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ABSTRACT

Living donor liver transplantation (LDLT) has become one of the chief methods of saving patients 
with end-stage liver disease due to liver cirrhosis. Accumulation of knowledge about indication and 
perioperative managements improve outcome of this treatment. In this study, we elucidate the risk factors 
of LDLT, which still exist today. Sixty-one patients received LDLT in our institute between 2003 and 
2009 were included in this study. Recipient age and sex, donor age and sex, etiology, preoperative model 
of end-stage liver disease (MELD) score, hepatocellular carcinoma (HCC), graft versus recipient weight 
ratio (GRWR), cold and warm ischemic time, operation time, blood loss, ABO compatibility, rejection, 
cytomegalovirus (CMV) infection, biliary stricture, and calcineurin inhibitor (FK506 or cyclosporin A) 
were the factors investigated. p<0.05 was considered as statistically significant in the proportional hazard 
model. In univariate analysis, the recipients’ age (p=0.024) and rejection episode (p=0.046) were selected 
as significant risk factors. In multivariate analysis including the factors that showed p<0.2 (recipient age, 
GRWR, ABO compatibility, rejection episode) in univariate analysis, recipient age (p=0.008, HR: 1.40; 
95% CI: 1.09–1.80) and rejection episodes (p=0.002, HR: 13.33; 95% CI: 2.53–71.43) were still selected 
as significant independent risk factors after LDLT. Recipient age was shown to be 1.40 times risk per 1 
year older and the rejection episode was shown to be 13.33 times risk in the recent era with comprehensive 
indication and preoperative management for LDLT. Indication must be cautious for elderly patients, and 
prevention of rejection is crucial for the improvement of results for LDLT.
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INTRODUCTION

Liver cirrhosis is an irreversible liver disorder. It causes severe complications such as refractory 
ascites,1) esophago-gastric varices,2) hepatic encephalopathy,3) and spontaneous bacterial peritonitis 
(SBP),4) and subsequently leads to death. Furthermore, cirrhosis confers a high risk for hepatocel-
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lular carcinoma (HCC)5) and subsequently, death. 
There are strategies for temporal management of these complications, but it is not possible to 

reverse cirrhosis with life-threatening complications without transplantation. In Japan, because of 
specific ethical considerations, deceased donor liver transplantation is extremely rare (averaging 
about 4 cases per year nationwide.),6) 99% of liver transplants are from close relatives of the 
patients.7) In non-Japanese Asian and Western countries, the number of deceased donors has 
not reached the number of patients on the waiting list. Thus, the number of living donor liver 
transplantations (LDLT) is gradually increasing because of the needs of the patients and their 
families who cannot wait for a caderveric donor due to their life-threatening conditions.8-10)

So LDLT is now a critical option for saving lives of patients with liver cirrhosis or excluding 
liver related complications in patients with liver cirrhosis in Japan. But there is an essential risk 
related to liver resection for healthy donors.11,12) Therefore, an explanation of LDLT’s risks must 
be made to both recipients and donors who decide to receive this treatment option.

There is a wealth of cumulative knowledge about the indications and preoperative managements 
of LDLT: included are like Milan criteria for preventing the risk for recurrence of HCC,13) and 
the knowledge of the correct graft size of donor liver for avoiding small for size syndrome,14) the 
combination of nucleoside analogue and high-dose anti-HBs immunoglobulin (HBIg) to control 
HBV reactivation,15,16) the use of preoperative plasma exchange, rituximab and direct infusion of 
immunosuppressants through portal vein or hepatic artery in ABO-incompatible donor cases.17,18) 

The extent of safety has become assured and the comprehension of indications and preoperative 
managements are now becoming established.

In this study, we elucidate the risk factors which still exist in this recent comprehensive era 
of LDLT in our transplant program, and discuss ways to improve the present-day prognosis for 
patients with liver cirrhosis who undergo LDLT.

PATIENTS AND METHODS

Patients
Sixty-one adult patients (≧18 years old) who received LDLT due to liver cirrhosis between 

2003 and 2009 were included in this study. Recipients were 37 males and 24 females; their 
average age was 51.7±9.9 years old (range: 19–63). Donors were thirty-six males and twenty-
five females with the average age of 36.1±12.7 years (range: 20–60). Etiologies were twenty 
for hepatitis C virus (HCV), seventeen for hepatitis B virus (HBV), eleven for primary biliary 
cirrhosis (PBC), four for cryptogenic cirrhosis, three for primary sclerosing cholangitis (PSC), 
three for cholestatic liver cirrhosis, two for autoimmune hepatitis (AIH), and one for Wilson’s 
disease. Thirty-two (52.5%) had hepatocellular carcinoma (HCC), and nine (14.8%) were ABO-
type incompatible cases. Fifty-five cases (90.2%) received right lobe grafts and six cases (9.8%) 
received left lobe grafts. Mean blood loss was 7559.0±1019.3 ml, and mean operation time was 
985.6±237.3 minutes. Fifteen patients (24.6%) experienced one or more rejection episodes.

