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ABSTRACT

Background. The use of kidneys from elderly controlled donation after circulatory death (cDCD) donors has increased
significantly in recent years. Concerns about outcomes achieved with these elderly cDCD kidneys have arisen. We aimed to
compare outcomes from elderly cDCD kidney transplant recipients (KTrs) and elderly donation after brain death donors
(DBDs) in KTrs.

Methods. We conducted a single-centre retrospective study including 87 cDCD-KTrs (46 from donors �65 years of age and 41
from <65 years) and 126 DBD-KTrs from donors �65 years of age from 2013 through 2017). Young cDCD-KTrs were used as
controls. The median follow-up was 27.1 months for all cDCD-KTrs and 29.7 months for DBD-KTrs �65 years of age.

Results. Donors >65 years of age represented more than half of our global cDCD cohort (52.9%). KTs from elderly cDCDs had
similar rates of delayed graft function, primary non-function and vascular complications compared with young cDCD-KTrs
and elderly DBD-KTrs. Short and medium-term graft survival from elderly cDCD kidneys are excellent and are comparable
to those from young cDCD and elderly DBD kidneys (90% young cDCD versus 88% elderly cDCD versus 80% elderly DBD at
36 months, P¼0.962 and 0.180, respectively). Although recipients from cDCDs �65 years of age showed lower 3-year patient
survival (78% versus 87% in elderly DBD-KTrs; P¼0.01), recipient age was the only determinant of patient survival [hazard
ratio 1.10 (95% confidence interval 1.02–1.17); P<0.01], without any influence of donor characteristics.

Conclusions. The use of kidneys from elderly cDCDs is increasing in Spain. Short- and medium-term graft outcomes are
similar when comparing kidneys from elderly cDCDs and DBDs. Recipient age is the only determinant of patient survival.
Additional studies are needed to assess long-term outcomes.
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INTRODUCTION

In Spain, kidney transplant (KT) activity has continuously in-
creased in recent years [1]. This increase, driven by the growing
number of patients on the waiting list, has been accomplished
through the acceptance of new donor profiles: (i) the emergence
of controlled donation after circulatory death (cDCD) as a viable
source of organs in 2012 [2] and (ii) the extended use of increas-
ingly older deceased donors [3].

Kidneys from cDCDs offer a valuable extension of the donor
pool, but not without controversy. Unlike those from donation
after brain death (DBD), cDCD kidneys are subject to warm
ischaemic injury that increases the risk of primary non-function
(PNF) and delayed graft function (DGF) and may compromise
long-term graft survival [4–7]. Consequently, many cDCD kid-
neys are discarded due to concerns about their outcomes, par-
ticularly when they come from expanded criteria donors (ECDs),
and prolonged ischaemia times [3, 8, 9]. In contrast, because of
the risks associated with DGF, patients receiving cDCD kidneys
usually receive induction immunosuppression with polyclonal
antibodies in order to delay the use of tacrolimus or cyclospor-
ine and reduce the rate of DGF. This increase in global immuno-
suppression might compromise the recipient’s outcome.

Transplant physicians are evolving to more open-minded at-
titude towards donor acceptance criteria, because evidence sup-
porting these strategies has emerged in recent years [10–12].
Several studies of KTs in elderly recipients and the use of ad-
vanced-age kidneys, adopting an old-for-old allocation policy,
have shown favourable results, demonstrating improved sur-
vival compared with waitlisted patients remaining on dialysis
[10–14]. However, the experience with cDCD elderly kidneys al-
located to elderly recipients has not been that optimistic so far,
and two cohorts have recently shown that survival in these
recipients might be poorer than remaining on dialysis [15, 16].
In this context, although some series have shown similar short-
term patient and graft outcomes between cDCD-ECDs, cDCD
standard criteria donors (SCDs) and DBD-ECDs [3, 15, 17, 18],
outcomes with KTs from elderly cDCDs need to be carefully
studied in order to avoid poor patient and graft outcomes.

In Spain, the rate of KTs reached 70.8 transplants per million
population (pmp) in 2018 (>100 in Catalonia) [19], the highest
worldwide. Kidneys from cDCDs represented 26% of all de-
ceased donor KT activity, with a 22% increase since 2012 [1]. A
study from the GEODAS working group including 19 transplant
centres (including ours) in Spain recently found that 24% of
cDCD kidneys transplanted between January 2012 and January
2017 were from donors >65 years of age. Recipients from cDCDs
showed similar short-term outcomes regardless of donor age
[18]. So far, there are no available data comparing graft and pa-
tient outcomes between elderly cDCDs and DBDs in Spain.

