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Abstract
AIM
To increase the number of available grafts.
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METHODS
This is a single-center comparative analysis performed 
between April 1986 and May 2016. Two hundred and 
twelve liver transplantation (LT) were performed with 
donors ≥ 70 years old (study group). Then, we selected 
the first cases that were performed with donors < 
70 years old immediately after the ones that were 
performed with donors ≥ 70 years old (control group).

RESULTS
Graft and patient survivals were similar between both 
groups without increasing the risk of complications, 
especially primary non-function, vascular complications 
and biliary complications. We identified 5 risk factors 
as independent predictors of graft survival: recipient 
hepatitis C virus (HCV)-positivity [hazard ratio (HR) 
= 2.35; 95% confidence interval (CI): 1.55-3.56; P  = 
0.00]; recipient age (HR = 1.04; 95%CI: 1.02-1.06; P  
= 0.00); donor age X model for end-stage liver disease 
(D-MELD) (HR = 1.00; 95%CI: 1.00-1.00; P  = 0.00); 
donor value of serum glutamic-pyruvic transaminase (HR 
= 1.00; 95%CI: 1.00-1.00; P  = 0.00); and donor value 
of serum sodium (HR = 0.96; 95%CI: 0.94-0.99; P  = 
0.00). After combining D-MELD and recipient age we 
obtained a new scoring system that we called DR-MELD 
(donor age X recipient age X MELD). Graft survival 
significantly decreased in patients with a DR-MELD score 
≥ 75000, especially in HCV patients (77% vs  63% at 5 
years in HCV-negative patients, P  = 0.00; and 61% vs  
25% at 5 years in HCV-positive patients; P  = 0.00). 

CONCLUSION
A DR-MELD ≥ 75000 must be avoided in order to obtain 
the best results in LT with donors ≥ 70 years old.

Key words: Liver transplantation; Aged donors; Old 
donors; Marginal donors; Donor age
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Core tip: The use of aged grafts is one of the main 
strategies to increase the number of available grafts. 
After analyzing the results of liver transplantation 
performed with donors ≥ 70 years old, we identified 
as independent predictors of graft survival: donor 
age X model for end-stage liver disease (D-MELD), 
recipient age and hepatitis C virus (HCV) infection. 
After combining D-MELD and recipient age we obtained 
a new scoring system that we called DR-MELD (donor 
age X recipient age X MELD), which seems to be a 
good measure to predict graft survival when using 
grafts ≥ 70 years old, regardless of the HCV infection.
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INTRODUCTION
The increase of indications for liver transplantation (LT) 
and the shortage of liver donors has been one of the 
main problems for performing LTs in the past years[1-8].

The use of aged donors is one of the main strategies 
to increase the number of available grafts. Spain 
is the country with the highest donation rate per 
million population (pmp) worldwide[9]. Several studies 
comparing Spain and the United States showed that in 
Spain between 1999 and 2009 there was an increase in 
the donation rate by the population ≥ 70 years old from 
3.8 donors pmp to 8.8 donors pmp (132% increase), 
while in the United States this rate only increased from 
1 donor pmp to 1.3 donor pmp[10,11]. Spain represents 
one of the countries with the most experience using 
aged liver grafts.

There have been multiple studies analyzing the 
impact of donor age on LT results since Emre et al[12] 
published in 1996 the first long series of LTs with donors 
≥ 70 years old. Initially the results were disappointing, 
but as the number of LTs performed with such grafts 
increased, the results progressively improved until 
becoming comparable to those obtained with younger 
grafts[12-22].

The aim of the present study is to identify predictors 
of graft survival with the use of donors ≥ 70 years old, 
and formulate a score able to predict graft survival in 
an attempt to develop a tool for daily donor-recipient 
matching.

MATERIALS AND METHODS
Data source and study population
This is a single-center comparative, longitudinal and 
retrospective analysis of all LTs performed at the “12 
de Octubre” University Hospital of Madrid between 
April 1986 and May 2016. During this period 1848 
LTs were performed in 1659 patients. Of these, 232 
(12.6%) were performed with grafts from donors ≥ 70 
years old. Recipients < 18 years old, retransplantation, 
acute liver failure, human immunodeficiency virus 
(HIV) positivity, combined transplants, split grafts, in-
vivo donation, non-heart-beating donation, LTs due to 
metastatic liver disease and LTs with incomplete medical 
records were excluded from the analysis. Thus, 212 
cases (study group) were included in the study (Figure 
1). To minimize the impact of the era when the LT was 
performed, we selected as controls the first cases that 
were performed with a graft < 70 years old immediately 
after the ones that were performed with a graft > 70 
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years old; thus, the control group also consisted of 212 
cases. 

