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Background: The age of patients referred for kidney transplantation has
increased progressively. However, the precise influence of age on transplant
outcomes is controversial.

Methods: Etrospective study in which graft and recipient survival were assessed
ina cohort of >75 years old kidney recipients and compared with a contemporary
younger one aged 60-65 years through a propensity score analysis.

Results: We included 106 recipients between 60-65 and 57 patients of >75
years old with a median follow-up of 31 [13-54] months. Unadjusted one- and
five-year recipient survival did not significantly differ between the older (91%
and 74%) and the younger group (95% and 82%, P=0.06). In the IPTW weighted
Cox regression analysis, recipient age was not associated with an increased risk
of death (HR 1.88 95%Cl [0.81-4.37], P=0.14). Unadjusted one- and five-year
death-censored graft survival did not significantly differ between both groups
(96% and 83% for the older and 99% and 89% for the younger group,
respectively, P=0.08). After IPTW weighted Cox Regression analysis, recipient
age >75 years was no associated with an increased risk of graft loss (HR 1.95,
95%Cl [0.65-5.82], P=0.23).

Conclusions: These results suggest that recipient age should not be
considered itself as an absolute contraindication for kidney transplant
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Introduction

Kidney transplantation has demonstrated to improve the
survival of patients with end-stage kidney disease (ESKD)
compared to those who remain on dialysis (1, 2). During the
last decade life expectancy has increased in patients with ESKD on
dialysis and, therefore, in those who are referred for kidney
transplant and included on the waiting list, as well as kidney
donors (3-6). In Spain, approximately 15% of transplant recipients
and 20% of kidney donors are> 70 years old, a percentage that has
increased in recent years (3, 4). The influence of the recipient age
on patient and graft outcomes after kidney transplant is an
increasingly important issue given the aging of patients who are
candidates for a kidney transplant (3, 6-9).

The benefit of kidney transplantation in elderly patients is
controversial, although there is increasing evidence that age
should not be considered as an absolute contraindication for
kidney transplant (8-11). In fact, some studies have shown that
kidney transplantation, even in population of>80 years old,
represents a benefit in terms of survival compared to
remaining on dialysis (8, 10). Similarly, recent studies have
demonstrated the viability and safety of kidneys from
octogenarian donors (12). Nevertheless, an important aspect
that difficult to draw solid conclusions from studies that assess
the impact of the recipient age on recipient and graft outcomes is
the frequent overlap between the age ranges of the compared
groups, which prevents a clear separation between the outcomes
of each one of them (8, 11).

The aim of the present study was to evaluate the impact of
the recipient age on patient and kidney graft outcomes in a
cohort of > 75 years-old patients, but using as a reference a
cohort of recipients with an age difference of at least 10 years
(60-65 years). Furthermore, since the majority of older recipients
received a kidney from an elderly donor, the influence of the
donor’s age was also evaluated.

Materials and methods
Study design

Single-center, longitudinal and retrospective study in which
kidney transplant recipients between 60 and 65 and > 75 years
old performed in our center from January 1st, 2010 to June 30th
2019 were included. Follow-up and data collection were
performed until June 30th, 2020. The study protocol was
conducted in accordance with the principles of the Declaration
of Helsinki and approved by the Research Ethics Committee of
the Hospital Clinic.
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Patient population

Demographic, clinical, analytical and immunological data
were collected from both donors and recipients and outcomes
from the older group (= 75 years) with respect to the younger
one (60-65 years) were compared. Pre-transplant patient
assessment included cardiologic evaluation (electrocardiogram,
echocardiography and a stress test for ischemia detection), and
CT-scan of splanchnic and iliac vessels. Immunological workup
included complement dependent cytotoxicity (CDC), panel
reactive antibodies (PRA) and solid phase Luminex®
screening. Solid phase single bead antigen was performed in
the presence of a positive class I and/or II Luminex® screening.
Expanded Criteria Donor (ECD) was defined as donor age > 60
years or 50 to 59 years and two of the following: [1] Cause of
death is cerebrovascular accident; [2] pre-existing history of
systemic hypertension; and [3] terminal serum creatinine >1.5
mg/dl (13).

Outcomes definition

Primary outcomes included recipient and kidney graft
survival at one and five years after transplantation. As
secondary outcomes, we evaluated one-year biopsy-proven
acute rejection (BPAR), new onset neoplasms, the rate of
post-transplant infection during follow-up, kidney delayed
graft function (DGF), which was defined as the need for at
least one session of hemodialysis during the first week
following kidney transplantation, as well as death-censored
kidney graft failure, which was defined as return to dialysis or
re-transplantation.

