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Abstract

Background The most practical measure to augment the
available number of liver grafts and thus reduce waiting list
mortality is to increase the donor age limit. We hypothe-
sized that with careful selection of old liver donors without
age limit it should be possible to obtain good patient and
graft survival.

Methods The present study comprises 351 adults who
underwent liver transplantation. They were divided into
three groups according to the age of the liver donors: group
1: 226 recipients of donors <60 years; group 2: 75 recip-
ients of donors between 60 and 70 years; and group 3: 50
recipients of donors >70 years. A comparative study
among the groups was performed.

Results Patient survival rates at 1, 3, and 5 years were,
respectively, 81.0, 76.1, and 71.1 % in group 1; 83.8, 74,
and 72.2 % in group 2; and 76, 70.0, and 62.9 % in group 3
(P = NS). Graft survival at 1, 3, and 5 years was,
respectively, 74.8, 69.0, and 64.1 % in group 1; 82.7, 71.4,
and 69.6 % in group 2; and 71.4, 64.8, and 58.3 % in group
3 (P = NS). We analyzed the use of older grafts in
recipients with HCV cirrhosis and did not find significant
differences in patient and graft survival at 1, 3, and 5 years.
In multivariate analysis increased donor body mass index
and decreased recipient albumin were associated with
lower patient and graft survival.
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Conclusions Because patient and graft survival rates are
not affected by donor age, well-selected older donor livers
can be safely used if they show good function and pre-
harvesting conditions.
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GGT  Gamma-glutamyl transpeptidase
GOT  Glutamic oxaloacetic transaminase
GPT Glutamic pyruvic transaminase
HBV  Hepatitis B virus
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HCV  Hepatitis C virus

HR Hazard ratio

ICU Intensive care unit

IPF Initial poor function

OLT  Ortothopic liver transplantation
PNF Primary nonfunction

PRBC packed red blood cells

WIT Warm ischemia time
Introduction

Orthotopic liver transplantation (OLT) is the treatment of
choice for patients with end-stage chronic liver diseases,
acute liver failure, and certain metabolic liver diseases. The
excellent results of OLT have led to an increasing number
of patients on the waiting list, while the number of liver
donors has remained stable. The growing disparity between
the number of recipients on the waiting list and the avail-
ability of liver donors is associated with an increased rate
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of mortality of candidates on the waiting list. In Spain,
1,108 OLT (24 OLT per million inhabitants) were per-
formed in 2008, and the rate of waiting list mortality of
OLT candidates was 7.4 %. In 1998, the rate of donors
older than 60 years was 28.8 %, whereas in 2008 that rate
reached 43.1 %: the mean age of adult liver donors also
increased during that decade, from 45 years in 1998 to
55 years in 2008. At the same time, cerebrovascular acci-
dent as the main cause of donor death has increased sig-
nificantly, from 54.7 % in 1998 to 67.7 % in 2008 [1].
Thus liver organ shortage has led liver transplant teams to
expand the donor pool using so-called marginal donors, a
not well-defined group in which are included donors
>60 years of age, donors with hypernatremia, steatosis, or
positive serologies for hepatitis C virus (HCV) or hepatitis
B virus (HBV), livers with a cold ischemia time (CIT)
>12 h, non-heart-beating donors, and split-technique and
living-related donors [2—-10]. The most frequent and prac-
tical measure to augment the liver donor pool, and thus to
reduce waiting list mortality, is to increase donor age [3,
11-15]. However, the use of older livers for transplantation
is subject to debate because several authors [16-19] have
reported a negative impact of increased donor age on sur-
vival after OLT. Other authors [12, 14, 20-24], however,
have demonstrated similar patient and graft survival rates
with liver grafts older than 60 and even 70 years.

We hypothesized that with careful selection of older
donors we would achieve comparable results in OLT
independent of donor age. Thus the aim of the present
study was to compare retrospectively three groups of
recipients who received livers from donors of different
ages: less than 60 years old, between 60 and 70 years old,
and more than 70 years old.

Patients and Methods
Study Population

Between April 1986 and December 2003, we performed
962 liver transplants on 866 patients in our institution. For
the present study we excluded 140 pediatric transplants
(patients less than 16 years old), 20 hepatorenal trans-
plants, 22 split liver transplants, 23 recipients of living
donor livers, 96 retransplants, 250 livers preserved with
Collins solution, and 60 transplants without complete data
sets to included donor, recipient, and perioperative vari-
ables. Thus, the sample comprises 351 adult recipients who
underwent OLT for chronic diseases and acute liver failure.
That sample was divided into three groups according to
donor age: control group 1: 226 recipients (64.4 %) from
donors younger than 60 years old; group 2: 75 recipients
(21.4 %) from donors between 60 and 70 years old; and
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group 3: 50 recipients (14.2 %) from donors older than
70 years old.