Indication for LDLT in patients with liver cirrhosis
Principally, an indication for the recipients is a clinically diagnosed case of liver cirrhosis with 

model of end-stage liver disease (MELD) score≧15. If MELD score<15, liver-related complica-
tions like refractory ascites and repeated variceral bleeding were the indication of recipients. In 
HCC cases, hepatic failure as previously described or the presence of uncontrolled tumors by 
other treatments with or without hepatic complications, were the first consideration. And in the 
first years, if distant metastasis and vascular invasions were excluded in imaging studies, all 
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patients were included for indication. But in the past two years, Milan criteria (up to 5 cm of 
single tumors or up to 3 tumors not exceeding 3 cm) were strictly obeyed. ABO incompatible 
cases were not considered as a contraindication.

After the donor candidates were given detailed explanation several times by hepatologists 
and transplant surgeons, preoperative checks for donor candidates were done only if they still 
had a strong will to donate the partial liver after the risks of liver resection were explained. 
Principal exclusion criteria of the donors were (1) age>60 years old; (2) fatty liver diagnosed by 
liver-kidney contrast in ultrasound study, or liver/spleen ratio in CT; (3) remnant liver volume 
estimated to be less than 35% of total liver volume; and (4) graft-versus recipient weight ratio 
(GRWR) was estimated to be less than 0.7%.

Perioperative management of LDLT
Immunosuppression was started with a double therapy of steroids and a calcineurin inhibitor 

(CNI; FK506 or cyclosporin A). In some cases mycophenolate mofetil (MMF) was added to 
avoid renal injury by high concentrations of CNI. CNI blood levels were kept above 10 ng/
ml of trough in the first month and at 5 ng/ml thereafter in FK506 (FK) cases. And in cases 
using cyclosporine A (CyA), 200 ng/ml in trough (C0) and 1000ng/ml concentrations 2 hours 
after administraion (C2) was maintained in the first month and 150 ng/ml in C0 and 500 ng/ml 
in C2 thereafter. Steroids were tapered and withdrawn within 3 months postoperatively in most 
cases, except for HCV-positive patients who were maintained with a low dose (2.5–5 mg/day) 
of prednisolone. Rejection was diagnosed according to liver histology, and once acute cellular 
rejection was diagnosed, a high-dose methylprednisolone was administered for 3 days. If patients 
were refractory to this treatment, OKT3 was used. In HBV-positive cases, a combination of 
nucleoside analogue beginning before transplantation and high-dose HBIg beginning at anhepatic 
phase were applied and continued after transplantation. In HCV-positive cases, because of the 
high recurrence of viremia and hepatitis, and rapid progression of fibrosis was seen after liver 
transplantation, protocol biopsies irrespective of liver enzyme in the blood test were performed 
at 1, 3, 6, 12, 18, 24, and 36 POM and further annually in most cases except in those who 
succumbed early. Once recurrent hepatitis was diagnosed, a combination treatment of pegylated 
interferon (PEG-IFN) and ribavirin was applied to eliminate the virus.

Statistical analysis
To analyze the factors associated with survival after LDLT in patients with liver cirrhosis 

in recent era, we selected the following as candidate risk factors: the recipients’ age and sex, 
donors’ age and sex, etiology (HBV/HCV/PBC/others), preoperative MELD score, existence 
of HCC, GRWR, cold ischemic time, warm ischemic time, operation time, blood loss, ABO 
compatibility, existence of rejection, perioperative cytomegalovirus (CMV) infection, biliary 
stricture, and CNI (FK or CyA).

To evaluate the hazard ratio (HR) of each factor and to select independent factors for predict-
ing death after liver transplantation, the proportional hazard model was used. For analysis of 
survival comparison, Log-rank test was used. p<0.05 was considered statistically significant. All 
analyses were done with Stat View ver 5.0.