Immunosuppression

Induction immunosuppression therapy was used in all patients.
Induction therapy consisted in two doses of anti-IL2 monoclonal
antibody (basiliximab) of 20 mg at day 0 and at day +4 after surgery
or rabbit anti-human lymphocytes polyclonal antibodies (either
Thymoglobulin® 1,25mg/Kg/day or ATG® 2,5mg/Kg/day) for 5
consecutive days in immunological risk recipients (defined as a
cPRA> 25% or/and > 1 previous kidney transplant lost because
an immunological etiology) and in kidney transplants from a
Donor After Circulatory Death (DCD). Maintenance
immunosuppression protocol was based on triple therapy with
tacrolimus, mycophenolate or mTOR inhibitors, and steroids
(methylprednisolone in the immediate post-transplant period,
followed by oral prednisone).
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Statistical analysis

The normal distribution of continuous variables was
evaluated with the Kolmogorov-Smirnov test. Data are
presented as mean (standard deviation, SD) for parametric
variables and median (interquartile range [IQR]) for the non-
parametric ones. The corresponding tests used were T-test or
Mann-Whitney U test as appropriated. Categorical data were
compared using the Chi-Square test.

Inverse probability of treatment weighting (IPTW) was
used to account for covariate imbalance between older and
younger recipients. IPTW was estimated from a propensity
score from a logistic regression model to be assigned to the
older and younger group. The model included: donor age,
transplantation from DCD donors, cold ischemia time,
dialysis before kidney transplant, diabetes mellitus
(DM) before kidney transplant, ECD, Major Adverse
Cardiovascular Event (MACE) before transplant, induction
and maintenance immunosuppression.

A stabilized weighting method was performed by
multiplying the IPTW by the proportion of recipients with >
75 and 60-65 years old. Check for adequate balance of covariates
after IPTW analyses was performed by calculation of
standardized differences and an absolute difference greater
than 0.1 represented a meaningful imbalance (14, 15). All
subsequent analyses were performed on the weighted,
covariate-balanced population. Kaplan-Meier was used to
estimate patient and graft survival and compared using log-
rank test. Binominal logistic regression was used to calculate
odds ratio, and Cox proportional regression was performed to
estimate patient and graft hazards.

Statistical analysis was conducted using IBM SPSS Statistics
22.0 (SPSS, Inc; Chicago, Illinois) software for Windows.
Graphical representation of Kaplan-Meier survival curveswas
designed with GraphPad v.5 (GraphPad Software, La Jolla, CA,
US). All tests were two-tailed and the significance level was
defined as a P value <0.05.

Results
Baseline characteristics

A total of 163 kidney recipients were included. Of these, 106
were between 60 to 65 years old (mean age 63 + 1.7 years) and 57
were >75 years (78 * 2.1 years). Median follow-up was 31 [13-
54] months.

Prevalence of pre-transplant recipient comorbidities
as dyslipidemia, smoking, hypertension and diabetes were
not significantly different between both groups, as well
as prevalence of Ischemic Heart Disease (IHD),
Cerebrovascular Accident (CVA), dialysis modality and
dialysis vintage (Table 1).
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In the > 75 years old group, donors were older (76.11 + 8.12
vs. 64.92 + 10.23 years for the older and younger group,
respectively, P<0.0001) andwere more frequently ECD (97%
vs. 83% in the older and the younger group, respectively,
P=0.01) (Table 1).

Table 1 summarizes the main baseline characteristics of the
included patients. Any of the recipients included in the study
had pre-formed DSAs.

After IPTW adjustment, no significant differences in donor
and recipient characteristics were observed (except for recipient
age). Supplementary Tables S1 and S2 summarize main baseline
characteristics of the weighted, balanced population.

Recipient outcomes

Recipient survival was not significantly different for recipients
of 275 years when compared to those between 60-65 years, with 1-
and 5-year recipient survival of 95% and 82% for the group 60-65
years (mean survival time of 63.75 + 1.95, 95% CI [59.93 - 67.58]
years), and 91% and 74% for the group of =75 years (mean
survival time of 56.41 + 3.98, 95% CI [48.59 - 64.21] years),
respectively (P = 0.06) (Figure 1A). These results were also
observed after IPTW weighting with 1- and 5-year recipient
survival of 97% and 85% for the group 60-65 years (IPTW
adjusted mean survival time of 65.37 + 1.68, 95% CI [62.07-
68.67] years), and 91% and 83% for the group of >75 years (IPTW
adjusted mean survival time of 60.57 + 2.78, 95% CI [55.13 -
66.03] years), respectively (P = 0.13) (Figure 1B). There were no
significant differences between both age groups for cause of death
(P =0.22): infection was the main cause of death (especially in the
older group), with 4 (33%) and 8 cases (73%) in the 60-65 and >
75 years group, respectively (Supplementary Table S3).