The first LT with a graft from a donor > 70 years old 
was performed on January 17, 1994. The use of donors 
≥ 70 years old increased progressively over the years, 
and now stands at around 30% of all LTs performed 
annually in our department (Figure 2).

Donor and recipient evaluation
All donors were evaluated according to our institution’s 
policy and according to the Spanish National Transplant 
Organization’s [Organización Nacional de Trasplantes 
(ONT)] guidelines.

Uncontrolled active sepsis, parenteral drug addiction, 
untreated primary or secondary hepatobiliary disease, 
severe traumatic injury, untreated tumor disease (except 
small cutaneous carcinomas, cervical carcinoma in situ, 
central nervous system tumors except glioblastoma and 
medulloblastoma, and renal cell carcinomas < 4 cm) and 
severe intoxication were considered contraindications for 
donation.

All donors were procured with dual perfusion (aortic 
and portal) and all LTs were performed with cava vein 
preservation. End-to-end choledochal anastomosis 
was routinely performed. In cases of size disparity, 
a T-tube was used and in cases of biliary disease a 
cholangiojejunostomy was made.

Donor, recipient and perioperative characteristics, 
and post-LT complications were analyzed. Patient and 
graft survival were also recorded.

All grafts ≥ 70 years old were biopsied during 
procurement to assess the presence of steatosis. All 
biopsies were reviewed at the pathology department of 
our institution.

The presence of severe arteriosclerosis with no 
possibility of arterial reconstruction was considered a 
contraindication for the use of these grafts.

All LT recipients were evaluated before transplant in 
our department. The indication for LT was established 
according to our own policy and according to the 
ONT guidelines. The follow-up of each patient after 
the transplant was carried out based on the different 
protocols existing in our department.

The degree of hepatic insufficiency was evaluated with 
the Child-Pugh classification until 2003, and after that with 
the model for end-stage liver disease (MELD) score[23]. 
Refractory encephalopathy or ascites, hepatopulmonary 
syndrome, portopulmonary hypertension, refractory 
pruritus, recurrent cholangitis in patients with cholestatic 
liver disease, hereditary hemorrhagic teleangiectasia, 
polycystic disease, multiple hemangiomatosis and 
hepatocellular carcinoma (HCC) were considered 
exceptions to MELD. 

Immunosuppresive regimen
In all cases, an initial immunosuppressive (IMS) regimen 
based on the administration of a calcineurin inhibitor 
(tacrolimus or cyclosporine) and steroids was used. Other 
drugs (azathioprine, mycophenolate or mTOR inhibitors) 
were added in an individualized way depending on the 
clinical situation. Steroids were usually discontinued 
between 3 and 12 mo after LT in the cyclosporine 
regimen, and after 3 mo in the tacrolimus regimen.

Definitions
Primary non-function (PNF) was defined as early failure 
of liver function manifested by signs of acute liver 
failure: severe hypoglycemia, persistent coagulopathy, 
encephalopathy III-IV, acute renal failure, severe 
metabolic acidosis, hemodynamic instability and 
abnormal hepatic enzyme levels. 

Acute rejection episodes were classified based on 
the Banff grades[24]. The initial treatment was based 
on the degree of rejection. Grade 1 rejections were 
treated by increasing the dose of IMS drugs, and 
grade 2 and 3 rejections were treated with 1 g of 
methylprednisolone intravenously for 3 d and steroid 
recycling. Corticosteroid-refractory rejections were 
treated with monoclonal antibodies: ATG and OKT3 
in the initial period, and with thymoglobulin and 
basiliximab thereafter.

Hepatitis C virus (HCV) recurrence in the graft 
was confirmed by histology based on the presence of 
periportal and lobular inflammation and the presence of 
fibrosis[25]. In our department, we do not have a biopsy 
follow-up protocol for HCV-patients undergoing LT, and 
therefore biopsies were only performed in the presence 
of elevated hepatic enzymes in the absence of abnormal 
vascular, biliary and IMS levels.