RESULTS

Significant and independent factors for risk of death after LDLT
In univariate analysis, higher recipient age (HR: 1.20; 95% confidence interval (CI): 1.03–1.42, 
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p=0.024) and existence of rejection episodes (HR: 3.37; 95% CI: 1.03–11.11, p=0.046) were 
selected as significant factors for risk of death after LDLT (Table 1). We then conducted 
multivariate analyses including factors shown to be p<0.2 in univariate analysis (recipient age, 
GRWR, ABO compatibility, and rejection). Higher recipient age (p=0.008, HR: 1.40; 95% CI: 
1.09–1.80) and history of rejection (p=0.002, HR: 13.33; 95% CI, 2.53–71.43) were again selected 

Table 1 Univariate analysis of risk factors after LDLT

Hazard ratio (95% CI) p

Recipient age      1
 1 year older 1.20 (1.03–1.42) 0.024*
Recipient sex Female      1

Male 1.10 (0.32–3.77) 0.875
Donor age      1

1 year older 1.01 (0.96–1.05) 0.704
Donor sex Female      1

Male 1.06 (0.31–3.62) 0.925
Etiology PBC      1

HBV 0.54 (0.08–3.81) 0.533
HCV 1.20 (0.23–6.20) 0.827

MELD score 1
1 point more 1.01 (0.92–1.11) 0.769

HCC No      1
Yes 1.60 (0.47–5.46) 0.456

GRWR      1
1% more 3.77 (0.50–28.16) 0.196#

Cold ischemic time      1
1 minute more 1.00 (1.00–1.01) 0.488

Warm ischemic time      1
1 minute more 0.98 (0.90–1.07) 0.705

Operation time      1
1 minute more 1.00 (1.00–1.00) 0.793

Blood loss      1
1 ml more 1.00 (1.00–1.00) 0.522

ABO blood type Incompatible      1
Compatible 0.51 (0.10–2.54) 0.408
Identical 0.29 (0.07–1.27) 0.101#

Rejection No      1
Yes 3.37 (1.03–11.11) 0.046*

CMV infection No      1
 Yes 0.57 (0.14–2.26) 0.420

Biliary stricture No      1
Yes 1.55 (0.44–5.50) 0.500

Calcineurin inhibitor FK506      1
Cyclosporin A 0.86 (0.19–4.01) 0.851

LDLT: living donor liver transplantation, 95% CI: 95% confidence interval
PBC: primary biliary cirrhosis, HBV: hepatitis B virus, HCV: hepatitis C virus, GRWR: 
graft versus recipient weight ratio, CMV: cytomegalovirus
*p<0.05, #p<0.2 and proceed to multivariate analysis
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as significant independent factors for the risk of death after LDLT (Table 2).

Survival curve analysis after LDLT according to the existence of rejection episodes
Fig. 1 shows the comparison of survival curves after LDLT with and without the existence 

of rejection episodes. Patients without rejection showed 1, 3, and 5 years of survival, 91.4%, 
81.8%, and 81.8%, respectively, and patients with rejection showed the results: 66.7%, 59.3%, 
and 59.3%, respectively (p=0.028).

These data show that rejection episode is correlated with the risk of death after LDLT, 
especially in early postoperative death. Therefore, the perioperative management to avoid rejection 
is one of the most important factors for improving the results of LDLT.

Table 2 Multivariate analysis of risk factors after LDLT

Hazard ratio (95% CI) p

Recipient age      1
1 year older 1.40 (1.01–1.80) 0.008**

GRWR      1
1% more 0.94 (0.04–25.11) 0.969

ABO blood type
Incompatible      1
Compatible 0.28 (0.02–3.30) 0.312
Identical 0.20 (0.03–1.22) 0.081

Rejection No      1
Yes 13.33 (2.53–71.43) 0.002**

LDLT: living donor liver transplantation, 95% CI: 95% confidence interval, GRWR: graft 
versus recipient weight ratio
**p<0.01
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Fig. 1 Comparison of survival curves between patients with and without rejection episodes after living donor 
liver transplantation (LDLT) (p=0.028). 

 Black line indicates the survival curve of patients without rejection episodes and gray line indicates the 
survival curve of patients with rejection episodes. POM: postoperative months.
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Survival curve analysis after LDLT according to recipient age
Fig. 2 shows a comparison of survival curves after LDLT depending on the recipients’ age. 

Survival of patients ≧58 years old was 66.9%, 58.5%, and 58.5% in 1, 3, and 5 years after 
LDLT, respectively, and 95.1%, 92.1%, and 87.2% in patients of <58 years old (p=0.010), 
respectively.

These data show that older recipients have a definitely higher risk of death after LDLT. And 
collecting data from the survival curve comparison, recipient age ≧58 years was cautious for 
the indication of LDLT. Viewed from the proportional hazard model, for example, a 60-year-old 
recipient has an estimated risk of death 5.37 times greater, while a 65-year-old recipient has an 
estimated risk of death 28.93 times risk greater than that of a 55-year-old patients. Therefore, 
LDLT should be indicated cautiously for those 60 years or older, and patients older than 65 
years could be a relative contraindication of LDLT in cirrhotic patients. 