In view of the increasingly important contribution of cDCDs
to KTs and waitlisted outcomes, we aimed to compare short-
and medium-term graft and patient outcomes between elderly
cDCD-KTs and elderly DBD-KTs. Young cDCD-KTs were evalu-
ated as controls.

MATERIALS AND METHODS
Patients

We conducted a retrospective cohort study among all cDCDs
(Maastricht Type III) and DBD-KTs �65 years of age performed
in Hospital del Mar, Barcelona, from January 2013 to December
2017. Follow-up was until July 2019. Clinical and epidemiological

information were collected from our local transplant database.
The final cohort consisted of 213 KTs (87 cDCD-KTs: 46 from
donors �65 years of age and 41 from donors <65 years of age
and 126 DBDs �65 years of age). The median time to follow-up
was 27.1 months [interquartile range (IQR) 21.7–42.3] for cDCDs
and 29.7 months (IQR 14.7–50.3) for DBDs �65 years of age.

Study variables

We defined donors and recipients <65 years of age as young
and donors and recipients �65 years of age as elderly. Recorded
baseline data included donor and recipient characteristics [age,
sex, ethnicity, body mass index, body surface area, kidney do-
nor profile index (KDPI)], Remuzzi histological score, cause of
end-stage kidney disease, time on dialysis before transplant,
type of renal replacement therapy (RRT), comorbidities (diabe-
tes, coronary artery disease, peripheral vascular disease, cere-
brovascular disease) and transplant-related factors such as cold
ischaemia time (CIT), calculated panel reactive antibodies
(cPRAs) and immunosuppressive therapy.

Serum creatinine, estimated glomerular filtration rate (eGFR)
by the Modification of Diet in Renal Disease-4 formula and pro-
teinuria were recorded at 1, 3, 6, 12 and 36 months. Clinical
events, such as DGF, PNF, poor kidney function, vascular com-
plications, surgical complications, fluid complications, acute re-
jection (AR), de novo donor-specific antibodies (DSAs),
cytomegalovirus infection/disease, BK virus infection, number
of hospital admissions during the first year after KT, graft loss
and patient death were recorded.

The KDPI was calculated from donor variables using the
method described by the Organ Procurement Transplant
Network [20]. Pre-transplant histological assessment with
Remuzzi score, although recommended, was not a routine tech-
nique in our standard practice. Thus it was only performed on
28 elderly DCD-KTs and 22 elderly DBD-KTs. DGF was defined as
the need for dialysis during the first week after KT, not second-
ary to PNF or graft thrombosis, and followed by recovery of allo-
graft function. PNF was defined as no dialysis independence
after transplantation, excluding those causes of graft loss due to
hyperacute rejection, thrombosis or surgical complication. Poor
kidney function at 12 months was defined as an eGFR<30 mL/
min. AR was identified on biopsy and classified according to the
Banff 2013 classification and its subsequent updates [21, 22].

Immunosuppression treatment

Induction immunosuppression therapy was based on the
patient’s immunological risk, and high immunological risk
patients were those with a pre-transplant cPRA>50%, with the
presence of DSA at the moment of transplant or those with two
or more previous KTs. For low immunological risk patients,
basiliximab was administered at a dose of 20 mg on the day of
the operation and on postoperative Day 4. For high
immunological risk patients, rabbit antithymocyte globulin was
administered at a total dose of 2.5–5 mg/kg. Standard mainte-
nance immunosuppression included tacrolimus (trough target
levels 5–8 ng/mL after Month 6 post-transplantation), mycophe-
nolic acid and prednisone. All patients received 250 mg of meth-
ylprednisolone on Day 0 and 125 mg on Day 1. Prednisone
dosage was then tapered from 20 to 5 mg/day within 42 days af-
ter KT. Some low immunological risk patients received an alter-
native maintenance immunosuppression including low-dose
tacrolimus (target levels 2–4 ng/mL after Month 6), everolimus
(target levels 3–8 ng/mL) and prednisone.
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Statistical analysis

Continuous data are expressed as mean 6 standard deviation
(SD) or median and IQR according to their distribution.
Categorical data are expressed as percentages. Comparisons of
baseline characteristics between groups were made using chi-
square or Fisher’s exact tests to analyse categorical variables,
Student’s t-test for continuous variables with normal distribu-
tion and Mann–Whitney test for non-parametric variables.

