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Disparities in the Use of Older Donation After 
Circulatory Death Liver Allografts in the United 
States Versus the United Kingdom
Emmanouil Giorgakis, MD, MSc,1,2,3 Tommy Ivanics, MD, MPH,4,5,6 Shirin E. Khorsandi, MD, PhD,3,7  
David Wallace, MD, PhD, MSc, MA, BSc,3,7,8 Lyle Burdine, MD, PhD,1,2 Wayel Jassem, MD, PhD,3  
Amit K. Mathur, MD, MS,9 and Nigel Heaton, MD3

INTRODUCTION
Each year‚ >1 in 10 patients die on the liver transplant 
(LT) waiting list.1 The discrepancy between the number of 
patients waiting to receive a LT and the number of avail-
able donor organs has driven the exploration of alternative 
avenues to expand the donor pool.2

One such method has been the use of livers from 
donation after circulatory death (DCD).3,4 Although 
early analyses described inferior results compared 
with those who received a liver from brain stem death 
donors, more recent studies have observed marked 
era-specific improvements in the use of DCD livers.5-9 
Over recent years, both single-center and international 
comparative studies have reported equivalent patient 
survival between those who receive a DCD liver and 
those who receive a donation after brain stem death 
liver.8,9

By 2030, 15% of the US population is expected to be 
older than 70 y of age.10 Consequently, the proportion 
of potential older DCD donors will increase.2,11 Livers 
donated from DCD donors are known to be more suscep-
tible to ischemic insult, biliary complications, and higher 
rates of early and late allograft dysfunction.12-16 For these 
reasons, most US transplant surgeons are apprehensive 
about using older DCD allografts: the majority of US 
transplant centers would currently decline organs from 
DCD donors older than 60 or even 50 y of age.2,13,14,17,18 
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Original Clinical Science—Liver

Background. This study aimed to assess the differences between the United States and the United Kingdom in the char-
acteristics and posttransplant survival of patients who received donation after circulatory death (DCD) liver allografts from 
donors aged >60 y. Methods. Data were collected from the UK Transplant Registry and the United Network for Organ 
Sharing databases. Cohorts were dichotomized into donor age subgroups (donor >60 y [D >60]; donor ≤60 y [D ≤60]). 
Study period: January 1, 2001, to December 31, 2015. Results. A total of 1157 DCD LTs were performed in the United 
Kingdom versus 3394 in the United States. Only 13.8% of US DCD donors were aged >50 y, contrary to 44.3% in the United 
Kingdom. D >60 were 22.6% in the United Kingdom versus 2.4% in the United States. In the United Kingdom, 64.2% of 
D >60 clustered in 2 metropolitan centers. In the United States, there was marked inter-regional variation. A total of 78.3% 
of the US DCD allografts were used locally. One- and 5-y unadjusted DCD graft survival was higher in the United Kingdom 
versus the United States (87.3% versus 81.4%, and 78.0% versus 71.3%, respectively; P < 0.001). One- and 5-y D >60 
graft survival was higher in the United Kingdom (87.3% versus 68.1%, and 77.9% versus 51.4%, United Kingdom versus 
United States, respectively; P < 0.001). In both groups, grafts from donors ≤30 y had the best survival. Survival was similar 
for donors aged 41 to 50 versus 51 to 60 in both cohorts. Conclusions. Compared with the United Kingdom, older DCD 
LT utilization remained low in the United States, with worse D >60 survival. Nonetheless, present data indicate similar surviv-
als for older donors aged ≤60, supporting an extension to the current US DCD age cutoff.

(Transplantation 2022;00: 00–00).
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This relative conservatism comes in stark contrast to trans-
plant programs in other countries.19-21 For example, in 
Spain, Cascales-Campos et al19 report noninferior survival 
using controlled older DCD allografts up to an age of 70 
y. In the United Kingdom, DCD donors account for almost 
30% of the donor pool.11,20,21 Studies from this country 
have shown that LTs from DCD donors over 60 y of age 
can yield acceptable posttransplant outcomes, albeit in the 
absence of other risk factors.22,23 A nationwide UK long-
term analysis reported acceptable outcomes in using DCD 
donors older than 70 in highly selected cohorts at experi-
enced centers.11 A more recent study provides an interna-
tional comparison of disease-specific short- and long-term 
mortality of LT recipients among the United States and 
the United Kingdom.24 However, we could not find any 
international comparative analysis of posttransplantation 
outcomes in the use of older DCD donors.

In the context of low rates of DCD utilization and high 
waiting list mortalities in the United States and the ever-
expanding DCD donor age criteria in many European 
countries and the United Kingdom, we felt it time to chal-
lenge the conventional 50-y age limit commonly practised 
in most US DCD centers. Between 2001 and 2015, we used 
the UK Transplant Registry and the United Network for 
Organ Sharing (UNOS) database from the United States to 
compare the outcomes of those receiving a LT from DCD 
donors aged 60 y and above.

MATERIALS AND METHODS

Data Sources

UK Transplant Registry
UK cohort data were extracted from the UK Transplant 

Registry, following application to National Health Service 
Blood and Transplant.25 The UK Transplant Registry cap-
tures donor and recipient characteristics and posttransplant 
outcomes from all transplants performed at all 7 LT units.