DISCUSSION

Recently, for patients with end-stage liver disease due to liver cirrhosis, LDLT has become 
one of the most important treatment options, especially in Japan, where deceased donor grafts 
are rarely received.7) But a living liver donation has the essential problem that donors are healthy, 
and there are some definite risks to the donors in liver resection. To overcome this problem, 
donor selection should be conducted very cautiously and the establishment of safety not only for 
donors but also for recipients is crucial to explain the risks in order to obtain enough informed 
consent.

In this study, we tried to elucidate the risk factors of LDLT from the viewpoint of help-
ing solve this problem for recipients. New knowledge about the risk factors for LDLT and 
improvement of perioperative managements has brought about better outcomes for LDLT in 
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Fig. 2 Comparison of survival curves between patients ≧58 years old and <58 years old after living donor 

liver transplantation (LDLT) (p=0.010). 
 Black line indicates the survival curve of patients of <58 years old and gray line indicates the survival 

curve of patients of ≧58 years old. POM: postoperative months.
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recent years.
There are several reported preoperative risk factors to consider for the indication of liver 

transplantation: (1) liver function: both too early and too late for liver transplantation (esti-
mated MELD score 15–30 was the proper indication of liver transplantation19-21)); (2) graft size; 
GRWR<0.8% was a definite risk for LDLT14); (3) extent of HCC; Mazzaferro et al. reported 
that patients with tumors not exceeding 5 cm in single tumors, or up to 3 tumors not exceeding 
3 cm each, showed good results in HCC recurrence compared with patients who exceeded this 
criteria after liver transplantation (Milan criteria).13)

In the perioperative managements also, there are some valuable improvements in the liver 
transplant field: (1) ABO blood type incompatible donors; a definite risk to recipient compared 
with compatible and identical donors, but with recent advances in preoperative plasma exchanges 
and rituximab, and direct infusion of immunosuppressants via portal vein and/or hepatic artery, 
this kind of graft works well now, even by comparison to compatible or identical grafts.17,18) (2) 
HBV-positive cases; with the recent introduction of the combination of nucleoside analogues and 
a high-dose HBIg, the rate of HBV reactivation decreased to 0–10%, and most cases were free 
from HBV recurrence and progressive disease after liver transplantation.15,16) (3) HCV-positive 
cases; there is an accumulation of knowledge about unavoidable viral recurrences, the high 
rate of hepatitis recurrence, and the progression of liver fibrosis which is faster in transplanted 
patients. Serial protocol biopsies, irrespective of liver enzyme tests in blood, and the introduction 
of PEG-IFN and ribavirin, have brought some expected effects, especially in patients induced 
sustained viral response (SVR).22,23) 

To collect these knowledges, comprehensive indications and perioperative managements were 
established, and high-risk patients not clearly expected to benefit from LDLT tended to avoid 
this treatment option. We re-evaluated the LDLT risk factors for selected patients according to 
these policies, and we showed that rejection episodes and recipient ages remain the causes of 
death after LDLT.

Rejection is always an expectable complication because the non-self antigen-rich graft enters 
the recipient body and the immune reaction against it is unavoidable. Rejection itself is easy 
to control because of the advancement of immunosuppressants in most cases, but still a few 
patients died directly due to severe acute or chronic rejection. Furthermore, infection related to 
treatment with a high dose of strong immunosuppressants can also be a cause of death after liver 
transplantation. In fact, from observation of the survival curve, the early decline of survival is 
the most remarkable difference between patients with and without rejection. Therefore, diligent 
care for the avoidance of rejection, and tight monitoring of infection in patients treated with 
rejection are important from this standpoint.

Older recipients are a matter of debate for the indication of transplantation. Previous reports 
showed that short-term results of older recipients were not different from those of younger 
patients, but the outcome was worse in the long term if patients were divided by the age of 
60.24) Another report found that seniors older than 65 had an outcome worse than for those who 
are 60 to 65.25) 

But these findings were based on the data from deceased donor liver transplantation, and data 
from LDLT are scant. Living donor grafts are definitely smaller than whole grafts of deceased 
donors, and this could pose a considerable risk for poor outcomes in elderly patients. Indication of 
a high age limit is not agreed upon from one institute to another, but collectively from our study 
and previous reports, older patients with liver cirrhosis are risk factors for LDLT. We think that 
patients with liver cirrhosis who are older than 65 years are a relative contraindication of LDLT, 
considering the balance of risk to living donors and risk/benefit of the elderly recipients.

In conclusion, we evaluated the risk factors for LDLT in patients with liver cirrhosis in recent 
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era. Rejection episodes and older age of recipients were selected as significant independent 
factors for the risk of LDLT, so the indication of LDLT must be carefully considered in elderly 
patients. The administration of adequate immunosuppressants so as to avoid rejection is important 
for improving the outcome of LDLT even in the recent comprehensive era.
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