Patient and graft survival was estimated using Kaplan–Meier
curves, applying the log-rank test. Death-censored graft loss
was considered from the transplant date to the beginning of an
alternative RRT (return to dialysis or retransplantation).

Logistic regression was used to estimate the odds ratio (OR)
for DGF and early patient mortality. Univariate and multivariate
Cox regressions were performed to estimate the hazard ratio
(HR) for survival. The following variables were included in the
univariate analysis: recipient age and comorbidity, CIT, donor/
recipient body surface index, dialysis vintage, human leucocyte
antigen mismatches, cPRA >30%, donor type, Remuzzi score, in-
duction and maintenance therapy, biopsy-proven AR, vascular
complications, surgical complications, fluid complications and
number of hospital admissions during the first year after KT.
These variables were chosen based on their clinical relevance
and previous results obtained from our group [23].

Statistical analysis was performed using SPSS version 21
software (IBM, Armonk, NY, USA). P-values <0.05 were consid-
ered statistically significant.

RESULTS
Characteristics according to donor type

A total of 213 KTs were included in the study. Of them, 41 re-
ceived a KT from a cDCD <65 years of age, 46 from acDCD �65
years of age and 126 from a DBD �65 years of age (Figure 1).
Details of baseline recipient, donor and transplant-related char-
acteristics are shown in Table 1.

Comparison between young and elderly cDCD KTs. As expected,
recipients of <65-year cDCD grafts were younger and donor
KDPI values were lower compared with the elderly cDCD group.
The prevalence of comorbidities such as hypertension, diabetes,
stroke or peripheral vascular disease was similar between
groups, but recipients of elderly cDCD grafts presented with a
considerably higher rate of ischaemic heart disease before
transplantation (7.3 versus 24.4%; P¼ 0.03). The
retransplantation rate was greater in the younger group, with
an increased use of thymoglobulin as induction therapy. Both
groups presented similar CITs, but warm ischaemia time was
shorter in the younger group.

Comparison between elderly DBD and cDCD KTs. Recipients of
DBD grafts were older than recipients of cDCD-KTs. Although
they received older kidneys, KDPI values were similar. Stroke
was the first cause of death in both groups and was more fre-
quent in the DBD group (76.2 versus 58.7%; P¼ 0.05).

Early and medium-term transplant outcomes

Table 2 shows the observed incidence of transplant outcomes
for each patient group. No differences were found regarding
early clinical events (early patient mortality, PNF, DGF, days un-
til creatinine decrease and inpatient days) between groups. Nor
did we find any difference in de novo DSA, biopsy-proven AR,

cytomegalovirus and BK virus infection, number of hospital
admissions during the first year after KT, vascular and surgical
complications or lymphocele rates. When analysing potential
risk factors for DGF and early patient mortality in the elderly co-
hort through logistic regression models, dialysis vintage and
haemodialysis as RRT were found to be risk factors for DGF [OR
1.02 (95% CI 1.00–1.04), P¼ 0.02 and OR 7.22 (95% CI 1.61–32.29),
P¼ 0.01, respectively; Table 3), while recipient age and surgical
complications conditioned early patient mortality [OR 1.12 (95%
CI 1.02–1.22), P¼ 0.02 and OR 4.23 (95% CI 1.49–12.01), P¼ 0.01, re-
spectively; Table 4).

In terms of graft function, recipients of elderly DBD grafts ex-
perienced a trend towards a higher rate of poor renal function
(eGFR<30 mL/min) at 36 months compared with elderly cDCD-
KTs, although the difference was not statistically significant (42
versus 20%, respectively; P¼ 0.12) (Table 2). Proteinuria at
36 months was slightly increased in elderly cDCD-KTs com-
pared with young cDCD-KTs (221 versus 169 mg/g; P¼ 0.04).

Survival analysis

Survival analyses (estimated by the Kaplan–Meier method)
showed a lower patient survival at 36 months after transplanta-
tion in those recipients of cDCD �65-year grafts (97% young
cDCDs versus 78% elderly DCDs versus 87% elderly DBDs;
P¼ 0.01 and 0.27, respectively; Figure 2A). When analysing risk
factors for mortality in recipients from �65-year donor grafts,
the logistic regression model adjusted by recipient age and
comorbidities showed that recipient age was the only risk factor
related to patient death, conferring a 10% excess risk for mortal-
ity per each recipient’s year [HR 1.10 (95% CI 1.02–1.17), P< 0.01;
Table 5).