Donor and Recipient Characteristics

We evaluated the following donor variables: age, sex, body
mass index (BMI), cause of death, intensive care unit (ICU)
stay, vasopressor use, cardiac arrest, values of liver function
tests [GOT (glutamic oxaloacetic transaminase), GPT
(glutamic pyruvic transaminase), GGT (gamma-glutamyl
transpeptidase), total bilirubin, prothrombin rate], serum
sodium level, rate and grade of steatosis, graft preservation
injury, and cold and warm graft ischemia times.

The following pretransplant recipient variables were
also recorded: age, sex, OLT indication, Child-Pugh score,
MELD (model for end-stage liver disease) score, hemato-
logical and liver function parameters (total bilirubin, GOT,
GPT, GGT, alkaline phosphatase, prothrombin rate), and
serum levels of albumin, creatinine, and glucose. In the
process of organ procurement, liver biopsy was performed
on all liver grafts from donors older than 65 years and on
livers from younger donors when liver abnormalities (ste-
atosis, color, hard consistency, edema, fibrosis, hepatitis)
were suspected by macroscopic evaluation.

Intraoperative and Post-OLT Characteristics

All liver grafts were preserved with Belzer solution, and
recipient hepatectomy was performed with the vena cava-
sparing technique (piggy-back). In these transplant phases
we evaluated the following variables: packed red blood
cells (PRBC), fresh frozen plasma (FFP), and platelet
transfusions; ICU and hospital stay; and base immuno-
suppression regimens (cyclosporine or tacrolimus). Serum
albumin and liver graft function parameters (total bilirubin,
GOT, GPT, GGT, alkaline phosphatase, and prothrombin
rate) were evaluated during the first month after OLT
(serum levels at 1, 3, 7, and 30 days after OLT).

Postoperative Complications, Mortality, and Patient
and Graft Survival

We recorded each group’s post-transplant complications,
such as primary graft nonfunction (PNF), initial poor
function (IPF), acute and chronic rejection, biliary com-
plications, infections, and retransplant rate and causes.
Causes of mortality and 1-, 3-, and 5-year patient and graft
survival of the three groups were analyzed during the fol-
low-up. A comparative analysis of patient and graft sur-
vival was performed between patients who underwent OLT
for HCV cirrhosis versus other liver diseases. Patient and
graft survival were also analyzed in patients with viral C
cirrhosis who received livers from donors younger or older
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than 60 years (group A and group B, respectively). PNF
was defined as GOT > 1,500 IU/L and prothrombin rate
<60 %, and if the recipient died or required urgent
retransplantation within the first 14 days, having excluded
extrahepatic causes. IPF was defined as GOT > 1,500 IU/L
and prothrombin rate >60 % during the first post-transplant
week, followed by spontaneous recovery of graft function.

Immunosuppression

One immunosuppressive regimen comprised cyclosporine,
prednisone, and azathioprine or mycophenolate mofetil,
and the other consisted of tacrolimus and prednisone.
Azathioprine was discontinued 3 months after OLT. From
1996 onward, azathioprine was replaced by mycophenolate
mofetil. Steroids were usually discontinued between 3 and
12 months after OLT in the cyclosporine regimen, and at
3 months after OLT in the tacrolimus regimen. More
detailed immunosuppressive information has been descri-
bed previously [25].

Statistical Analysis

Quantitative variables were expressed as mean values and
standard deviations (SD), and qualitative variables as per-
centages. Differences in properties between qualitative
variables were assessed by the 4 test. The comparison of
quantitative variables was made by analysis of variance
(ANOVA), using Scheffe’s test when required. Graft and
patient survivals were estimated by the Kaplan—Meier
method. Comparison of survival curves was performed with
the log rank test. A P value less than 0.05 was considered
statistically significant. The variables with statistical sig-
nificance in the univariate analysis were subsequently
investigated in a multivariate analysis using a stepwise for-
ward Cox regression procedure to asses the effect of multiple
factors on patient and graft survival. The analyses of these
data were performed with the SAS System for Windows.

