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SUMMARY
Graft loss incidence is reported to be inversely related to recipient age. We
used a national cohort of liver transplant (LT) recipients from the United
Kingdom and Ireland to compare the age-dependent risk of graft failure in
different post-transplantation time-periods (‘epochs’). A cohort of firsttime LT recipients (1995–2016) were identified (11 006). Cox regression
was used to estimate hazard ratios (HR) comparing graft loss between agegroups (18–29, 30–39, 40–49, 50–59 and 60–76 years) and graft loss in different post-transplant epochs: 0–90 days, 90 days–2 years and 2–10 years.
The risk of graft failure was highest in those transplanted between age 18
and 29 (adjusted HR 1.25, 95% CI: 1.00–1.57, P = 0.04) and in those aged
30–39 (adjusted HR 1.31, 95% CI: 1.11–1.55, P = 0.02). Graft failure in
those under the age of 40 was similar in the first 90 days but worse 2–
10 years’ post-LT (18–29 years HR 1.36, 95% CI: 0.96–1.93, P < 0.001).
Graft failure because of chronic rejection (CR) was more common in
recipients aged 18–29 (P < 0.001). Adults transplanted between age 18 and
39 are at risk of late graft loss. CR is a concern for young adults (18–
29 years). Our data highlights the need for specialist young adult services
within adult healthcare.
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Introduction
Worldwide, there is an increasing disparity between the
number of patients requiring liver transplantation (LT)
and the availability of suitable donor livers. Inevitably,
this has resulted in difficulties transplanting would-be
recipients in an acceptable time-frame [1]. Rising retransplantation rates and the development of expanded
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criteria for LT have increased the demand on LT services
[2]. In response, extended criteria donor organs are
increasingly being utilized and – evidenced by the development of organ perfusion techniques – huge importance is being placed on the preservation of primary graft
function both short term and in the long term [3].
The impact of donor quality on the longevity of liver
graft function has already been established – livers
ª 2021 Steunstichting ESOT. Published by John Wiley & Sons Ltd
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donated following circulatory death (DCD) or heavily
steatotic grafts are at an increased risk of early graft failure [4]. The impact of recipient characteristics on graft
function is less well explored. In the context of kidney
transplantation, an inverse relationship between recipient age and graft failure has been demonstrated with
those receiving a donated kidney in their second and
third decades consistently experiencing higher rates of
graft loss than those transplanted later in life [5,6].
Poorer adherence to immunosuppressant medication
resulting in higher rates of chronic rejection (CR) is a
plausible explanation [7-9].
In liver transplant recipients, we do know that there
are age-related differences in the presentation of the primary liver diseases that are predisposed to posttransplant recurrence and possible graft failure [10]. For
example, primary sclerosing cholangitis (PSC) and
autoimmune liver disease (AILD) have been shown to
be more prevalent in the younger transplant recipients
[10-12]. Most importantly young adults (YA) – aged
18–29 years – are usually transplanted for the complications of portal hypertension and porto-systemic shunting rather than liver failure per se [13]. There is a
suggestion that persistence of portal hypertension after
liver transplantation may influence long-term graft survival [14].
There is increasing appreciation that in liver transplantation, age may have an inverse relationship with
graft failure. We, therefore, investigated the impact of
different age-ranges on post-transplant graft failure.
Using data from the UK Liver Transplant Registry,
including all patients who had a liver transplant
between 1995 and 2016 in the United Kingdom and Ireland, the impact of age on post-transplant graft loss was
estimated in the short and long term and according to
the indication for transplantation and the type of donor
graft used (DBD, donation after brain death vs. DCD,
donation after cardiac death).

Materials and methods
UK Liver Transplant Registry
Since 1968, the UK Liver Transplant Registry contains
information about all liver transplants performed in the
six liver transplant centres in England, and single centres in Scotland and Ireland. The dataset is managed by
National Health Service Blood and Transplant (NHSBT)
[11], and regular checks indicate that the data are consistently more than 93% complete and accurate and
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results from several studies confirm the validity of the
dataset [15-17].

