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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

Background. This study aimed to assess the differences between the United States and the United Kingdom in the characteristics 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 survivals for older donors aged ≤60, supporting an extension to the current US DCD age cutoff.

(Transplantation 2022;00: 00–00).
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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 available 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 susceptible 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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This relative conservatism comes in stark contrast to transplant 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 longterm analysis reported acceptable outcomes in using DCD
donors older than 70 in highly selected cohorts at experienced centers.11 A more recent study provides an international 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 everexpanding DCD donor age criteria in many European
countries and the United Kingdom, we felt it time to challenge 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 captures donor and recipient characteristics and posttransplant
outcomes from all transplants performed at all 7 LT units.

UNOS Database
Observations were collected from transplant centers in accordance with UNOS practices in administering
the Organ Procurement and Transplantation Network
(OPTN) contract.26 OPTN data are transmitted and compiled by the Scientific Registry of Transplant Recipients.27
Scientific Registry of Transplant Recipients is responsible
for creating and disseminating reports on national transport activity and center performance in the United States.
Our study cohort was derived from a retrospective analysis 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 multivisceral 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 aortic 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, cryptogenic cirrhosis, primary hepatic malignancy, autoimmune
(primary biliary cirrhosis, primary sclerosing cholangitis, autoimmune hepatitis), polycystic liver disease, or
other. Primary hepatic malignancy was subclassified into
cirrhotic-hepatocellular carcinoma, noncirrhotic-hepatocellular carcinoma or other‚ native Model for End-Stage
Liver Disease (MELD) score, UK Model for End-Stage
Liver Disease score,31 transplantation urgency status (elective 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 aortic flush).29 Center characteristics obtained were the total
number of LTs per year and the OPTN region. The recipient 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 characteristics were assumed to have nonparametric distribution 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. Yatescorrection was supplied on χ2 analysis to prevent overestimation of statistical significance on small data.35
The 2 national data sets were harmonized to allow comparisons of graft survival between the United Kingdom and
the United States. Survival curves were generated using the
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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 living (retransplant) or deceased recipient.
In the first stage of the analysis, the impact of the different 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 available, deidentified data are not considered human subjects research, and therefore, the study was exempt from
Institutional Review Board approval.38 All statistical analysis 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 pretransplant 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

3

(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 performed 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 performed 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 procured 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 transplant 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 primary 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 centers (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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TABLE 1.

65 (62–70)
25.6 (23.4–28)
2.6 (2.4–2.9)
27 (22–32)
17.6
7.2 (6.3–7.2)
1.9
51.1
96.6
0.4
3
67.5
20.5
4.1
0.4
7.5
88.1

48 (34–58)
25 (22.6–27.7)
2.19 (1.9–2.5)

26 (22–31)
33.1
7.2 (6.1–8.2)
0.9
59.7

95.9
0.9
3.2

51.8
24.2
14.6
0.7
8.7
74.3

>60
N = 261 (D >60)

47
25.4
17.8
0.8
9.1
70.2

95.6
1.1
3.2

26 (21–31)
37.6
7.1 (6–8)
0.6
62.2

43 (28–51)
24.7 (22.3–27.7)
2.059 (1.8–2.3)

≤60
N = 896 (D ≤60)

Donor age, y

NHSBT/UK

<0.001

<0.001

0.001
0.529

0.256

0.060

<0.001
0.002
<0.001

P

18.1
37.7
39.3
0.4
4.4
31.5

42.2
34.9
14.5
1.2
7.2
21.7

90.4
4.8
4.8

2.660 (2.51–2.98)
10 (16–22)
12.0
6 (4.35–8.02)
3.6
54.2

1.77 (1.55–2.08)
15 (10–22)
9.5
6 (4.9–7.9)
3.8
67.6
89.5
8.6
1.9

64 (61–67)
26.6 (23.3–30.86)

>60
N = 83 (D >60)

