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Article info Abstract

Article history: Context: Owing to population ageing, a growing number of kidney transplants

Accepted February 17, 2023 (KTs) in elderly population are being performed. KT is the best treatment for
) . patients with end-stage renal disease (ESRD). However, in older patients, the deci-

Associate Editor: sion between dialysis and KT can be difficult due to potential inferior outcomes.

Véronique Phé Few studies have been published addressing this issue, and literature outcomes

are controversial.

Objective: To conduct a systematic review and meta-analysis to appraise the evi-
dence about outcomes of KT in elderly patients (>70 yr).

Evidence acquisition: A systematic review and meta-analysis (PROSPERO registra-
Renal transplantation tion: CRD42022337038) was performed. Search was con'ducted on.PubMed and
Systematic review LILACS databases. Comparative and noncomparative studies addressing outcomes
Meta-analysis (overall survival [OS], graft survival [GS], complications, delayed graft function
[DGF], primary nonfunction, graft loss, estimated glomerular filtrate rate, or acute
rejection) of KT in people older than 70 yr were included.

Evidence synthesis: Of the 10 357 yielded articles, 19 met the inclusion criteria (18
observational studies, one prospective multicentre study, and no randomised con-
trolled trials), enrolling a total of 293 501 KT patients. Comparative studies report-
ing enough quantitative data for target outcomes were combined. There were
significant inferior 5-yr OS (relative risk [RR], 1.66; 95% confidence interval [CI],
1.18-2.35) and 5-yr GS in the elderly group (RR, 1.37; 95% CI, 1.14-1.65) to those
in the <70-yr group. Short-term GS at 1 and 3 yr was similar between groups, and
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similar findings occurred with DGF, graft loss, and acute rejection rates. Few data
about postoperative complications were reported.

Conclusions: Elderly recipients have worse OS at all time points and long-term GS
compared with younger recipients (<70 yr). Postoperative complications were
under-reported and could not be assessed. The DGF, acute rejection, death with
functioning graft, and graft loss were not inferior in elderly recipients. Geriatric
assessment in this setting might be useful for selecting better elderly candidates

for KT.

Patient summary: Compared with younger population, kidney transplant in elderly
patients has inferior patient and graft survival outcomes in the long term.

© 2023 The Author(s). Published by Elsevier B.V. on behalf of European Association of

Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Kidney transplant (KT) is considered the best treatment for
end-stage renal disease (ESRD) [1], as it supposes a survival
benefit as well as an improvement of health-related quality
of life (QoL) compared with dialysis regardless of age [2].
The percentage of elderly patients on the waiting list for
KT is growing in the past decades, as the number of KTs in
this population is also increasing; population over 70 yr
accounted for 12% of all recipients in France [1] and 17%
of patients in the waiting list in Norway [3]. This group of
patients will become clinically more relevant in the near
future, as the number of people aged 75-84 yr in the Euro-
pean Union (EU) is projected to increase by 60.5% from 2018
to 2050 [4]. In Europe, the average age of recipients has
increased by 10 yr over the past two decades, while in the
USA, the proportion of patients aged 65-74 yr included in
the waiting list increased from 2% in the 1990s to >10% in
2012 [1].

The definition of elderly people remains controversial,
with different cut-off points existing in medical literature.
Old people are defined by the United Nations in the World
Population Ageing 2013 Report [4] as those aged >60 yr
and very old as those aged >85 yr, while the World Health
Organization (WHO) states that older people in developed
countries are those aged >65 yr.

Undoubtedly, ageing implies complex medical condi-
tions such as multiple comorbidities, frailty, and cognitive
impairment, which can pose real barriers to KT and threaten
its outcomes and patient status. Additionally, older popula-
tion usually have immunity disorders, and all these issues
may expose elderly patients to a higher risk of complica-
tions such as infections and post-transplant malignancies
[2]. There is considerable debate in transplant community
about the potential benefit of KT in elderly patients. Some
studies in literature have reported their outcomes in recip-
ients aged >70 yr with variable outcomes. In contrast to
liver transplantation field, in which systematic reviews
(SRs) have been performed to assess outcomes in elderly
patients [5], to date there is no SR addressing the outcomes
of KT in this population.

The aim of this study was to perform an SR and meta-
analysis to appraise all available evidence about outcomes
of KT in elderly patients (>70 yr). This age limit was decided

by the European Association of Urology Young Academic
Urologists (EAU-YAU) Kidney Transplantation Working
Group, as it represents, to our knowledge, the elderly age
in developed countries’ literature. The primary objectives
were to assess graft survival (GS)—noncensored for death,
patient overall survival (0S), and complications (according
to the Clavien-Dindo classification) of patients aged >70 yr
receiving a KT and to compare these with those in younger
population.

The secondary objectives were as follows: (1) delayed
graft function (DGF), defined as the need for dialysis during

Table 1 - Baseline characteristics of population receiving a kidney
transplant (KT) in the included studies stratified by age (>70 and <70
yr)

>70 yr

23 917
73.5 (70.3-81.6)
55.0 (45.4-77.0)

<70 yr

269 584
57.4 (46.4-67.2)
47.7 (39.0-71.6)

N =293 501
Age (yr), median (range)
Donor age (yr), median

(range)
Follow-up (yr), median 50.9 (38.8-72.7) 64.2 (47.0-72.0)
(range)
BMI 26.5 (25.5-28.0) 27.4 (26.3-29.0)
Hypertension, % (1) 28.1% (3122/ 3.6% (5285/147 786)
11 102)
Diabetes, % (n) 20.0% (4556/ 13.7% (36 145/
22 734) 264 555)
Coronary disease, % (n) 9.4% (1477 3.4% (6254/183 035)
15 759)

Time on dialysis prior to KT 37.0 (6.9-64.1)
(mo), median (range)
Type of dialysis, % (n)

Haemodialysis

23.0 (6.2-47.7)

67.0 (817/1219)  82.2 (37/45)