Study population
All patients aged 18 years or older who had received a
first-time liver transplant for chronic liver disease
between 1st January 1995 and 31st December 2016 were
eligible for inclusion. To limit heterogeneity of the
study cohort, those who underwent multi-visceral,
super-urgent, domino or living-related liver transplantations were excluded (Fig. 1) as well as those who
received a liver transplant for acute liver failure (including auxiliary transplantation). We also excluded patients
whose survival data were missing. We did not have
information on explant pathology. Patients were
grouped according to their age at the time of transplantation: 18–29, 30–39, 40–49, 50–59 and 60–76 years. YA
for the purpose of this paper were defined as 18–
29 years of age. Ten-year age bands were chosen, with
wider age-ranges in the youngest and oldest groups to
ensure sufficient graft failure events in each group.
Donor steatosis and capsular damage were dichotomized at the time of transplantation as either present or
not. Recipients’ functional status at the time of transplantation was assessed using a 5-point scale ranging
from ‘able to carry out normal activity without restriction’ to ‘completely reliant on nursing/medical care’
[17]. The UKELD score, derived from international normalized ratio (INR), serum creatinine, serum bilirubin
and serum sodium, was used to score the recipients’
severity of the liver disease [18]. Age-specific mean platelet counts and the presence of previous variceal bleeding were included as proxy markers of portal
hypertension. Ethnicity was dichotomized into Caucasian and non-Caucasian groups. Chronic rejection –
as a cause of graft failure – was defined separately by
each transplant unit.

UK allocation policy 1995–2016
During the study period from 2008 to 2016, donated
liver allocation in the United Kingdom was organized
by centre and patients on the waiting list were prioritized according to a scoring system – the United Kingdom Model for end-stage liver disease (UKELD) – that
was designed to predict waiting list mortality [18,19].
This urgency-based scoring system was adapted from
the US Model for end-stage liver disease (MELD) but
unlike the US did not award exception points for
2275
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Figure 1 Flow chart presenting the selection of the study population.

patients with hepatocellular carcinoma (HCC) on the
waiting list.

Statistical analysis
Categorical variables were presented as proportions and
compared using chi-squared tests and continuous variables were presented as means with standard deviations
and compared using the Kruskal–Wallis test. Patients
transplanted for non-HCC indications who may subsequently have been found to have a HCC in their explant
2276

pathology, were analysed on an intention-to-treat basis
and remained in the non-HCC group.
Kaplan–Meier methods were used to compare graft
failure between age groups. Follow-up was censored at
10 years after transplantation or on the last follow-up
visit before 7th April 2017, whichever occurred earlier.
Graft failure was defined as the time from transplantation to re-transplantation or patient death.
Multivariable Cox regression models were used to
estimate hazard ratios (HRs) that represent the relative
differences in the hazard of post-transplant graft failure
between the age-groups. Age-group 50–59 was used as
the baseline category as it contained the largest number
of recipients and graft failure events. Interaction terms
were included in the Cox regression models to determine whether the impact of age differed significantly
according to indication for transplantation, donor type
(DCD or DBD) and era of transplantation (1995–2008
and 2009–2016). In the first model, hazard ratios (HRs)
comparing post-transplant graft failure in liver transplant recipients were estimated without adjustment for
the donor and recipient characteristics. In the second
model, HRs were estimated with adjustment for donor
factors only, and in the final model, HRs were estimated
after adjustment for both donor and recipient factors.
Interaction terms were tested using the Wald test. The
donor and recipient factors that were included in the
multivariable models were decided a priori based on
their clinical plausibility of being a risk factor for the
outcome [2,4,14,15,16,19,20]. Case-mix adjustment
included donor factors – sex, age, body mass index
(BMI, kg/m2), donor cause of death, donor type (donation after circulatory death or donation after brain
death), steatosis, capsular damage, organ appearance,
graft type and cold ischaemic time (CIT) – and recipient factors – sex, age, ethnicity, BMI, functional status,
ascites, varices, encephalopathy, hepatitis C virus (HCV)
status, UKELD, pretransplant inpatient status, pretransplant renal support, pretransplant ventilator status,
previous abdominal surgery, disease aetiology and era of
transplantation (1995–2008 & 2009–2016). A sensitivity
analysis using this model was also performed where all
recipients in the disease indication group ‘others’ –
including those with biliary atresia-failed Kasai – were
excluded and the hazard ratio compared with the original model.
A separate multivariable model was built to examine
the prognostic association of age-group with graft survival in three post-transplant time periods (‘epochs’):
the first 90 days after transplantation reflecting the
occurrence of surgical complications, acute rejection
Transplant International 2021; 34: 2274–2285
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and primary nonfunction [20-22], from 90 days to
2 years reflecting long-term outcomes, including recurrence of the primary liver disease [20,21], and from 2
to 10 years reflecting long-term adherence to immunosuppressive medications [19-21].
Missing donor and recipient characteristics were multiply imputed using chained equations creating 10 complete datasets [23]. In the imputation procedure, the
donor and recipient variables used in the case-mix
adjustment were used to predict missing values, as were
the outcome variables [24]. The Cox regression results
for each of these datasets were pooled using Rubin’s
rules [23]. STATA V15 (StataCorp, College Station, TX,
USA) was used for all statistical analyses. A P-value
smaller than 0.05 was considered statistically significant.