Vascular complications were defined as all post-
transplant abnormalities in the hepatic artery, portal 
vein or cava vein requiring therapeutic procedures such 
as radiological or surgical procedures.

Biliary complications were defined as all post-
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April 1986-May 2016

1848 liver transplantations

232 liver transplantations with donors ≥ 70

Excluded cases:
   9 re-transplantation
   6 acute liver failure
   4 HIV positive patients
   1 incomplete clinical history

212 liver transplantations with donors ≥ 70

Figure 1  Flowchart of the selection of the cases included in the present 
study. HIV: Human immunodeficiency virus.

Caso-Maestro O et al . LT with aged donors



5394 December 21, 2018|Volume 24|Issue 47|WJG|https://www.wjgnet.com

RESULTS
Donor characteristics
The donor characteristics are shown in Table 1. Aged 
donors were predominantly female whereas younger 
donors were predominantly male (P = 0.00). Obesity 
(27% vs 16%; P = 0.00), hypertension (58% vs 26%; 
P = 0.00) and diabetes (20% vs 7%; P = 0.00) were 
more common among aged donors. Although we found 
more cases of cerebrovascular deaths in the study 
group (81% vs 51%; P = 0.06), this difference was not 
statistically significant. Cardiac arrest was significantly 
lower in donors ≥ 70 years old (7% vs 25%; P = 0.00). 
Median serum sodium level was high in both groups, 
but significantly lower in the study group. Median serum 
glutamic-pyruvic transaminase (GPT) and glutamic-
oxaloacetic transaminase (GOT) levels were normal 
in both groups but, like sodium levels, they were 
significantly lower in aged donors. Biopsy findings were 
similar in both groups, with more than half of all cases 
without steatosis in each group.

Recipient characteristics
Table 2 lists recipient characteristics of the 2 groups. 
Mean recipient age was higher in recipients of older 
grafts. HCV-positivity was more common among 
patients undergoing LT with younger donors (34% vs 
49%; P = 0.00). Median product of donor age and 
preoperative MELD (D-MELD) value was higher in the 
recipients of the study group (1051 vs 629; P = 0.00), 
but all laboratory parameters analyzed were similar in 
both groups.

Perioperative characteristics
Table 3 shows perioperative characteristics in the 2 
groups. Mean cold ischemia time (CIT) was longer in 
the study group (445 min vs 386 min; P = 0.00). This is 
because most aged donors were from hospitals outside 

transplant abnormalities in the biliary tree requiring 
radiological, endoscopic or surgical procedures.

In order to carry out the graft survival analysis, we 
took into account the number of months from the LT 
day to the day on which one of the following events 
occurred: (1) end of study (August 31, 2016), (2) 
death, (3) loss of follow-up, or (4) re-transplantation. 
When the patient died, the graft was considered as non-
functioning graft.

Statistical analysis
Statistical analysis was done using the SPSS software 
package, version 20.0.0 (SPSS Inc., Chicago, IL, United 
States). Quantitative variables were expressed as mean 
± standard deviation with a normal distribution of the 
variable, and as median and interquartile range when the 
variable did not have a normal distribution. Qualitative 
variables were expressed as absolute frequencies (n) 
and relative frequencies (%). To compare qualitative 
variables, the chi-square test and Fisher’s exact test 
were used. To compare quantitative variables with 
qualitative variables, Student’s t-test was used. Non-
parametric tests were employed when appropriate. Graft 
survival was studied using the Kaplan-Meier method 
and comparisons between the different curves obtained 
were performed using the log-rank test. Regarding the 
multivariate analysis, we considered those variables in 
which statistically significant differences were found during 
the comparative analysis and those that we considered 
clinically relevant. The multivariate Cox proportional 
hazard model was applied to analyze the prognostic 
value for the risk of graft loss in all LTs performed with 
donors ≥ 70 years old. A stepwise backward conditional 
procedure was used. Finally, based on the results 
obtained, we studied graft survival according to the risk 
factors identified during the multivariate analysis. A 
P-value < 0.05 was considered statistically significant in 
all studies performed.
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Figure 2  Rate of transplants performed in our department from 1996 to 2015 with donors ≥ 70 years old.
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of Madrid, and in some cases, it took up to 3 h for the 
grafts to reach our hospital. Transfusion requirements 

were similar in both groups and no differences were 
observed in the immunosuppresive treatment. 