On the other hand, death-censored graft survival at
36 months was similar among groups (90 versus 88 versus 80%,
P¼ 0.962 and 0.180, respectively) (Figure 2B). Independent risk
factors for graft loss in KT from elderly donors were DGF (HR ¼
4.27, 95% CI 1.56–11.67; P¼ 0.01) and biopsy-proven AR (HR ¼
3.43, 95% CI 1.19–9.84; P¼ 0.02, Table 6).

DISCUSSION

We report the first comparative study between elderly cDCDs
and DBDs in Spain. Our preliminary results confirm similar

FIGURE 1: Patients flow chart. n, number of cases.
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rates of DGF, PNF and vascular complications between elderly
cDCD grafts, young cDCD-KTs and elderly DBD-KTs. Short- and
medium-term graft survival from elderly cDCD kidneys are

excellent and are comparable to those from young cDCD and el-
derly DBD kidneys. We found lower 3-year patient survival
among KT recipients from elderly cDCDs, but related to

Table 1. Baseline characteristics among KT recipients

Demographic parameter

<65-year
cDCDs
(n¼ 41)

�65-year
cDCDs
(n¼ 46)

�65-year
DBDs

(n¼ 126) P-value P-value

Recipient characteristics
Age (years), mean 6 SD 52.6 6 10.8 66.4 6 6.5 69.7 6 6.9 <0.001 0.01
Age �65 years, n (%) 8 (21.6) 29 (63) 126 (100) <0.001 <0.001
Female gender, n (%) 18 (58.1) 13 (41.9) 52 (41.3) 0.13 0.12
Caucasian race, n (%) 38 (92.7) 45 (97.8) 120 (95.2) 0.25 0.45
Hypertension, n (%) 37 (90.2) 43 (93.5) 115 (91.3) 0.58 0.64
Diabetes mellitus, n (%) 10 (25) 18 (39.1) 46 (36.5) 0.16 0.75
Body mass index (kg/m2), mean 6 SD 26.3 6 5.0 28.4 6 5.4 27.6 6 4.6 0.15 0.35
Previous cardiovascular event, n (%)

Ischaemic heart disease 3 (7.3) 11 (24.4) 23 (18.3) 0.03 0.37
Stroke 2 (5) 3 (6.5) 13 (10.3) 0.76 0.45
Peripheral vascular disease 3 (7.3) 5 (10.9) 15 (11.9) 0.57 0.85

Cause of end-stage renal disease, n (%)
Hypertensive nephropathy 0 (0) 1 (2.2) 18 (14.3) 0.61 0.32
Diabetic nephropathy 7 (17.1) 9 (19.6) 24 (19)
Glomerulonephritis 13 (31.7) 7 (15.2) 14 (11.1)
Interstitial 3 (7.3) 6 (13) 15 (11.9)
Polycystic 2 (4.9) 2 (4.3) 11 (8.7)
Others 2 (4.9) 3 (6.5) 5 (4)
Unknown 14 (34.1) 18 (39.1) 39 (31)

Previous RRT, n (%)
Haemodialysis 30 (73.2) 39 (84.8) 99 (78.6) 0.19 0.65
Peritoneal dialysis 11 (26.8) 6 (13) 22 (17.5)
Preemptive KT 0 (0) 1 (2.2) 5 (4)

Dialysis vintage (months), median (IQR) 20.0 (12.2–46.5) 23.5 (15.1–44.9) 19.7 (10.9–37.5) 0.08 0.44
Patients with previous KT, n (%) 7 (17.1) 2 (4.3) 10 (7.9) 0.05 0.41
Donor characteristics
Age (years), mean 6 SD 51.7 6 5.4 72.5 6 5.6 74.5 6 6.0 <0.001 0.05
Female gender, n (%) 17 (41.5) 22 (47.8) 74 (58.7) 0.55 0.20
Donor/recipient body surface index, mean 6 SD 1.0 6 0.2 1.0 6 0.1 1.1 6 0.1 0.77 0.04
Expanded criteria donors, n (%) 12 (29.3) 46 (100) 126 (100) <0.001 NA
Cause of death, n (%)

Stroke 19 (46.3) 27 (58.7) 96 (76.2) 0.51 0.05
Anoxia 16 (39) 11 (23.9) 19 (15.1)
Trauma 3 (7.3) 4 (8.7) 9 (7.1)
Other 3 (7.3) 4 (8.7) 2 (1.6)