UNOS Database
Observations were collected from transplant cent-

ers in accordance with UNOS practices in administering 
the Organ Procurement and Transplantation Network 
(OPTN) contract.26 OPTN data are transmitted and com-
piled by the Scientific Registry of Transplant Recipients.27 
Scientific Registry of Transplant Recipients is responsible 
for creating and disseminating reports on national trans-
port activity and center performance in the United States. 
Our study cohort was derived from a retrospective analy-
sis of DCD LT from 2001 to 2015.

Study Population
We included all adult (≥18) LT recipients transplanted 

from January 1, 2001, to December 31, 2015. The cohort 
study included patients transplanted until the end of 2015 
to ensure adequate long-term follow-ups for all subjects. 
To keep our study cohort as homogenous as possible, 
we excluded pediatric recipients and recipients of split, 
reduced, living donor grafts, combined liver-kidney, or mul-
tivisceral LT. The UK Transplant Registry and the UNOS 
databases were partitioned into 5 donor age groups (≤30, 
31–40, 41–50, 51–60, and ≥61 y of age).1,22,24 Transplant 
centers were ranked based on their annual DCD LT volume 

ranking and then divided into volume tertiles, designated 
as high-, middle-, and low-volume centers. The center rank 
volume-based designation was annually recalculated to 
reflect migration of center volume ranking between years.

Donor and Recipient Characteristics
In the United Kingdom, the donor factors included age, 

sex, race, body mass index (BMI), UK donor risk index 
(UKDRI)28; total donor warm ischemia time in minutes 
(WIT), defined as the time from donor extubation to aor-
tic flush; cold ischemia time in hours (CIT), defined as the 
time from donor aortic flush to allograft reperfusion29,30; 
donor cause of death (cerebrovascular accident, anoxia, 
head trauma, central nervous system tumor, or other); 
graft import status, defined as local if the allograft has 
been procured by the implanting center’s own National 
Organ Retrieval Service (NORS) team versus imported, if 
it has been procured by a different NORS team. Donor 
factors included in the UKDRI included donor age, DCD 
status, smoking history, height, sex, split liver, and donor 
bilirubin.28 The recipient factors included were age at 
transplant, BMI (kg/m2), sex, race; primary indication for 
transplant: alcohol-induced, nonalcohol related fatty liver 
disease, hepatitis C cirrhosis, hepatitis B cirrhosis, crypto-
genic cirrhosis, primary hepatic malignancy, autoimmune 
(primary biliary cirrhosis, primary sclerosing cholangi-
tis, autoimmune hepatitis), polycystic liver disease, or 
other. Primary hepatic malignancy was subclassified into 
cirrhotic-hepatocellular carcinoma, noncirrhotic-hepato-
cellular carcinoma or other‚ native Model for End-Stage 
Liver Disease (MELD) score, UK Model for End-Stage 
Liver Disease score,31 transplantation urgency status (elec-
tive versus super urgent), inpatient status at the time of 
transplant, hemodialysis need before transplant, waitlist 
time, transplant center DCD volume tertile (high, medium, 
or low), and transplant region.

In the United States, the donor demographics obtained 
were age, liver DRI,32 sex, race, BMI, cause of death, graft 
import status (local versus imported), CIT (defined as the 
time from donor aortic flush to allograft reperfusion),29 
and WIT (referring to the total donor warm ischemia 
time, defined as the time from donor extubation to aor-
tic flush).29 Center characteristics obtained were the total 
number of LTs per year and the OPTN region. The recipi-
ent characteristics studied included age, sex, BMI, race, 
primary indication for transplant, native MELD, urgency 
status (status 1A versus no), medical condition at the time 
of transplant, time on the waitlist, and hemodialysis in the 
week before transplant.

Statistical Analysis
The donor and recipient continuous demographic char-

acteristics were assumed to have nonparametric distribu-
tion and were represented as medians (interquartile range 
[IQR]) and compared with Kruskal-Wallis nonparametric 
testing.33,34 Differences between age groups within each 
national cohort were compared using independent t tests 
for continuous and χ2 for categorical variables. Yates-
correction was supplied on χ2 analysis to prevent overesti-
mation of statistical significance on small data.35

The 2 national data sets were harmonized to allow com-
parisons of graft survival between the United Kingdom and 
the United States. Survival curves were generated using the 

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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Kaplan-Meier method and compared by log-rank testing. 
Graft failure was defined as the event of graft loss in a liv-
ing (retransplant) or deceased recipient.