Table 1  Donor characteristics n  (%)

Donors < 70 years old (n  = 212) Donors ≥ 70 years old (n  = 212) P  value

Age (yr) 47 (26) 76 (7) 0.00
Gender (male/female) 139/73 (65.6/34.3) 87/125 (41.0/59.0) 0.00
BMI ≥ 30 (kg/m2) 33 (15.6) 57 (27.3) 0.00
Cause of death
   Trauma 72 (34.0) 32 (15.1)
   Cerebrovascular 108 (50.9) 172 (81.1) 0.06
   Other 32 (15.1) 8 (3.8)
History of hypertension 55 (25.9) 122 (57.5) 0.00
History of diabetes 14 (6.6) 43 (20.3) 0.00
ICU stay (h) 48 (24-96) 211 (24-48) 0.00
Cardiac arrest 53 (25.0) 14 (6.6) 0.00
Hemodynamic instability 68 (32.1) 60 (28.3) 0.39
Vasopressor use 173 (81.6) 159 (75.0) 0.09
Glucose (mg/dL) 145 (63) 156 (69) 0.00
Creatinine (mg/dL) 0.9 (0.5) 0.8 (0.3) 0.24
Sodium (mEq/L) 148 (12) 145 (11) 0.00
GOT (IU/L) 39 (55) 28 (19) 0.00
GPT (IU/L) 27 (53) 20 (17) 0.00
Biopsy findings
   Normal 125 (57.8) 107 (49.8)
   Microsteatosis 26 (12.6) 41 (19.5)
   Mild macrosteatosis (< 30%) 54 (26.1) 56 (26.7) 0.12
   Moderate macrosteatosis (30%-60%) 7 (3.5) 7 (3.5)
   Severe macrosteatosis (≥ 60%) 0 (0.0) 1 (0.5)

BMI: Body mass index; ICU: Intensive care unit; GOT: Glutamic-oxaloacetic transaminase; GPT: Glutamic-pyruvic transaminase.

Table 2  Recipient characteristics n  (%)

Donors < 70 years old (n  = 212) Donors ≥ 70 years old (n  = 212) P  value

Age (yr) 54 (14) 59 (13) 0.00
Gender (male/female) 161/51 (75.9/24.1) 167/45 (78.8/21.2) 0.48
Cirrhosis
   Alcoholic 61 (28.8) 95 (44.8)
   HBV 13 (6.1) 24 (11.3) 0.00
   HCV 105 (49.5) 72 (34.0)
   Other 33 (15.6) 21 (9.9)
HCC 82 (38.7) 84 (39.3) 0.89
Child-Pugh
   A 47 (22.1) 46 (21.7)
   B 75 (35.4) 89 (42) 0.22
   C 90 (42.5) 77 (36.3)
MELD 15 (8) 13 (5) 0.20
MELD-Na 16 (11) 14 (9) 0.12
D-MELD 629 (475) 1051 (842) 0.00
Glucose (mg/dL) 107 (44) 105 (48) 0.70
Creatinine (mg/dL) 0.9 (0.4) 0.9 (0.3) 0.07
Total bilirubin (mg/dL) 2.7 (3.4) 1.9 (2.4) 0.10
GOT (IU/L) 54 (67) 58 (58) 0.77
GPT (IU/L) 40 (49) 37 (43) 0.60
Albumin (mg/dL) 3.3 (0.9) 3.4 (1.0) 0.77
Prothrombin activity (%) 62 ± 20 (11.8-120) 65 ± 18 (5-119) 0.07
Platelets (n) 77900 (54925) 82500 (60250) 0.16
UNOS
   ICU 0 3 (1.4) 0.77
   Hospital 17 (8) 12 (5.7)
   Home 195 (92) 197 (92.9)

