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Acceptance criteria for liver allografts are ever more expanding because of a persisting wait-list mortality. Older livers are
therefore offered and used more frequently for transplantation. This study aims to analyze the use and longterm outcome of
these transplantations. Data were included on 17,811 first liver transplantations (LTs) and information on livers that were
reported for allocation but not transplanted from 2000 to 2015 in the Eurotransplant (ET) region. Graft survival was defined
as the period between transplantation and date of retransplantation or date of recipient death. In the study period, 2394 (13%)
transplantations were performed with livers >70 years old. Graft survival was 74%, 57%, and 41% at 1-, 5-, and 10-year follow-
up, respectively. A history of diabetes mellitus in the donor (hazard ratio [HR], 1.3; P = 0.01) and positive hepatitis C virus
antibody in the recipient (HR, 1.5; P < 0.001) are specific risk factors for transplantations with livers >70 years old. Although
donor age is associated with a linearly increasing risk of graft loss between 25 and 80 years old, no difference in graft survival
could be observed when “preferred” recipients were transplanted with a liver <70 or >70 years old (HR 1.1; CI 0.92-1.23,
P = 0.40) or with a donor <40 or >70 years old (HR 1.2; CI 0.96-1.37, P = 0.13). Utilization of reported livers >70 years old
increased from 42% in 2000-2003 to 76% in 2013-2015 without a decrease in graft survival (P = 0.45). In conclusion, an
important proportion of LTs in the ET region are performed with livers >70 years old. The risk of donor age on graft loss
increases linearly between 25 and 80 years old. Livers >70 years old can, however, be transplanted safely in preferred patients

and are to be used more frequently to further reduce wait-list mortality.
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exceeds the number of available liver allografts. In
2016, 2258 patients were registered for a LT, and 1567
transplantations were performed. Wait-list mortality
is therefore a serious issue: Over 500 patients died in
2016 while waiting and over 1700 patients were still
on the waiting list at the year’s end.!!) To increase the

The number of patients registered for a liver trans-

plantation (LT) in the Eurotransplant (ET) region

Abbreviations: ALAT, alanine aminotransferase; ASAT; aspartate

aminotransferase; BAR, Balance of Risk score; BMI, body mass index;
CI, confidence interval; CIT, cold ischemia time; CNS, central nervous
system; CT; computed tomography; CVA, cerebrovascular accident;
DCD, donation after circulatory death; df, degrees of freedom; DM,
diabetes mellitus; DRI, donor risk index; DRM, donor-to-recipient
model; ET;  Eurotransplant; GGT, gamma-glutamyltransferase;
HBcAb, hepatitis B core antibody; HBYV, hepatitis B virus; HCC,
hepatocellular carcinoma; HCV, hepatitis C virus; HCVAD, hepatitis C
virus antibody; HR, hazard ratio; IQR, interquartile range; LT, liver
transplantation; MELD, Model for End-Stage Liver Disease; psplines,
penalized smoothing splines; SRRI, simplified recipient risk index.
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number of transplantations, the acceptance criteria
for LT have been stretched increasingly in the past
decade. One of the criteria that is being expanded is
donor age. As a result, mean donor age has increased
from 25 years old in 1990 to 55 years old in 2016.()
This development is illustrated by the significant
increase in donors aged 70 years or older.?) These
older livers can increase the number of LT and are
therefore an important source to help decrease wait-
list mortality.
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However, they are likely to negatively affect post-
transplantation outcomes because donor age is a well-
known risk factor.)) For example, it has been included
as an important risk factor in several outcome models,
like the donor risk index (DRI), ET-DRIL,® and BAR
score.®) The latter uses a cutoff for older donors of 40
years old,® whereas the DRI and ET-DRI have donor
age categorized into 5 age categories. The category with
the oldest livers comprises all livers from donors of 70
years and older and is associated with a hazard ratio
(HR) 0f1.65 and 1.62 for the DRI and ET-DRI, respec-
tively.»*) Although these risk models use cut-off values
for donor age, the actual summative effect of donor age
on posttransplantation outcome is yet unclear, especially
when transplanting livers from donors >70 years.

The demographical transition in Western countries
with aging populations and promising posttransplanta-
tion results~) indicates that this practice will become
increasingly more common. The current substantial
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use might therefore just be the onset of a far more
common one in Europe and the United States.(!9) Tt
questions whether there are limits to donor age at all
and urges a thorough analysis of the current practice of
transplantations with elderly donors.

This study aims to analyze the effect of an increas-
ing donor age on outcomes after LT in the ET region.
Second, an evaluation of the current and potential use
of liver allografts from donors of 70 years and older is
performed.

Patients and Methods

DESIGN

All first LTs performed in adult recipients (>18 years)
with liver allografts from deceased donors from January
1,2000 until December 31,2015 in the ET region were
included. Follow-up data were obtained from the ET
Network Information System and ET Liver Registry
up to March 2017. Also, data were obtained on the
reported but nontransplanted liver allografts from do-
nors of 70 years and older within the study period. The
study protocol was approved by the ET Liver Intestine
Advisory Committee, and no ethical statement was
required according to European guidelines and Dutch
law because data were anonymized and patients were
not (directly) involved and/or affected.

OUTCOME MEASURES

Graft survival at 1-, 5-, and 10-year follow-up was
considered as primary outcome measure. Graft sur-
vival was defined as the period between the date of
transplantation and date of retransplantation or date
of recipient death, whichever occurred first (nondeath
censored graft survival). Patient survival at 1, 5, and 10
years was considered a secondary outcome and was de-
fined as the time between the date of transplantation
and the death date. Utilization rate was defined as the
proportion of liver allografts used for liver-only trans-
plantations in adult recipients divided by the sum of
livers used for first liver—only transplantations in adult
recipients and all reported but nontransplanted livers.

PREFERRED RECIPIENTS

Preferred and nonpreferred recipients were defined
according to the criteria as published by Segev et al.!V
They identified a group of patients by selecting first time,
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nonstatus 1 recipients with an age >45 years, body mass
index (BMI) <35 kg/m?, an indication other than hepa-
tocellular carcinoma (HCC) or hepatitis C virus (HCV),
and a cold ischemia time (CIT) <8 hours. In our study,
we only considered recipients with an age >45 years,
BMI <35 kg/m?, an indication other than HCV, and a
CIT <8 hours as preferred recipients. Retransplantations
were not included in this study, and the definition of (the
equivalent of) status 1 recipients changed over the study
period. In addition, HCC could not be analyzed because
the presence of HCC was not registered for the entire
study period as a separate variable or as a category in the
etiology of the liver disease variable.