In the first stage of the analysis, the impact of the differ-
ent age groups on graft survival was compared separately 
for the United Kingdom and the United States. Next, graft 
survival in each country was compared between those 
who received a DCD donor aged 60 or above (D >60) and 
those who received a DCD donor aged ≤60 y (D ≤60). We 
selected 60 y as the donor age cutoff because donor age 
over 60 has been previously described as an independent 
DCD outcome risk factor and is included in the UK DCD 
risk score).22,36

In the second stage of the analysis, graft survival was 
compared between the United Kingdom and the United 
States. First, the overall graft survival following DCD 
transplantation was compared between the 2 countries, 
then an international comparison of DCD graft survival 
in D >60 donors was conducted to assess whether the 
effect of donor age >60 on posttransplant outcomes varies 
between the United Kingdom and the United States. Lastly, 
we evaluated the country impact on the outcome, using a 
multivariable cox proportional hazard model adjusting for 
the clinically relevant confounders of donor age >60, CIT, 
and WIT (causal analysis).37

In the United States, registry studies with publicly avail-
able, deidentified data are not considered human sub-
jects research, and therefore, the study was exempt from 
Institutional Review Board approval.38 All statistical anal-
ysis was performed using IBM Statistical Package for the 
Social Sciences Statistic v25 (IBM Corp, Armonk, NY). All 
statistical tests were 2 sided. The level of significance was 
set at P < 0.05.

RESULTS

UK Cohort
During our study period, a total of 1157 DCD LTs were 

performed in the United Kingdom. The donors in D >60 
accounted for 22.6% of the UK cohort (n = 261). Those in 
D ≤60 accounted for 77.4% (n = 896).

UK DCD Donor Characteristics
The UK DCD donor characteristics for both age groups 

are shown in Table 1. D >60 donors had a median age of 
65 (IQR, 62–70) y versus a median of 43 (IQR, 28–51) y 
for D ≤60, P < 0.001. The median BMI for the overall UK 
cohort was 25.0 kg/m2 (22.6–27.7). The median UKDRI 
was higher in D >60. For the entire UK cohort, the median 
WIT was 26 (22–31) min, similar between the 2 groups 
(P = 0.060). The median CIT was 7.2 (6.1–8.2) h, similar 
between the groups (P = 0.256). Cerebrovascular accidents 
had been the dominant cause of death among the D >60 
donors (67.5% versus 47.1%, P < 0.001).

UK DCD Recipient Characteristics
The UK DCD recipient characteristics are shown in 

Table  2. There was no difference in native MELD (P = 
0.422), inpatient status (P = 0.867), or need for pretrans-
plant hemodialysis (P = 0.320) at the time of transplant. 
No D >60 allograft was used for a super-urgent LT (the UK 
equivalent of US UNOS status 1A). Waitlist time was 86 

(33–185) d, longer for the D >60 recipients (median of 100 
versus 83 d, P = 0.051). More D >60 allografts were used 
in the high-volume tertile centers versus all other centers 
combined (77.2% versus 22.7%, respectively; P = 0.005).

UK DCD Transplant Activity Distribution
In the United Kingdom, two-thirds of DCD LTs were per-

formed in London (37.1%) and West Midlands (27.1%). 
Although most of the D >60 recipients were transplanted in 
London and Birmingham (West Midlands), D >60 allografts 
had been recovered in all UK transplant regions. In the entire 
United Kingdom, 74.3% of all DCD allografts and 88.1% 
(P = 0.001) of D >60 allografts were imported, that is, had 
not been procured locally, Table 1. Donor grafts procured 
in regions with no transplant institutions were transferred 
to the accepting transplant center while keeping CIT short.

US Cohort
From 2001 to 2015, a total of 3394 DCD LTs were per-

formed in the United States. D >60 included 83 patients 
(2.4%). D ≤60 included 3311 (97.6%).

US DCD Donor Characteristics
The US DCD donor characteristics for both age groups 

are shown in Table 1. D >60 donors had a median age of 
64 (61–67) y versus a median of 33 (22–45) y in D ≤60  
(P < 0.001). The median BMI for the entire US cohort was 
25.6 kg/m2 (22.4–29.5), similar for both donor age groups 
(P = 0.134). As expected, the median DRI32 was higher in 
D >60 (2.66 versus 1.77; P < 0.001). For the United States, 
the median WIT was 15 min (10–22), similar between the 
2 groups (P = 0.906). CIT was 6 h (4.9–7.9) (P = 0.606). 
Cerebrovascular accidents were the dominant cause of 
death among D >60 (42.2% versus 17.5%, P < 0.001). 
Most of the DCD allografts that were used had been pro-
cured locally (68.5% versus 31.5%, P = 0.010).

US DCD Recipient Characteristics
The US DCD recipient characteristics are shown in 

Table  2. The median recipient age at the time of trans-
plant was 56 (50.8–62) y, similar across donor age groups  
(P = 0.633) as was the BMI. The median MELD score 
was lower in D >60 patients (P = 0.042). There was no 
difference in patient hospitalization status at the time of 
transplant. A total of 2.2% of DCD allografts were used in 
status 1A (UK equivalent of super urgent) patients, which 
was similar between the 2 age groups (P = 0.869). A total 
of 13.6% of US DCD recipients had an underlying pri-
mary hepatic malignancy. Compared to D ≤60 recipients, 
the waitlist time was markedly shorter in D >60 recipients 
(56 versus 102 d; P = 0.056).