HBV: Hepatitis B virus; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; MELD: Model for end-stage liver disease; D-MELD: The product of donor 
age and preoperative MELD; GOT: Glutamic-oxaloacetic transaminase; GPT: Glutamic-pyruvic transaminase; UNOS: United network for organ sharing; 
ICU: Intensive care unit.
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Complications after LT
In Table 3 we can also observe the differences between 
the 2 groups regarding the development of different 
complications. Hospital stay in both intensive care unit 
(ICU) and conventional hospitalization unit were similar 
in both groups. No differences were found in relation to 
PNF, and acute rejection rate was similar in both groups 
(25% vs 29%; P = 0.39). Infectious complications 
were lower in the study group, but differences were not 
statistically significant. The rate of vascular complications 
was similar in both groups (6.6% vs 5.2%; P = 0.80). 
Although biliary complications were lower in the group 
of LTs performed with aged donors, differences were 
not statistically significant (5.2% vs 11.3%; P = 0.41). 
Finally, HCV recurrence was similar in both groups, but 
severe HCV recurrence (F3-F4 hepatitis) was higher in 
the study group (50% vs 25%; P = 0.00). 

Survival analysis
After a mean follow-up of 67 ± 59 (range: 0-271) mo 
in the control group and a mean follow-up of 67 ± 61 
(range: 0-269) mo in the study group, there were 67 
(31.6%) deaths in the control group and 80 (37.7%) 
deaths in the study group. These differences were not 
statistically significant.

We also did not observe significant differences 
between the causes of death in each group, and the 
main causes in both groups were infections and medical 
complications.

Patient survival at 1, 3 and 5-years was 86.3%, 
79.8% and 72.8%, respectively, in the control group 
and 83.8%, 78.1% and 69%, respectively, in the 

study group. Differences between the groups were not 
significant.

Graft survival at 1, 3 and 5-years was 85.3%, 
78.4% and 70.2%, respectively, in the control group 
and 80.5%, 73.6% and 64.5%, respectively, in the 
study group. Again, differences between the groups 
were not significant.

Multivariate analysis
A Cox-regression analysis to investigate risk factors 
for graft loss in LTs performed with donors ≥ 70 years 
old was performed including all variables where we 
found differences during the comparative analysis and 
the ones that we considered clinically relevant. Table 
4 shows the results. We identified 5 risk factors as 
independent predictors of graft survival: recipient HCV-
positivity [hazard ratio (HR) = 2.35; 95% confidence 
interval (CI): 1.55-3.56; P = 0.00]; recipient age (HR 
= 1.04; 95%CI: 1.02-1.06; P = 0.00); D-MELD (HR = 
1.00; 95%CI: 1.00-1.00); donor value of serum GPT 
(HR = 1.00; 95%CI: 1.00-1.00; P = 0.00); and donor 
value of serum sodium (HR = 0.96; 95%CI: 0.94-0.99; 
P = 0.00). 

Graft survival according to risk factors
After combining D-MELD and recipient age we obtained 
a new scoring system that we called DR-MELD 
(product of donor age, recipient age and preoperative 
MELD). Median (interquartile range) DR-MELD in the 
study group was 58309 (27861). We stratified the 
recipients into 5 groups (DR-MELD < 25000; DR-
MELD 25000-49999; DR-MELD 50000-74999; DR-

Table 3  Perioperative characteristics and post-liver transplantation complications n  (%)