Peritoneal 15.8 (193/1219) 17.8 (8/45)
Type of donor, % (n)
LD 27.3 (6340/ 35.0 (93 249/
23 239) 266 419)
DBD 46.4 (5009/10797) 18.5 (21 163/
114 490)
ECD 18.5 (3575/ 2.7 (6824/256 417)
19 638)
DCD 4.3 (582/13 546) 2.1 (2581/123 511)
Number of KT, % (n)
1st 98.7 (17402/ 91.1 (114 311/
17 638) 125 431)

Retransplant 1.3 (236/17 638) 8.9 (11 120/125 431)
CIT (h), median (range) 13.8 (2.0-26.0) 13.3 (2.2-24.9)
WIT (min), median (range)* 51.2 48.0

BMI = body mass index; CIT = cold ischaemia time; DBD = donor after
brain death; DCD = donor after cardiocirculatory death; ECD = expanded
criteria donor; LD = living donor; WIT = warm ischaemia time.
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atabase searching
N =10 357

I
-

N =10 285

-Cell studies: 228
-Editorials: 23
-Irrelevant studies:
8,884

outcomes in >70 yr: 78

Reasons for exclusion:
- Incomplete data, duplicated
population

es (N=2)

outco

a1-yr OS: 4; 3-yr OS: 3; 5-yr OS: 5; and overall survival during follow-up: 6; 1-yr GS: 3, 3-yr GS: 2, 5-yr
GS: 4, and graft survival during follow-up: 4; death with functioning graft: 4, DGF: 6; graft loss rate: 3; and acute rejection:
7

Fig. 1 - PRISMA diagram. DGF = delayed graft function; GS = graft survival; KT = kidney transplant; OS = overall survival; PRISMA = Preferred Reporting Items
for Systematic Reviews and Meta-analyses; SR = systematic review.

1st week after KT; (2) primary nonfunction (PNF), defined as after transplantation; (3) graft loss rate, defined as the
a permanent loss of allograft function starting immediately return to dialysis, retransplantation, or death; (4) estimated
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Table 2 - Characteristics of the included studies

Follow-up Whole

Follow-up

No. of

No. of

Total number

of KT (n)
12 983

85

Recruitment
period

Type of study

Country

Design

Study

study (mo)

71.4

<70 yr (mo)

72.0

>70 yr (mo)

44.4

patients <70 yr
12 684

45

patients >70 yr

299
40

2000-2015

Multicentre

Australia

Prospective

Doucet (2021) [10]

47.0 49.0

50.9

2010-2018

Single centre

Germany
USA

ve

79 196

3862
138
171

83 058
2037
171

2001-2016
2002-2015

Multicentre

ve

38.8

38.8

Single centre

Spain

ve

Multicentre 2000-2014

France
USA

ve

7781

10 511 2730
471
411

1987-2013

Single centre

ve

298 455
411

1988-2013
1983-2015
2003-2013

Multicentre

USA

ve

Single centre

Norway
USA
USA

ve

2324
780

300

2624
884

Multicentre

ve

104

2001-2012

Single centre

ve

139 904
56

5566
19

145 470

83

1998-2006
1999-2009

Multicentre
2000-2005

USA

ve

64.2

72.7

Single centre

Austria

ve

61.2

160

160
31179
3297
2310

Single centre

Norway
USA

ve

24 877
3109

6302
188
354

2000-2008

Multicentre

ve

1992-2007
1990-2005
1990-2005
1994-2000

Single centre

USA

ve

1140

Single centre

Norway
USA

ve

2438
258

2438

Multicentre
Multicentre

ve

80 217
126

USA

ve

Retrospect

Zompolas (2021) [8]

Retrospect

Pletcher (2020) [15]
Cabrera (2020) [38]

Retrospect

Retrospect

Lemoine (2019) [39]
Thiessen (2017) [16]

Retrospect

Retrospect
Retrospect

Ravinuthala (2017) [7]
Lenning (2016) [43]

Retrospect

Saucedo-Crespo (2016) [17]
Al-Shraideh (2014) [18]
Molnar (2012) [11]

Retrospect!

Retrospect

Retrospect

Boesmueller (2011) [12]

Heldal (2011) [3]

Retrospect
Retrospect

Huang (2010) [9]

Retrospect

Sener (2009) [13]

Retrospect
Retrospect

Heldal (2009) [14]
Rao (2007) [44]

Retrospect

Macrae (2005) [45]

126

1983-1993

Norway Single centre

Prospective

Albrechtsen (1995) [46]

kidney transplant.

KT

glomerular filtrate rate (eGFR); and (5) acute graft rejection
confirmed histologically.

2. Evidence acquisition

2.1. Data sources and searches

This SR has been conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) statement. The protocol for the review
was uploaded in the PROSPERO database
(CRD42022337038). Databases searched were PubMed/
Medline and LILACS. Full strategy search, PICOTS (Popula-
tion, Intervention, Comparator, Outcome, Type of study,
Timing, and Setting) table, and inclusion criteria are shown
in the Supplementary material.

No language or year restrictions were applied, and the
database was complemented by screening the reference list
of the included studies.

2.2. Inclusion criteria and study eligibility

Studies eligible for inclusion were those reporting outcomes
(at least one primary or secondary endpoint) of patients
older than 70 yr who underwent KT (in single-arm studies)
and those younger than 70 yr (in comparative ones). All
study designs were eligible for inclusion, except reviews,
editorials, letter to the editor, case reports, and studies pub-
lished only as a conference abstract. Studies included were
comparative studies and single-arm case series (incorporat-
ing a single intervention of KT in patients over 70 yr of age).
All studies must have a minimum follow-up of 1 yr.

All identified abstracts were placed in a bibliography
management software program (Mendeley) and sorted
according to inclusion and exclusion folders by drag and
drop. Titles and abstracts of all identified studies were
reviewed independently by three authors (A.A., A.D., and ].
D.S.), and discrepancies were resolved by a fourth reviewer
(V.H.). The detailed inclusion criteria are summarised in the
Supplementary material.