US DCD Transplant Activity Distribution
D >60 donor grafts were more likely to be used at the 

high-volume centers (88.0%) versus middle-volume cent-
ers (12.0%). No D >60 grafts were used in the low DCD 
volume centers. There was marked variation in the use of 
DCD livers across the United States. Contrary to the United 
Kingdom, there was no correlation of population density 
and DCD volumes in the United States. Similarly, analysis 
showed marked variation in the use of older DCD livers 
across the US OPTN regions (0%–42.2%, P < 0.001).
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4	 Transplantation  ■  xxx 2022  ■ Volume 00  ■  Number 00	 www.transplantjournal.com

T
A

B
L
E

 1
.

D
o

no
r 

ch
ar

ac
te

ri
st

ic
s 

N
H

S
B

T
/U

K
 a

nd
 S

R
T

R
/U

S

 

NH
SB

T/
UK

SR
TR

/U
S

 
To

ta
l

Do
no

r a
ge

, y

 P
 

To
ta

l

Do
no

r a
ge

, y

 P
>

60
N 

=
 2

61
 (D

 >
60

)
≤6

0
N 

=
 8

96
 (D

 ≤
60

)
>

60
N 

=
 8

3 
(D

 >
60

)
≤6

0
N 

=
 3

31
1 

(D
 ≤

60
)

Ag
e,

 y
48

 (3
4–

58
)

65
 (6

2–
70

)
43

 (2
8–

51
)

<
0.

00
1

33
 (2

2–
46

)
64

 (6
1–

67
)

33
 (2

2–
45

)
<

0.
00

1
BM

I, 
kg

/m
2

25
 (2

2.
6–

27
.7

)
25

.6
 (2

3.
4–

28
)

24
.7

 (2
2.

3–
27

.7
)

0.
00

2
25

.6
 (2

2.
4–

29
.5

)
26

.6
 (2

3.
3–

30
.8

6)
25

.5
3 

(2
2.

4–
29

.5
)

0.
13

4
UK

DR
I

2.
19

 (1
.9

–2
.5

)
2.

6 
(2

.4
–2

.9
)

2.
05

9 
(1

.8
–2

.3
)

<
0.

00
1

 
 

 
 

DR
I

 
 

 
 

1.
77

 (1
.5

5–
2.

08
)

2.
66

0 
(2

.5
1–

2.
98

)
1.

77
 (1

.5
4–

2.
06

)
<

0.
00

1
W

IT,
m

in
26

 (2
2–

31
)

27
 (2

2–
32

)
26

 (2
1–

31
)

0.
06

0
15

 (1
0–

22
)

10
 (1

6–
22

)
15

 (1
0–

22
)

0.
90

6
 

M
is

si
ng

 d
at

a,
 %

33
.1

17
.6

37
.6

 
9.

5
12

.0
9.

5
 

CI
T, 

h
7.

2 
(6

.1
–8

.2
)

7.
2 

(6
.3

–7
.2

)
7.

1 
(6

–8
)

0.
25

6
6 

(4
.9

–7
.9

)
6 

(4
.3

5–
8.

02
)

6 
(4

.9
–7

.9
)

0.
60

6
 

M
is

si
ng

 d
at

a,
 %

0.
9

1.
9

0.
6

 
3.

8
3.

6
3.

8
 

M
al

e 
se

x,
 %

59
.7

51
.1

62
.2

0.
00

1
67

.6
54

.2
67

.9
0.

00
9

Ra
ce

, %
 

 
 

0.
52

9
 

 
 

<
0.

00
1

 
W

hi
te

95
.9

96
.6

95
.6

 
89

.5
90

.4
89

.5
 

 
Bl

ac
k

0.
9

0.
4

1.
1

 
8.

6
4.

8
8.

7
 

 
Ot

he
r

3.
2

3
3.

2
 

1.
9

4.
8

1.
8

 
Ca

us
e 

of
 d

ea
th

, %
 

 
 

<
0.

00
1

 
 

 
<

0.
00

1
 

CV
A

51
.8

67
.5

47
 

18
.1

42
.2

17
.5

<
0.

00
1

 
An

ox
ia

24
.2

20
.5

25
.4

 
37

.7
34

.9
37

.8
 

 
He

ad
 tr

au
m

a
14

.6
4.

1
17

.8
 

39
.3

14
.5

39
.9

 
 

CN
S 

tu
m

or
0.

7
0.

4
0.

8
 

0.
4

1.
2

0.
4

 
 

Ot
he

r
8.

7
7.

5
9.

1
 

4.
4

7.
2

4.
3

 
Im

po
rte

d,
 %

74
.3

88
.1

70
.2

<
0.

00
1

31
.5

21
.7

31
.7

0.
01

0

BM
I, 

bo
dy

 m
as

s 
in

de
x;

 C
IT,

 c
ol

d 
is

ch
em

ia
 ti

m
e;

 C
NS

, c
en

tra
l n

er
vo

us
 s

ys
te

m
; C

VA
, c

er
eb

ro
va

sc
ul

ar
 a

cc
id

en
t; 

D,
 d

on
or

; D
RI

, d
on

or
 ri

sk
 in

de
x;

 N
HS

BT
, N

at
io

na
l H

ea
lth

 S
er

vic
e 

Bl
oo

d 
an

d 
Tr

an
sp

la
nt

; S
RT

R,
 S

ci
en

tifi
c 

Re
gi

st
ry

 o
f T

ra
ns

pl
an

t R
ec

ip
ie

nt
s;

 U
KD

RI
, U

ni
te

d 
Ki

ng
do

m
 d

on
or

 
ris

k 
in

de
x;

 W
IT,

 w
ar

m
 is

ch
em

ia
 ti

m
e.