Results
Donor Characteristics

Mean donor ages and the sex distribution of the groups are
shown in Table 1. Body mass index was significantly less
(P = 0.0001) in the younger donor group 1 than in groups
2 and 3. In contrast to groups 2 and 3, group 1 showed a
significantly higher incidence of donor head trauma and a
lower incidence of intracranial bleeding (P = 0.0001). ICU
stay was significantly shorter (P = 0.004) in older donors
(group 3), but the frequency of vasopressor use and pre-
vious cardiac arrest were similar among the groups. Total

bilirubin and GGT values were also similar among the
groups, but younger donors (group 1) showed significantly
higher values of GOT and GPT (P = 0.002) and a lower
prothrombin rate (P = 0.007) than donors in the other two
groups. The rate of overall graft steatosis (macro and
micro) was significantly higher in groups 2 and 3 than in
group 1 (P = 0.005), but this difference was almost
exclusively due to the more frequent presence of mild
microsteatosis in these older donor groups.

Preservation injury was significantly more frequent in
group 1 than in the other two groups (P = 0.005), mainly
because of the higher incidence of mild grade injury. How-
ever, mean CIT was significantly shorter in recipients from
younger donors (303 + 178 minin group 1;371 + 193 min
in group 2; and 366 £ 154 min in group 3; P = 0.006). By
contrast, warm ischemia time (WIT) was significantly longer
in recipients of younger donors (P = 0.001) (Table 1).

Recipient Characteristics

Mean recipient age and sex distribution were not statisti-
cally significantly different among the three groups The
most frequent indications for OLT were alcoholic cirrhosis
in 167 patients (47.6 %), HCV cirrhosis in 138 patients,
HBYV cirrhosis in 32 patients, and hepatocarcinoma (HCC)
associated with cirrhosis in 21 cases. Older liver donors
were statistically more frequently used in patients with
HCV cirrhosis (34.5 % in group 1; 50.7 % in group 2; and
44.0 % in group 3; P = 0.035). Older liver donors were
also used for 21 patients with hepatocarcinoma: 10 patients
(4.4 %) in group 1; 6 patients (8 %) in group 2; and 5
patients (10 %) in group 3, but without significant differ-
ences among the groups. Child-Pugh distribution and
MELD scores were similar among the three groups. No
differences were observed among the three groups in rela-
tion to preoperative mean values of hematological param-
eters (hemoglobin, leukocytes, and platelets). Comparing
the pre-OLT liver function tests among the groups, we
found significantly higher values of GOT (P = 0.016) and
GGT (P = 0.031) in group 2 than in the other two groups.
The mean values of other liver function tests (total bilirubin,
GPT, alkaline phosphatase, prothrombin rate, and serum
albumin), serum creatinine, and serum glucose did not show
any significant differences among the groups (Table 2).

Intraoperative and Post-OLT Characteristics

Group 3 patients received a significantly lower intraoper-
ative transfusion of PRBC, but the amounts of FFP and
platelets were similar among the three groups. The length
of ICU stay was also similar among the three groups, but
hospital stay was significantly shorter in group 3 (P =
0.0042). Cyclosporine-based immunosuppression was more
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Table 1 Donor characteristics

Characteristics Donors <60 years Donors 60-70 years Donors >70 years P value
Group 1 (n = 226) Group 2 (n = 75) Group 3 (n = 50)

Mean donor age (years) 315 £ 13.6 64.7 £ 2.5 75.7£55 0.0001
Sex (male/female) 62.7/37.3 % 61.3/38.7 % 44/66 % 0.0085
Body mass index (BMI) 247 + 3.6 273 £ 4.0 26.7 + 3.7 0.0001
Cause of donor death 0.0001

Head trauma 127 (56.2 %) 7 (9.3 %) 12 (24.0 %)

Intracranial bleeding 37 (16.4 %) 51 (68.0 %) 36 (72.0 %)

Other causes 62 (27.4 %) 17 (22.7 %) 2 (4.0 %)
Intensive care unit stay (h) 69.9 £+ 84.7 72.6 £ 67.2 32.0 £ 255 0.004
Vasopressor use 164 (72.6 %) 51 (68.0 %) 37 (74.0 %) NS
Cardiac arrest 29 (12.8 %) 7 (9.3 %) 2 (4.0 %) NS
Total bilirubin (mg/dL) 1.1 £ 1.1 1.0£ 1.0 0.9 + 0.7 NS
GOT (IU/L) 80 £ 111 44 + 43 40 £ 53 0.002
GPT (IU/L) 62 + 95 33 + 40 26 + 32 0.002
GGT (IU/L) 49 + 70 57 + 58 29 + 22 NS
Prothrombin rate (%) 70 + 20 78 £+ 20 73 £ 20 0.007
Sodium (mEq/L) 148 + 15 148 + 10 145 + 10 NS
Rate of steatosis 58 (25.6 %) 37 (49.3 %) 20 (40.0 %) 0.005