2.3. Data extraction

Data from eligible reports were extracted independently (A.
A., AD,, and ].D.S.), and discrepancies were resolved by a
fourth reviewer (V.H.). A data-extraction sheet was created
a priori including author name, year of publication, study
type, country, recruitment period, follow-up (months), total
number of KTs performed in the period, number of patients
aged <70 and >70 yr, age, body mass index, hypertension,
diabetes, coronary disease, duration of dialysis prior to KT,
dialysis modality, donor type, donor age, number of trans-
plantations (first transplant or retransplant), Charlson
Comorbidity Index (CCI), Karnofsky, Eastern Cooperative
Oncology Group (ECOG), Clinical Frailty Scale, Frail Scale,
cold ischaemia time (CIT), warm ischaemia time (WIT),
operation time (minutes), GS, OS, DGF, PNF, creatinine level
and eGFR, and complications according to the Clavien grad-
ing system.

In this SR, GS (noncensored for death) refers to the time
from the date of transplantation to the date of irreversible
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graft failure signified by return to long-term dialysis (or
retransplantation) or the date of the last follow-up during
the period when the transplant was still functioning or
the date of death.

24. Risk of bias assessment

Risk of bias assessment was performed independently (A.A.
and A.D.) using the ROBINS-I tool for nonrandomised stud-
ies [6]. Study characteristics were extracted by one author,
and a second author checked data extractions for accuracy.
Any disagreements were resolved by discussion with a third
author (V.H.). Since nonrandomised studies were included,
this tool was extended with a list of important potential
confounders established a priori by the YAU Kidney Trans-
plantation Working Group. The confounders included were
time on dialysis, donor type and age, and number of prior
transplants. For each study, it was assessed whether each
confounder was considered and whether, if necessary, the
confounder was controlled for in the analysis.

2.5. Data synthesis

This review tabulates quantitative information and system-
atic descriptions of all studies included. Frequencies and
percentages were used to report categorical variables; mean
and standard deviation were used to report continuous

variables. Measures of association were assessed using data
reported in each study. Meta-analyses were conducted
using studies with directly comparable groups, as deter-
mined by the existence of two categories (<70 and >70
yr). Therefore, single-arm studies were excluded and only
observational studies were included in meta-analysis, as
there were no eligible randomised controlled studies with
comparable groups. Relative risks (RRs) between two com-
parable groups were estimated using DerSimonian-Laird
random-effect models. Heterogeneity was evaluated using
the I? statistic, and I? thresholds of <25%, 25-49%, 50-75%,
and >75% were considered to represent low, moderate, high,
and very high heterogeneity, respectively. RRs and their 95%
confidence intervals (CIs) were calculated and pooled with
STATA v.15 (StataCorp, College Station, TX, USA). Statistical
significance was defined as p < 0.05. Additionally, Egger lin-
ear regression and Begg’s test were used to examine publi-
cation bias. A p value of <0.05 was defined as a significant
publication bias.

3. Evidence synthesis

3.1. Search results

The search retrieved 10 357 articles. After removing dupli-
cates (n = 72), abstracts of 10 285 papers were screened.

A. OS at mean follow-up B. 5-yr OS
Risk ratio % Risk ratio %
Study (95% CI) Weight Study (95% C1) Weight
Doucet (2021) —— 1.84 (1.52,2.22) 18.41
Doucet (2021) —— 2.39 (1.89, 3.04) 26.07
Zompolas (2021) ——————— 1.58 (0.82,3.04) 5.30
Zompolas (2021) —_— 1.09 (0.59, 2.02) 1534
Pletcher (2020) —— 1.00 (0.86, 1.18) 19.80
Saucedo-Crespo (2016) — 2.05 (1.61,2.62) 2589
Al-Shraideh (2014) —t— 1.07 (0.75,1.53) 11.83
Al-Shraideh (2014) e 1.03 (0.70, 1.53) 21.46
Molnar (2012) - 1.54 (1.47, 1.61) 23.46
——— -
Heldal (2009) - 1.41(1.25,1.60) 21.20 Boesmueller (2011) ‘ 1.96 (0.87,4.42) 11.24
Overall, DL ( = 85.7%, p = 0.000) <> 1.38 (1.16, 1.63) 100.00 Overall, DL (F = 75.4%, p =0.003) <> 1.66 (1.18, 2.35)100.00
T T T T
0.25 1 4 0.25 1 4
NOTE: Weights are from random-effect model NOTE: Weights are from random-effect model
C.3-yr0OS D. 1-yr OS
Risk ratio % Risk ratio %
tu % CI Weight
Study (95% CI) Weight Shudy (95%CD) ~
Doucet (2021) —— 1.81 (1.00, 3.27)43.50
Doucet (2021) —— 2.14 (1.55,2.98) 44.63 :
Zompolas (2021) - 1.12(0.24, 5.24) 6.40
Zompolas (2021) ——— 1.20 (0.53,2.71) 11.74 '
: Saucedo-Crespo, (2016) —— 2.45(1.39, 4.34)46.96
Saucedo-Crespo (2016) ——%——  2.58(1.85,3.61) 4363 a 011) 0.98 (0.11,8.92) 3.14
Overall, DL (F* = 33.6%, p = 0.221) Q 2.17 (1.61,2.93)100.00 Overall, DL (I = 0.0%, p = 0.671) 0 1.98 (1.34, 2.93)00.00
T T T T
0.25 1 4 0.125 1 8

NOTE: Weights are from random-effect model

NOTE: Weights are from random-effect model

Fig. 2 - Forest plots of the pooled RRs for OS at (A) the mean follow-up, and (B) 5 yr, (C) 3 yr, and (D) 1 yr of follow-up. There was worst OS at all time points in
the >70-yr group (RR, 1.66; 95% CI, 1.18-2.35; p = 0.003). CI = confidence interval; OS = overall survival; RR = relative risk.
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<70
yr