Results
Donor and recipient characteristics
A total of 10 874 adult liver transplants were recorded
as performed between 1995 and 2016 (Fig. 1). YAs were
less likely to receive livers from donors who had high
BMI’s or whose grafts had evidence of macro-steatosis
(Table 1). They were also less likely to receive DCD
grafts or grafts that were documented abnormal in
appearance but more likely to receive grafts that were
segmental (i.e. split grafts). Younger recipients were
more frequently from a non-white ethnic background
and were also more frequently found to require an
inpatient stay and or ventilation prior to their transplant. YAs were less likely to have evidence of HCV
antibodies and were also less often found to have the
sequelae of end-stage liver disease, including ascites and
encephalopathy. Importantly, compared with the other
age groups, common indications for LT in YA were primary sclerosing cholangitis (26.8%) and autoimmune
liver disease (AILD; 25.3%). 39.6% were classified as
‘others’ and include 37 patients with biliary atresia post
Kasai, a childhood liver disease and the most common
indication for liver transplantation in children.

Kaplan–Meier survival analysis
Kaplan–Meier survival curves comparing graft failure
across the different age-groups showed that outcomes in
the first 5 years after transplantation are very similar
(Fig. 2). After this time point, the pattern of graft failure identified in patients who were transplanted
between the ages of 18 and 29 years or 30 and 39 years
were observed to have worse 10-year outcomes, (27.5%;
Transplant International 2021; 34: 2274–2285
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95% CI: 23.9–34.3% and 31.3%; (95% CI: 27.5–35.5%,
respectively) compared with those aged 50–59 years
24.1% (22.5–25.9%). These age-related differences in
graft failure reached borderline statistical significance
(P = 0.05). It was also observed that those in the
younger age groups more often underwent retransplantation (15.4% vs. 5.1% for 60–76 years).

Multivariable Cox regression
In the multivariable Cox model adjusting for both donor
and recipient characteristics patients who were transplanted in the younger age-groups were found at 10 years
to have a significantly increased risk of graft loss (18–
29 years: HR 1.25, 95% CI: 1.00–1.57 and 30–39 years HR
1.31, 95% CI: 1.11–1.55, P = 0.02, Table 2). In these models, adjusting sequentially for donor and then recipient
characteristics did not markedly the impact of age on graft
failure (Table 3). There was also no evidence that the
impact of age on the graft failure differed according to the
era of transplantation (P for interaction = 0.54), donor
type (DCD vs. DBD, P for interaction = 0.06) or underlying liver disease (P for interaction = 0.28). The pattern of
results from the sensitivity analysis that compared the
impact of age on graft failure having excluded the disease
indication group ‘others’ were almost identical to the
results of the main analysis described above.
In the multivariable Cox model comparing the
impact of age-group on graft failure in the different
epochs of follow-up, there was evidence that the impact
of age on graft failure differed according to the time
period after transplantation (P = 0.03, Table 4). For
example, compared with those who were 50–59 years,
the hazard ratio in those aged 18–29 years and 30–
39 years was greatest for the 2–10-year follow-up period
(adjusted HR: 1.36, 95% CI: 0.96–1.93 and adjusted
HR: 1.62, 95% CI: 1.26–2.09, P < 0.001, respectively).

Cause of graft failure
Compared with older recipients, patients transplanted
between the ages of 18 and 49 who lost their graft were
more likely to do so from chronic rejection (CR,
P < 0.001, Table 5), recurrence of primary liver disease
(P < 0.001) and acute (P = 0.02) and late vascular
occlusion (P = 0.03).