KDPI (%), mean 6 SD 64.2 6 17.7 95.2 6 5.9 96.4 6 5.6 <0.001 0.26
Remuzzi score, median (IQR)a – 2.9 (1–4) 3.8 (3–4.3) NA 0.04
Transplant characteristics
HLA mismatches, median (IQR), n 5 (4–5) 4 (3–5) 4 (3–5) 0.01 0.14
Peak PRA >30%, n (%) 9 (22) 6 (13) 12 (9.5) 0.27 0.50
Cold ischaemia time (h), median (IQR) 11.2 (6.0–15.0) 9.0 (5.0–14.3) 16.5 (13.0–20.5) 0.66 0.15
Warm ischaemia time (min), median (IQR) 12.0 (8.0–20.0) 16.0 (13.0–24.5) – 0.03 NA
Initial immunosuppression, n (%)
Thymoglobulin induction 9 (22) 3 (6.5) 13 (10.3) 0.04 0.45
Tacrolimus 41 (100) 46 (100) 126 (100) NA NA
mTORi 13 (31.7) 12 (26.1) 24 (19.2) 0.56 0.33
Mycophenolic acid derivatives 28 (68.3) 34 (73.9) 101 (80.8) 0.56 0.33
1 year after KT immunosuppression, n (%)
Tacrolimus use, n (%) 36 (100) 37 (100) 96 (100) NA NA
mTORi use, n (%) 11 (30.6) 6 (17.1) 21 (21.9) 0.17 0.55
Mycophenolic acid derivatives use, n (%) 23 (63.9) 22 (62.9) 67 (69.8) 0.81 0.45

NA, not applicable; mTORi, mammalian target of rapamycin inhibitor. aRemuzzi score was only performed on 28 elderly DCD-KTs and 22 elderly DBD-KTs.

*Comparison between young and elderly cDCD KTs.

**Comparison between elderly DBD and cDCD KTs.
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recipient age. More importantly, our findings noted that donor
type itself did not have any impact on patient or graft survival
in the short and medium term.

In Spain, DCD programmes have experienced unprecedented
growth since 2012, reaching a worldwide maximum of 18.4

DCD-KTs pmp in 2018 [24]. Other European countries also have
successful DCD programmes [24]. The increase in the availabil-
ity of cDCD organs is mainly due to the use of older donors [9,
18, 25], which may result either from a better evaluation of po-
tential donors in this age group or a greater utilization of these

Table 2. Patient and transplant outcomes among KTrs

Outcome

<65-year
cDCD

(n¼ 41)

�65-year
cDCD

(n¼ 46)

�65-year
DBD

(n¼ 126) P-value P-value

Early outcomes
Early patient mortality, n (%) 2 (4.9) 6 (13) 13 (10.3) 0.19 0.61
Primary non-function, n (%) 1 (2.4) 1 (2.2) 5 (4) 0.93 0.57
DGF, n (%) 11 (28.9) 18 (41.9) 36 (31.9) 0.22 0.24
Days until creatinine decrease, median (IQR) 5 (1.8–10.3) 8 (3–13) 5 (2–9) 0.41 0.15
Inpatient days, median (IQR) 8 (7–12) 11 (7–16) 12.8 (7–13) 0.11 0.55
Graft function
Creatinine at 12 months (mg/dL), mean 6 SD 1.7 6 0.7 1.9 6 0.7 1.9 6 0.6 0.28 0.99
eGFR at 12 months (mL/min), mean 6 SD 48.2 6 22.3 40.9 6 13.5 38.4 6 14.7 0.10 0.38
eGFR <30 mL/min at 12 months, n (%) 8 (22.2) 9 (24.3) 31 (32.3) 0.83 0.37
Proteinuria at 12 months (mg/g), median (IQR) 213.6 (115.3–390.1) 227 (151.5–608.2) 274.5(170.6–489.3) 0.14 0.10
Creatinine at 36 months (mg/dL), mean 6 SD 1.7 6 0.8 1.8 6 0.9 2.1 6 0.7 0.62 0.24
eGFR at 36 months (mL/min), mean 6 SD 48.0 6 24.1 41.2 6 15.0 34.0 6 14.7 0.36 0.10
eGFR <30 mL/min at 36 months, n (%) 2 (13.3) 3 (20) 21 (42) 0.62 0.12
Proteinuria at 36 months (mg/g), median (IQR) 169.0 (68.8–200.6) 221 (127.4–564.0) 194.2 (131.5–436.7) 0.04 0.89
De novo DSA, n (%) 4 (10.8) 3 (7.1) 7 (6.7) 0.57 0.92
Biopsy-proven acute rejection, n (%) 5 (12.8) 2 (4.7) 14 (12.4) 0.19 0.16
Other outcomes
Cytomegalovirus prophylaxis, n (%) 11 (28.9) 7 (16.3) 22 (20) 0.17 0.60
Cytomegalovirus, n (%)