During follow-up, 7 (7%) and 2 patients (4%) in the younger
and older group developed de novo malignancies, respectively.
The most frequent malignancies were solid organ malignancies
(5%, 5 patients) in the group of 60-65 years, and solid organ and
hematological malignancies >
each) (Table 2).

In the Cox regression analysis after IPTW weighting,

75 years group (1% for

recipient age >75 years was not independently associated with
lower recipient survival (HR 1.88 95% CI [0.81-4.37], P = 0.14).

Graft outcomes

Kidney graft function at one year did not differ significantly
between both age groups, with 1-year serum creatinine (SCr) of
1.78 + 0.88 and 1.60 + 0.58 mg/dL (P = 0.23), and estimated
glomerular filtration rate (eGFR) of 42.80 + 16.31 and 4241 +
15.87 mL/min/1.73m2 for the 60-65 and = 75 years old group,
respectively (P = 0.76). At last follow-up, there also were not
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TABLE 1 Baseline characteristics of the included patients.

60-65 years (n=106)

Age at KT (years) 63.12 + 1.68
Gender (Male) 59 (56)
BMI (Kg/m?) 26.24 + 4.24
DM 49 (46)
Dyslipidemia 57 (54)
MACE before KT (any) 21 (20)
IHD 19 (18)
CVA 7 (6)
Smoking 14 (13)
Hypertension 95 (90)
CKD etiology
Nephroangioesclerosis 11 (10)
Diabetic Nephropathy 30 (28)
Glomerular disease 14 (13)
ADPKD 14 (13)
Urological 8 (8)
Unknown 23 (22)
Other 6 (6)
Dialysis vintage (months) 31 [21-59]
Dialysis type
Pre-dialysis 4 (4)
Hemodialysis 87 (82)
Peritoneal dialysis 15 (14)
Previous >1 KT 25 (24)
cPRA> 50% 32 (31)
Total HLA mismatches 4+1.05
Donor sex (male) 41 (39)
Donor age (years) 64.92 +10.23
DDKT type
DBD 58 (55)
DCD 47 (45)
ECD 88 (83)
CIT (h) 15.04 + 6.08
Induction IS
Thymoglobulin 76 (72)
Basiliximab 30 (28)
Maintenance IS
PDN + TAC + MMF 47 (44)
PDN + TAC + mTORi 59 (56)

10.3389/fneph.2022.1034182

> 75 years (n = 57) P
77.72 + 2.10 < 0.0001
39 (68) 0.11
25.70 + 3.81 048
20 (35) 0.19
24 (42) 0.19
16 (28) 0.23
13 (23) 0.54
4(7) 0.92
4(7) 0.23
49 (86) 0.49
0.001
7 (12)
2(4)
7 (12)
7 (12)
2(4)
30 (52)
2(4)
26 [16-49] 0.24
0.15
3 (5)
46 (81)
8 (14)
8 (14) 0.15
9 (16) 0.03
4+ 116 0.56
29 (51) 0.13
76.11 + 8.12 < 0.0001
0.10
39 (68)
18 (32)
55 (97) 0.01
15.50 + 5.17 0.66
0.01
29 (51)
28 (49)
0.48
22 (38)
35 (61)

Data are expressed as mean + SD, median [IQR] or n (%) unless otherwise indicated. KT, kidney transplantation; BMI, Body Mass Index; DM, Diabetes Mellitus; IHD, Ischemic Heart
Disease; CVA, Cerebrovascular Accident; CKD, Chronic Kidney Disease; ADPKD, Autosomal Dominant Polycystic Kidney Disease; HLA, Human Leukocyte Antigen; DDKT, Deceased
Donor Kidney Transplantation; DBD, Donor after Brain Death; DCD, Donor after Circulatory Death; ECD, Expanded Criteria Donor; CIT, Cold Ischemia Time; IS, immunosuppression;

PDN, Prednisone; TAC, Tacrolimus; MMF, mycophenolate; mTORi, mTOR inhibitor.

significant differences in the SCr (1.70 + 0.63 and 1.84 + 0.69 mg/
dL for the younger and older group, respectively, P = 0.51) or in
the eGFR between both age groups (44.14 + 15.34 vs 37.13 +
17.75mL/min/1.73m2 for the younger and older group,
respectively, P = 0.54) (Table 2).