Macrosteatosis 19 (8.4 %) 6 (8.0 %) 2 (4.0 %)

Microsteatosis 29 (12.8 %) 24 (32.0 %) 14 (28.0 %)

Macrosteatosis and microsteatosis 10 (4.4 %) 709.3 %) 4 (8.0 %)
Grade of microsteatosis 0.005

Absent 168 (74.3 %) 39 (52.0 %) 30 (60.0 %)

Mild (<30 %) 30 (13.3 %) 23 (30.7 %) 11(22.0 %)

Moderate (30-60 %) 21 (9.3 %) 9 (12.0 %) 5 (10.0 %)

Severe (>60 %) 7 (3.1 %) 4 (5.3 %) 4 (8.0 %)
Preservation injury

Absent or minimal 50 (22.1 %) 29 (38.7 %) 23 (46.0 %) 0.005

Mild 107 (47.3 %) 23 (30.7 %) 15 (30.0 %)

Moderate 56 (24.8 %) 19 (25.3 %) 12 (24.0 %)

Severe 13 (5.8 %) 4 (5.3 %) 0 (0 %)
Cold ischemia time (min) 303 + 178 371 + 193 366 + 154 0.006
Warm ischemia time (min) 68 £ 25 60 £ 12 58 £ 11 0.001

GOT glutamic oxaloacetic transaminase, GPT glutamic pyruvic transaminase, GGT gamma-glutamyl transpeptidase

frequently used in group 1 (P = 0.001), and the tacrolimus
regimen was more frequently used in groups 2 and 3
(P = 0.0001) (Table 3).

Liver Function after OLT

Mean bilirubin values (determinations at 1, 3, 7, and
30 days after OLT) did not reveal any significant differ-
ences among the three groups. Mean values of GOT were
significantly higher before OLT in group 2 and maintained
that significance during the first day (482 IU in group 1,
737 1U in group 2, and 491 IU in group 3; P = 0.046) and
the third day (183 IU in group 1; 291 IU in group 2, and
196 1U in group 3; P = 0.024), but the values were similar
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among the groups on the 7th day and the 30th day after
OLT. Mean values of GPT did not change significantly
from basal values before OLT to 30 days after OLT. Pre-
OLT mean values of GGT were significantly lower in
group 3 (P = 0.031), but the values of the three groups
were similar from the first day to the 30th day after OLT.
Alkaline phosphatase reached statistically significant lower
mean values in group 1 on day 1 (P = 0.015), day 3
(P = 0.001), and day 7 (P = 0.001), but at one month after
OLT mean values were similar among the three groups.
Mean values of prothrombin rate were significantly lower
in group 3 on day 1 (P = 0.001), day 3 (P = 0.024), and
day 30 (P = 0.027) after OLT. Mean values of serum
albumin were significantly higher in group 1 on day 1
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Table 2 Recipient characteristics
Characteristics Group 1 Group 2 Group 3 P value
(n = 226) (n=175) (n = 50)
Mean recipient age (years) 48.5 £ 103 514 £ 11.1 51.1 £ 10.6 NS
Gender (male/female) 66.8/33.2 % 69.3/30.7 % 80.0/20.0 % NS
Most frequent OLT indications
Alcoholic cirrhosis 112 (49.6 %) 33 (44.0 %) 22 (44.0 %) NS
Viral C cirrhosis 78 (34.5 %) 38 (50.7 %) 22 (44.0 %) 0.035
Viral B cirrhosis 15 (6.6 %) 9 (12.0 %) 8 (16.0 %) NS
Hepatocarcinoma 10 (4.4 %) 6 (8 %) 5 (10 %) NS
Child-Pugh distribution NS
Grade A 12 (5.3 %) 5 (6.7 %) 2 (4.0 %)
Grade B 85 (37.6 %) 29 (38.7 %) 23 (46.0 %)
Grade C 128 (56.6 %) 40 (53.3 %) 25 (50.0 %)
MELD score 16.7 £ 5.5 154 +£53 16.1 + 6.4 NS
Pre-OLT laboratory parameters
Hemoglobin (g/100 mL) 11.9 £ 2.0 119+ 1.8 11.8 £ 1.8 NS
Leukocytes 5,390 & 3,582 4,950 + 3,098 5,400 £ 4,370 NS
Platelets 89,751 £ 58,684 76,815 £ 46,135 79,865 + 47,027 NS
Total bilirubin (mg/dL) 45+ 64 57+ 8.6 5.1 £10.3 NS
GOT (IU/L) 91 £ 74 283 £+ 106 101 £ 56 0.016
GPT (IU/L) 72 £ 65 222 + 213 80 + 72 NS
GGT (IU/L) 112 + 169 117 £ 252 61 £ 44 0.031
Alkaline phosphatise (IU/L) 305 + 321 357 £ 425 311 £ 171 NS
Prothrombin rate (%) 58 +£ 20 57 £ 17 59 £ 15 NS
Serum albumin (g/L) 33£0.6 33+05 33£0.6 NS
Serum creatinine (mg/dL) 1.01 £ 0.51 0.96 £+ 0.27 1.02 £ 0.37 NS
Serum glucose (mg/dL) 108 + 44 121 + 69 104 £ 29 NS
OLT orthotopic liver transplant, MELD model for end-stage liver disease
Table 3 Intraoperative and post-OLT characteristics
Characteristics Group 1 (n = 226) Group 2 (n = 75) Group 3 (n = 50) P value
Transfusion
PRBC (mL) 4,800 % 6,400 3,600 £ 4,400 2,800 £ 2,800 0.023
FFP (mL) 4,600 £ 3,600 4,400 + 2,800 4,400 £ 4,400 NS
Platelets (mL) 280 + 320 320 £ 240 240 £ 200 NS
ICU stay (days) 5.1 56 5.1 £5.1 4.1 45 NS
Hospital stay (days) 279 £ 205 249 £ 234 200 £ 11.1 0.042
Immunosuppression
Cyclosporine 226 (85.4 %) 43 (57.3 %) 22 (44 %) 0.001
Tacrolimus 33 (14.6 %) 32 (42.7 %) 28 (56 %) 0.0001