TRANSPLANT CENTERS

Transplant centers were first categorized by the me-
dian number of L'Ts with livers >70 years old in a low-
and high-volume group. Subsequently, centers were
categorized by the median proportion of transplanta-
tions performed with livers >70 years old as compared
with all transplantations performed in that center and
included in this study. Then, centers were categorized
according to outcome of transplantations with livers
>70 years in “better than expected,” “worse than ex-

pected,” and “as expected” based on the 95% confi-
dence interval (CI).02

DATA ANALYSIS

Clinical characteristics were summarized by median
and 25% and 75% interquartile range (IQR) or by n
(%) for continuous and categorical factors, respectively.
Factors between groups were compared using Kruskal-
Wallis (continuous) and chi-square tests (categorical).
Missing values were imputed with the median value
for gamma-glutamyltransferase (GGT; 34 U/L, 2%),
aspartate aminotransferase (ASAT; 41 U/L, 1%), al-
anine aminotransferase (ALAT; 29 U/L, 1%), and
bilirubin (9.4 pmol/L, 3%). Missing CITs (37%) were
imputed based on 3 factors: allocation (local, regional,
and extraregional), 3 years’ nondeath-censored graft
survival, and CITs in a 5-fold database by multiple
imputation using chained equations. Diabetes melli-
tus (DM) in the donor was considered present in case
of a medical history of DM type 1, 2, and “positive
but unspecified.” Rescue allocation, cardiac arrest, and
hypotensive periods in the donor were considered ab-
sent when missing. Donor hepatitis C virus antibody
(HCVAD), hepatitis B core antibody (HBcAb), and re-

cipient HCVADb were considered negative when missing
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(1%, 1%, and 24%, respectively) or not tested (0%, 2%,
and 8%, respectively). The ET-DRI® was calculated
for all transplantations, and the simplified recipient risk
index (sSRRI) and donor-to-recipient model (DRM)(3)
were calculated for all patients with a known Model
for End-Stage Liver Disease (MELD) score. MELD
score was only known for recipients that were listed in
the time period after December 16, 2006 because then
MELD score was implemented in E'T.

STATISTICAL ANALYSIS

Posttransplantation outcomes at 10 years were an-
alyzed with Kaplan-Meier analysis and by log-rank
test. Results were stratified for 4 donor age categories
(<60, 60-69, 70-79, and >80 years). A possible correla-
tion between donor age and laboratory MELD score
was tested with a Cox regression model. Subsequently,
factors potentially associated with graft survival were
analyzed in a multivariate Cox regression model in
transplantations with livers from donors >70 years
old. The specific effect of donor age was visualized by
using splines regression when adjusted for donor and
risk factors (DRM). Then, the effect of donor age on
outcome was analyzed in preferred and nonpreferred
recipients. Within both patient categories, outcome
was stratified by 2 donor age categories: livers from
donors <70 years old and >70 years old and for livers
from donors <40 and >70 years old. Center outcome
for transplantations with livers >70 years old was ac-
cording to volume and proportion of LTs with livers
>70 years old in a Kaplan-Meier analysis, and then, ac-
cording to their relative performance on graft survival
at 5-year follow-up in a funnel-plot analysis. Centers
with few such transplantations were excluded for this
analysis (<10 LTs). To analyze the utilization rate, liv-
ers from donors >70 years old that were reported to
ET were compared by transplantation status (yes/no).

A P value of <0.05 was considered statistically sig-
nificant, and all analyses were performed with SPSS,
version 24.0 (IBM, Armonk, NY) and R, version 3.3.2
(R Project for Statistical Computing, Vienna, Austria).

Results

STUDY POPULATION

In the study period, 17,811 first L'Ts were performed
in adult recipients within the ET region. Mean
tollow-up period was 6.3 years. Median donor age
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FIG. 1. Trends in donor age. Median donor age increased from 42 to 55 years old from 2000-2015.

of all transplanted livers was 51 years old (maximum
98 years) and increased from 42 to 55 years (Fig. 1).
Nearly half of all transplanted livers were allocated
extraregionally (45%) and 23% were allocated in res-
cue allocation. Median ET-DRI was 1.8 (1.5-2.2)
with donor age included and 1.4 (1.3-1.6) without
donor age. Recipients had a median age of 54 years,
and median laboratory MELD score was 16. Other
demographics on donor, transplantation, and recipient
characteristics are shown in Tables 1 and 2. Overall
graft survival was 76%, 63%, and 49% after 1, 5, and
10 years, respectively, and patient survival was 81%,
69%, and 55% after 1, 5, and 10 years, respectively.

OUTCOME BY DONOR AGE
GROUPS

Of all transplantations, 15,147 (85%) were performed
with donors <70 years old and 2014 (11%), 369 (2%),
and 11 (0.06%) transplantations were performed with
livers from septuagenarian, octogenarian, and nona-

genarian donors, respectively (Fig. 2; Table 3). The

percentage of LTs with donors >70 years old increased
significantly throughout the study period (P < 0.001).
Donor and recipient characteristics per donor age cate-
gory are shown in Table 4. In this table, characteristics
of transplantations with livers from donors <70 years
old and >70 years old were compared. Cerebral vas-
cular accident as cause of death was more frequent in
transplanted livers >70 years old, whereas trauma was
more frequent in younger donors. DM had a higher
prevalence in livers >70 years old (16% versus 5%;
P < 0.001) in contrast to cardiac arrest (4% versus 13%;
P < 0.001). Furthermore, CITs were longer in trans-
planted livers <70 years old (8.9 versus 8.7, P < 0.001).
The ET-DRI—as a measurement of donor quality—
was significantly different in both groups (1.7 versus
2.4; P < 0.001), but no significant difference was
shown with the factor donor age set at reference (1.4
versus 1.4; P=0.31).

Patients transplanted with a liver >70 years old were
older as compared with recipients of livers from donors
<70 years old (58 versus 54 years old; P < 0.001). The

recipients of older livers did also have a lower median
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TABLE 1. Demographics of All Livers Used for First
Liver—Only Transplantations in 2000-2015

TABLE 2. Demographics of All Recipients Receiving a
First Liver—Only Transplantation in 2000-2015

Value (n = 17.811)

Recipient factor

Value (n = 17.811)

Donor factor Age, years 54 (47-61)
Age, years 51 (40-63) Height, cm 173 (167-180)
Height, cm 175 (166-180) Weight, kg 77 (67-88)
Weight, kg 75 (68-85) BMI, kg/m? 25 (23-29)
BMI, kg/m? 25(23-28) Laboratory MELD 16 (11-27)
Sex, male 9713 (59) Match MELD* 23 (16-31)
HCVAD (positive) 138 (1) Sex, male 11,796 (66)
(Hzizi\s (()?Zse'g;’he) 1001® HOWAD (osive) 3474 (19)