No 26 (68.4) 22 (51.2) 57 (52.3) 0.22 0.67
Infection 12 (31.6) 20 (46.5) 46 (42.2)
Disease 0 (0) 1 (2.3) 6 (5.5)

BK virus infection, n (%) 5 (13.2) 7 (16.3) 25 (22.7) 0.70 0.38
Number of hospital admissions during first

year after �2 KTs, n (%)
5 (12.8) 11 (25.6) 36 (36.1) 0.15 0.22

Vascular complications, n (%) 4 (9.8) 5 (10.9) 29 (23) 0.87 0.08
Surgical complications, n (%) 2 (4.9) 5 (11.1) 28 (22.2) 0.29 0.11
Fluid collections, n (%) 5 (12.2) 13 (28.9) 42 (33.3) 0.06 0.58

*Comparison between young and elderly cDCD KTs.

**Comparison between elderly DBD and cDCD KTs.

Table 3. Risk factors for DGF with Poisson regression analysis

Risk factor

DGF Multivariate

OR (95% CI) P-value OR (95% CI) P-value

Recipient age 1.03 (0.98–1.08) 0.28 – –
Ischaemic cardiopathy 1.23 (0.55–2.78) 0.61 – –
Dialysis vintage 1.02 (1.00–1.04) 0.01 1.02 (1.00–1.03) 0.02
Haemodialysis as RRT 10.33 (2.36–45.21) <0.01 7.22 (1.61–32.29) 0.01
KDPI 1.00 (0.94–1.06) 0.88 – –
Donor/recipient body surface index 0.17 (0.13–2.18) 0.17 – –
Remuzzi score 1.24 (0.85–1.82) 0.26 – –
Number of HLA mismatches 1.15 (0.87–1.51) 0.32 – –
Peak PRA >30% 1.45 (0.48–4.48) 0.50 – –
Cold ischaemia time 1.00 (0.96–1.05) 0.74 – –
mTORi as maintenance treatment 0.66 (0.29–1.51) 0.33 – –
Thymoglobulin induction 2.38 (0.76–7.45) 0.14 – –

mTORi, mammalian target of rapamycin inhibitor.
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Table 4. Risk factors for early patient mortality with Poisson regression analysis

Risk factor

Early patient mortality

OR (95% CI) P-value OR multivariate (95% CI) P-value

Recipient age 1.12 (1.03–1.23) 0.01 1.12 (1.02–1.22) 0.02
Ischaemic heart disease 1.52 (0.51–4.54) 0.44 – –
Dialysis vintage 1.00 (0.99–1.02) 0.65 – –
Haemodialysis as RRT 1.36 (0.37–4.95) 0.23 – –
Previous KT 3.00 (0.74–12.23) 0.13 – –
Elderly cDCD (versus elderly DBD) 1.30 (0.46–3.66) 0.61 – –
Thymoglobulin induction 3.13 (0.90–10.94) 0.07 2.56 (0.67–9.82) 0.17
Number hospital admissions during first year after �2 KTs 1.49 (0.45–4.96) 0.51 – –
Vascular complications 1.53 (9.51–4.58) 0.45 – –
Surgical complications 4.80 (1.77–13.06) <0.01 4.23 (1.49–12.01) 0.01
Fluid collections 2.07 (0.79–5.44) 0.14 – –

FIGURE 2: (A) Patient and (B) death-censored graft survival after KT. (A) Kaplan–Meier curve shows 3-year mortality rates of KT patients from young-cDCDs, elderly

cDCDs and elderly DBDs. (B) Kaplan–Meier curve shows 3-year death-censored graft survival of KT patients from young-cDCDs, elderly cDCDs and elderly DBDs.
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grafts. In fact, elderly donors constitute nearly 25% of cDCDs in
Spain [18, 26] and represented up to 52.9% of all cDCD-KTs in
our cohort. So far, age-matching allocation policies have shown
favourable results [10–13]. However, as kidneys affected by age-
related changes and other comorbidities may be more sensitive
to the warm ischaemic injury of cDCD grafts, a variable propor-
tion of these kidneys are being discarded, particularly those
with longer warm ischaemia time, high KDPIs or those not
treated with machine perfusion. Pre-implantation biopsy
showed contradictory results [27, 28].