One-year Biopsy-Proven Acute Rejection (BPAR) rate was
of 16% in both age groups (17 and 9 cases in the group of 60-65

Frontiers in Nephrology

04

and > 75 years, respectively), although in the younger one the
most frequent was T-Cell Mediated Rejection (TCMR)(10%, 11
cases) and in the older group was Antibody-Mediated Rejection
(ABMR) (6%, 11 cases). There were no statistically significant
differences in the overall rate or in the rejection type between
both groups (P = 0.97) (Table 2). No differences were observed
in the histological chronicity scores at one year, the rate of BK
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FIGURE 1

(A) Recipient survival after kidney transplantation in 60-65 vs > 75 years old recipients. (B) Recipient survival after kidney transplantation in 60-

65 vs > 75 years old recipients after IPTW weighting.

TABLE 2 Recipient and Graft Outcomes at follow up.

1-year SCr (mg/dL)
1-year eGFR (mL/min/1.73m?)
1-year proteinuria (mg/g)
SCr at last FU (mg/dL)
eGEFR at last FU (mL/min/1.73m?)
1-year post-KT infection (any)
CMV replication
1-year biopsy chronicity scores (median
[range)]

ci

ct

v

g
1-year BPAR

TCMR

ABMR
Delayed Graft Function
BK nephropathy
Post-KT Neoplasm (any)

Solid organ neoplasm

Haematological

60-65y 105 79 39

>=75y 105 27 16

21

12

60-65 years (n=106)

1.78 +0.88
42.80 + 1631
208 [98 - 522]
1.70 + 0.63
44.14 + 15,34
35 (33)
45 (43)

&
N

Months from transplantation

> 75 years (n = 57)

1.60 + 0.58
42.41 £ 15.87
346 [171 - 627]
1.84 £ 0.69
3713 £ 17.75
19 (35)
28 (49)

0.23
0.76
0.06
0.51
0.54
0.78
0.26

0.46
0.22
0.53
0.66
0.97
0.76
0.37
0.32
0.81
0.41

Data are expressed as mean + SD, median [IQR] or n (%) unless otherwise indicated. SCr, Serum Creatinine; FU, Follow-up; eGFR, estimated Glomerular Filtration Rate; KT, Kidney
Transplantation; CMV, cytomegalovirus; cg, transplant glomerulopathy; ci, interstitial fibrosis; ct, tubular atrophy; cv, transplant arteriopathy. BPAR, Biopsy Proven Acute Rejection;
TCMR, T-cell Mediated Rejection; ABMR, Antibody Mediated Rejection.
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nephropathy, or the rate of delayed graft function (DGF) after
transplantation (Table 2).

Moving to death-censored graft survival, 1- and 5-year
survival rate was of 99% and 89% for the younger group, and
96% and 83% for the older group, respectively, without
significant differences between them (P = 0.08) (Figure 2A).
These results were also observed after IPTW weighting, with a 1-
and 5-year survival rate was of 99% and 93% for the younger
group, and 93% and 89% for the older group(P =
0.22) (Figure 2B).

In the IPTW-adjusted Cox regression analysis, recipient age >
75 years was not associated with an increased risk of graft loss (HR
1.95, 95% CI [0.65 - 5.82], P = 0.23) (Table 3).

Discussion

In the present study we analyzed recipient and kidney graft
survival in a cohort of older recipients with >75 years using a
stabilized IPTW weighting method for donor and recipient
covariates, comparing their outcomes with those of a cohort of
recipients with 60-65 years and, thus, with at least a 10-year
difference in recipient age between both groups. In summary, we
observed that the recipient and graft survival up to 5 years after
transplantation was not significantly different between both
age groups.

Kidney transplantation has demonstrated to be the treatment
of choice for end-stage kidney disease (ESKD) (1, 6, 16).

A Death censored graft survival
7 W
80
— Log Rank P =0.08
X
5 60+
2
e
3
[z}
L3 .
& 4
o
20
Recipient Age
_160-65y
0+ T>= 75y
T T T T
0 20 40 60 80
Months from transplantion
- 37 21
patients 6065y 105 77
at risk (n
™ >=75y 56 26 16 12

FIGURE 2

10.3389/fneph.2022.1034182

However, the aging of the general population has led to a
notable increase in the mean age of patients with ESKD, which,
secondarily, has significantly risen the mean age of patients who
are referred to evaluation for kidney transplantation (3, 5, 6). The
potential negative influence of the recipient age on patient and
graft survival has led to consider the age as an isolated criterion to
accept or discard a candidate for a kidney transplant, thus
depriving the patient of it smedium- and long-term benefits (2,
7,8, 10-12, 17-19). During the last years, different studies have
been published evaluating the influence of recipient age on
kidney transplant outcomes with controversial results, although
available information which suggests that age is not
independently associated with worse graft and recipient
survival is increasing (7, 8, 10, 11, 20).