(P = 0.020), day 3 (P = 0.0001), day 7 (P = 0.0001), and

day 30 after OLT (P = 0.04) (Fig. 1).

Post-OLT Complications and Mortality

We did not find any significant differences in the rate of
PNF among the three groups of recipients, but the rate of

IPF was significantly lower in recipients of younger donor
livers (P = 0.002). In contrast, the rates of acute rejection
(P = 0.006) and chronic rejection (P = 0.002) were sig-
nificantly higher in recipients of livers from younger
donors. The rate of biliary complications was similar
among the three groups, and the rate of post-OLT infection
was significantly lower in the recipients of livers from
group 3 (P = 0.0001). The incidence of severe viral C
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Fig. 1 Comparison of serum
values of liver function
parameters among the three
groups. a Serum total bilirubin
was nonsignificant. b Glutamic
oxaloacetic transaminase was
significantly higher in group 2 at
day 1 (P = 0.046) and day 3
(P = 0.024). ¢ Glutamic
pyruvic transaminase was
nonsignificant. d Alkaline
phosphatase was significantly
lower in group 1 at day 1

(P =0.015), day 3

(P = 0.001), and day 7

(P = 0.0001). e Prothrombin
rate was significantly lower in
group 3 at day 1 (P = 0.001),
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Table 4 Post-OLT complications and retransplant rate
Complications Group 1 Group 2 Group 3 P value
(n = 226) (n=175) (n = 50)
Primary graft nonfunction (PNF) 11 (4.9 %) 1 (1.3 %) 0 NS
Initial poor function (IPF) 2 (0.9 %) 7 (9.3 %) 2 (4 %) 0.002
Acute rejection 151 (66.8 %) 31 (41.3 %) 18 (36 %) 0.006
Chronic rejection 35 (15.5 %) 2 (2.7 %) 2 (4 %) 0.002
Biliary complications 50 (22.1 %) 14 (18.7 %) 7 (14 %) NS
Infection 105 (46.5 %) 31 (41.3 %) 12 (24 %) 0.0001
Retransplant cases (%) 27 (11.9 %) 4 (5.3 %) 3 (6 %) NS
Primary non-function (PNF) 3 (1.3 %) 0 0
Initial poor function (IPF) 0 2 (2.7 %) 0
Chronic rejection 15 (6.6 %) 0 0
Biliary complications 4 (1.8 %) 0 0
Hepatic artery thrombosis 4 (1.8 %) 1 (1.3 %) 1 (2 %)
Viral recurrence 1 (0.4 %) 1 (1.3 %) 12 %)
Donor gallbladder tumor 0 0 12 %)

recurrence, diagnosed by liver biopsy, was similar among
the three groups (25, 33, and 32 %, respectively; P = NS).
The rate of retransplantation was higher but not statistically
significant in group 1 recipients. The most frequent cause
of retransplantation was chronic rejection, an exclusive
complication of group 1 (Table 4). Differences in the
mortality rate during follow-up did not reach statistical
significance among the groups. The causes of overall
mortality are shown in Table 5.
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Patient and Graft Survival: Risk Factors