Donors < 70 years old (n  = 212) Donors ≥ 70 years old (n  = 212) P  value

CIT (min) 386 ± 168 (100-1038) 445 ± 158 (60-975) 0.00
WIT (min) 64 ± 17 (40-200) 61 ± 13 (30-130) 0.04
Transfusional requeriments
   RBC (U) 6 (3-10) 5 (3-10) 0.98
   FFP (U) 12 ± 9 (0-60) 13 ± 9 (0-58) 0.40
   Platelets (U) 3 ± 3 (0-37) 3 ± 3 (0-16) 0.53
Basal immunosuppressant drugs
   Cyclosporine plus steroids 33 (15.6) 30 (14.3) 0.71
   Tacrolimus plus steroids 179 (84.4) 180 (85.7)
ICU stay (d) 4 (2-5) 4 (2-6) 0.58
Hospital stay (d) 18 ± 17 (0-105) 16 ± 12 (0-83) 0.34
Primary non-function 6 (2.8) 7 (3.3) 0.24
Acute rejection 61 (28.8) 53 (25.1) 0.39
Infectious complications 56 (26.4) 41 (19.3) 0.08
Medical complications 90 (42.5) 93 (43.9) 0.76
Surgical complications 38 (17.9) 34 (16) 0.60
Vascular complications 11 (5.2) 14 (6.6) 0.80
Biliary complications 24 (11.3) 11 (5.2) 0.41
Reoperation 27 (12.7) 20 (9.4) 0.28
De novo tumors 24 (11.3) 22 (10.4) 0.57
HCV recurrence 73 (61.9) 42 (57.5) 0.55
   Days 141 (58-535) 148 (51-316) 0.90
   Hepatitis F3 or F4 18 (24.7) 21 (50) 0.00
   Fibrosing cholestatic hepatitis 7 (9.6) 7 (16.7) 0.26
   Re-transplantation 11 (5.2) 12 (5.7) 0.83

CIT: Cold ischemia time; WIT: Warm ischemia time; RBC: Red blood cells; FFP: Fresh frozen plasma; ICU: Intensive care unit.
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MELD 75000-99999; and DR-MELD ≥ 100000), and 
we analyzed the graft survival according to this new 

score. Figure 3 shows the results. Overall, we obtained 
a graft survival of more than 70% at 5 years in patients 
with a DR-MELD score ≤ 75000, and of less than 50% 
in patients with a DR-MELD score ≥ 75000. Finally, we 
calculated graft survival according to DR-MELD and HCV 
infection status, and we observed that graft survival 
significantly decreased in patients with a DR-MELD 
score ≥ 75000, especially in HCV-positive patients (77% 
vs 63% at 5 years in HCV-negative patients, P = 0.00; 
and 61% vs 25% at 5 years in HCV-positive patients; P 
= 0.00) (Figures 4 and 5).

DISCUSSION
Use of elderly donors is an effective mean to expand the 
donor pool with results similar to those described with 
the use of younger donors, as demonstrated in multiple 
studies over the past years[12-22,26]. 

In Europe, the use of these donors has become 
common. One single-center study reports that almost 
40% of all LTs were performed with donors ≥ 70 years 
old[26]. However, in the United States, the use of these 
grafts is lower than in Europe, as shown in a recent 
study, where the rate of LTs performed with donors 
≥ 70 years old in the United States was only 4.3% 
between January 2002 and September 2014[27].

Table 4  Multivariate Cox-regression analysis for the risk of graft loss

Univariate analysis Multivariate analysis

HR (95%CI) P  value HR (95%CI) P  value

Donor age 1.23 (0.90-1.68) 0.19 1.15 (0.73-1.81) 0.52
Female donor 1.08 (0.78-1.49) 0.63
Donor BMI
25-29 1.56 (1.05-2.31) 0.08
≥ 30 1.53 (0.95-2.47) 0.07
Cause of death
Cerebrovascular 1.091 (0.75-1.58) 0.65
Others 0.68 (0.34-1.36) 0.28
Donor history of hypertension 1.53 (1.10-2.12) 0.00 1.43 (0.97-2.12) 0.07
Donor history of diabetes 0.99 (0.62-1.58) 0.97
Donor ICU stay 1.00 (0.99-1.00) 0.37
Donor cardiac arrest 0.94 (0.59-1.52) 0.82
Donor last serum sodium level 0.97 (0.96-0.99) 0.01 0.96 (0.94-0.99) 0.00
Donor last serum GOT 1.00 (1.00-1.00) 0.13
Donor last serum GPT 1.00 (1.00-1.00) 0.02 1.00 (1.00-1.00) 0.00
Biopsy findings
Normal 1.00 (0.64-1.59) 0.96
Microsteatosis 1.22 (0.82-1.82) 0.31
Mild macrosteatosis (< 30%) 1.89 (0.93-3.82) 0.07
Moderate macrosteatosis (30%-60%) 0.93 (0.57-1.53) 0.78
Recipient age 1.03 (1.01-1.05) 0.00 1.04 (1.02-1.06) 0.00
HCV+ recipient 1.82 (1.32-2.50) 0.00 2.35 (1.55-3.56) 0.00
HCC presence 1.24 (0.90-1.71) 0.18
MELD 1.03 (1.00-1.06) 0.05
D-MELD 1.00 (1.00-1.00) 0.00 1.00 (1.00-1.00) 0.00
Prothrombin activity 0.99 (0.98-1.00) 0.28
CIT 0.99 (0.99-1.00) 0.13
WIT 1.01 (0.99-1.02) 0.38