In 2016, Lonning et al. (10) compared a cohort of 35 of
recipients > 79 years old with a younger one of 364 patients aged
70-79 years concluding that age was not independently associated
with higher recipient mortality or higher rate of kidney graft
failure. Similar results were recently reported by Cabrera et al. in a
cohort of 138 recipients of =75 years (8). Nevertheless, one
common aspect to highlight in most studies is the frequent and
potential overlap between the age ranges of the two compared
groups, which does not allow to completely separate both cohorts
and, as a consequence, would make it difficult to draw solid
conclusions about the influence of age on recipient and graft
outcomes in older patients compared to truly younger recipients
(7, 10, 21). In fact, it should be noted that the differences in
outcomes reported by Lonning et al. would be tempered by the

B IPTW adjusted death censored graft survival

7 W

80

Log Rank P = 0.22

60

40

Graft Survival (%)

20

Recipient age
—160-65y
0 _rMi>= 75y
T T T T T
0 20 40 60 80

Months from transplantation

(A), Death-censored graft survival after kidney transplantation in 60-65 vs > 75 years old recipients. (B) Death-censored graft survival after kidney

transplantation in 60-65 vs > 75 years old recipients after IPTW weighting.

Frontiers in Nephrology 06

frontiersin.org


https://doi.org/10.3389/fneph.2022.1034182
https://www.frontiersin.org/journals/nephrology
https://www.frontiersin.org

Cuadrado-Payan et al.

10.3389/fneph.2022.1034182

TABLE 3 Cox regression analysis for patient and death censored graft survival after IPTW weighting.

Variable HR
Patient survival
Age at KT 60 - 65 years 1.000
Age at KT > 75 years 1.884
Death censored graft survival
Age at KT 60 - 65 years 1.000
Age at KT > 75 years 1.947

95% CI p
LL UL
0.81 4.37 0.14
0.65 5.82 0.23

KT, Kidney Transplantation; HR, Hazard Ratio; LL, Lower Limit; UL, Upper Limit; CI, Confidence Interval.

relatively similar ages of the included patients, which are
significantly different to the patients in our study (10). Thus, we
decided to analyze recipient and graft outcomes in a cohort of
patients >75 years but taking as a reference a cohort of recipients
between 60-65 years in order to establish a clear age separation
with at least 10 years between both groups. Recipient survival in
the older group was 91% and 74% at 1 and 5 years after
transplantation, which is similar to that already published in
previous series (7-10, 21). However, the 5 years patient survival
was higher than that reported by Lenning et al. (10), although in
that study the 68% of the octogenarian group were transplanted
before 2010, which contrasts with our cohort. As in previous
studies, the main cause of death in both groups were infections,
especially in older recipients (22, 23), and we did not identify
differences in terms of transplant-associated complications.

After IPTW weighing for donor and recipient covariates, age
was not independently associated with an increased risk of
recipient death, a result which is in line with some already
published, although using as reference groups patients with a
closer age range to the evaluated one (10). Our results contrast
with those published by Huang et al. in 2010 (11). They analyzed
the outcomes after kidney transplantation in a large cohort of
recipients of 70-79 and >80 years old using as reference a
younger one of 60-69 years. They conclude that recipient age
was associated with a decreased recipient survival, even when
adjusting for confounding factors. Nevertheless, in this study
kidney transplants were performed between 2000 and 2008,
while in our case all patients were transplanted after 2010. Since
the influence of transplant era in recipient and graft survival is
well established, we speculate that this temporary gap could, at
least in part, justify these differences (10, 24).

Death-censored graft survival at 1 and 5 years was not
significantly different when compared to the reference younger
cohort, and was also similar to that previously reported (8, 10,
11). Graft function at 1 year and at the end of the follow up was
also similar between both groups. After IPTW adjustment, the
age >
increased risk of graft loss. Importantly, mean donor age was

75 years was not independently associated with an

as higher as 76 years and, as expected, there was an important
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percentage of ECD in the older group when compared to the
younger cohort. Although in the present study the independent
association between donor age and ECD with recipient and graft
outcomes could have not been assessed (since IPTW analysis has
taken into account both variables for weighting), the higher
frequency of older donors and ECD in the older group suggests
that recipient age itself but donor characteristics would be
important factors which should guide kidney transplant in
older recipients to avoid an excess mortality after
transplantation, an issue that has been already suggested
elsewhere (8, 9). Previous systematic reviews suggested ECD
kidneys may be better prioritized for older recipients by ignoring
immunology-based allocation. Using this strategy, the
Eurotransplant Senior programme have shown favorable 5-
year outcomes using ECD kidneys in older recipients (25).
Also, in our country, we carry out a similar strategy in
addition to ensuring short ischemia times, perform a
preimplantation biopsy in such donors and place the kidneys
on a hypothermic machine perfusion.