Discussion
Similar to other reports, young adults in the United
Kingdom and Ireland who are aged 18–29 years are up
2277
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Number
Donor characteristics
Female
Age
BMI (kg/m2) mean (SD)
Trauma as cause of death
DCD donor*
Hepatic steatosis
Presence of capsular damage
Abnormal donor liver appearance
Segmental graft type
CIT (mins) mean (SD)
Recipient characteristics
Female
Non-Caucasian ethnicity
BMI (kg/m2) mean (SD)
UKELD† mean (SD)
Blood group O
Functional status: self-care‡
Platelet count (9109/l) mean (SD)
Ascites
Previous variceal bleed
Encephalopathy
Presence of HCV antibodies
Inpatient prior to transplant
Renal support prior to transplant
Ventilator support prior to transplant
Previous abdominal surgery
Indication for transplant
HCC
HCV
PSC
HBV

868
47.5%
43.0 (15.6)
25.0 (4.9)
18.2%
7.3%
36.9%
14.1%
16.1%
9.7%
595.0 (193.5)
40.3%
17.9%
25.0 (4.2)
56.0 (6.4)
46.8%
48.0%
134.5 (117.3)
48.3%
28.6%
19.2%
14.3%
16.9%
6.3%
1.3%
15.1%
4.8%
12.1%
19.9%
4.7%

49.5%
39.6 (15.7)
23.4 (4.5)
19.0%
6.6%
31.5%
10.8%
14.0%
14.3%
582.2 (194.4)
49.7%
17.8%
24.3 (4.1)
55.4 (6.3)
40.3%
45.0%
126.5 (123.7)
43.7%
27.6%
14.7%
1.9%
20.3%
5.8%
1.5%
17.9%
2.3%
1.1%
26.8%
1.9%

30–39 years

533

18–29 years

Age at transplantation

10.4%
19.9%
11.2%
3.5%

35.7%
17.3%
25.7 (4.8)
56.1 (6.0)
42.0%
53.2%
112.2 (86.3)
59.0%
31.2%
25.5%
26.2%
16.1%
5.5%
0.9%
14.4%

46.8%
45.5 (15.4)
26.5 (5.2)
14.1%
10.5%
42.0%
13.7%
19.7%
5.8%
590.4 (184.1)

2448

40–49 years

Table 1. Donor and recipient characteristics according to age-group (n = 10 874).

21.2%
14.0%
7.4%
2.8%

32.3%
11.8%
25.9 (4.8)
55.0 (5.7)
43.2%
53.0%
108.5 (73.1)
57.5%
30.7%
26.4%
25.9%
13.6%
5.3%
0.4%
14.2%

43.9%
46.2 (15.5)
27.2 (5.0)
15.1%
12.9%
43.9%
13.7%
21.7%
6.0%
584.4 (184.5)

4050

50–59 years

27.9%
7.0%
8.0%
1.9%

37.5%
8.0%
26.1 (4.8)
54.2 (5.5)
41.3%
51.4%
114.8 (72.5)
53.8%
26.1%
27.2%
15.5%
13.8%
5.0%
0.6%
15.6%

47.4%
48.3 (15.8)
27.0 (4.8)
13.5%
14.6%
45.5%
13.8%
22.0%
5.3%
566.8 (184.7)

2975

60–76 years

0.0
0.0
5.5
0.0
0.0
21.7
22.2
9.5
0.0
6.0
0.9
0.02
5.9
5.3
0.0009
0.0
2.6
2.4
3.0
0.8
10.1
0.02
0.3
0.05
0.3
0.0
0.0
0.0
0.0

<0.001
<0.001
<0.001
<0.001
0.01
0.006
<0.001
<0.001
<0.001
<0.001
<0.001
0.001
0.64
0.01
0.13
<0.001
<0.001
<0.001
<0.001

(0)
(0)
(0)
(0)

(1)
(6)
(643)
(574)
(1)
(0)
(279)
(260)
(330)
(92)
(1 097)
(2)
(32)
(5)
(41)

(0)
(0)
(601)
(0)
(0)
(2 364)
(2 418)
(1 035)
(0)
(652)

Missing values (%)

0.007
<0.001
<0.001
0.001
<0.001
<0.001
0.56
<0.001
<0.001
<0.001

P-value§
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(0)
(0)
(0)
(0)
(0)
0.0
0.0
0.0
0.0
0.0

3rd level of 5-point scale assessing patient’s pre-transplantation functional status.

§

United Kingdom Model for end-stage liver disease.

‡

†

*Liver donated following circulatory death.

Categorical variables compared using chi-squared tests and continuous variables compared using the Kruskal-Wallis test.