The mean follow-up period was significantly different

among the groups:

2,591 + 1,642 days in group 1;

1,540 £+ 1,105 days in group 2, and 1,279 £ 956 days in

group 3 (P = 0.0001).

There were no statistically significant differences in
patient survival among the three groups: 81 % in group 1,
83.8 % in group 2, and 76 % in group 3 at 1 year; 76.1 %
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Table 5 Follow-up: causes and rate of recipient mortality

Causes Group 1 Group 2 Group 3 P value
(n=226) (n=175) (n = 50)
Medical 19 10 9 NS
complications (8.5 %) (13.3 %) (18.0 %)
De novo tumors 14 34.0%) 12.0%)
(6.2 %)
Viral recurrence 627 %) 6(@8.0%) 3(6.0%)
Infection 12 1(13%) 240 %)
(5.3 %)
Chronic rejection 940%) 1(13%) O
Intraoperative death 3 (1.3 %) O 0
Other 21 34.0%) 3(6.0%)
9.3 %)
Overall mortality 84 (37 %) 24 (32 %) 18 (36 %) NS

in group 1, 74 % in group 2, and 70 % in group 3 at
3 years; and 71.1 % in group 1, 72.2 % in group 2, and
62.9 % in group 3 at 5 years after OLT (Fig. 2a). With
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Fig. 2 a Actuarial patient survival curves after orthotopic liver
transplant (OLT) in three groups according to donor age. Log rank test
for a difference in survival curves showed P = 0.5416. b Actuarial
graft survival curves after OLT in three groups according to donor age.
Log rank test for a difference in survival curves showed a P = 0.6956

regard to graft survival, we did not find any significant
differences among the groups: 74.8 % in group 1, 82.7 %
in group 2; and 71.4 % in group 3 at 1 year; 69.0 % in
group 1, 71.4 % in group 2, and 64.8 % in group 3 at
3 years; and 64.1 % in group 1, 69.6 % in group 2, and
58.3 % in group 3 at 5 years (Fig. 2b).

To see the influence of the association of hepatitis virus C
with older donors on patient and graft survival, we separated
the patients with HCV cirrhosis who received livers from
donors younger than 60 years (group A; n = 78) and
patients with HCV cirrhosis who received livers from donors
older than 60 years (group B; n = 60). We compared the two
groups and did not find significant differences in patient
survival (P = 0.074) at 1, 3, and 5 years: 84.6, 76.8, and
70.2 %, respectively, in group A, versus 78.3, 61.9, and
57.1 %, respectively, in group B (Fig. 3a). Inrelation to graft
survival, we also did not observe significant differences
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Fig. 3 a. Actuarial patient survival curves after OLT for HCV
cirrhosis (n = 138). Group A HCV patients who received liver grafts
<60 years. Group B HCV patients who received liver grafts >60
years. Log rank test for a difference in survival curves showed P =
0.074. b Actuarial graft survival curves after OLT for HCV cirrhosis
(n=138). Group A HCV patients who received liver grafts <60 years.
Group B HCV patients who received liver grafts > 60 years. Log rank
test for a difference in survival curves showed P = 0.2981
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(P =0.29) at 1, 3, and 5 years: 78.2, 69.1, and 62.6 %,
respectively, in group A versus 74.6, 59.7, and 54.9 %,
respectively, in group B (Fig. 3b).

Multivariate analysis with a Cox proportional hazard
model demonstrated that overall recipient survival was
adversely affected by increased values of donor BMI
[hazard ratio (HR) = 1.14; 95 % CI, 1.07-1.2; P = 0.001]
and decreased levels of recipient serum albumin at one
month after OLT (HR: 042; 95 % CI, 0.24-0.70;
P = 0.001). The overall graft survival was also adversely
influenced by an increased value of donor BMI (HR: 1.11;
95 % CI, 1.05-1.19; P = 0.0006) and a decreased value of
serum albumin at 1 month after OLT (HR: 0.43; CI,
0.27-0.7; P = 0.0008) (Table 6).