Several retrospective studies have evaluated outcomes from
combined ECD–DCD kidneys using the classic ECD definition
[17, 29–33]. Locke et al. [29] analysed the effect of age and donor
type on the risk of graft failure in KTs from the United Network
for Organ Sharing database between 1993 and 2005. Donor age
was associated with an increased risk of graft failure, although
graft survival was similar between ECD-DBD and >50-year DCD
kidneys. A large registry analysis from the USA including 562
ECD–DCD KTs showed a slightly increased graft loss in DCD-KTs
compared with non-DCD recipients. The increased risk of total
graft failure in DCD recipients was not significantly modified by
ECD status [30]. Overall, ECD–DCDs have shown poorer patient
and graft outcomes compared with SCD–DCDs, but not inferior
to ECD–DBDs [6, 17, 29–31, 34]. The 3-year death-censored graft
survival for ECD–DCD kidneys is 70–90% [6, 30, 31, 35]. In our
study, elderly cDCD kidneys showed good medium-term graft
survival (88%), comparable to that from young cDCD and elderly
DBD kidneys (90 and 80%, respectively). On the other hand,

elderly cDCD recipients showed a lower 3-year patient survival
(78%), but similar to that previously reported [16, 30, 35].

It is worth noting that those studies that evaluate outcomes
from elderly cDCDs using the classic ECD definition have a
mean donor age ranging between 56 and 64 years, much lower
than the one in our elderly cohort, with a mean age of almost
75 years. Donor age has been associated with inferior outcomes
after KT due to lower kidney functional reserve and increased
vasculopathy, which presumably reduce their capability to re-
spond to injuries [36, 37]. Nonetheless, only a few studies have
focused on analysing results from elderly cDCDs [15, 16, 18, 35].
The first experiences were not very positive and described no
benefit in terms of survival using kidneys from old DCDs
(>65 years) compared with those who remained waitlisted on
dialysis [15, 16]. Since then, other studies have supported good
death-censored graft survival and acceptable graft function in
>65-year cDCD grafts, comparable to results from elderly DBDs
[18, 35]. Khalid et al. [35] showed an overall death-censored graft
survival of 90 and 80% at 3 and 5 y, respectively. Outcomes from
>70-year cDCDs did not differ from the age group of 60–69 years
(P¼ 0.79). The same happened with the median eGFR at 3 and
5 years. However, in terms of patient survival, the eldest group
showed a significant increased mortality. In fact, a Spanish
study recently showed that recipient age was the only determi-
nant of patient mortality in their cDCD cohort [18], similar to
our results. Interestingly, in none of these studies did donor
type itself have any impact on patient or graft survival in the
short and medium term.

Table 6. Risk factors for death-censored graft survival estimated with Cox regression analysis

Risk factor

Death-censored graft survival

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

Recipient age 1.00 (0.97–1.02) 0.89 – –
Elderly cDCD (versus elderly DBD) 0.53 (0.20–1.37) 0.19 – –
KDPI 1.08 (0.98–1.19) 0.13 – –
Donor/recipient body surface index 0.56 (0.03–7.25) 0.56 – –
Number of HLA mismatches 0.98 (0.74–1.30) 0.88 – –
Peak PRA >30% 1.96 (0.75–5.15) 0.17 – –
Cold ischaemia time/h 1.03 (0.97–1.09) 0.38 – –
DGF 4.67 (0.72–12.67) <0.01 4.27 (1.56–11.67) 0.01
mTORi as maintenance treatment 0.56 (0.20–1.59) 0.28 – –
Thymoglobulin induction 1.77 (0.62–5.10) 0.29 – –
Biopsy-proven acute rejection 4.09 (1.44–11.63) 0.01 3.43 (1.19–9.84) 0.02

mTORi, mammalian target of rapamycin inhibitor.