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



© 2022 Wolters Kluwer	 	 5Giorgakis et al

T
A

B
L
E

 2
.

R
ec

ip
ie

nt
 c

ha
ra

ct
er

is
ti

cs
 N

H
S

B
T

/U
K

 a
nd

 S
R

T
R

/U
S

 

NH
SB

T/
UK

SR
TR

/U
S

 
To

ta
l

Re
ci

pi
en

t a
ge

, y

 P
 

To
ta

l

Re
ci

pi
en

t a
ge

, y

 P
>

60
N 

=
 2

61
 (D

 >
60

)
≤6

0
N 

=
 8

96
 (D

 ≤
60

)
>

60
N 

=
 8

3 
(D

 >
60

)
≤6

0
N 

=
 3

31
1 

(D
 ≤

60
)

Ag
e 

at
 T

x,
 y

a
 

57
 (5

0–
63

)
55

 (4
8–

61
)

 
56

 (5
0.

8–
62

)
56

 (5
0–

64
)

56
 (5

1–
62

)
0.

63
3

BM
I, 

kg
/m

2
 

26
.8

 (2
4–

29
.4

)
26

.4
 (2

3.
7–

29
.9

)
 

27
.7

 (2
4.

3–
41

.5
)

27
.3

2 
(2

4.
6–

31
.7

)
17

.7
2 

(2
4.

3–
31

.4
)

0.
75

6
M

al
e 

se
x,

 %
68

63
.8

69
.3

0.
09

2
70

.0
29

.8
70

.2
0.

08
5

Ra
ce

, %
 

 
 

0.
22

8
 

 
 

 
 

W
hi

te
83

.2
86

.2
82

.3
 

86
.9

89
.2

86
.9

0.
80

7
 

Bl
ac

k
3.

2
1.

9
3.

6
 

8.
6

9.
6

8.
5

 
 

Ot
he

r
13

.6
11

.9
14

.1
 

 
 

 
 

Pr
im

ar
y 

in
di

ca
tio

n 
fo

r T
x,

 %
 

 
 

0.
09

2
4.

5
1.

2
3.

8
0.

00
1

 
Al

co
ho

l
27

.9
32

.8
26

.4
 

16
.4

20
.5

16
.2

 
 

NA
FL

D
5.

5
4.

5
5.

8
 

6.
6

3.
6

6.
7

 
 

HC
V

18
.9

13
.4

20
.6

 
29

.7
18

.1
30

 
 

HB
V

5
4.

9
5

 
2.

2
2.

4
2.

2
 

 
Cr

yp
to

ge
ni

c
3

3.
7

2.
8

 
4.

7
2.

5
4.

7
 

 
PB

C/
PS

C/
AI

H
14

.8
12

15
.6

 
8.

2
18

8
 

 
Pr

im
ar

y 
he

pa
tic

 m
al

ig
na

nc
y

10
.5

15
9.

1
 

13
.6

7.
2

13
.7

 
 

HC
C 

ci
rrh

ot
ic

10
14

.6
8.

6
 

8.
1

6.
0

8.
1

 
 

HC
C 

no
nc

irr
ho

tic
0.

3
0.

4
0.

3
 

4.
6

0
4.

6
 

 
Ot

he
r

0.
2

0
0.

2
 

0.
9

1.
2

1
 

UK
EL

D
55

 (4
8–

61
)

52
 (5

0–
56

)
54

 (5
0–

57
)

0.
00

5
 

 
 

 
 

M
is

si
ng

 d
at

a,
 %

4
1

3
 

 
 

 
 

M
EL

D
15

 (1
1–

19
)

14
 (1

1–
18

)
15

 (1
1–

19
)

0.
42

2
17

 (1
2–

23
)

11
 (1

6–
20

)
17

 (1
2–

23
)

0.
04

2
 

M
is

si
ng

 d
at

a,
 %

4
1

3
 

0.
5

4.
8

0.
8

 
Ur

ge
nc

y 
st

at
us

, %
 

 
 

0.
12

0
 

 
 

0.
86

9
 

Su
pe

r u
rg

en
t (

US
 s

ta
tu

s 
1A

)
 

0
0.

9
 

2.
2

2.
4

2.
1

 
In

pa
tie

nt
 a

t t
im

e 
of

 T
x,

 %
10

.8
10

.5
10

.9
0.

86
7

20
.2

13
.2

20
.4

0.
24

4
 

In
 IC

U
 

 
 

 
7.

4
3.

6
7.

5
 

 
Ho

sp
ita

liz
ed

, n
on

-IC
U

 
 

 
 

12
.8

9.
6

12
.9

 
 

No
t h

os
pi

ta
liz

ed
89

.2
89

.5
89

.1
 

79
.8

86
.7

79
.6

 
He

m
od

ia
lys

is
 b

ef
or

e 
Tx

, %
4

3
4.

4
0.

32
0

4.
9

1.
2

5
<

0.
00

1
DC

D 
vo

lu
m

e 
te

rti
le

, %
 

 
 

<
0.