Discussion

An ideal donor is defined as a donor younger than 40 years,
trauma as the cause of death, hemodynamic stability, brain
death, and absence of steatosis, chronic liver disease, and
transmission disease. In addition, seven donor character-
istics associated with an increased risk of graft failure have
been identified, including donor age over 60 years as the
strongest risk factor for liver failure [26].

In the univariate analysis, BMI of the donor was found
to be significantly higher in older donors, a finding that has
also been associated with a higher frequency of micros-
teatosis and macrosteatosis, as has been observed in other
studies [27]. Moreover, in the multivariate analysis the
increased value of donor BMI had a negative impact on
patient and graft survival.

In this comparative study among three groups classified
according to donor age, we found head trauma to be the
most frequent cause of death in the younger donor group,
and intracranial bleeding as the cause of death in the two
older groups. The factors ICU stay, GOT and GPT serum
values, and prothrombin rate were significantly more
favorable in donors over 70 years, a finding that reflects the
careful selection and maintaining of these older donors. It
has been reported that an ICU stay longer than 72 h is

associated with IPF and PNF [28], and in our series mean
times for groups 1 and 2 were slightly below this limit, and
only 32 h for donors over 70 years.

The prevalence of liver steatosis in donors is usually
between 9 and 26 % [29-31], and it is more frequent in
older donors, mainly because of their history of alcohol
intake, obesity, malnutrition, and diabetes [32, 33]. We
observed a higher rate of overall steatosis in older donor
groups 2 and 3, but mainly at the expense of microsteatosis.
It has been reported that liver grafts with any degree of
isolated microsteatosis can be safely used [4, 34, 35].
Steatotic liver grafts are more prone to developing pres-
ervation injury, and a short ischemic time is recommended
as a preventive measure in these cases [31, 32]. Several risk
factors have been correlated with moderate to severe graft
preservation injury, namely prolonged ICU stay, graft
steatosis, prolonged cold ischemia, high doses of inotropic
drugs, and use of older livers [36]. In our series the overall
rate of preservation injury was significantly higher in the
younger donor group, but mainly because of a higher rate
of mild preservation injury. CIT is directly correlated with
the development of liver preservation injury, and this
incidence is higher in donors older than 60 years [37].
Therefore, the CIT of older donors must be kept as short as
possible to obtain good liver function after OLT [3, 12, 38—
40]. However, in six more recent series [22, 40—44] that
included septuagenarian donors, the CIT was between 5
and 7.2 h. In our series the mean CIT of groups 2 and 3 was
6.1 h, significantly higher than for group 1 (5 h). Prolon-
gation of WIT increases cold ischemia injury and conse-
quently impairs liver function [45]. Our mean WIT in the
younger group was 68 min, significantly higher than in the
older groups (60 and 58 min, respectively). Deleterious
effects on patient and graft survival when WIT was greater
than 40 min [46] or on graft survival alone when WIT was
greater than 45 min have been reported [47]. In our
experience, a significantly higher proportion of recipients
with HCV cirrhosis were transplanted with livers from
older donors (34.5 % of group 1, 50.7 % of group 2, and
44 9% of group 3), which is known to be associated with
lower patient and graft survival [48-54], mainly because of

Table 6 Factors related to overall patient and graft survival: multivariate analysis

Patient survival

Graft survival

HR 95 % CI P value HR 95 % CI P value
Donor variable
BMI 1.14 1.07-1.2 0.0001 1.1 1.05-1.19 0.0006
Recipient variable
Albumin (30 days post-OLT) 0.42 0.24-0.70 0.001 0.43 0.27-0.71 0.0008

Variables with P < 0.05 in the univariate analysis were included in the multivariate model

HR hazard ratio, CI confidence interval
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the development of rapid progression of graft fibrosis
[55, 56].

Our prevalence of hepatocarcinoma and positive HBV
serology was also higher, albeit not significantly, in
recipients of older livers. At the same time, Child-Pugh
distribution and pre-OLT laboratory parameters were
similar among the three groups, except for the worse values
of GOT and GPT in group 2.

As in other studies [12, 22], our recipient ICU stay after
OLT was not significantly different among the three groups.
Like the numbers reported by other authors [22], overall red
blood cell (PRBC) transfusion and hospital stay of this
series were significantly less in the recipients of livers from
donors older than 70 years. This finding reveals the careful
selection of donors and candidates for OLT [40].