Graft loss
>70
yr

functioning

graft

>70 <70
yr

Death with
yr

<70
yr

oS
>70
yr

<70
yr

5-yr OS
>70
yr

<70
yr

3-yr OS
>70
yr

<70
yr

1-yr OS
>70
yr

<70
yr

GS
>70
yr

<70
yr

5-yr GS
>70
yr

3-yr GS
>70 <70
yr

yr

<70
yr

1-yr GS
>70
yr

Table 3 - Survival outcomes in percentage of population receiving a kidney transplant (KT)
Study

N

Of these, 10 186 were excluded and 99 met the abstract
o < o inclusion criteria. Finally, after full-text screening, a total
S R R R T > A R AR A R of 19 studies were included (Fig. 1). In total, nine studies
were included in the meta-analysis and pooled estimates
;- ! ;E i B, %; ABERE were obtained for different outcomes: OS at 1 yr (four
studies), 3 yr (three studies), 5 yr (five studies), and over-
N~ ) " all (six studies); GS at 1 yr (three studies), 3 yr (two stud-
SR R & ies), 5 yr (four studies), and overall (four studies); death
with functioning graft (four pooled studies); DGF (six
Eg F.,.,..8,,8,.8,.3 studies); graft loss (three studies); and acute rejection
(AR; seven pooled studies).
99 < o 0
g kle g | | | I | | l{[\1 gg | | I | % | | |
-H.H. N R o N 32 Cﬁaracteristics of studies, population, and
“R22€, ., BF %, .5 83 interventions
B -H B The 19 studies included a total of 293 501 patients.
N T =~ - Table 1 summarises baseline characteristics of both
groups, with a total of 23 917 recipients aged >70 yr
2B BNzl B 2 and 269 584 younger than 70 yr. Donor age was higher
“H'E°HE ' ' in the >70-yr group: 55.0 (45.4-77.0) versus 47.7 (39.0-
B - 71.6) yr. Furthermore, a higher number of expanded cri-
2 teria donors (ECDs) in >70-yr recipients was identified
(18.5% vs 2.7%). Regarding other potential confounders,
0 e w2 2 time on dialysis was longer in the <70-yr group (37.0 vs
MM 'H ' BB E'E'B 23.0 mo), while both groups had similar CIT (13.8 vs
N ° « 13.3 h). The median follow-up for the >70-yr group was
s\ | =l s | n 50.9 mo (interquartile range [IQR] 38.8-72.7) and 64.2
mo (IQR 47.0-72.0) in the <70-yr group.
me m= 2 9 S N Table 2 shows general features of the 19 included
H'E°H°E°H'BE'H' BB studies. Ravinuthala et al [7] published the study includ-
ol P ing the largest number of patients (298 455). Eleven com-
RS 00 088 parative studies (ten retrospective and one prospective)
were included, while the remaining eight were case ser-
§I§IIIIIIE§IIIII\I§ les(>70yr).
n o o~ o~
8 i IR S 3.3. Primar_y outcomes
0 =% 2 29 g ° A quantitative analysis (meta-analysis) was performed to
"H'ETH "R ' pool and compare outcomes between both groups. Fig-
N - ure 2 represents the forest plot of the pooled RR for OS.
S S The pooled meta-analysis showed a significant decrease
in 5-yr OS in patients aged >70 yr (RR: 1.66; 95% CI:
" N9 g o 1.18-2.35). A significant difference between both groups
o 'H'N ' EE'E B was also observed at 1 yr (RR: 1.98; 95% CI: 1.34-2.93)
-B o _ and 3 yr (RR: 2.17; 95% CI: 1.61-2.93) of follow-up.
LS B g Five-year GS ranged from 51.0% to 93.1% in the elderly
(>70 yr) versus 68.0 to 94.0% in the younger group (<70
2 HHE = b 2 § yr). Table 3 contains the survival outcomes of the
OB 'RICEECECM EICE T Z included studies, and Figure 3 shows the forest plot of
S % the pooled RRs for GS. There was significantly better 5-
5 = ég § g g yr GS in.recipiepts .aged <7Q yr (RR, 1..37; 95% CI, 1.14-
S;E%EEEgg@EE__—Q o ) 1.65), without significant differences in short term. The
Eg 8555533§532225359 R pooled RR of GS was 1.18 (95% CI, 0.79-1.75) at 1 yr
§S§§§§%§§%’5§ ggggggg = and 1.33 (95% CI, 0.94-1.87) at 3 yr.
%Lﬁ EEE 5 = Eo_g g %g §%§§§ %g E Concerning complications, in the studies included in
g ggé EE% g gz Z Q% E E%B’ = e this SR, very few reported complication rates and only
ARadiFEIf<ZAaTEATR=EZ & Zompolas et al. [8] did it according to the Clavien-Dindo
FNmTno~wa SR RRI2ERR2E classification system, without complications Clavien >III
in both groups.
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3.4. Secondary outcomes

Figure 4 shows the forest plot of the pooled RR for DGF, AR,
death with functioning graft, and graft loss.

DGF rates ranged from 19.4% to 53.6% in elderly recipi-
ents (>70 yr) and from 18.1% to 60.0% in younger ones
(<70 yr; Table 4), without significant differences between
both groups (RR, 1.08; 95% CI, 0.86-1.36).

Three comparative studies reported the graft loss rate. It
ranged from 9.3% to 38.5% in the older group versus 14.3%
to 37.4% in the younger group, without reaching statistical
significance (RR, 0.95; 95% CI, 0.61-1.48).

Regarding AR, it is the most frequently reported indica-
tor among comparatives studies (seven studies included in
meta-analysis). In recipients aged >70 yr, rejection rates
range from 4.3% to 40.0%, while in the younger group the
rates are 4.7-50%. The pooled analysis showed no increased
likelihood of AR in >70-yr old patients (RR, 0.87; 95% (I,
0.80-0.93).