00
1

 
 

 
0.

00
5

 
HV

56
.7

77
.2

50
.6

 
73

.0
88

.0
72

.6
 

 
M

V
33

.7
19

38
.1

 
22

.3
12

.0
22

.6
 

 
LV

9.
5

3.
7

11
.3

 
4.

7
0.

0
4.

8
 

Tx
 re

gi
on

 
 

 
<

0.
00

1
 

 
 

<
0.

00
1

 
W

ai
tin

g 
tim

e,
 d

85
.5

 (3
3–

18
4.

8)
10

0 
(3

5–
22

2)
83

 (3
2–

17
7.

8)
0.

05
1

10
1 

(2
9–

29
6.

3)
56

 (2
0–

20
0)

10
2 

(2
9–

29
8)

0.
05

6
a Co

nt
in

uo
us

 v
ar

ia
bl

es
 w

er
e 

re
pr

es
en

te
d 

as
 m

ed
ia

n 
(IQ

R)
.

AI
H,

 a
ut

oi
m

m
un

e 
he

pa
tit

is
; B

M
I, 

bo
dy

 m
as

s 
in

de
x;

 D
, d

on
or

; D
CD

, d
on

at
io

n 
af

te
r c

ar
di

ac
 d

ea
th

; H
BV

, h
ep

at
iti

s 
B;

 H
CC

, h
ep

at
oc

el
lu

la
r c

ar
ci

no
m

a;
 H

CV
, h

ep
at

iti
s 

C;
 H

V,
 h

ig
h 

vo
lu

m
e;

 IC
U,

 in
te

ns
ive

 c
ar

e 
un

it;
 IQ

R,
 in

te
rq

ua
rti

le
 ra

ng
e;

 L
V,

 lo
w

 v
ol

um
e;

 M
EL

D,
 M

od
el

 fo
r E

nd
-S

ta
ge

 L
ive

r 
Di

se
as

e;
 M

V,
 m

ed
iu

m
 v

ol
um

e;
 N

AF
LD

, n
on

al
co

ho
lic

 fa
tty

 li
ve

r d
is

ea
se

; N
HS

BT
, N

at
io

na
l H

ea
lth

 S
er

vic
e 

Bl
oo

d 
an

d 
Tr

an
sp

la
nt

; P
BC

, p
rim

ar
y 

bi
lia

ry
 c

irr
ho

si
s;

 P
SC

, p
rim

ar
y 

sc
le

ro
si

ng
 c

ho
la

ng
iti

s;
 S

RT
R,

 S
ci

en
tifi

c 
Re

gi
st

ry
 o

f T
ra

ns
pl

an
t R

ec
ip

ie
nt

s;
 T

x,
 tr

an
sp

la
nt

; U
KE

LD
, U

ni
te

d 
Ki

ng
do

m
 

En
d-

St
ag

e 
Li

ve
r D

is
ea

se

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



6	 Transplantation  ■  xxx 2022  ■ Volume 00  ■  Number 00	 www.transplantjournal.com

The Donor Age Group Effect on the UK and the US 
DCD LT Data Sets

In the United Kingdom, DCD donors were almost uni-
formly distributed across the age groups: 22.1% of the UK 
DCD donors aged ≤30. In the United States, DCD donation 
decreased with advancing age groups (Table  3). Almost 
half (44.3%) of the US DCD donors were 30 y or younger 
(Table  3). Only 15.1% of US DCD donors were >50 y, 
contrary to 45.8% in the United Kingdom. Only about 1 
in 40 US DCD donors were above 60 y (D >60) compared 
with >1 in 5 in the United Kingdom (Table 3). Figure 1 
illustrates the Kaplan-Meier graft survival curves for the 
different donor age groups for the respective national DCD 
cohorts. In the United Kingdom (Figure  1A), LTs from 
donors ≤30 y had better graft survival compared with all 
other donor age groups (reference: donors aged >60, graft 
loss hazard ratio [HR] 0.528, P = 0.002; Table 3). In the 
US cohort (Figure 1B), donor age ≤30 or ≤40 y were asso-
ciated with better graft survival (reference donors aged 
>60, HR, 0.574, P < 0.001‚ and HR, 0.693, P = 0.027, 
respectively; Table 3). In the United States, there was no 
significant difference in the graft survival between donors 
aged 41 to 50 and 50 to 60 (reference donors aged >60, 
HR, 0.908, P = 0.566; Table 3).

UK Versus US DCD Donor Graft Survival
Although US DCD graft survival has been improv-

ing, for the 15-y period studied, DCD graft survival in 
the United Kingdom has been overall higher (log-rank,  
P < 0.001, respectively, Figure  2). This DCD graft sur-
vival difference has diminished over the most recent years 
(unpublished data). Kaplan-Meier comparison of D >60 
versus D ≤60 graft survivals for each national cohort are 
illustrated in Figure 3. In the UK cohort (Figure 3A), graft 
survival was similar in 1 (87.3% versus 87.3%), 5 (78.2% 
versus 80.5%), and 10 y (76.2% versus 78.6%; P = 
0.312). In the United States (Figure 3B), graft survival was 
worse in D >60 at 1, 5, and 10 y (69.9%, 51.8%, 42.2% 

versus 81.7%, 68.6%, and 63.0% for D >60 versus D ≤60, 
respectively; P = 0.005). Kaplan-Meier comparison of the 
D >60 graft survival between the 2 countries is shown in 
Figure 4. Overall D >60 UK graft survival has been higher 
at each follow-up period (1-, 5-, and 10-y survival was 
87.3%, 77.9%, and 75.8% in the United Kingdom versus 
68.1%, 51.4%, and 43.1% in the United States, respec-
tively; P < 0.001).