Anoxia 1421 (8) Primary disease on waiting list
Circulational 556 (3) Metabolic 612 (3)
CNS fumor 104 (1) Acute 1496 (8)
CVA/stroke 10,659 (60) Cholestatic 2018 (11)
Head trauma 4186 (24) Alcoholic 4102 (23)
Other 885 (5) Malignant 3138 (18)
DCD 744 (4) HBY 603 (3)
Split liver 641 (4) Hov 1516 (9)
CT present 1725 (10) Other cirrhosis 3334 (19)
Ultrasound abdomen present 13,316 (75) Other/unknown 992 (6)
Cardiac arrest (yes) 2098 (12) Laboratory MELD category
Hypotensive period (yes) 3131 (18) 45 5059 (28)
Diabetes (yes) 1203 (7) 15:25 3688 (21)
Latest laboratory values
GGT, UL 34 (18-76) 26-34 1851 (10)
ASAT, U/L 41 (25:72) 35+ 1698 (10)
ALAT, U/L 29 (17-55) Missing 5515 (31)
Bilirubin, umol/L 9.4 (6.0-14.7) Country of fransplantation
Donor country Germany 10,651 (60)
Germany 10,350 (58) Hungary® 170 (1)
Hungary* 240 (1) The Netherlands 1434 (8)
The Netherlands 1593 (9) Belgium 2756 (15)
Belgium 2694 (15) Croatia* 787 (4)
Croatia 803 (5) Slovenias 243 (1)
Slovenia* 3342 Austria 1770 (10)
Austria 1751 (10) Luxemburg 0(0)
Luxemburg 46 (<1) SRl 19 (16:2.3)
Transplant factor
Allocation DRM without donor age!! 2.5(2.0-3.0)
Local 5121 (29) DRM with donor agell 29 (2.3-3.6)
Regional 4614 (26)
Extraregional 8076 (45) *NOTE: Data are given as n (%) or median (IQR).
Rescue allocation (yes) 4011 (23) Match MELD values are f.:1ther the exceptional or laboratory
MELD score used for matching.
CIT, hours 8.87 (7.00-10.85) Hoined ET in May 2013,
ET-DRI . 18(1.52.2) *Joined ET in May 2007.
ET-DRI without age 14 (1.3-1.6) SJoined ET in January 2000.

liCalculated for patients listed after MELD implementation,

NOTE: Data are given as n (%) or median (IQR). December 2006 (n = 12,296)

“Joined ET in May 2013.
Joined ET in May 2007.
*Joined ET in January 2000.
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FIG. 2. Kaplan-Meier analysis of survival by donor age category (n

TABLE 3. Graft and Patient Survival Rates

1 Year 5 Years 10 Years
Graft survival
<70 years (n=15,147)
Survival 76% 63% 50%
Number of events 3527 4989 5722
Number at risk 10,775 5296 1680
70-79 years (n = 2014)
Survival 75% 58% 43%
Number of events 483 707 782
Number af risk 1358 507 99
>80 years (n = 380)
Survival 71% 51% 28%
Number of events 103 154 169
Number af risk 238 65 9
Pvalue 0.089 <0.001 <0.001
Patient survival
<70 years (n=15,147)
Survival 81% 69% 56%
Number of events 2763 4124 4837
Number af risk 11,480 5818 1900
70-79 years (n = 2014)
Survival 80% 64% 48%
Number of events 388 595 673
Number af risk 1436 556 110
>80 years (n = 380)
Survival 79% 58% 36%
Number of events 76 126 141
Number af risk 262 76 1
Pvalue 0.188 <0.001 <0.001
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laboratory MELD score (16 versus 17; P < 0.001).
Another difference was observed in primary diagnosis.
Recipients of liver allografts >70 years old more often
had a malignant disease (24% versus 17%) and alco-
holic liver cirrhosis (30% versus 22%).

When analyzing graft survival, significant dif-
ferences were observed across donor age categories
(<70, 70-79, and >80 years) at 5-year (P < 0.001) and
10-year follow-up (P < 0.001; Fig. 2A). No difference
in 1-year graft survival could be detected (P = 0.09).
Similar differences were observed for patient survival:
no difference at 1-year follow-up (P = 0.19) but sig-
nificant differences at 5-year (P < 0.001) and 10-year
follow-up (P < 0.001; Fig. 2B). A potential change in
outcome throughout the study period was evaluated
for LTs with donors of >70 years per year. However,
no effect of transplant year (P = 0.30) or when grouped
into 5 transplant periods (P = 0.45) could be detected
for graft survival at 5-year follow-up (data not shown).

RISK FACTORS IN
TRANSPLANTATIONS WITH
OLDER LIVER ALLOGRAFTS

Multivariate analysis in transplantations with liv-
ers from donors >70 years old showed the following
significant risk factors for graft survival at 10-years
tollow-up: donor age (P = 0.02), a history of DM in the
donor (P = 0.01), CIT (P = 0.001), rescue allocation
(P = 0.02), a recipient age of <45 years old (P = 0.01),
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TABLE 4. Characteristics of All Transplantations in 2000-2015 Per Donor Age Category