The recipients of older livers have a greater sensitivity
to ischemic injury, as reflected by a notable cholestatic
pattern after OLT [22, 40, 57] that is usually normalized
within the first postoperative month [13]. By contrast, in
our series all determinations of bilirubin within the first
month after OLT were similar among the groups, and at the
end of the first month the recipients of the three groups also
showed similar values of transaminases and alkaline
phosphatase. Moreover, prothrombin rate and serum albu-
min levels were significantly lower on the 30th day after
OLT in group 3, and these findings are attributed to a
decrease in protein synthesis [58] and coagulation factors
that run parallel to the liver aging process [59]. In the
multivariate analysis, the decreased value of serum albu-
min at 1 month was significantly associated with poor
patient and graft survivals.

Several authors [28, 60] have pointed out a correlation
between the incidence of PNF/IPF and older donors. We
only found a significantly higher rate of IPF but not PNF in
recipients of livers from donors older than 70 years, and
other authors [40] did not find any episode of PNF/IPF in
30 recipients of octogenarian donor livers.

The rates of acute and chronic rejection were signifi-
cantly higher in recipients of livers younger than 60 years,
a finding that we attribute to the more frequent use of
cyclosporine in this group. It is known that CyA-treated
patients have higher rates of acute and chronic rejection
and retransplantation [61]. Other series have reported
similar rates of rejection in recipients from donors older
and younger than 70 years [22, 40, 41]. As previously
reported [22, 40], we did not find any significant differ-
ences among the groups for the rate of biliary or hepatic
artery complications. Moreover, a recent series from
UNOS reported a 61 % increased risk of hepatic artery
thrombosis-related graft loss using donors older than
70 years [62]. Curiously, the rate of infection was signifi-
cantly lower in our recipients of livers from donors older
than 70 years. Several reports have found similar rates of

retransplantation comparing recipients from 70-year-old
donors and younger donors [12, 22, 41]. We found a higher
rate of retransplantation—although it is not statistically
significant—in recipients of younger donor livers at the
expense of the incidence of chronic rejection.

In our experience the most common causes of recipient
mortality were medical complications, such as develop-
ment of de novo tumors, recurrent viral disease, infection,
and chronic rejection, but we did not find significant dif-
ferences among the groups.

Many studies show lower patient and graft survival
when using liver donors older than 60 years [9, 16-19, 53,
63, 64]. On the contrary, other authors did not find any
significant differences in recipients of donors older than 60
and 70 years old compared with recipients of younger
donors [12, 14, 22, 41, 43, 65]. When using donors older
than 70 years, it has been shown that 1-year patient sur-
vival varies between 69 and 95.4 %, 3-year patient survival
between 57.5 and 90.6 %, and 5-year patient survival
between 46.2 and 59.3 % [12, 14, 22, 40, 41, 43, 44]. The
same authors also reported 1-year graft survival between
73 and 92.6 %, and 3-year graft survival between 69.1 and
89.4 %. There is only one report using donors older than
70 years of age that observed 5-year graft survival between
51 and 53 % [42]. Our 1- and 3-year patient and graft
survivals were between the referred limits, but 5-year
patient and graft survivals were somewhat better (62.9 and
58.2 %, respectively).

In the present series we found significantly poorer
patient survival, but not graft survival, in the group of 138
patients who underwent OLT for HCV cirrhosis in com-
parison with 213 patients transplanted for other etiologies.
Moreover, many authors have demonstrated significantly
worse patient and graft survivals when liver grafts from
donors older than 40-50 years are transplanted in HCV
recipients [48-54]. However, as described in one recent
report [65], we did not find significant differences in terms
of 1-, 3-, and 5-year patient survival (P = 0.074) and graft
(P = 0.29) survival, between HCV recipients of liver
grafts younger than 60 years and HCV recipients of liver
grafts older than 60 years. In contrast, because of the ten-
dency for patient survival to decrease at 5 years, with a
longer follow-up it should be possible to demonstrate a
significantly poorer patient survival in HCV recipients of
liver grafts from donors older than 60 years.

Conclusions
In order to augment the liver donor pool, older liver grafts
with no age limit can be safely used if careful selection is

performed (good liver function and preharvesting condi-
tions, ICU stay <72h, CIT<7h, WIT<1h, and
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macrosteatosis <30-40 %, usually associated with a high
BMI). Attention must be paid to other associated recipient
risk factors, such as advanced liver disease or the presence
of HCV cirrhosis. In spite of an increased susceptibility of
older donor livers to HCV recurrence, good long-term
patient and graft survivals can be obtained when older
livers are used in patients with HCV cirrhosis.
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