HR: Hazard ratio; CI: Confidence interval; BMI: Body mass index; ICU: Intensive care unit; GOT: Glutamic-oxaloacetic transaminase; GPT: Glutamic-
pyruvic transaminase; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; MELD: Model for end-stage liver disease; D-MELD: The product of donor 
age and preoperative MELD; CIT: Cold ischemia time; WIT: Warm ischemia time.

DR-MELD 
score

< 25000 25000-49999 50000-74999 75000-99999 ≥ 100000

1 yr 100% 92% 84% 68% 59%
3 yr 100% 87% 75% 59% 59%
5 yr 100% 76% 68% 52% 49%

0          12         24         36         48         60

Follow-up (mo)

1.0

0.8

0.6

0.4

0.2

0.0
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DR-MELD
< 25000
25000-50000
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Figure 3  Graft survival according to donor age X recipient age X 
model for end-stage liver disease score in patients undergoing liver 
transplantation with grafts ≥ 70 years old. Chi-square = 12.358, degrees of 
freedom = 1, P = 0.00. DR-MELD: Donor age X recipient age X model for end-
stage liver disease.
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According to the literature, and also as observed 
in the present study, elderly donors have a number of 
common characteristics[12-22,26]. Females predominate 
over males. The rates of hypertension and diabetes are 
also higher among these donors. The main cause of 
donor death is the cerebrovascular accident, followed by 
trauma (81% vs 15%). Finally, there is a tendency to 
minimize other donor risk factors for a worse evolution[28]. 
Thus, older donors have shorter ICU stays with fewer 
episodes of hemodynamic instability or cardiac arrest, 
and laboratory parameters such as serum sodium and 
transaminases are usually significantly lower.

In the literature, different factors have been 
described as predictors of graft survival, and most of 
them have been reported in several studies[8,13,26,29-33]. 
A summary of predictors of graft survival with the 
use of donors ≥ 70 years old that were identified by 
multivariate analysis (Cox regression), is shown in Table 
5. In our study, we identified 5 independent predictors 
of graft survival: donor serum sodium and serum GPT, 
recipient age, HCV and D-MELD.

Sodium and GPT are laboratory parameters that in 
many studies have been identified as risk factors for a 
poor outcome, regardless of the age of the donor[28]. 
However, in studies performed with donors ≥ 70 years 
old they never were found to be predictors of graft 
survival[8,13,26,30-33]. In addition, although differences 
between these parameters were statistically significant 
in our study, we think that they are not clinically relevant 
since they were within the normal range in both groups.

HCV is a long-known survival predictor in LTs 
performed with aged donors. HCV recurrence is earlier 
and more aggressive when aged donors are used[34-38]. 
In most of the studies performed with donors older 
than 70 years, we also observed that HCV was an 
independent predictor of graft survival[13,26,30-32]. In recent 
years, younger grafts usually have been implanted 
in HCV-positive patients, while older livers were used 
to transplant patients with HCC and without HCV 
infection[30]. Currently, with the arrival of direct-acting 
antivirals (DAA), the results of LT with aged donors 
in HCV patients have changed and donor age will not 
influence anymore LT results in HCV recipients.

It has been demonstrated that D-MELD is able 
to predict the results of LTs with donors older than 
70 years, especially in HCV patients[31,39]. Initially, 
Halldorson et al[40] proposed a D-MELD score of 1600 
as a cut-off point to identify cases with significantly 
worse outcomes. In our study, these results were not 
confirmed when they were applied to recipients of 
grafts ≥ 70 years old, since we obtained a 5-year graft 
survival of 68.4% and 62.1% for D-MELD scores < 
1600 and ≥ 1600, respectively (P > 0.05). We also did 
not obtain significant differences when we used different 
cut-off points proposed by other authors[31,39], or by 
applying still different ones. Although D-MELD was an 
independent predictor of graft survival in our study, we 
think that it should be used in combination with other 
parameters to improve its prediction power.