33 (22–46)
25.6 (22.4–29.5)

Total

17.5
37.8
39.9
0.4
4.3
31.7

89.5
8.7
1.8

1.77 (1.54–2.06)
15 (10–22)
9.5
6 (4.9–7.9)
3.8
67.9

33 (22–45)
25.53 (22.4–29.5)

≤60
N = 3311 (D ≤60)

Donor age, y

SRTR/US

0.010

<0.001
<0.001

0.009
<0.001

0.606

<0.001
0.906

<0.001
0.134

P

Transplantation

BMI, body mass index; CIT, cold ischemia time; CNS, central nervous system; CVA, cerebrovascular accident; D, donor; DRI, donor risk index; NHSBT, National Health Service Blood and Transplant; SRTR, Scientific Registry of Transplant Recipients; UKDRI, United Kingdom donor
risk index; WIT, warm ischemia time.

Age, y
BMI, kg/m2
UKDRI
DRI
WIT,min
Missing data, %
CIT, h
Missing data, %
Male sex, %
Race, %
White
Black
Other
Cause of death, %
CVA
Anoxia
Head trauma
CNS tumor
Other
Imported, %

Total

Donor characteristics NHSBT/UK and SRTR/US
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TABLE 2.

26.4
5.8
20.6
5
2.8
15.6
9.1
8.6
0.3
0.2
54 (50–57)
3
15 (11–19)
3
0.9
10.9

32.8
4.5
13.4
4.9
3.7
12
15
14.6
0.4
0
52 (50–56)
1
14 (11–18)
1
0
10.5
89.5
3
77.2
19
3.7
100 (35–222)

83.2
3.2
13.6

27.9
5.5
18.9
5
3
14.8
10.5
10
0.3
0.2
55 (48–61)
4
15 (11–19)
4

10.8

89.2
4

56.7
33.7
9.5

85.5 (33–184.8)
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83 (32–177.8)

50.6
38.1
11.3

89.1
4.4

82.3
3.6
14.1

86.2
1.9
11.9

68

55 (48–61)
26.4 (23.7–29.9)
69.3

≤60
N = 896 (D ≤60)

57 (50–63)
26.8 (24–29.4)
63.8

>60
N = 261 (D >60)

Recipient age, y

NHSBT/UK

<0.001
0.051

0.320
<0.001

0.867

0.120

0.422

0.005

0.092

0.092
0.228

P

101 (29–296.3)

73.0
22.3
4.7

2.2
20.2
7.4
12.8
79.8
4.9

17 (12–23)
0.5

4.5
16.4
6.6
29.7
2.2
4.7
8.2
13.6
8.1
4.6
0.9

86.9
8.6

56 (50.8–62)
27.7 (24.3–41.5)
70.0

Total

56 (20–200)

88.0
12.0
0.0

2.4
13.2
3.6
9.6
86.7
1.2

11 (16–20)
4.8

1.2
20.5
3.6
18.1
2.4
2.5
18
7.2
6.0
0
1.2

89.2
9.6

56 (50–64)
27.32 (24.6–31.7)
29.8

>60
N = 83 (D >60)

102 (29–298)

72.6
22.6
4.8

2.1
20.4
7.5
12.9
79.6
5

17 (12–23)
0.8

3.8
16.2
6.7
30
2.2
4.7
8
13.7
8.1
4.6
1

86.9
8.5

56 (51–62)
17.72 (24.3–31.4)
70.2

≤60
N = 3311 (D ≤60)

