ era), had a significant adverse influence on

hospital mortality and tended to affect postoperative

overall survival. Although the difference in survival out-

comes between Eras I and II was probably brought about

by multiple factors, including the organ preservation pro-

tocol and immunosuppression regimen, surgical techniques

borrowed from the LDLT experience must also have con-

tributed to the improvement.

Although recipient survival of the present series com-

pares favorably with other contemporary series, such

comparison would never be optimal because indications for

transplantation comprise the major factor affecting trans-

plant outcomes and it cannot be controlled. This study

identified HBV infection as a factor for longer overall

survival and severely fatty graft and cold ischemia duration

[10 h as factors for shorter overall survival (Table 6).

Multivariate analysis of hospital mortality identified male

sex of the recipient as a protective factor, whereas HBV

and HCV infections were insignificant (Table 4). An

additional multivariate analysis of hospital mortality using

the ‘‘Enter’’ method in logistic regression identified all

three factors as insignificant (Table 4), showing that there

were interactions among them. In our series, more female

patients had HCV, whereas more male patients had HBV.

However, there were only 14 HCV carriers. Although it

was noted that the HCV carriers had poorer short-term

outcomes, the small number of patients made further sta-

tistical analysis difficult.

It is worth noting that data from any liver transplant

registry represent the results of the local region only, and

the presence of publication bias cannot be denied. Centers

Table 7 Outcomes in other series

Study Main indications No. of patients 1-Year

survival

(%)

5-Year

survival

(%)

Main

case

load

Pittsburgh [31] 1991–1998 Alcoholic liver disease Primary biliary cirrhosis

Non-A/non-B hepatitis Hepatitis C

2140 86 72 DDLT

UCLA [11] 1992–2001 Hepatitis C Alcoholic liver disease 1943 83 75 DDLT

Baylor [32] 1992–2001 Hepatitis C 1518 87 72 DDLT

Groningen [33] 1995–2002 Parenchymal liver disease 241 86 77 DDLT

Budapest [33] 1995–2002 Parenchymal liver disease 124 88 66 DDLT

South Australia [21]

1992–2005

Hepatitis C Alcoholic liver disease 100 97 83 DDLT

US OPTN/SRTR [2] Not specified 10,369 (1-year survival)

30,505 (5-year survival)

88.9 73.6 DDLT

ELTR [3] Not specified 79,479 82 70 DDLT

ANZLTR [4] Not specified 2,871 88 80 DDLT

Kaohsiung [34] 1998–2003 Hepatitis B 31 96 93 LDLT

Japan [28] 1999–2011 Viral liver cirrhosis 100 88.2 % at

3 months

LDLT

JOTNW [27] Not specified 95 84 78.6 LDLT

Hong Kong

(1991–2009 (Eras I?II) Hepatitis B 242 90.9 84.5 LDLT

Era II Hepatitis B 183 92.9 87.2 LDLT

LDLT living donor liver transplantation, US OPEN/SRTR US organ procurement and transplantation network and the scientific registry of

transplant recipients (www.srtr.org), ELTR European liver transplant registry (www.eltr.org), ANZLTR Australia and New zealand liver trans-

plant registry (www.anzltr.org), JOTNW Japan organ transplant network (www.jotnw.or.jp)
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with better achievements often have the initiative to report

their results, and often the results are published because

they are above average [21]. It is also worth noting that

positive results derived from small series are at risk of type

I error. Thus, their positivity could be a result of chance.

Conclusions

Despite the small volume, DDLT at our center produced

good results, with a high rate of recipient survival and a

low rate of graft failure. Although the causal relation

between LDLT experience and DDLT outcomes may not

be demonstrable, it has been shown that a center with a

strong, mature LDLT service can produce good DDLT

results even if it has a small DDLT volume.
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