Univariable Cox-regression analysis of the harmonized 
CD cohort identified donor CIT and country (United 
Kingdom versus United States) as significant DCD LT graft 
loss risk factors. The United Kingdom was associated with 
a decreased hazard of graft loss (HR, 0.572, P = 0.000), 
adjusted to the pertinent to this study confounder of donor 
age >60, and the clinically relevant CIT and WIT (Table 4).

DISCUSSION
This present report is a large-scale retrospective analy-

sis of DCD LTs performed in the United Kingdom and 
United States over a 15-y period. In the United States, 
DCD donors accounted for 4.9% of deceased donor 
LTs (data not shown), while in the United Kingdom, the 
DCD rate approximated 30% of LTs performed.20,21 
Transplant systems continue to challenge the established 
upper donor age limits, pushing the age cutoff beyond 
the US conventional 50 y.11,17,19,21 Contrary to the United 
Kingdom, US transplant centers, perhaps in response to 
highly publicized previous predictive models,5,32,39 have 
erred away from the use of older DCD donors, with 
sharp decline in the DCD donor usage over the age of 
50 (Table  3), despite the ever-increasing need for more 
grafts and recent reports of improved DCD outcomes in 
the United States.2,8

In both systems, higher DCD volume centers were more 
proactive in using elderly grafts. In the United Kingdom, 
irrespective of the donor location, the organs were trans-
ferred in a timely fashion to transplant centers, thus maxi-
mizing graft utilization while achieving similar survival, 
despite using a an extended criteria graft, therefore, opti-
mizing donation beneficence.11

Comparing the UK and US DCD practice has high-
lighted a few key points. In the United States, DCD rates 
showed remarkable inter-regional variation. This may be 
attributed to a myriad of reasons, starting with logistic 
limitations inherent to US geography, often necessitat-
ing long and expensive flights for pursuing a higher risk 
graft that might not even progress. It is common US prac-
tice for the accepting center to perform the DCD donor 
operation. However, this increases the mileage and time 
expenditure for each successful DCD recovery, and as a 
result, the costs, logistic complexity, and travel-related haz-
ards. What is more, current reimbursement policies reflect 
poorly these increased costs associated with DCD utiliza-
tion.40 The accepting center performing its own DCD liver 
recoveries also potentially limits surgeon exposure to DCD 
procurements, which may negatively impact the DCD pro-
curement team’s learning curve, especially if the receiving 
center has a low DCD volume practice.41 In contrast, UK 
DCD procurements are performed by the on-call procure-
ment NORS team, that is organized centrally according to 
the geography of the donor in the United Kingdom, rather 
than associated with the implanting unit.42 This facilitates 

TABLE 3.

Graft loss univariable Cox-regression analysis on US and 
UK DCD donor age groups

 
Frequency 

(%)
Hazard 
ratio 95% CI P

UK DCD donor age groups
Donor age group,a y
  ≤30 256 (22.1) 0.528 0.350-0.799 0.002
  31–40 153 (13.2) 0.869 0.571-1.324 0.514
  41–50 236 (20.4) 1.022 0.712-1.427 0.907
  51–60 268 (23.2) 0.987 0.694-1.405 0.944
  >60 261 (22.6b) Reference   
US DCD donor age groups
Donor age group,a y
  ≤30 1505 (44.3) 0.574 0.419-0.784 <0.001
  31–40 652 (19.2) 0.693 0.500-0.960 0.027
  41–50 736 (21.7) 0.768 0.558-1.058 0.106
  51–60 429 (12.7) 0.908 0.652-1.263 0.566
  >60 83 (2.4b) Reference   
aUnadjusted.
CI, confidence interval; DCD, donation after circulatory death.
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a more uniform, standardized DCD procurement practice 
(standard surgeon-lead accompanied by the trainee(s), 
the team perfusionist(s), own operating and cannulation 
instrument equipment, own scrub technicians, even the 
same pilot/driver).42 This practice facilitates replicable 
DCD donor outcomes, optimizes efficiency and transfer-
ability of the DCD procurement skills while reducing the 
costs of logistics and long-travel related risks for the sur-
gical team. This success of this UK DCD recovery model 
perhaps underlines the need for reaching a consensus in 
US DCD recovery practices, a notion supported by recent 
national surveys undertaken by US transplant surgeons 
and the Organ Procurement Organization leadership.43 

Organization of the donor service may explain, at least 
partially, the country risk factor identified in our multi-
variable analysis. Furthermore, DCD organs in the United 
Kingdom are generally allocated in a center-based fashion‚ 
which allows for more flexibility in donor-recipient match-
ing. UK LT centers typically maintain DCD candidate 
waitlists, i.e. list with patients eligible for DCD organs, 
therefore, optimizing an expedient allocation to the appro-
priate candidate minimizing graft waste and ischemic time.