<0.001
<0.001
<0.001
<0.001
<0.001
16.8%
10.5%
8.8%
5.2%
6.0%
12.6%
26.5%
6.5%
2.5%
6.4%
12.6%
24.0%
8.5%
1.2%
8.7%
9.2%
14.6%
14.3%
0.46%
19.8%

30–39 years
18–29 years

1.1%
1.7%
25.3%
0.19%
39.6%
PBC
ALD
AILD
Metabolic
Others

Table 1. Continued.

Age at transplantation

40–49 years

50–59 years

60–76 years

P-value§

Missing values (%)
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to 30% more likely to lose their graft after LT, compared with other age cohorts [25,26]. In this study, we
were able to highlight the differences between this
cohort and older transplant recipients, up to 76 years of
age. YAs were less likely to receive grafts with evidence
of steatosis, capsular damage or other signs of abnormal
organ appearance and were more likely to receive a LT
for conditions such as PSC, AILD and ‘Others’ –
including biliary atresia. At the time of transplantation,
the prevalence of the sequelae of end-stage liver disease,
including ascites and encephalopathy was found to be
less common in YA’s. Our analysis therefore demonstrates that, despite more often receiving more optimal
quality grafts, YA have a greater risk of graft loss.
The reasons for inferior graft survival appear to be
multi-factorial. CR is a leading cause of graft failure in
the YA group (4.8%). The definition of CR can be imprecise and within this database like other studies, it is as per
the reporting centre’s interpretation. Sagar et al. [27]
found a higher prevalence of CR (7.3%) when comparing
a group of 110 YA’s transplanted between the ages of 18
and 35 years with younger cohort of 137 young people
transplanted during childhood. Risk factors for CR
include autoimmune aetiology, cytomegalovirus infection
and low levels of immunosuppression [28]. However,
poor adherence to medication/clinic attendance is recognized as one of the strongest risk factors for CR and had
the highest incidence amongst YA [7,29]. The prevalence
of nonadherence in adolescents post organ transplantation has been estimated to nearly 50% [30,31]. Poor
adherence or nonadherence is often complex, multifactorial, fluctuating and requires regular monitoring also in
patients with graft function within normal limits. The
role of alcohol and even illicit drug use may also lead to
medication nonadherence [32]. Unfortunately, data on
the reasons for non-adherence is not recorded by the
database.
The benefits and positive impact of transition services
are well established and can help negate nonadherence
[27]. A multi-disciplinary approach focused on exploring adherence patterns and beliefs as well as mental
health problems is recommended as these are particular
prevalent in this population [33]. Disclosure of nonadherence should be encouraged and met with a nonjudgmental stance as patients are often concerned about the
repercussions of their disclosure in particular in the setting of graft loss and discussions regarding retransplantation [8]. Other reasons for inferior graft survival could be because of disease aetiologies such as
AILD or PSC, both of which are known to recur in the
post-transplant period, thus leading to graft dysfunction
2279
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Figure 2 10-year graft survival stratified by age-group (n = 10 874).

and graft failure [10]. However, we must acknowledge
that in our analysis the impact of age on graft failure
did not differ according to liver disease aetiology
(P = 0.28). Further investigation into the impact of disease aetiology on graft failure in YA’s is therefore, warranted.
In the United Kingdom, this is the first study that has
highlighted that graft survival is inferior in YA. Internationally, this is the first study that has identified that the effect of
age on graft survival differs according to epoch of followup. Other literature that has explored this association is
both sparse and conflicting [26,34]. Using the United Network for Organ Sharing (UNOS) database including 17 181
patients between 1988 and 2013, inferior liver graft survival
rates were reported in this age group (17–29 years) [26]. In
contrast, in another study of 12 161 liver recipients between
1987 and 2012, no difference in liver graft failure rates was
reported between 17 and 24-year olds and younger or older
cohorts [34]. Differing definitions of graft failure and differing partitioning of age-bands may have led to differing
results in these analyses [26,34].
Another study which also utilized the UNOS database
demonstrated no difference in graft failure between
three different age groups, 0–17, 18–24 and 25–34 years
[24]. However, the authors demonstrated increased rates
of late graft loss in the 18–24 group and the cohort
were less likely to be re-transplanted and more likely to
die after developing graft failure [24]. An increased
waiting list drop-out rate when awaiting LT was also
observed [25]. These patients were less likely to be
granted an exception score on the waiting list, had
lower MELD scores and had inferior waiting list
2280