Only two studies reported PNF rates. Huang et al. [9]
described 1.3% for the elderly group compared with 1.2%
in the younger population. Moreover, eGFR and creatinine
levels were poorly reported.

A. GS at mean follow-up

Risk ratio %

Study (95% Cl) Weight

Doucet (2021) R e— 1.50 (1.21, 1.86) 24.61
Pletcher (2020) —— 1.46 (1.32, 1.62) 26.98
Al-Shraideh (2014) — 1.05 (0.74, 1.48) 20.87

Molnar(2012) - 224 (2.11,2.38) 27.53

=

T T
0.5 1 2

NOTE: Weights are from random-effect model

Overall, DL (2 = 95.6%, p = 0.000) 1.54 (1.13, 2.11)100.00

C.3-yr OS

Risk ratio %
Study (95% CI) Weight
Doucet (2021)

—————  1.48 (1.12, 1.96) 72.80

Saucedo-Crespo (2021)

Overall, DL (I = 27.6%, p = 0.240) <<>

T
0.5 1 2

NOTE: Weights are from random-effect model

1.00 (0.55, 1.80) 27.20

1.33 (0.94, 1.87)100.00

3.5. Risk of bias assessment of the included studies and
publication bias

Of the 11 comparative studies, five had a high [10-14] and
six a moderate risk of bias [8,9,15-18]. Figure 5 includes the
traffic-light plot for the risk of bias domains in ROBINS-I
tool for the 11 comparative studies included in this SR. Most
of the studies exhibited a moderate or high risk of bias
according to this tool. Neither Egger’s nor Begg's test
demonstrated a significant publication bias across the arti-
cles included in the meta-analysis for any endpoint
(p > 0.05; Supplementary material).

3.6. Discussion

3.6.1. Findings in the context of existing literature

This SR and meta-analysis highlight a gap in knowledge and
research regarding outcomes of KT in older population.
Along with the growing pool of elderly KT recipients,
several large studies assessing KT outcomes in these
patients have been published over recent years. In this
scenario, it is crucial to determine outcomes and to select
which patients may benefit from KT and who are at a high
risk of post-transplant complications. With that purpose,

B. 5-yr OS

Risk ratio %
Study (95% CI) Weight
Doucet (2021) - 1.50 (1.21, 1.86) 53.22
Saucedo-Crespo (2016) —— 1.46 (0.98, 2.17) 19.78
Al-Shraideh (2014) —— 1.05 (0.74, 1.48) 25.28
Boesmueller (2011) — 2.05(0.50, 8.42) 1.72
Overall, DL (I = 11.8%, p = 0.334) @ 1.37 (1.14, 1.65)100.00

T T
0.125 1 8
NOTE: Weights are from random-effect model
D. 1-yr OS

Risk ratio %
Study (95% CI) Weight
Doucet (2021) - 1.20 (0.76, 1.89) 75.83
Saucedo-Crespo (2016) ——-i—— 1.01 (0.44, 2.35) 22.06
Boesmueller (2011) — 2.95 (0.19, 44.86) 2.1
Overall, DL (I = 0.0%, p =0.752) > 1.18 (0.79, 1.75) 100.00

T T
0.03125 1 32

NOTE: Weights are from random-effect model

Fig. 3 - Forest plots of the pooled RRs for graft survival (GS) at (A) the mean follow-up, and (B) 5 yr, (C) 3 yr, and (D)1 yr of follow-up. There was worst GS since
5-yr time point in the >70-yr group (RR, 1.37; 95% CI, 1.14-1.65; p = 0.334). CI = confidence interval; GS = graft survival; RR = relative risk.
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A. DGF

Risk ratio %
Study (95% Cl) Weight
Doucet (2021) — s 1.06 (0.83, 1.34) 19.82
Zompolas (2021) ~ ——————4—+—— 0.86 (0.53,1.38) 12.08
Al-Shraideh (2014) — 0.92 (0.66, 1.29) 16.45
Boesmueller(2011) 0.92 (0.45,1.90) 7.20
Huang (2010) st 0.97 (0.92,1.02) 24.97

Heldal (2009)

Overall, DL (I = 79.2%, p = 0.000) <:>

—— 1.80(1.41,231) 19.48
1.08 (0.86, 1.36) 100.00

T
0.5 1 2

NOTE: Weights are from random-effect model

C. Death with functioning graft

Risk ratio %
Study (95% Cl) Weight
Doucet (2021) —— 1.42 (1.28,1.57) 34.14
Zompolas (2021) ——————+—1——— 0.89 (0.59, 1.33) 16.89
Al-Shraideh (2014) —————a———— | 0.79 (0.52, 1.19) 16.92
Heldal (2009) | —=%—  157(1.36,1.81) 3205
Overall, DL (I = 79.8%, p = 0.002) -<> 1.22 (0.97, 1.54)100.00
T T
0.5 1 2

NOTE: Weights are from random-effect model

B. Acute rejection

Risk ratio %
Study (95% Cl) Weight
Doucet (2021) —*—- 0.73 (0.58,0.93) 9.26
Zompolas (2021) 1 0.85 (0.20, 3.61) 0.26
Al-Shraideh (2014) —_— 0.92 (0.57, 1.49) 2.28
Molnar (2012) -‘- 0.85 (0.75, 0.96) 33.40
Boesmueller(2011) 0.90 (0.27, 2.98) 0.37
Huang (2010) - 0.93 (0.82, 1.06) 32.09
Heldal (2009) -‘:— 0.86 (0.74, 1.00) 22.35
Overall, DL (12 = 0.0%, p = 0.784) 0 0.87 (0.80, 0.93)100.00

T

T
0.25 1 4

NOTE: Weights are from random-effect model
D. Graft loss

Risk ratio %
Swdy (95% CI) Weight
Doucet (2021) —_— 127(1.06.152) 3385
A-Shraiden (2014) _—— 102(0.77,135)  31.14
Molnar (2012) —_— H 069(0.63,075) 3522
MHU.DLll‘:QSI%p=QM)<> 0.95(0.61,1.48)  100.00

T T

0.6666667 1 1.5

NOTE: Weights are from random-effect model

Fig. 4 - Forest plots of the pooled RRs for (A) DGF (B) acute rejection, (C) death with functioning graft, and (D) graft loss. There were no worse outcomes in the
>70-yr group for any secondary endpoint. CI = confidence interval; DGF = delayed graft function; RR = relative risk.

we conducted this SR including a large number of
recipients, which contributes to widen the evidence
about this renal replacement therapy in this vulnerable
population.