The current US DCD procurement practice, perhaps in 
conjunction with limitations of MELD-allocation driven 
systems and of the recently implemented acuity circles 
policy (allocation sequence based on a series of concentric 

FIGURE 1.  Kaplan-Meier liver graft survival curves for the different donor age groups in the United Kingdom (UK) and the United States 
(US). A, UK cohort; B, US cohort. In the UK cohort, donors ≤30 y had better graft survival compared with all other donor age groups. 
In the US cohort, donor age ≤30 or ≤40 y was associated with better graft survival. In the US, there was no significant difference in 
the graft survival between donors aged 41–50 and 50–60 y (reference donors aged >60, hazard ratio [HR], 0.908, P = 0.566; Table 4).

FIGURE 2.  Kaplan-Meier liver graft survival curves in the United Kingdom (UK) vs the United States (US) 2001–2015. During the period 
studied (2010–2015), overall 1-, 3-, 5-, and 10-y donation after circulatory death (DCD) graft survival was higher in the UK (P < 0.001). 
DCD graft survival difference across the 2 countries diminished over the most recent years (data not shown). NHSBT, National Health 
Service Blood and Transplant; SRTR, Scientific Registry of Transplant Recipients.

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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circles originating from the donor hospital),44-48 has con-
tributed to a greater likelihood of nonpursuing or main-
taining a lower threshold to discard DCD opportunities, 
particularly at higher median MELD zones, even for local 
donors. These effects are likely to be exaggerated with 
higher risk DCDs, that is, the older DCD donor.

Our study has shown better overall DCD LT outcomes 
in the United Kingdom versus the United States, a finding 
supported by recently published large international com-
parative analyses.9,24 Contrary to the United Kingdom, 
US DCD utilization drastically drops after the age of 50 

(Table 3). US D >60 donors have worse outcomes com-
pared with the United Kingdom (Figure 4). Nonetheless, 
the US 5-y survival using D >60 DCD grafts has been 
>50%, which makes it arguably preferential to use such 
grafts as opposed to transplant candidates dying on the 
waiting list. Lastly, given the similar outcomes on donors 
aged 41 to 50 versus 51 to 60 seen in both national cohorts 
and the growing need for organs, our findings are support-
ive for an extension of the upper US DCD donor age cutoff 
from 50 to 60 y on otherwise suitable donors and after 
proper donor-recipient matching.

FIGURE 3.  Kaplan-Meier donor (D) >60 y vs D ≤60 y donation after circulatory death (DCD) liver graft survival curves in the United 
Kingdom (UK) and the United States (US). A, UK D >60 y. D ≤60 y 1-, 3-, 5-, and 10-y survival was similar (P = 0.312). B, US graft survival 
of the respective follow-up periods was worse in D >60 y vs D ≤60 y (P = 0.005).

FIGURE 4.  Kaplan-Meier liver graft survival curves from donors >60 y in the United Kingdom (UK) vs the United States (US). One-, 3-, 
5-, and 10-y donation after circulatory death (DCD) graft survival from donors >60 y was higher in the UK (P < 0.001). NHSBT, National 
Health Service Blood and Transplant; SRTR, Scientific Registry of Transplant Recipients.
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Our study has several limitations inherent to its retro-
spective nature: selection bias, unaccounted confounders, 
and the potential for misclassification due to the differ-
ences in DCD definitions used in the United States and 
the United Kingdom. For example, the total donor hepa-
tectomy time, which is now an established DCD outcome 
predictor,49-52 was not universally retrievable over the 
time period of the analysis and, therefore, not included. 
Similarly, ischemic cholangiopathy risk has not been stud-
ied because of insufficient data and variation in defining 
and monitoring standards across the transplant programs 
and systems. International comparisons come with difficul-
ties, such as bias in the ascertainment of death or graft loss, 
resulting in systematic under-reporting of posttransplant 
events and‚ therefore, artificial estimates of survival.53,54 
Another methodological limitation is differences in data 
quality; however, in both systems, transplant data collec-
tion is mandatory and subject to robust quality controls 
to ensure the data validity and ascertainment of events.24

Our analysis spanned a 15-y period, over which period 
DCD and LT practice have continually evolved.8,55 
Machine perfusion (MP) technologies undeniably hold 
promise for safer and improved utilization of expanded 
criteria donors, such as the older DCD livers.56-59 However, 
for the period studied, the impact of MP implementation 
was minimal, since the first normothermic MP randomized 
control trial started in the United Kingdom in the final year 
of the present retrospective analysis, and MP use in the 
United States started after 2015.60

CONCLUSIONS
Present data demonstrate lower use and poorer out-

comes of DCD LT donors aged >60 in the United States 
versus the United Kingdom. Nonetheless, data also indicate 
similar survival using older donors aged ≤60, supporting 
an extension to the current US DCD age cutoff. Pushing 
the donor age limits after appropriate donor and recipient 
selection and in experienced centers should be encouraged.
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