outcomes despite having the highest mean MELD scores
at time of listing and LT. These data further accentuate
the vulnerable status of YA undergoing liver transplantation.
Inferior outcomes in the 30–39 age group were also
highlighted in our study. This group share similar recipient characteristics with the YA group, as well as underlying disease aetiologies. However, in contrast to the YA
group, the leading cause for graft failure is recurrent
disease and would be more likely to encompass recurrent HCV. With the introduction of direct antiviral
agents (DAA) pre- and post-LT, the impact of recurrent
HCV on inferior graft survival will likely become
negated [35]. The prevalence of CR in this age group of
2.9% is still relevant and higher than the older age
groups. In contrast to adolescents and YA where non–
adherence to treatment is typically suspected and perceived to be developmentally appropriate, nonadherence
or sub-optimal adherence to treatment is rarely
explored in older age groups post LT [36]. A metaanalysis however showed that 22.6/100 adult transplant
patients failed to take their medications correctly [32].
Variation in tacrolimus immunosuppression levels, suggestive of variable adherence to treatment, were associated with the rejection in group of 150 adult LT
recipients (age 18–80 years) and have shown similar
results in children and young people post LT [37].
Adherence management should be an integral part of a
patient’s management irrespective of their age. Routine
calculation of Medication level variability index (MLVI)
could be used routinely in a clinic setting to monitor
adherence [38].
Transplant International 2021; 34: 2274–2285
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Table 2. Association of age at transplantation with 10 year graft survival (n = 10 874).
Age group

Hazard ratio

P-value

95% CI

18–29 years
30–39 years
40–49 years
50–59 years
60–76 years
Donor factor
Female sex
Donor age
Donor BMI
Cause of death: CVA
Cause of death: other
DCD donor
Presence of steatosis
Presence of capsular damage
Abnormal organ appearance
Segmental graft type
Cold ischaemic time
Recipient factor
Female sex
Non-white ethnicity
BMI
ECOG score
Restricted
Self-care
Reliant
Dependent
Prescence of ascites
Prescence of varices
Encephalopathic
Presence of HCV antibodies
UKELD score
Inpatient
Renal support
Ventilated
Previous abdominal surgery
Indication for transplant
HCC
HCV
PSC
HBV
PBC
ALD
AILD
Metabolic
Others
Era of transplant 2008–2016

1.25
1.31
1.07
1
1.05

0.04
0.02
0.28
1
0.44

1.00–1.57
1.11–1.55
0.95–1.21
1
0.93–1.18

1.01
1.01
1.01
0.91
0.89
1.75
1.00
1.05
1.33
1.48
1.00

0.863
0.001
0.030
0.200
0.148
0.000
0.935
0.627
0.000
0.000
0.002

0.91–1.11
1.00–1.01
1.00–1.02
0.80–1.05
0.76–1.04
1.49–2.04
0.89–1.11
0.87–1.26
1.18–1.50
1.22–1.79
1.00–1.00

1.11
0.99
0.99

0.533
0.925
0.187

1.00–1.24
0.86–1.14
0.98–1.00

1.02
1.10
1.17
1.40
0.96
1.02
0.94
1.36
1.01
1.13
0.98
0.39
1.19

0.893
0.408
0.250
0.063
0.415
0.767
0.272
0.000
0.154
0.143
0.831
0.02
0.004

0.80–1.28
0.88–1.38
0.90–1.53
0.98–2.00
0.86–1.06
0.91–1.13
0.83–1.05
1.15–1.61
1.00–1.02
0.96–1.32
0.79–1.20
0.17–0.88
1.06–1.35

1
0.85
1.06
0.62
0.61
0.90
0.72
1.21
0.86
0.79

1
0.086
0.580
0.005
0.000
0.236
0.003
0.280
0.141
0.000

1
0.71–1.02
0.87–1.27
0.45–0.87
0.50–0.76
0.76–1.07
0.58–0.89
0.85–1.71
0.69–1.05
0.71–0.88

Our data found that UKELD were comparable across
the different age groups although mean platelet counts
were lowest in the YA and the 50–59 group. Portal
hypertension was a predominant feature amongst YA at
the time of liver transplantation although, as our data
suggests, it is not necessarily clinically evident; 43% had
Transplant International 2021; 34: 2274–2285
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ascites and only 28% had suffered a previous variceal
bleed, the lowest prevalence across the different groups.
A leading aetiology in the YA group is biliary atresia
post Kasai, a condition which is characterized by portal
hypertension and cholangitis. The UKELD score therefore, does not appear to be a sensitive descriptor of the
2281

Briggs et al.