The authors acknowledge that the study has some
limitations that should be taken into account when
extrapolating the results. This is a retrospective and single-
centre study in which a cohort of older recipients that has
been considered suitable for kidney transplantation has been
compared with a younger group. This could have induced a
selection bias since the included recipients in the waiting list
have probably been patients with only few comorbidities and a
good condition to be transplanted, as well as the donor has been
selected according to the recipient risk to minimize the
consequences of a non-functioning kidney graft. Nevertheless,
the IPTW method partially reduces the effect of this potential
selection bias by approaching baseline characteristics between
both groups. Another limitation to take into account is the
relatively small sample size of older recipients with the short
number of events that make necessary to be cautious with the
conclusions, especially when extrapolating to other populations
to avoid bias.

Despite these limitations, we believe that our study provides
more evidence about the impact of the recipient age in kidney
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transplantation by comparing older recipients with a younger
cohort whose age range is clearly separated from its older
counterparts and showing the lower mortality we have
nowadays in this kidney recipients.

In conclusion, in the present study we suggest that
recipient age by itself should not be a criterion to
contraindicate kidney transplantation. A complete evaluation
of both donor and recipient (specially focusing on recipient
comorbidities) should guide kidney transplant indication in
older recipients. Thus, with a judicious selection of both the
recipient and the donor, kidney transplantation can be safely
performed in elderly recipients.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

Ethical review and approval was not required for the study
of human participants in accordance with the local legislation
and institutional requirements. Written informed consent
from the patients/participants or patients/participants legal
guardian/next of kin was not required to participate in this
study in accordance with the national legislation and the
institutional requirements.

Author contributions

EC-P analyzed, interpreted the data and prepared the
manuscript. EM-M collected, analyzed, and interpreted the
data and prepared the manuscript. JC-U collected, analyzed
and interpreted the data. JR-Z collected, analyzed and
interpreted the data. DR-E collected, analyzed and
interpreted the data, JC collected, analyzed and interpreted

References

1. Wolfe RA, Ashby VB, Milford EL, Ojo AO, Ettenger RE, Agodoa LY, et al.
Comparison of mortality in all patients on dialysis, patients on dialysis awaiting
transplantation, and recipients of a first cadaveric transplant. N Engl ] Med (1999)
341:1725-30. doi: 10.1056/NEJM199912023412303

2. Tsarpali V, Midtvedt K, Lonning K, Bernklev T, Asberg A, Fawad H, et al. A
paired survival analysis comparing hemodialysis and kidney transplantation from
deceased elderly donors older than 65 years. Transplantation (2015) 99:991-6.
doi: 10.1097/TP.0000000000000474

3. Actividad de donacion y trasplante renal en espaiia 2019. Organizacion
Nacional de Trasplantes. (2019).

Frontiers in Nephrology

10.3389/fneph.2022.1034182

the data, CA collected, analyzed and interpreted the data,
DC collected the data and critically revised the manuscript.
PV-A interpreted the data and critically revised the
manuscript. IR interpreted the data and critically revised
the manuscript. GP interpreted the data and critically
revised the manuscript. NE interpreted the data and
critically revised the manuscript. FC interpreted the data
and critically revised the manuscript. JU critically revised
the manuscript. JMC. interpreted the data and critically
revised the manuscript. FO interpreted the data and
critically revised the manuscript. J-VT analyzed and
interpreted the data and prepared the manuscript. FD
interpreted the data and critically revised the manuscript.
All authors contributed to the article and approved the
submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fneph.2022.1034182/full#supplementary-material

4. Martin Escobar E, Duran BM, Emilio Sanchez JRegistro Espafiol de Enfermos
Renales (REER). The Spanish renal registry: 2013 report and evolution from 2007-
2013. Nefrologia (2016) 36:97-120. doi: 10.1016/j.nefroe.2016.04.008

5. Pippias M, Stel VS, Abad Diez JM, Afentakis N, Herrero-Calvo JA, Arias M,
et al. Renal replacement therapy in Europe: a summary of the 2012 ERA-EDTA
registry annual report. Clin Kidney J (2015) 8:248-61. doi: 10.1093/ckj/sfv014