<70 Years >70 Years 70-79 Years  80-89 Years >90 Years
(n=15,417) (n=2394) PValue (n=2014) (n=369) (n=11)
Donor factor
Age, years 49 (38-58) 74 (72-78) <0.001 73 (71- 76) 82 (81-84) 90 (90-94)
Height, cm 175 (168-180) 170 (165-175) <0.001 170 (165-175) 165 (160-174) 160 (160-165)
Weight, kg 75 (68-85) 75 (70-85) <0.001 75 (70-85) 73 (65-80) 63 (60-70)
BMI, kg/m? 25 (23-28) 26 (24-28) <0.001 26 (24-28) 26 (24-28) 24 (22-26)
Sex, male 8649 (56) 1064 (44) <0.001 927 (46) 136 (37) 1(9)
HCVAb (positive) 131 (1) 7 (<) 0.004 7(0) 0(0) 0(0)
HBCAb (positive) 800 (5) 201 (8) <0.001 159 (8) 42 (11) 0(0)
Cause of death <0.001
Anoxia 1317 (9) 104 (4) 90 (4) 14 (4) 0(0)
Circulational 511 (3) 45 (2) 41 (2) 4(1) 0(0)
CNS tumor 102 (1) 2 (<) 2 (0) 0(0) 0(0)
CVA/stroke 8817 (57) 1842 (77) 1555 (77) 278 (75) 9(82)
Trauma 3843 (25) 343 (14) 273 (14) 68 (18) 2(18)
Other 827 (5) 58 (2) 53 (3) 5() 0(0)
DCD 717 (5) 27 (1 <0.001 26 (1) 1(<1) 0(0)
Split liver 641 (4) 0(0) <0.001 0(0) 0(0) 0(0)
Imaging
CT abdomen result present 1501 (10) 224 (9) 0.56 190 (9) 33 (9) 1(9)
Ultrasound abdomen present 11,200 (73) 2216 (93) <0.001 1770 (88) 336 (91) 10 91)
Previous medical history
Diabetes 816 (5) 387 (16) <0.001 323 (16) 62 (17) 2 (18)
Cardiac arrest 1998 (13) 100 (4) <0.001 88 (4) 12 (3) 0(0)
Hypotensive periods 2871 (19) 260 (11) <0.001 216 (11) 44 (12) 0(0)
Last laboratory values
Last GGT (U/L) 34 (18-80) 30 (17-58) <0.001 31 (17-61) 25 (14-47) 22 (10-36)
Last ASAT (U/L) 42 (25-75) 35 (24-58) <0.001 35 (24-58) 35 (23-54) 39 (30-65)
Last ALAT 30 (18-58) 21 (15-37) <0.001 22 (15-38) 18 (13-30) 25 (20-29)
Last bilirubin 9.4 (5.8-14.1) 10.3 (6.8-15.6) <0.001 10.3 (6.8-15.8) 10.3 12.4 (9.0-17.1)
(6.9-15.4)
Transplant factor
Allocation <0.001
Local 4382 (28) 739 (31) 633 (31) 100 (27) 6 (55)
Regional 3953 (26) 661 (28) 550 (27) 108 (29) 3(27)
Extraregional 7082 (46) 994 (42) 831 (41) 161 (44) 2(18)
Rescue (yes) 3162 (21) 849 (35) <0.001 678 (34) 204 (55) 6 (55)
CIT, hours 8.9 (7.0-10.9) 8.7 (6.8-10.6) <0.001 8.7(69-10.7)  82(6.5-104) 79 (5.3-11.1)
ET-DRI without donor age 1.4 (1.3-1.6) 1.4 (1.3-1.5) 0.31 1.5(1.3-1.5) 1.5(1.3-1.5) 1.4 (1.2-1.5)
ET-DRI 1.7 (1.5-2.0) 2.4 (21-2.5) <0.001 2.4 (21-25) 2.4(21-25) 2.2 (1.9-2.5)
Transplantation period <0.001
2000-2003 3287 (21) 109 (5) 96 (5) 13 @) 0(0)
2004-2006 2631 (17) 293 (12) 256 (13) 36 (10) 1(9)
2007-2009 3168 (21) 508 (21) 424 (21) 82 (22) 2(18)
2010-2012 3218 (21) 798 (33) 662 (33) 133 (36) 3(27)
2013-2015 3113 (20) 686 (29) 576 (29) 105 (28) 5(46)
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TABLE 4. Continued
<70 Years >70 Years 70-79 Years  80-89 Years >90 Years
(n=15,417) (n=2394) PValue (n=2014) (n=369) (n=11)
Recipient factor
Age, years 54 (46-60) 58 (51-63) <0.001 58 (51-63) 58 (51-63) 58 (51-75)
Height, cm 173 (167-180) 172 (166-178) <0.001 172 (166-178) 172 (165-178) 170 (162-171)
Weight, kg 77 (66-88) 78 (68-89) 0.01 78 (68-89) 75 (66-88) 75 (69-88)
BMI, kg/m? 25 (23-29) 26 (23-29) <0.001 26 (23-29) 26 (23-29) 27 (25-28)
Laboratory MELD 17 (11-28) 16 (11-23) <0.001 16 (11-24) 15 (10-20) 18 (13-25)
Match MELD* 23 (15-31) 23 (16-29) 0l 23 (16-29) 22 (16-28) 19 (14-25)
Sex, male 10,184 (66) 1612 (67) 0.22 1358 (67) 249 (67) 5(45)
HCVAb 2164 (14) 310 (13) 0.15 258 (13) 51 (14) 109
Primary disease on waiting list <0.001
Metabolic 555 (4) 57 (2) 47 (2) 103) 0(0)
Acute 1395 (9) 101 (4) 89 (4) 12 (3) 0(0)
Cholestatic 1795 (12) 223 (9) 192 (10) 30(8) 109
Alcoholic 3389 (22) 713 (30) 584 (29) 125 (34) 4 (36)
Malignant 2573 (17) 565 (24) 472 (23) 89 (24) 4 (36)
HBV 504 (3) 99 @) 83 (4) 16 (4) 0(0)
HCV 1331 (9) 185 (8) 151 (7) 339 1(9)
Other cirrhosis 2956 (19) 378 (16) 329 (16) 48 (13) 109
Other/unknown 919 (6) 73 (3) 67 (3) 6(2) 0(0)
Laboratory MELD category <0.001
<15 4130 (27) 929 (39) 765 (38) 160 (43) 4 (36)
15-25 3008 (20) 680 (28) 556 (28) 120 (33) 4 (36)
26-34 1581 (10) 270 (1) 238 (12) 30 (8) 2(18)
>35 1504 (10) 194 (8) 175 (9) 18 (5) 109
Missing (pre-MELD era) 5194 (34) 321 (13) 280 (14) 41 (1) Not available
Match MELD category* <0.001
<15 2259 (15) 415 (17) 344 (17) 68 (18) 3(27)
15-25 3266 (21) 707 (30) 582 (29) 120 (33) 5 (46)
26-34 3065 (20) 739 (31) 615 (31) 122 (33) 2(18)
>35 1633 (11) 212 (9) 193 (10) 18 (5) 1(9)
Missing (pre-MELD era) 5194 (34) 321 (13) 280 (14) 41 (11) 0(0)
MELD present, n 10,223 2073 1734 328 11
SRRIT 19 (1.6-2.3) 19 (1.6-2.2) 0.33 19(16-2.2)  1.86(1.62.2)  19(1.62.2)
DRM without donor age 2.5(2.0-3.1) 2.4 (2.0-2.8) 0.001 2.4 (2.0-2.8) 2.4 (21-2.8) 2.1 (2.0-3.0)
DRM with donor age 2.8 (2.3-3.5) 3.2(27-3.8) <0.001 32(28-38) 33(28-375  28(26-4))

NOTE: Data are given as n (%) or median (IQR).

*Match MELD values are either the exceptional or laboratory MELD score used for matching.
fsRRI and DRM are calculated for all recipients after MELD implementation in December 2006.