Table 3. Association of age at transplantation with 10-year graft survival sequentially adjusted for donor and then
recipient characteristics (n = 10 874).
Age at transplantation

Unadjusted
Adjusted for donor
characteristics*
Adjusted for donor and
recipient characteristics†

50–59 years

60–76 years

P-value‡

18–29 years

30–39 years

40–49 years

1.15 (0.94–1.41)
1.24 (1.00–1.52)

1.26 (1.07–1.48)
1.31 (1.12–1.54)

1.05 (0.94–1.19)
1.08 (0.96–1.21)

1
1

1.02 (0.91–1.14)
1.01 (0.90–1.13)

0.05
0.01

1.25 (1.00–1.57)

1.31 (1.11–1.55)

1.07 (0.95–1.21)

1

1.05 (0.93–1.18)

0.02

*Adjusted for donor characteristics: sex, age, BMI (kg/m2), donor cause of death, donor type (donation after circulatory death
or donation after brain death), steatosis, capsular damage, organ appearance, segmental graft type and cold ischaemic time.
†

Adjusted for donor characteristics listed above and recipient characteristics: sex, ethnicity, BMI (kg/m2), functional status,
ascites, varices, encephalopathy, HCV status, UKELD, pretransplant inpatient status, pretransplant renal support, pretransplant
ventilator status, previous abdominal surgery, disease aetiology and era of transplantation (1995–2008 & 2009–2016).
‡

P-value to determine whether the HR’s representing the impact of different age-groups on graft failure differs significantly.

Table 4. Assessing the time-varying impact of age-group at transplantation on graft survival at 90 days, 2-years and
10 years, adjusted for donor and recipient characteristics (n = 10 874).
Age at transplantation
Epoch of follow-up*

18–29 years

30–39 years

0–90 days
1.10 (0.77–1.59)
1.26 (0.96–1.66)
90 days to 2 years
1.31 (0.88–1.94)
0.96 (0.68–1.37)
2–10 years
1.36 (0.96–1.93)
1.62 (1.26–2.09)
P for interaction between for all age groups and epoch †P = 0.03

40–49 years
0.94 (0.77–1.15)
1.02 (0.81–1.29)
1.07 (0.86–1.33)

50–59 years
1
1
1

60–76 years
0.91 (0.75–1.10)
1.07 (0.86–1.33)
1.19 (0.99–1.46)

*Adjusted for donor characteristics: sex, age, BMI (kg/m2), donor cause of death, donor type (donation after circulatory death
or donation after brain death), steatosis, capsular damage, organ appearance, segmental graft type and cold ischaemic time
and recipient characteristics: sex, ethnicity, BMI (kg/m2), functional status, ascites, varices, encephalopathy, HCV status, UKELD,
pretransplant inpatient status, pretransplant renal support, pre-transplant ventilator status, previous abdominal surgery, disease
aetiology and era of transplantation (1995–2008 & 2009–2016).
†

Wald test to determine whether the hazard ratios from 0 to 90 days, 90 days to 2-years and 2-years to 10 years for all agegroups differ significantly from each other.

severity of liver disease in YAs [13]. The development
of more sensitive scores and models are therefore
needed in YAs that will describe the severity of their
liver disease and help identify those that will benefit
from LT.
There are several limitations to our study. First, our
dataset lacked complete information on several clinically
plausible risk factors including immunosuppression,
changes over time and differences between centres in
immunosuppression regimens, immunosuppression
levels, adherence rates, rejection episodes and perioperative complications and causes of graft failure.
However, given that we adjusted for donor and
2282

recipient characteristics that have previously been proven to be risk factors for graft loss [2,4] it is unlikely
that residual confounding fully explains our results. Second, the donor and recipient characteristics that we did
include in our model may not have fully captured variations in how patients were selected for liver transplantation over the 20-year study period but again given the
extensive risk adjustment that was performed it is unlikely that changes over time in patient selection would
explain such variation in age-related outcomes. Third,
the relatively small number of recipients in the youngest
age-group (18–29 years) may have affected the statistical
power of the study and in particular in the timeTransplant International 2021; 34: 2274–2285
ª 2021 Steunstichting ESOT. Published by John Wiley & Sons Ltd
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Table 5. Cause of graft failure stratified by age-group (n = 1927).
Age at transplantation
Cause of graft failure
Acute rejection
PNF
Acute vascular occlusion
Late vascular occlusion
Non-thrombotic infarction
Ductopenic rejection
Recurrent disease*
Biliary complications
Other†
Unknown