6. Saran R, Robinson B, Abbott KC, Bragg-Gresham ], Chen X, Gipson D,
et al. US Renal data system 2019 annual data report: Epidemiology of kidney
disease in the united states. Am J Kidney Dis (2020) 75:A6-7. doi: 10.1053/
j.akd.2019.09.003

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fneph.2022.1034182/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneph.2022.1034182/full#supplementary-material
https://doi.org/10.1056/NEJM199912023412303
https://doi.org/10.1097/TP.0000000000000474
https://doi.org/10.1016/j.nefroe.2016.04.008
https://doi.org/10.1093/ckj/sfv014
https://doi.org/10.1053/j.ajkd.2019.09.003
https://doi.org/10.1053/j.ajkd.2019.09.003
https://doi.org/10.3389/fneph.2022.1034182
https://www.frontiersin.org/journals/nephrology
https://www.frontiersin.org

Cuadrado-Payan et al.

7. Arcos E, Pérez-Saez MJ, Comas J, Lloveras J, Tort J, Pascual J, et al. Assessing
the limits in kidney transplantation. Transplantation (2020) 104:176-83.
doi: 10.1097/TP.0000000000002748

8. Cabrera J, Fernandez-Ruiz M, Trujillo H, Gonzalez E, Molina M, Polanco N,
et al. Kidney transplantation in the extremely elderly from extremely aged deceased
donors: a kidney for each age. Nephrol Dial Transplant (2020) 35:687-96.
doi: 10.1093/ndt/gfz293

9. Lemoine M, Titeca Beauport D, Lobbedez T, Choukroun G, Hurault B,
Hazzan M, et al. Risk factors for early graft failure and death after kidney
transplantation in recipients older than 70 years. Kidney Int Rep (2019) 4:656—
66. doi: 10.1016/j.ekir.2019.01.014

10. Lonning K, Midtvedt K, Leivestad T, Reiseter A, Line PD, Hartmann A ,
et al. Are octogenarians with end-stage renal disease candidates for renal
transplantation? Transplantation (2016) 100:2705-9. doi: 10.1097/
TP.0000000000001363

11. Huang E, Poommipanit N, Sampaio MS, Kuo HT, Reddy P, Albin H, et al.
Intermediate-term outcomes associated with kidney transplantation in recipients
80 years and older: An analysis of the OPTN/UNOS database. Transplantation
(2010) 90:974-9. doi: 10.1097/TP.0b013e3181f5c3bf

12. Ruggenenti P, Silvestre C, Boschiero L, Rota G, Furian L, Perna A, et al.
Long-term outcome of renal transplantation from octogenarian donors: A
multicenter controlled study. Am J Transplant (2017) 17:3159-71. doi: 10.1111/
ajt.14459

13. Rao PS, Ojo A. The alphabet soup of kidney transplantation: SCD, DCD,
ECD - fundamentals for the practicing nephrologist. Clin ] Am Soc Nephrol (2009)
4:1827-31. doi: 10.2215/CJN.02270409

14. Austin PC. Using the standardized difference to compare the prevalence of a
binary variable between two groups in observational research. Commun Stat Simul
Comput (2009) 38:1228-34. doi: 10.1080/03610910902859574

15. Cucchiari D, Rios J, Molina-Andujar A, Montagud-Marrahi E, Revuelta I,
Ventura-Aguiar P, et al. Combination of calcineurin and mTOR inhibitors in
kidney transplantation: A propensity score analysis based on current clinical
practice. ] Nephrol (2020) 33:601-10. doi: 10.1007/540620-019-00675-2

16. Whiting JF, Kiberd B, Kalo Z, Keown P, Roels L, Kjerulf M. Cost-
effectiveness of organ donation: Evaluating investment into donor action and
other donor initiatives. Am ] Transplant (2004) 4:569-73. doi: 10.1111/j.1600-
6143.2004.00373.x

17. Berger JC, Muzaale AD, James N, Hoque M, Garonzik ], Montgomery RA,
et al. Living kidney donors ages 70 and older: Recipient and donor outcomes. Clin |
Am Soc Nephrol (2011) 6:2887-93. doi: 10.2215/CJN.04160511

18. Englum BR, Schechter MA, Irish WD, Ravindra K, Vikraman D,
Sanoff S, et al. Outcomes in kidney transplant recipients from older

Frontiers in Nephrology

09

10.3389/fneph.2022.1034182

living donors. Transplantation (2015) 99:309-15. doi: 10.1097/TP.
0000000000000607