MELD score category (P < 0.001), and HCVADb
status of the recipient (P < 0.001; Fig. 3; Table 5).
Interestingly, recipient age as a continuous variable was
not associated with inferior graft survival in the mul-
tivariate analysis. When outcome of transplantations
with livers >70 years old was stratified for recipient
age (<45 years old, n = 217; 45-55 years old, n = 650;
55-65 years old, n = 1120; >65 years old, n = 407), in-

ferior survival was observed in recipients <45 years old

with a survival rate of 54% as compared with recipients
>45 years old with an overall survival rate of 59% (P
< 0.001). No differences were observed between the
age categories in recipients >45 years old (P < 0.69;
Supporting Fig. 1). No clear cutoff value for laboratory
MELD score could be identified for transplanting
livers >70 years old (data not shown). The risk of an
increasing donor age (adjusted for donor and recipient
risks) is shown in Fig. 3. It shows a stable risk up to a
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FIG. 3. The adjusted risk of donor age on graft survival (n =
12,296). Donor age has a linear, increasing risk for graft survival
from 25 years old up to 80 years old, that shows no signs of
decreasing over 80 years old.

donor age of 25 years, after which the risk increases
linearly up to 80 years old. As of a donor age of 80
years, the risk seems to increase even further, although
the 95% CI increases because of limited numbers.

OUTCOME IN PREFERRED AND
NONPREFERRED RECIPIENTS

Transplantations were then divided into 2 groups of
preferred and nonpreferred recipients as described by
Segev et al.1) (Fig. 4). According to these criteria (re-
cipient age >45 years old, recipient BMI <35 kg/m?,
etiology of liver diseases other than HCV cirrhosis, and
CIT <8 hours), 4576 (26%) and 13,235 (74%) patients
were identified as preferred and nonpreferred recipi-
ents, respectively. A similar distribution of laboratory
MELD score was present in both groups (Supporting
Fig. 2).

In preferred recipients, there was only a minor,
nonstatistically significant difference in graft survival
between recipients who underwent transplantation
with a liver younger than 70 or older than 70 years
old (HR, 1.1; 95% CI, 0.92-1.23; P = 0.40; Fig. 4A).
In nonpreferred recipients on the contrary, a donor
age over 70 years old had a significant impact on graft

survival (HR, 1.2; 95% CI, 1.14-1.35; P < 0.001;
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TABLE 5. Multivariate Analysis of Factors Associated With
10-Year Graft Survival of Transplantations With Livers >70
Years Old With a Known MELD Score (n = 2073)

Wald HR 95% Cl p-Value
Donor
Age, years 1.02 1.003-1.036 0.02
Medical history,
DM (yes) 1.30 1.047-1.500 0.01
Transplant
Cold ischemia time 1.04 1.019-1.071 0.001
(continuos hours)
Rescue_R (yes) 1.21 1.036-1.422 0.02
Recipient
Age (>45 years old) 0.74 0.586-0.923 0.01
Sex, male 1.19 1.020-1.386 0.03
LabMELD 47,366 <0.001
(categorial)
<15 Reference Reference
>15 and <25 11 0.905-1.261 0.44
>25 and <35 1.5 1.206-1.887  <0.001
>35 2.2 1.7472.826  <0.001
HCVAb (positive) 1.5 1.229-1.801  <0.001

NOTE: Not significant in multivariate analysis backward selec-
tion (Wald): donor sex, donor type, split liver, hypotensive period,
allocation region, BMI, cause of death, last ALAT, ASAT, biliru-
bin, HBcAb, HCVAD, cardiac arrest, recipient BMI, and etiology

of disease.

Fig. 4B). An even more distinctive difference between
preferred and nonpreferred recipients was observed
when comparing transplantations with a donor below
40 years old or of 70 years old and older. In preferred
recipients, no statistically significant difference could
be observed in graft survival at 5 years (HR, 1.2; 95%
CI, 0.96-1.37; P = 0.13; Fig. 4C), whereas it had a
major impact in nonpreferred recipients (HR, 1.5; 95%
CI, 1.39-1.71; P < 0.001; Fig. 4). Similar results were
observed for patient survival at 5 years (Supporting

Fig. 3A-D).

CENTER ANALYSIS

No difference in outcome of transplantations with liv-
ers >70 years old (n = 2394) was observed when centers
were stratified according to the number of transplanted
with livers >70 years old (<70 or >70 transplanta-
tions; P = 0.781) or by proportion of livers >70 years
old (<12% or >12%; P = 0.395; Supporting Fig. 4A,B)
in the study period. High proportion centers tended to
transplant younger donors (54 years old versus 49 years
old; P < 0.001), but no (clinical) significant differences
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FIG. 4. Graft survival in preferred recipients versus nonpreferred recipients. (A) In preferred recipients, no statistical significant
difference can be observed in graft survival whether transplanted with a liver below or over 70 years old (HR 1.1; CI 0.92-1.23,
P = 0.40). In nonpreferred recipients, this difference in outcome is statistically significant (B) whether transplanted with a liver below
or over 70 years old (HR 1.2; CI 1.14-1.35, P < 0.001). Also, significant differences can be detected when comparing transplantations
with livers below 40 years old or of 70 years and older. In preferred recipients (C) no difference was observed (HR 1.2; CI 0.96-1.37,
P = 0.13) while a statistically significant difference was observed in nonpreferred recipients (D) (HR 1.5; CI 1.39-1.71, P < 0.001).

in median laboratory MELD score (17 versus 16; 6 centers (n = 570 LTs) had significantly “better
P <0.001) or CIT (8.8 hours versus 8.9 hours; P=0.96) than expected” graft survival at 5-year follow-up,
were observed as compared with low proportion centers.  whereas 8 (n = 649 LTs) and 20 transplantation cen-

When centers were categorized according to out- ters (n = 1160 LITs), respectively, had “worse than
come of transplantations with livers >70 years old, expected” or “as expected” outcome (Supporting
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FIG. 5. Utilization of livers >70 years old. Number of livers >70 years old reported to ET by transplantation status (numbers). Number
of livers >70 years old reported to ET by transplantation status (relative %).

Fig. 4C). Characteristics of these groups are shown in
Supporting Table 2. Most notably, centers with better
than expected performance transplanted these livers
>70 years old more often in preferred recipients and
transplanted more locally procured livers.

UTILIZATION OF REPORTED
LIVERS

Out of all reported livers of >70 years, 1022 out of 3416
(30%) livers were not transplanted. Characteristics of
transplanted versus nontransplanted liver allografts are
shown in Supporting Table 1. Most notably, hepatitis
B virus (HBV) and HCV were more often observed
in nontransplanted livers with rates for HBV of 12%
versus 8% (P < 0.001), and HCV of 3% versus 0%
(P < 0.001), respectively. Also, diabetes was more
often present in donors of nontransplanted livers
(23% versus 16%; P < 0.001), and laboratory values
(GGT, transaminases, and bilirubin) were signifi-
cantly higher in donors of nontransplanted livers. The
utilization rate increased from 42% in 2000-2003 to
77% in 2010-2012 and stabilized at 76% in 2013-2015
(Fig. 5). Of all 1022 nontransplanted livers, 374 (37%)
were procured. The proportion of nontransplanted liv-
ers that were procured increased from 23% (35/151) in
2000-2003 to 41% (89/216) in 2013-2015. Reasons for
discarding the liver allografts (n = 416) were reported
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in 82% of all procured livers and mostly concerned
organ quality. Steatosis was most often mentioned as
the reason for discarding the organ (36%), followed
by fibrosis (14%) and a (suspected) malignancy in the
donor (14%). All other reasons are shown in Table 6.