The age of the recipient is another parameter 
that in many studies has been linked with the result. 
In multiple series of LT with donors ≥ 70 years old, 
recipient age was an independent predictor of graft 
survival[30,33]. Some authors proposed that these grafts 
should be limited to young recipients without other 
associated risk factors to obtain better results[30,41,42]. 
However, in recent studies[13,26,31] the mean age of the 
recipients was even higher in the group of transplants 
performed with elderly donors than in the group of 
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Figure 4  Graft survival in hepatitis C-negative patients according to donor 
age X recipient age X model for end-stage liver disease score after liver 
transplantation with grafts ≥ 70 years old. Chi-square = 4.222, degrees of 
freedom = 1, P = 0.00. DR-MELD: Donor age X recipient age X model for end-
stage liver disease.
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Figure 5  Graft survival in hepatitis C-positive patients according to donor 
age X recipient age X model for end-stage liver disease score after liver 
transplantation with grafts ≥ 70 years old. Chi-square = 12.615, degrees of 
freedom = 1, P = 0.00. DR-MELD: Donor age X recipient age X model for end-
stage liver disease.
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In conclusion, the use of donors ≥ 70 years old is 
a safe strategy to expand the donor pool, and in the 
coming years they will probably become the main 
source of donation in western countries. Graft and 
patient survivals are similar to those obtained with the 
use of younger grafts without increasing the risk of 
complications, especially PNF, vascular complications 
and biliary complications. A DR-MELD ≥ 75000 must be 
avoided in order to obtain the best results. More studies 
are required to validate these findings. 

ARTICLE HIGHLIGHTS
Research background
The increased life expectancy of the general population makes that donor 
age should also increase to ensure the number of available donors. Concerns 
regarding the use of aged organs are the perception of greater susceptibility 
to ischemic damage resulting in higher risk of initial poor function or primary 
non-function. There are limited published data evaluating results of liver 
transplantation (LT) with these donors and only a few of them try to identify 
predictors of graft survival.

Research motivation
Some authors have suggested that if we identify which variables are able 
to predict survival, careful donor to recipient matching could avoid some 
complications after LT with aged donors and improve patient and graft survival. 

Research objectives
The main objective of our study is to evaluate LT outcomes with donors ≥ 70 
years old using a large single-center cohort, identify predictors of graft survival 
and compare our results with previously published.

Research methods
We analyzed all LT performed at our department between April 1986 and May 
2016 with donors ≥ 70 years old, then we compared the outcomes with those 
obtained using younger donors in the same period and finally a multivariate Cox 
proportional hazard model was applied to analyze the prognostic value for the 
risk of graft loss in all LT performed with aged donors. 

Research results
The use of donors ≥ 70 years old is a safe strategy to expand the donor 
pool. Graft and patient survivals are similar to those obtained with the use of 
younger grafts without increasing the risk of complications, especially primary 
non-function, vascular complications and biliary complications. We identified 
5 independent predictors of graft survival: donor serum sodium and serum 
glutamic-pyruvic transaminase, recipient age, hepatitis C virus (HCV) and donor 
age X model for end-stage liver disease (D-MELD). Finally, we formulated a 
score using the D-MELD in combination with the age of the recipient (we called 
it DR-MELD), and we analyzed its ability to predict graft survival in the study 
group according to the presence or absence of the HCV. A DR-MELD < 75000 
was a good measure to predict graft survival when using grafts ≥ 70 years old 
regardless the presence of HCV.

Research conclusions
The use of aged donors in LT is not associated with higher primary non-function 
or other complications if we perform a careful donor selection. The current study 
emphasizes on the importance of identifying predictors of graft survival before 
donor to recipient matching. With the arrival of direct-acting antivirals, the 
results of LT with aged donors in HCV patients have changed and donor age 
will not influence anymore LT results in HCV recipients. Donor age, recipient 
age, MELD, cold ischemia time and the presence of steatosis seems to be the 
best predictors of graft survival after analyze the outcomes of several studies.

Research perspectives
The use of aged donors is a safe alternative to expand the donor pool in LT with 

brain death donors. Additional studies are needed to investigate if the donor 
age could also be increased with marginal donors such as non-heart beating, 
split or living donors. 
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