19. Pérez-Saez MJ, Arcos E, Comas J, Crespo M, Lloveras J, Pascual J, et al.
Survival benefit from kidney transplantation using kidneys from deceased donors
aged >75 years: A time-dependent analysis. Am ] Transplant (2016) 16:2724-33.
doi: 10.1111/ajt.13800

20. Heldal K, Hartmann A, Leivestad T, Svendsen M, Foss A, Lien B, et al.
Clinical outcomes in elderly kidney transplant recipients are related to acute
rejection episodes rather than pretransplant comorbidity. Transplantation (2009)
87:1045-51. doi: 10.1097/TP.0b013e31819cdddd

21. Ravinuthala A, Mei X, Daily M, Shah M, Castellanos A, Berger J, et al.
Perioperative and long-term outcomes in octogenarians after kidney
transplantation: The US perspective. Clin Nephrol (2017) 87:69-75. doi: 10.5414/
CN108988

22. Morales JM, Marcén R, del Castillo D, Andres A, Gonzalez-Molina M,
Oppenheimer F, et al. Risk factors for graft loss and mortality after renal
transplantation according to recipient age: a prospective multicentre study.
Nephrol Dial Transplant (2012) 27:iv39-46. doi: 10.1093/ndt/gfs544

23. Heldal K, Hartmann A, Grootendorst DC, Jager D, Leivestad T, Foss A, et al.
Benefit of kidney transplantation beyond 70 years of age. Nephrol Dial Transplant
Off Publ Eur Dial Transpl Assoc - Eur Ren Assoc (2010) 25:1680-7. doi: 10.1093/
ndt/gfp681

24. Abramowicz D, Oberbauer R, Heemann U, Viklicky O, Peruzzi L, Mariat C,
et al. Recent advances in kidney transplantation: A viewpoint from the Descartes
advisory board*. Nephrol Dial Transplant (2018) 33:1699-707. doi: 10.1093/ndt/
gfx365

25. Frei U, Noeldeke J, Machold-Fabrizii V, Margreiter R, Fricke L, Voiculescu
A, et al. Prospective age-matching in elderly kidney transplant recipients-aa 5- year
analysis of the eurotransplant senior program. Am ] Transpl (2008) 8(1):50-7.
doi: 10.1111/j.1600-6143.2007.02014.x

COPYRIGHT

© 2022 Cuadrado-Payan, Montagud-Marrahi, Casals-Urquiza, del Risco-
Zevallos, Rodriguez-Espinosa, Cacho, Arana, Cucchiari, Ventura-Aguiar,
Revuelta, Pifieiro, Esforzado, Cofan, Bafion-Maneus, Campistol,
Oppenheimer, Torregrosa and Diekmann. This is an open-access article
distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in
accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

frontiersin.org


https://doi.org/10.1097/TP.0000000000002748
https://doi.org/10.1093/ndt/gfz293
https://doi.org/10.1016/j.ekir.2019.01.014
https://doi.org/10.1097/TP.0000000000001363
https://doi.org/10.1097/TP.0000000000001363
https://doi.org/10.1097/TP.0b013e3181f5c3bf
https://doi.org/10.1111/ajt.14459
https://doi.org/10.1111/ajt.14459
https://doi.org/10.2215/CJN.02270409
https://doi.org/10.1080/03610910902859574
https://doi.org/10.1007/s40620-019-00675-2
https://doi.org/10.1111/j.1600-6143.2004.00373.x
https://doi.org/10.1111/j.1600-6143.2004.00373.x
https://doi.org/10.2215/CJN.04160511
https://doi.org/10.1097/TP.0000000000000607
https://doi.org/10.1097/TP.0000000000000607
https://doi.org/10.1111/ajt.13800
https://doi.org/10.1097/TP.0b013e31819cdddd
https://doi.org/10.5414/CN108988
https://doi.org/10.5414/CN108988
https://doi.org/10.1093/ndt/gfs544
https://doi.org/10.1093/ndt/gfp681
https://doi.org/10.1093/ndt/gfp681
https://doi.org/10.1093/ndt/gfx365
https://doi.org/10.1093/ndt/gfx365
https://doi.org/10.1111/j.1600-6143.2007.02014.x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fneph.2022.1034182
https://www.frontiersin.org/journals/nephrology
https://www.frontiersin.org

	Outcomes in older kidney recipients from older donors: A propensity score analysis
	Introduction
	Materials and methods
	Study design
	Patient population
	Outcomes definition
	Immunosuppression
	Statistical analysis

	Results
	Baseline characteristics
	Recipient outcomes
	Graft outcomes

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