Recipient age, y

SRTR/US

<0.001
0.056

<0.001
0.005

0.244

0.869

0.042

0.001

0.807

0.633
0.756
0.085

P

Giorgakis et al

a
Continuous variables were represented as median (IQR).
AIH, autoimmune hepatitis; BMI, body mass index; D, donor; DCD, donation after cardiac death; HBV, hepatitis B; HCC, hepatocellular carcinoma; HCV, hepatitis C; HV, high volume; ICU, intensive care unit; IQR, interquartile range; LV, low volume; MELD, Model for End-Stage Liver
Disease; MV, medium volume; NAFLD, nonalcoholic fatty liver disease; NHSBT, National Health Service Blood and Transplant; PBC, primary biliary cirrhosis; PSC, primary sclerosing cholangitis; SRTR, Scientific Registry of Transplant Recipients; Tx, transplant; UKELD, United Kingdom
End-Stage Liver Disease

Age at Tx, y
BMI, kg/m2
Male sex, %
Race, %
White
Black
Other
Primary indication for Tx, %
Alcohol
NAFLD
HCV
HBV
Cryptogenic
PBC/PSC/AIH
Primary hepatic malignancy
HCC cirrhotic
HCC noncirrhotic
Other
UKELD
Missing data, %
MELD
Missing data, %
Urgency status, %
Super urgent (US status 1A)
Inpatient at time of Tx, %
In ICU
Hospitalized, non-ICU
Not hospitalized
Hemodialysis before Tx, %
DCD volume tertile, %
HV
MV
LV
Tx region
Waiting time, d

a

Total

Recipient characteristics NHSBT/UK and SRTR/US
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The Donor Age Group Effect on the UK and the US
DCD LT Data Sets

In the United Kingdom, DCD donors were almost uniformly 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 associated 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 improving, 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 survival 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%
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
a
Unadjusted.
CI, confidence interval; DCD, donation after circulatory death.

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, respectively; 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 analysis 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 transferred in a timely fashion to transplant centers, thus maximizing graft utilization while achieving similar survival,
despite using a an extended criteria graft, therefore, optimizing donation beneficence.11
Comparing the UK and US DCD practice has highlighted 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 necessitating long and expensive flights for pursuing a higher risk
graft that might not even progress. It is common US practice 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 hazards. What is more, current reimbursement policies reflect
poorly these increased costs associated with DCD utilization.40 The accepting center performing its own DCD liver
recoveries also potentially limits surgeon exposure to DCD
procurements, which may negatively impact the DCD procurement 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 procurement 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

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

© 2022 Wolters Kluwer

Giorgakis et al

7

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).

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 transferability of the DCD procurement skills while reducing the
costs of logistics and long-travel related risks for the surgical 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 multivariable analysis. Furthermore, DCD organs in the United
Kingdom are generally allocated in a center-based fashion‚
which allows for more flexibility in donor-recipient matching. UK LT centers typically maintain DCD candidate
waitlists, i.e. list with patients eligible for DCD organs,
therefore, optimizing an expedient allocation to the appropriate 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 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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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).

circles originating from the donor hospital),44-48 has contributed to a greater likelihood of nonpursuing or maintaining 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 comparative 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 compared 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 supportive 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 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.
Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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TABLE 4.

Causal Cox-regression graft survival analysis of harmonized UK and US cohorts
Univariable Cox-regression

UK vs US
Donor age >60 y
Cold ischemia time
Warm ischemia time

Multivariable cox-regression

HR

95% CI

P

HR

95% CI

P

0.637
0.987
1.051
0.998

0.556-0.728
0.808-1.207
1.037-1.065
0.992-1.003

<0.001
0.903
<0.001
0.409

0.572
0.723
1.050
1.003

0.473-0.691
0.570-0.918
1.036-1.064
0.998-1.009

<0.001
0.008
<0.001
0.240

CI, confidence interval; DCD, donation after circulatory death; HR, hazard ratio.

Our study has several limitations inherent to its retrospective nature: selection bias, unaccounted confounders,
and the potential for misclassification due to the differences in DCD definitions used in the United States and
the United Kingdom. For example, the total donor hepatectomy 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 studied because of insufficient data and variation in defining
and monitoring standards across the transplant programs
and systems. International comparisons come with difficulties, 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 collection 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 outcomes 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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