Discussion

This study shows that an important and increas-
ing proportion of LTs in ET is performed with liv-
ers from donors of >70 years. These donors are not
only more often reported in recent years but are also
increasingly more efficiently used for transplantation.
We have shown that an increasing donor age is linearly
associated with graft loss between 25 years old up to
80 years old, without evidence of decreasing after 80
years. Additional risk factors like a history of diabetes
in the donor and HCV in the recipient should there-
fore be avoided when transplanting older livers. With
an adequate selection, wait-list mortality can be safely
further reduced by increasing the number of reported
liver allografts from donors of >70 years for preferred
recipients.

The high shortage of transplantable liver allografts
hasled to aninternational expansion of acceptable donor
criteria. Within ET, the extent of aging of transplanted
livers is distinctive; the median donor age increased
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TABLE 6. Reasons for Discarding Older Livers

Value (n = 374)

Organ quality

Steatosis 135 (36)
Fibrosis 52 (14)
Cirrhosis 19 (5)
Vascular/perfusion 24 (6)
Infection 8(2)
Other* 63 (17)
Donor quality
(Suspected) malignancy 52 (14)
Virology (HBV/HCV) 8(2)
Othert 16 (4)
Other reasons
(Expected) CIT 24 (6)
Other* 41
No information available 69 (18)

“Includes organ not transplantable for unspecified quality rea-
sons, histology, macroscopy, transaminases, cholelithiasis, injury,
and anatomical issues.

fIncludes reanimation or age.

*Includes no recipients because of blood group (AB) or because
patient was not transplantable.

from 43 to 55 years in only 15 years. Currently, over
10% of all transplantations in adult recipients in ET
are performed with livers of >70 years. Results from
this study show that outcomes could potentially be
improved by optimizing our patient selection. This is
an important issue because of the expected increase in
transplanted livers from donors of advanced age. The
increase will be likely caused by a higher availability
and because these organs will be more readily accepted.
The increased availability is because Western popula-
tions are aging rapidly, and the higher acceptance rate
is likely because of the persisting shortage that was also
observed in this study (Fig. 5; from 42% to 76%).

With this development, defining the effect of an
increasing donor age on outcome becomes more and
more important. Considering the oldest transplanted
liver in our study was 98 years old, the question arises
as to whether there is a maximum donor age at all. In
this study, we have shown that the risk of graft loss
increases linearly from a donor age of 25 up to 80 years
old. The risk of livers from donors of 80 years may
increase nonlinearly and suggests that these organs
reach the outer limits of biological flexibility despite
their regenerative capacity.141°)

DEBOERET AL.

RISK FACTORS

To balance the risk of an increased donor age, other
risk factors should be avoided or adjusted. We identi-
fied a history of diabetes, prolonged CIT, rescue al-
location, male sex, MELD score category, and HCV
positive in the recipient as risk factors for decreased
outcome of LT with older livers. This is in line with
the factors that were identified by Ghinolfi et al.
including a history of diabetes.® Diabetes is more
often present in older donors and may have a stron-
ger and more chronic effect on the vasculature and
parenchyma in older donor livers.®:1%17) Diabetes,
therefore, seems to be an important risk factor that
should be avoided when possible. Another risk fac-
tor with a potential higher influence on older livers
is prolonged CIT.® Considering the recipient se-
lection criteria that were used by Segev et al.,') we
could confirm CIT, HCV, and a recipient age <45
years, but not recipient BMI (continuous or with a
BMI of 35 kg/m? as a cutoff). Yet, we have confirmed
their findings that in “preferred patients” donor age
has no significant effect as compared with “nonpre-
terred recipients.”

LIMITATIONS

When evaluating patient selection criteria, analyses
are likely to confirm “classical” selection patterns for
older donors. These livers are generally accepted for
older recipients>$1921) with lower laboratory MELD
scores'?223) who more often suffer from malignant dis-
ease..20:2D) This previously observed selection bias is
inherent to the retrospective design and was also ob-
served in this study: livers of donors of 70 years and
older had shorter ischemia times, had diabetes less
often, and underwent transplantation in recipients
with lower laboratory MELD scores. We have there-
fore adjusted outcomes for significant risk factors to
better assess the effect of an increasing donor age.
In adjusting for risk factors, we considered GGT as
a proxy for steatosis®? because information on biop-
sies was insufficiently available. We considered graft
survival a primary outcome because information on
biliary complications or early bile production was not
available in the ET database. This is a potential lim-
itation because some studies found suggestions for
more biliary complications in transplantations with
livers from elderly donors.31%2527) However, biliary
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complications will likely also affect graft survival in
the long run.

OUTCOMES IN OTHER STUDIES

The presented results of outcomes after transplanta-
tion with a liver from an older donor are in accordance
with results from other regions, although these are
reported with a high variance. Reported patient sur-
vival rates at 1 year vary from 70% to 90%(%28-33)
and 5-year patient survival rates from 50% to
809%.(%20.28-30.39 The sometimes very promising
outcomes»3132) are apparently contradicting to
the higher intrinsic risk of older donors.1%3% These
results are therefore likely to be explained by the fre-
quent single-center design, relatively small numbers
of included transplantations, different aging patterns
in other countries,®® and differences in recipient and
donor selection criteria. The latter is present in our
study and also observed in these other studies. Older
liver allografts have shorter CITs,(7-20:23.27.29) more
often have pretransplant biopsies,®16:20:22.29.37) have
a lower incidence of cardiac arrest,:8:20-23.27) and are
more frequently regionally procured.®2%23 All of
these are obviously meant to decrease the initial risk
of the geriatric liver allograft.

UTILIZATION IN OTHER STUDIES

Utilization rates for donors aged >70 years old in-
creased in our study from 42% (2000-2003) to 77%
(2010-2012) and remained at 76% between 2013 and
2015. In the overall study period, the utilization rate
was 70% for livers >70 years old and 69% for livers
>80 years. The utilization rate of livers >70 years
old was even slightly higher at 72% when livers that
were used for retransplantations were included (data
not shown). These rates are very high in comparison
to other studies who report usage rates of approx-
imately 60%©®) and 52%-63% for liver donors >70
years and >80 years old, respectively.>16:3%) Tt does,
however, correspond with usage in the United States
where 74% of livers of 70 years and older are used for
transplantation.'” Although the United States has
a similar utilization rate, it is of note that the pro-
portion of transplantations with donors >70 years of
all performed transplantations is much higher within
ET as compared with the United States. By using the
same inclusion criteria as Halazun et al.,4% in ET

2625 out of 21,644 (12%) transplantations in adults
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were performed with donors from 70 years and older
as compared with 4.3% in the United States (data
from ET).