Regarding primary objectives, elderly (>70 yr) recipients
have worse OS at all time points (Fig. 2), while GS remains
comparable with that for young recipients (<70 yr) in the
short term (1 and 3 yr) but becomes worse in the long term
(5 yr and end of follow-up; Fig. 3). Complication rates, a rel-
evant primary objective of the present study, were under-
reported and so could not be analysed properly.

Concerning secondary objectives, the elderly group did
not have worse DGF, AR, death with functioning graft, or
graft loss (Fig. 4).

3.6.2. Ageing and KT

It has been estimated that by 2030, 60% of patients with
chronic kidney disease needing renal replacement therapy
will be older than 65 yr [19]. Several studies have pointed
out the benefit of KT compared with dialysis in terms of
QoL in the majority of older recipients [20]. Moreover, this
benefit in elderly population has also been observed in
terms of survival compared with dialysis [21]. However, at
advanced ages, a decision between dialysis and KT can be

difficult mainly due to comorbidities and geriatric syn-
dromes such as cognitive impairment or frailty [20].
Elderly population is a heterogeneous group. Medical
research commonly defines people as elderly when they
are aged 65 yr or above. Nevertheless, defining elderly age
by chronology alone has its limitations [22]. Variability
among elderly definitions depends on the life expectancy
variations experienced by the population during the past
decades. Indeed, a geriatric patient is not specifically age
defined but rather characterised by a high degree of frailty
and multiple active diseases that become more common
in the age group above 80 yr, according to the Geriatric
Medicine Section of the European Union of Medical Special-
ists [23]. In this SR, the limit of 70 yr was established by the
YAU Kidney Transplantation Working Group, trying to pre-
sent updated research adapted to developed countries’
demography. In fact, and according to the Eurostat Report
[24], in 2020, the life expectancy at birth in the EU was
80.4 yr. Furthermore, considering the mean age of KT recip-
ients in our context as developed countries, in Spain, the
proportion of >70-yr-old recipients transplanted has been
increasing constantly during the past decade, reaching
19.2% in 2021 [25]. Very few studies have explored the out-
comes of KT in the very old recipients (>80 yr). According to



Table 4 - Comparative functional outcomes and complications of KT recipients according to study groups (<70- and >70-yr old)

DGF PNF Acute rejection UTI Haematoma Vascular Ureteral Lymphocele
complication stricture
>70 yr <70 yr >70 yr <70 yr >70 yr <70 yr >70 yr <70 >70yr <70 >70yr <70 yr >70yr <70 >70 <70
yr yr yr yr yr
Doucet (2021) [10]  19.4% 18.1% - - 19.0% 28.0% - - - - - - - - - -
(54/279) (1880/10 372) (53/279) (2904/10 372)
Zompolas (2021) 47.5% 60.0% - - 7.5% 8.9% - - - - 0% 2.2% - - - -
(8] (19/40) (27/45) (3/40) (4/45) (0/40) (1/45)
Pletcher (2020) [15] - - - - - - - - - - - - - - - -
Cabrera (2020) [38] 53.6% - 6.5% - 15.2% - 41.3% (57| - 10.1% - 11.6% - 2.2% - 5.8% -
(74/138) (9/138) (21/138) 138) (14/138) (16/138) (3/138) (8/
138)
Lemoine (2019) 30.6% - - - 20.9% - 18.7% (29 - 11.1% - 5.3% - 10.5% - 111% -
[39] (48/171) (33/171) 171) (19/171) (9/171) 18/ 19/
171) 171)
Thiessen (2017) - - - - - - - - - - - - - - - -
[16]
Ravinuthala (2017) 23.3% - - - 5.7% - - - - - - - - - - -
7] (110/471) (27/471)
Lonning (2016) [43] - - - - - - - - - - - - - - - -
Saucedo-Crespo - - - - - - - - - - - - - - - -
(2016) [17]
Al-Shraideh (2014) 28.8% 32.0% - - 15.4% 17.0% - - - - - - - - - -
[18] (30/104) (251/780) (16/104) (132/780)
Molnar (2012) [11] - - - - 43% 5.1% - - - - - - - - - -
(239/5566)  (7067/139 904)
Boesmueller (2011) 36.8% 41.1% - - 15.8% 17.8% - - - - 5.3% 3.6% 10.5% 0% - -
[12] (7/19) (23/56) (3/19) (10/56) (1/19) (2/56) (2/19) (0]
56)
Heldal (2011) [3] 52.5% - - - 22.0% - - - - - - - - - - -
(84/160) (35/160)
Huang (2010) [9] 24.9% = 1.3% 12% 4.4% 4.7% = = = = = = = = = =
(1572/6302) (82/6302)  (299/ (274/6302)  (1169/24 877)
24 877)
Sener (2009) [13] - - - - - - - - - - - - - - - -
Heldal (2009) [14] 24.0% - - - 40.0% 50.0% - - - - - - - - - -
(85/354) (142/354) (570/1140)
Rao (2007) [44] - - - - - - - - - - - - - - - -
Macrae (2005) [45] - - - - - - - - - - - - - - - -
Albrechtsen (1995) 59.0% - - - 59.0% - - - - - - - - - - -
[46] (74/126) (74/126)
Total (%) 26.4% (2157/ 23.5%(8761)  1.4% (91  1.2% (299/ 6.9% (920/ 6.7% (11 856/ 27.8%(86/ NR  10.7%(33) NR  7.1%(26/ 3.0%(3] 7%(23] 0% 87% NR
8164) 37 270) 6440) 24 877) 13 306) 177 174) 309) 309) 368) 101) 328) o/ 27/
56)  309)

DGF = delayed graft function; KT = kidney transplant; NR = not reported; PNF = primary nonfunction; UTI = urinary tract infection.
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Fig. 5 - “Risk of bias” assessment for each included study. D1 = confounding; D2 = selection of participants; D3 = classification of interventions; D4 = deviations
from intended interventions; D5 = missing data; D6 = measurement of outcomes; and D7 = selection of the reported result.