18–29 years
30–39 years
40–49 years
50–59 years
60–76 years
105 failures (%) 191 failures (%) 447 failures (%) 694 failures (%) 490 failures (%) P-value‡
0.0
5.7
17.1
5.7
1.0
1.9
11.4
3.8
15.2
12.4

(0)
(6)
(18)
(6)
(1)
(2)
(12)
(4)
(16)
(13)

2.1
4.2
14.7
5.8
2.1
1.6
20.4
5.2
15.2
17.3

(4)
(8)
(28)
(11)
(4)
(3)
(39)
(10)
(29)
(33)

0.5
7.6
12.5
6.3
2.9
0.7
21.7
3.4
17.2
17.5

(2)
(34)
(56)
(28)
(13)
(3)
(97)
(17)
(77)
(78)

1.2
11.1
12.0
4.5
2.0
0.9
17.6
4.9
22.2
14.8

(8)
(77)
(83)
(31)
(14)
(6)
(122)
(34)
(154)
(103)

0.4
9.6
10.4
2.9
1.2
0.6
16.5
6.9
23.3
21.0

(2)
(47)
(51)
(14)
(6)
(3)
(81)
(34)
(114)
(103)

0.05
0.17
0.02
0.03
0.30
0.39
<0.001
0.42
0.60
0.006

*Includes the recurrence of HCV and the cholestatic liver diseases (PSC & PBC).
†

Specified only as ‘other cause of graft failure’ in Standard National Liver Transplant Registry.

‡

Categorical variables were presented as proportions and compared using chi-squared tests.

dependent analysis. The impact of age on graft failure
in this study may therefore be an underestimation.
Finally, used predefined post-transplant epochs (up to
90 days, between 90 days and 2 years and between 2
and 10 years) to investigate the impact of age on graft
failure in different epochs. This approach assumes that
the prognostic impact of age on graft survival is constant within each of these epochs. The advantage of this
approach is that the hazard ratios can be estimated
using standard Cox regression methods and, more
importantly, that the results are relatively easy to interpret. Its disadvantage is that that the partitioning of the
survival time in distinct epochs needs to be chosen in
advance and that the number of separate epochs as well
as their duration is arbitrary.
Our data confirms that YA’s form a unique cohort
of patients, supported by the concept that adolescent
development, a period of significant neuro-biological
changes continues into the mid-20s [39]. It is likely
that some of the behaviours associated with this developmental phase such as risk taking and impulsivity,
will impact on graft outcome in YA liver transplant
recipients. Our data suggests that more support is
required for YA undergoing liver transplantation to
help them preserve their graft function especially from
two years onwards [27,40]. As demonstrated by the
paediatric experience of transitional care for children
post-transplantation, adult liver transplant professionals should be encouraged to seek support from allied
health professionals including clinical psychologists,
transplant coordinators, social workers and youth
Transplant International 2021; 34: 2274–2285
ª 2021 Steunstichting ESOT. Published by John Wiley & Sons Ltd

workers, experienced in working with young people
[30].
Currently in the United Kingdom, there is a huge
inter-centre variability with regards to patient care for
young people with liver disease, including for those
transitioning from paediatric to adult services. Currently, young people are expected to be looked after by
adult services at 18 years of age, irrespective of whether
this is developmentally appropriate for the individual.
Whereas most services focus on providing support for
young people aged 16–18 years moving from paediatric
to adult services, at King’s College Hospital, we have
developed a unique multi-disciplinary service supporting YAs during the ages of 16–25 years hence including
young people presenting to the adult service with de
novo liver disease [41]. In stark contrast, in most centres patients between the ages of 18 and 29 years would
be managed by adult services they will not necessarily
have been exposed to transition services. It is therefore
likely, that the needs of this ‘vulnerable’ age groups are
not being met. YA services are limited but are available
in certain UK transplant centres, providing a multidisciplinary team approach, addressing the physical,
social and mental health needs of the patient [33,41].
In summary, we have demonstrated inferior graft
outcomes for YA (18–29 years), with chronic rejection
identified as the leading cause for long-term graft failure. This increased risk is more evident from two years
after liver transplantation. YA require supportive multidisciplinary care, which can help improve long-term
outcomes.
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