IMPLICATIONS
Outcomes of geriatric LT in ET can likely be further

improved based on the center-specific analysis. Centers
with better than expected outcomes transplanted the
livers >70 years old more often in preferred recipients
and less often in recipients with HCV. In addition,
these centers accepted more often locally procured or-
gans and transplanted livers with relatively short isch-
emic times. These potentially beneficial factors can be
turther supported by modifying allocation algorithms
to decrease CITs and to improve our patient selection.
For example, CITs could be further reduced by more
regional allocation or even by allocation to the donor
hospital. This could positively affect outcomes and
might even prevent organ loss. Approximately 6% of
procured and not transplanted livers in this study were
also declined due to long CITs. Another option would
be to improve our donor-recipient matching because
we have confirmed good outcomes of older livers in
preferred recipients as defined by Segev et al.0 It is
interesting that posttransplantation outcomes in these
preferred recipients are not significantly affected by
older donor age. Although not fully understood, the
factors recipient age >45 years, BMI <35 kg/m?, and
CIT <8 hours seem to be effective variables for recip-
ient selection and do also apply to a European popula-
tion of liver patients.

Besides improving outcomes of currently used older
livers, we have to focus on improving the use of cur-
rently reported livers and to increase the number of
reported livers itself. The relative use can potentially
increase based on the reasons for discarding organs.
Several factors, like CIT, might be resolved or atten-
uated with the use of machine perfusion. It would at
least enable us to better assess the actual quality or func-
tion of the graft prior to the transplantation to safely
transplant livers that are now discarded.® Second, we
should strive to improve the number of older donors
who are reported. The willingness of centers to accept
and transplant these older organs is very high. The
maximum donor age that doctors will consider for spe-
cific patients increased from 75 to 87 years between
September 2003 and December 2015 based on the
individual acceptance criteria of patients entered in
the ET liver allocation system. On a center level, the
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maximum donor age is currently even set at 100 years
old for 15 out of 38 (40%) LT centers (data ET). It
might be true that acceptance criteria have expanded
faster than criteria for reporting donors. Because there
were only relatively small differences in baseline char-
acteristics between transplanted and nontransplanted
livers, we suggest avoiding an age limit to report poten-
tial donors. Because of this, otherwise transplantable
older donor livers will not be missed.

In conclusion, liver allografts from donors aged 70
years or older are more often and more efficiently used
for LT in the ET region. These advanced age donors
provide an important additional number of livers avail-
able for transplantation. Donor age is an independent
risk factor with a linear relation with inferior graft sur-
vival from 25 up to 80 years old. Yet, transplantations
performed with livers from donors of an advanced age
can lead to similar outcomes in preferred recipients.
Older donors should therefore be reported less cau-
tiously and allocated to preferred recipients to further
decrease wait-list mortality safely.

Acknowledgments: The authors thank Erwin de Vries,
the ET Liver and Intestine Advisory Committee,
and ET for their support in providing the data. We
acknowledge the effort of all L'T" centers for providing
data to the ET registry.

REFERENCES

1) Eurotransplant International Foundation. Annual Report 2016.
www.eurotransplant.org. Accessed November 6, 2018.

2) de Boer JD, Koopman JJ, Metselaar HJ, Braat AE, Blok JJ.
Liver transplantation with geriatric liver allografts: the current
situation in Eurotransplant. Transpl Int 2017;30:432-433. 221,
2-3.

3) Lué A, Solanas E, Baptista P, Lorente S, Araiz J], Garcia-Gil A,
Serrano MT. How important is donor age in liver transplanta-
tion? World ] Gastroenterol 2016;22:4966-4976.

4) Feng S, Goodrich NP, Bragg-Gresham JL, Dykstra DM, Punch
JD, DebRoy MA, et al. Characteristics associated with liver
graft failure: the concept of a donor risk index. Am J Transplant
2006;6:783-790.

5) Braat AE, Blok JJ, Putter H, Adam R, Burroughs AK, Rahmel
AQO, et al. for European Liver and Intestine Transplant
Association (ELITA) and Eurotransplant Liver Intestine
Advisory Committee (ELIAC). The ecurotransplant donor
risk index in liver transplantation: ET-DRI. Am ] Transplant
2012;12:2789-2796.

6) Dutkowski P, Oberkofler CE, Slankamenac K, Puhan MA,
Schadde E, Millhaupt B, et al. Are there better guidelines
for allocation in liver transplantation? Ann Surg 2011;254:
745-753.

7) Ghinolfi D, Marti J, De Simone P, Lai Q, Pezzati D, Coletti
L, et al. Use of octogenarian donors for liver transplantation: a
survival analysis. Am ] Transplant 2014;14:2062-2071.

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

DEBOERET AL.

Ghinolfi D, Lai Q, Pezzati D, De Simone P, Rreka E, Filipponi
F. Use of elderly donors in liver transplantation. Ann Surg
2018;268:325-331.

Gastaca M, Valdivieso A, Pijjoan ], Errazti G, Hernandez M,
Gonzalez ], et al. Donors older than 70 years in liver transplanta-
tion. Transplant Proc 2005;3851-3854.

Halazun KJ, Rana AA, Fortune B, Quillin RC 3rd, Verna EC,
Samstein B, et al. No country for old livers? examining and op-
timizing the utilization of elderly liver grafts. Am ] Transplant
2018;18:669-678.

Segev DL, Maley WR, Simpkins CE, Locke JE, Nguyen GC,
Montgomery RA, Thuluvath PJ. Minimizing risk associated
with elderly liver donors by matching to preferred recipients.
Hepatology 2007;46:1907-1918.

Blok JJ, de Boer JD, Putter H, Rogiers X, Guba MO,
Strassburg CP, Eurotransplant, , et al. Liver intestine Advisory
Committee. The center effect in liver transplantation in the
Eurotransplant region: a retrospective database analysis. Transpl
Int 2018;31:610-619.

Blok JJ, Putter H, Rogiers X, van Hoek B, Samuel U, Ringers
J. Braat AE; for Eurotransplant Liver Intestine Advisory
Committee. Combined effect of donor and recipient risk on out-
come after liver transplantation: research of the Eurotransplant
database. Liver Transpl 2015;21:1486-1493.

Anantharaju A, Feller A, Chedid A. Aging liver: a review.
Gerontology 2002;48:343-353.

Bacalini MG, Franceschi C, Gentilini D, Ravaioli F, Zhou X,
Remondini D, et al. Molecular aging of human liver: an epigen-
etic/transcriptomic signature. ] Gerontol A Biol Sci Med Sci
2018. https://doi.org/10.1093/gerona/gly048.