Table 5. Risk factors for patient survival estimated with Cox regression analysis

Risk factor

Patient survival

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

Recipient age 1.09 (1.02–1.17) 0.01 1.10 (1.02–1.17) <0.01
Diabetes mellitus 0.94 (0.44–2.00) 0.87
Ischaemic cardiopathy 2.25 (1.04–4.84) 0.04 1.99 (0.90–4.42) 0.09
Dialysis vintage 1.01 (0.99–1.02) 0.44 – –
Elderly cDCD (versus elderly DBD) 1.54 (0.71–3.33) 0.27 – –
KDPI 1.03 (0.95–1.12) 0.46 – –
Thymoglobulin induction 3.01 (1.13–8.00) 0.03 2.42 (0.88 - 6.67) 0.09
Number hospital admissions during first year after �2 KTs 1.79 (0.78–4.09) 0.17 – –
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Disparities have been found in other outcomes, such as DGF
or PNF. While the Canadian group showed higher DGF and PNF
rates in DCD kidneys compared with the DBD ones, regardless
of ECD status [30], other groups found higher rates of both DGF
and PNF and poorer kidney function in ECD–DCD kidneys com-
pared with younger donors [6, 17]. However, an update of the
UK Registry showed similar rates of PNF and similar 5-year graft
survival between ECD–DCD and ECD–DBD KTs [3]. Similarly, the
GEODAS group found an increased rate of DGF in elderly cDCDs
compared with young cDCDs, but similar PNF rates (<4%) [18].
Unlike other studies, our cohort showed no differences regard-
ing early clinical events (early patient mortality, PNF, DGF and
vascular complications) or graft function between groups.
Moreover, CIT in the elderly group (DBDs and cDCDs) was not a
risk factor for DGF or graft survival. Nor did thymoglobulin in-
duction have any effect on DGF, considering that in our clinical
practice cDCD recipients receive tacrolimus starting the first
day after transplantation and therefore thymoglobulin is only
used in highly sensitized recipients.

Finally, we noticed that our elderly cDCDs were younger and
less likely to have died of a stroke compared with elderly DBD-
KTs. This suggests an unintended organ selection in the process
of evaluating supposedly ‘higher risk’ donor organs for trans-
plantation, similar to what has been observed in other studies
[30]. In fact, we observed a slightly better kidney function at
36 months in elderly cDCDs compared to elderly DBDs, probably
due to the difference in age and a greater Remuzzi score plus in-
creased prevalence of AR in the elderly DBD group. In contrast,
elderly cDCD recipients tended to be more comorbid: 40% of
them had diabetes and 25% had previous cardiovascular events.
This highlights the importance of careful recipient selection in
order to avoid early patient mortality, which in our elderly
cDCD cohort reached up to 13%. Although patient age was the
only determinant of patient survival, the small number of
events precluded multivariate assessment of early patient
mortality.

Understanding the outcomes from KTs using kidneys from
more marginal donors is a key to evaluating whether and how
these kidneys should be used. This study suggests that elderly
cDCD kidneys, when carefully selected, may be an appropriate
strategy to increase the deceased donor pool. In line with other
authors, we believe that the same criteria should be used to
evaluate both elderly cDCDs and elderly DBDs [6, 17, 18, 30, 35].

The main limitations of the study are the small sample size
and the relatively short-term follow-up. Low event rates pre-
cluded multivariate analysis of early patient survival or PNF. In
addition, even with an appreciable sample size, the small num-
ber of graft losses could reduce the statistical power of the mul-
tivariate survival analysis. Moreover, this was a retrospective
study and some relevant clinical information might be limited,
such as organ extraction and preservation methods. However,
because the cDCD KT programme began in our centre in 2013
and recipient age is increasing, we aimed to compare early and
medium-term results from elderly cDCD versus DBD grafts. In
fact, this is the first study that compares outcomes between
these two cohorts in Spain.

In conclusion, donors �65 years of age represented more
than half of our global cDCD cohort. KTs from elderly cDCDs
had similar rates of DGF, PNF and vascular complications com-
pared with young cDCD-KTs and elderly DBD-KTs. Short- and
medium-term graft survival from elderly cDCD kidneys are ex-
cellent and comparable to those from young cDCD and elderly
DBD kidneys. Although recipients from cDCDs �65 years of age
showed lower 3-year patient survival, recipient age was the

only determinant of patient survival without any influence of
donor characteristics. Although careful pre-transplant evalua-
tion should be performed for outcome improvement, these find-
ings suggest that the use of kidneys from old cDCDs may be an
appropriate strategy to expand the donor pool. Longer-term fol-
low-up studies with larger sample sizes are needed in order to
determine the long-term outcomes of these grafts and define
which recipients might benefit the most.
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