Ravinuthala et al. [7], octogenarians have significantly
increased length of stay, perioperative mortality, and rates
of graft loss.

Several authors have established an age of 65 yr to clas-
sify older KT recipients, such as McAdams-DeMarco et al.
[26], who encountered that these recipients represented
18.4% of the transplanted population, a five-fold rise from
3.4% in 1990s.

To avoid a bias due to the differences between heteroge-
neous groups, an age-stratified analysis of outcomes, mainly
survival, should ideally be performed. Nevertheless, prelim-
inary search revealed a lack of papers analysing similar age
subgroups. Recently, Vanhove et al. [27] assessed outcomes
in first-time single KT recipients through multistate models
and encountered that in the elderly (>75 yr), the absolute
overestimation of death risk with functioning graft was
four-fold higher than in the <55-yr group, concluding that
these multistate models provide a comprehensive assess-
ment of KT outcomes, particularly in older recipients, who
are more prone to event rate overestimation and for whom
outcomes after graft failure are worse than for younger
population.

3.6.3. Comparison between KT and dialysis

According to the recent SR by Schoot et al. [20] assessing
QoL outcomes of renal replacement therapies, these
improve in the majority of the older KT recipients and were

superior to dialysis. Moreover, functional status was worse,
and the incidence of serious fall injuries increased in many
older dialysis patients.

Dialysis patients have 10-20 times higher cardiac mor-
tality rates than the general population, and although this
risk is lessened after transplant, patients carry the burden
of their time spent living with ESRD and on dialysis, and
cardiac mortality rates remain high. According to Wyld
et al. [28], of 5089 deaths in 16 329 KT recipients, 18% were
cardiac: older age, longer dialysis duration, and earlier era
of transplantation were associated with this outcome.

3.64. The use of frailty and comorbidity scores

Based on the Consensus Guidelines of the Canadian Society
of Transplantation, advanced age per se is not a contraindi-
cation for KT, so older patients with ESRD without medical
or surgical contraindications should be considered candi-
dates [21]. Age-associated comorbidities expose elderly
recipients to a high risk of postoperative complications
[19]. Particularly, many older patients on dialysis have car-
diovascular disease that can be a barrier for KT [19]. Among
KT candidates, 21% are frail and 55% have cognitive impair-
ment, and both conditions increase the risk of mortality
[29]. Moreover, the KTOP study among KT recipients esti-
mated cognitive impairment and frailty in 36.4% and
15.8%, respectively [30], while other authors encountered
19.8% of frailty in KT recipients, assessing it through the
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“Fried score” [31]. In this context, a refined assessment of
elderly patients who are candidates for KT might be per-
formed. Potential elderly recipients must be assessed pre-
cisely to exclude serious cardiovascular disease, cancer,
and other comorbidities. Some indicators have been pro-
posed to improve candidate selection. According to a recent
SR, frailty is associated with higher rates of DGF and length
of stay [32], so this parameter has become a popular
indicator.

KT recipients present higher rates of pre-existing comor-
bidities, in particular diabetes mellitus, hypertension, and
cardiac disease [33]. In Table 1, we can observe higher per-
centages of hypertension (28.1% vs 3.6%), diabetes (20.0% vs
13.7%), and coronary disease (9.4% vs 3.4%) rates in elderly
patients. The CCI can be used to describe comorbidities in
patients who are going to receive an intervention such as
KT, but it has not proved its usefulness predicting mortality
in the population age >70 yr [14]. In this SR, an attempt was
made to extract data regarding frailty and comorbidity
scales (CCI, Karnofsky, ECOG, Clinical Frailty Scale, and Frail
Scale), but no paper except that of Heldal et al. [14] reported
any information. Given the expected demographic evolu-
tion in developed countries, it would be advisable to include
geriatric assessments using tools such as those mentioned
above to refine recipient selection and to be able to predict
complications.

3.6.5. Heterogeneous outcomes

Over the past decades, many studies in developed countries
have reported outcomes of KT in elderly patients, assessing
patient’s risks and determining the age effect on GS. How-
ever, consensus has not been reached, although its safety
has been reported in selected elderly patients [34]. Data
are somewhat heterogeneous, mainly due to different age
thresholds and nonstandardised data regarding KT out-
comes, particularly from a surgical point of view. According
to the Australia and New Zealand Dialysis and Transplant
(ANZDATA) Registry Study, with 10 651 recipients, elderly
people may have inferior OS and GS [10]. On the contrary,
other researchers have published encouraging data, with
lower rejection rates and better GS, although with inferior
OS because of higher cardiovascular risk factors [35]. Older
patients with comorbidities are less likely to be recom-
mended for inclusion in the waiting list [36], although KT
in elderly patients has been growing in the last decades
[10]. Improved OS and GS with current immunosuppressive
protocols have broadened the application of KT to selected
elderly patients, and a rising number of patients aged >65
yr are receiving transplants [21]. Moreover, recipient’s pre-
operative optimisation as well as effective and safe anaes-
thesia during KT and postoperative care contributes to
successful outcomes [37].