Ghinolfi D, De Simone P, Lai Q, Pezzati D, Coletti L,
Balzano E, et al. Risk analysis of ischemic-type biliary lesions
after liver transplant using octogenarian donors. Liver Transpl
2016;22:588-598.

Zheng ], Xiang ], Zhou ], Li Z, Hu Z, Lo CM, Wang W. Liver
grafts for transplantation from donors with diabetes: an analy-
sis of the Scientific Registry of Transplant Recipients database.
PLoS ONE 2014;9:¢98104.

Reese PP, Sonawane SB, Thomasson A, Yeh H, Markmann JF.
Donor age and cold ischemia interact to produce inferior 90-day
liver allograft survival. Transplantation 2008;85:1737-1744.
Chedid MF, Rosen CB, Nyberg SL, Heimbach JK. Excellent
long-term patient and graft survival are possible with appropri-
ate use of livers from deceased septuagenarian and octogenarian
donors. HPB (Oxford) 2014;16:852-858.

Nardo B, Masetti M, Urbani L, Caraceni P, Montalti R,
Filipponi F, et al. Liver transplantation from donors aged
80 years and over: pushing the limit. Am ] Transplant
2004;4:1139-1147.

Jiménez-Romero C, Clemares-Lama M, Manrique-Municio
A, Garcia-Sesma A, Calvo-Pulido J, Moreno-Gonzilez E.
Long-term results using old liver grafts for transplantation: sex-
agenerian versus liver donors older than 70 years. World J Surg
2013;37:2211-2221.

Biancofiore G, Bindi M, Ghinolfi D, Lai Q, Bisa M, Esposito
M, et al. Octogenarian donors in liver transplantation grant an
equivalent perioperative course to ideal young donors. Dig Liver
Dis 2017;49:676-682.

Darius T, Monbaliu D, Jochmans I, Meurisse N, Desschans B,
Coosemans W, et al. Septuagenarian and octogenarian donors
provide excellent liver grafts for transplantation. Transplant Proc
2012;44:2861-2867.

Cruz MA, Cruz JF, Macena LB, de Santana DS, Oliveira
CC, Lima SO, Franca AV. Association of the nonalcoholic he-
patic steatosis and its degrees with the values of liver enzymes

ORIGINAL ARTICLE | 273


www.eurotransplant.org
https://doi.org/10.1093/gerona/gly048

DEBOERET AL.

25)

26)

27)

28)

29)

30)

31)

274

and homeostasis model assessment-insulin resistance index.
Gastroenterol Res 2015;8:260-264.

Gonzilez-Sinchez MR, Cascales-Campos PA, Lépez-Espin JJ,
Febrero B, Pons JA, Vargas Acosta A, et al. Donors older than
75 years do not influence the appearance of biliary complications
after liver transplantation. Transplant Proc 2018;50:640-643.
Naranjo-Izurieta JR, Ruiz de Azua-Lépez Z, Lameirao J,
Martin-Villén L, Roldén-Reina A, Porras-Lépez M, et al.
Orthotopic liver transplantation: preliminary analysis of com-
plications with grafts from elderly donors. Transplant Proc
2018;50:644-645.

Thorsen T, Aandahl EM, Bennet W, Olausson M, Ericzon BG,
Nowak G, et al. Transplantation with livers from deceased do-
nors older than 75 years. Transplantation 2015;99:2534-2542.
Alamo JM, Barrera L, Marin LM, Bernal C, Sudrez G, Serrano
J, et al. Results of liver transplantation with donors older than 70
years: a case-control study. Transplant Proc 2011;43:2227-2229.
Chapman WC, Vachharajani N, Collins KM, Garonzik-Wang ],
Park Y, Wellen JR, et al. Donor age-based analysis of liver trans-
plantation outcomes: short- and long-term outcomes are similar
regardless of donor age. ] Am Coll Surg 2015;221:59-69.
Cepeda-Franco C, Bernal-Bellido C, Barrera-Pulido L,
Alamo-Martinez JM, Ruiz-Matas JH, Sudrez-Artacho G,
et al. Survival outcomes in liver transplantation with elderly do-
nors: analysis of andalusian transplant register. Transplant Proc
2016;48:2983-2986.

Gajate Martin L, Martin Grande A, Parise Roux D, Gonzilez
Cibrian C, Fernindez Martin C, Rodriguez Gandia MA,
Lépez Buenadicha A. Short-term results of liver trans-
plantation with octogenarian donors.
2018;50:184-191.

Transplant  Proc

| ORIGINAL ARTICLE

32)

33)

34)

35)

36)

37)

38)

39)

LIVER TRANSPLANTATION, February 2019

Roullet S, Defaye M, Quinart A, Adam JP, Chiche L, Laurent
C, Neau-Cransac M. Liver transplantation with old grafts: a ten-
year experience. Transplant Proc 2017;49:2135-2143.

Dasari BV, Mergental H, Isaac JR, Muiesan P, Mirza DF, Perera
T. Systematic review and meta-analysis of liver transplantation
using grafts from deceased donors aged over 70 years. Clin
Transplant 2017;31.

Lai Q, Melandro F, Levi Sandri GB, Mennini G, Corradini
SG, Merli M, et al. Use of elderly donors for liver transplan-
tation: has the limit been reached? ] Gastrointestin Liver Dis
2011;20:383-387.

Montenovo MI, Hansen RN, Dick AAS, Reyes J. Donor age
still matters in liver transplant: results from the United Network
for Organ Sharing-Scientific Registry of Transplant Recipients
database. Exp Clin Transplant 2017;15:536-541.

Knoops KT, de Groot LC, Kromhout D, Perrin AE, Moreiras-
Varela O, Menotti A, van Staveren WA. Mediterranean Diet,
lifestyle factors, and 10-year mortality in elderly European men
and women. JAMA 2004;292:1433-1439.

Cescon M, Mazziotti A, Grazi GL, Ravaioli M, Pierangeli F,
Ercolani G, Cavallari A. Evaluation of the use of graft livers pro-
cured from old donors (70 to 87 years) for hepatic transplanta-
tion. Transplant Proc 2001;33:934-935.

Cescon M, Grazi GL, Cucchetti A, Ravaioli M, Ercolani G,
Vivarelli M, et al. Improving the outcome of liver transplanta-
tion with very old donors with updated selection and manage-
ment criteria. Liver Transpl 2008;14:672-679.

Guarrera JV, Henry SD, Samstein B, Reznik E, Musat C,
Lukose TI, et al. Hypothermic machine preservation facilitates
successful transplantation of “orphan” extended criteria donor
livers. Am J Transplant 2015;15:161-169.