In the present SR, 5-yr GS ranged from 51.0% to 93.1% in
>70-yr and from 68.0% to 94.0% in <70-yr old recipients,
with pooled RRs of 1.37 (95% CI, 1.14-1.65; > 11.8%,
p = 0.334) at 5 yr and 1.54 (95% CI, 1.13-2.11; 12 95.6%,
p = 0.000) at the end of follow-up (Fig. 3). Concerning
patient survival, there was significantly lower OS at all time
points in the >70-yr group (at 5 yr of follow-up: RR, 1.66;
95% CI, 1.18-2.35; I2 75.4%, p = 0.003; Fig. 2). Although

probably explained in part by age, this finding makes it nec-
essary to be cautious when deciding to go for KT in elderly
patients.

In the current meta-analysis, the pooled RR for graft loss
rates was 0.95 (0.61-1.48, p = 0.000; Fig. 4). In this sense, it
seems to be constant throughout literature that similar AR
and graft loss rates are described between older and
younger recipients; Molnar et al. [11] reported a graft loss
rate of 9.4% in elderly recipients compared with 14.3% in
younger recipients. Regarding other functional outcomes,
results from the meta-analysis indicate that there was not
a significant difference in DGF between both groups (RR,
1.08; 95% CI, 0.86-1.36; p = 0.0000). The largest study
reporting DGF rates by Doucet et al. [10] reports a rate of
19.4% in elderly versus 18.1% in younger population.

The eGFR and creatinine outcomes were lacking in the
included studies, with only seven papers reporting them
[3,8,10,12,18,38,39]. Extracted outcomes were quite similar
between both groups: median eGFR at the last follow-up
was 47.1 ml/min in the >70-yr control group versus 48.0
ml/min in the younger group, while the median creatinine
level was 1.76 (range 1.5-2.0) versus 1.8 (range 1.7-1.9)
mg/dl in the >70-yr versus <70-yr group.

3.6.6. Surgical risk and postoperative complications

Older recipients are usually at a greater risk of perioperative
complications, including death, mainly due to infection and
cardiovascular disease [21]. However, a lack of reported
data about postoperative complications has been identified,
particularly from a surgical point of view. Urinary leak
(10.1%, 14/138) or surgical site infection rates (18.8%,
26/138) have been reported only in one study for older
patients [38], while only Zompolas et al. [8] stratified them
according to the Clavien system (7.1% in the >70-yr vs 11.1%
in the <70-yr group with Clavien Il complications).

Advanced age of donors and recipients usually brings
substantial increased complexity in KT surgery [40].
Atherosclerosis commonly affects ESRD patients on dialysis
and especially the elderly [41], and this condition can make
surgery very challenging. Vascular complication rates have
been described poorly in the studies included in this SR—
only in two comparative studies [8,12] (5.3% in the >70-yr
compared with 3.6% in the <70-yr group [12]). Furthermore,
since retransplant rates have increased drastically to almost
25% over the past decades, this issue represents a challenge,
especially in elderly population that could potentially need
a subsequent KT [42]. However, the retransplant rate in this
group is lower.

Concerning WIT, which is directly related to surgical
complexity, only one study addressed this parameter. WIT
in the <70-yr group was 48.0 versus 52.6 min in the >70-
yr group [8]. Another indicator of surgical complexity is
the number of prior transplants. Retransplant rate, under-
stood as the proportion of patients undergoing subsequent
transplants after graft failure, was significantly lower in
the >70-yr group (1.3% vs 8.9% in the <70-yr group; Table 1).
This fact probably reflects a more meticulous selection of
elderly recipients when considering a potential KT, which
undoubtedly introduces a bias that should lead us to a cau-
tious interpretation of the outcomes for this old-age group.
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3.6.7. Donor selection

In many KT programmes, transplantation teams attempt to
match by allocating ECD organs to older recipients. Com-
pared with organs from standard criteria donors, ECD kid-
neys are associated with worse GS outcomes, but with
increased life expectancy over dialysis in older recipients
[19]. This effect of donor age poses a major confounder in
the assessment of KT outcomes in elderly population when
comparing with younger cohorts. Thus, as represented in
Table 1, donor age was higher in the >70-yr group (55.0
vs 47.7 in the <70-yr group), with a higher proportion of
ECDs (18.5% vs 2.7%), a higher proportion of donors after
cardiocirculatory death (4.3% vs 2.1%), and a lower propor-
tion of living donors (27.3% vs 35.0%).

3.6.8. Strengths and limitations

Several limitations of the present SR need to be mentioned.
The first and main limitation was the difficulty for deter-
mining a homogeneous age threshold, as there are no stan-
dardised cut-offs in the literature, where these range from
>60 yr in the 1990s’ studies to >80 yr in the most recent
studies. Moreover, most of the papers about old population
lack a geriatric assessment and/or frailty or comorbidity
scores. In addition, the existence of studies analysing
patients from US nationwide databases in different periods
may lead to duplicated populations. Lastly, some con-
founders such as donor features or time on dialysis have
not been controlled.

However, to our knowledge, this work has several
strengths. Its relevance, according to demographic evolu-
tion in developed countries, makes it of great interest to
transplant and urological communities, as it reports out-
comes about the real population that we will have to face
over the next years. Furthermore, it reports outcomes and
meta-analyses of a very large number of transplanted
patients, highlighting the potential need of geriatric or
frailty assessment and stressing the importance of reporting
surgical complications as an important part of KT outcomes,
particularly in this old-age setting where it becomes even
more relevant when selecting potential candidates.

4. Conclusions

Elderly KT recipients (>70 yr) have worse OS at all time
points and long-term GS compared with younger recipients
(<70 yr). Postoperative complications were under-reported
and could not be assessed. The DGF, AR, death with func-
tioning graft, and graft loss in elderly population were not
inferior to those in younger population. Considering pro-
gressive and constant ageing of population in developed
countries, the addition of geriatric assessment in this set-
ting might be useful for selecting better elderly candidates
for KT.
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