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Abstract
Background and objectives Extended criteria donors represent nowadays a main resource for kidney transplantation, and recovery criteria are becoming increasingly inclusive. However, the limits of this approach are not
clear as well as the effects of extreme donor ages on long-term kidney transplantation outcomes. To address these
issues, we performed a retrospective study on extended criteria donor kidney transplantation.
Design, setting, participants, & measurements In total, 647 consecutive extended criteria donor kidney
transplantations performed over 11 years (2003–2013) were included. Donor, recipient, and procedural variables
were classiﬁed according to donor age decades (group A, 50–59 years old [n=91]; group B, 60–69 years old
[n=264]; group C, 70–79 years old [n=265]; and group D, $80 years old [n=27]). Organs were allocated in single- or
dual-kidney transplantation after a multistep evaluation including clinical and histologic criteria. Long-term
outcomes and main adverse events were analyzed among age groups and in either single- or dual-kidney
transplantation. Kidney discard rate incidence and causes were evaluated.
Results Median follow-up was 4.9 years (25th; 75th percentiles: 2.7; 7.6 years); patient and graft survival were
comparable among age groups (5-year patient survival: group A, 87.8%; group B, 88.1%; group C, 88.0%; and
group D, 90.1%; P=0.77; graft survival: group A, 74.0%; group B, 74.2%; group C, 75.2%; and group D, 65.9%;
P=0.62) and between dual-kidney transplantation and single-kidney transplantation except for group D, with a
better survival for dual-kidney transplantation (P=0.04). No difference was found analyzing complications incidence or graft function over time. Kidney discard rate was similar in groups A, B, and C (15.4%, 17.7%, and
20.1%, respectively) and increased in group D (48.2%; odds ratio, 5.1 with A as the reference group; 95% conﬁdence interval, 2.96 to 8.79).
Conclusions Discard rate and long-term outcomes are similar among extended criteria donor kidney transplantation from donors ages 50–79 years old. Conversely, discard rate was strikingly higher among kidneys from
octogenarian donors, but appropriate selection provides comparable long-term outcomes, with better graft
survival for dual-kidney transplantation.
Clin J Am Soc Nephrol 12: 323–331, 2017. doi: 10.2215/CJN.06550616

Introduction

In 1999, the analysis of .46,000 patients waitlisted for
kidney transplantation (KT) provided the ﬁrst strong
evidence of KT superiority over dialysis as therapy
for ESRD (1). Subsequently, signiﬁcant improvements
were also observed for elderly, diabetic, obese, and
cardiopathic patients as well as most of the subjects
displaying other major comorbidities (2–6).
Since then, the widening gap between transplant
demand and supply has prompted the expansion of
kidney recovery criteria (7). The use of elderly donors
resulted in acceptable but reduced graft survival, with a
greater susceptibility to delayed graft function (DGF)
and KT rejection (8,9). In this ﬁeld, several strategies
have been proposed to improve organ allocation policies; among them, old for old protocols aim to match
the supposed graft survival to recipient life expectancy
(often irrespective from HLA match) (10), and the dualwww.cjasn.org Vol 12 February, 2017
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kidney transplantation (DKT) is intended to overcome
the imbalance between limited nephron mass from
older donors and the recipient metabolic request (11,12).
Nowadays, in many countries, about 30%–60% of
deceased kidney grafts are included in the so-called
extended criteria (13,14). However, as witnessed by
the heterogeneity of organ discard rate across the transplant community (15), the limits of this policy are not
well deﬁned, despite the development of several scoring systems (16–18). In particular, donor age still
represents a major reason for organ discard, and to
our knowledge, very few studies have evaluated the
outcomes of kidneys from donors older than 70 years
old (19). To address these questions, we retrospectively
analyzed our experience over 11 years by classifying
KT from extended criteria donors (ECDs) in donor age
classes and emphasizing the most relevant long-term
outcomes together with the associated risk factors.
Copyright © 2017 by the American Society of Nephrology
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Materials and Methods
Study Design
All of the deceased donor KTs performed at Turin
University Renal Transplant Center “A. Vercellone” from
January of 2003 to December of 2013 were considered.
From 1199 consecutive transplants, we excluded multiorgan grafts; within the remaining 1124, we identiﬁed a
total of 647 KTs from ECDs. According to Crystal City
criteria (7), we deﬁned ECDs as all of the donors older
than 60 years old and those ages 50–59 years old with at
least two of the following characteristics: serum creatinine at procurement .1.5 mg/dl, cerebrovascular cause
of death, or history of hypertension. The recipients’ followup was performed with scheduled clinical visits or hospital admissions when major complications occurred.
Data were collected from patients’ individual charts.
All procurement and post-transplant kidney biopsies
were analyzed by a single group of pathologists unchanged throughout the study period. Follow-up ended
in November of 2015.
The study was approved by the local ethics committee
and performed in adherence with the last version of the
Helsinki Declaration. The clinical and research activities
being reported are consistent with the Principles of the
Declaration of Istanbul as outlined in the Declaration of
Istanbul on Organ Trafﬁcking and Transplant Tourism.
Patients were divided in four groups according to donor
age: group A, 50–59 years old; group B, 60–69 years old;
group C, 70–79 years old; and group D, $80 years old.
Main outcomes were graft and patient survival. Secondary
outcomes were graft function at 1, 2, and 5 years, DGF
incidence, and acute rejection. Furthermore, we evaluated
the causes of graft failure and patient death as well as the
occurrence of other relevant post-transplant complications.
DGF was deﬁned as the need for hemodialysis during the
ﬁrst post-transplant week. Acute rejection was biopsy
proven. Kidney discard rate (KDR) was deﬁned as the ratio between recovered but not transplanted and total recovered kidneys.
Organ Allocation Policy
Suitable candidates were preselected by an algorithm on
the basis of three parameters: AB0 blood group, HLA (with a
minimum requirement of one DR and one A locus match),
and age range between donors and recipients 67 years.
Lack of dialysis access, high titer of panel reactive
antibodies, and time on waiting list .10 years were criteria for preferential listing.
Subsequently, several parameters (donor age, cause of
death, kidney function, proteinuria, echography renal size,
cardiovascular or metabolic comorbidities, and smoking)
were analyzed to allocate kidneys directly to single-kidney
transplantation (SKT) or histologic evaluation.
When needle biopsy was performed, organ allocation
was accomplished on the basis of Karpinsky score. Between
2003 and 2006, we applied the policy proposed by Remuzzi
et al. (20) (score 0–3 to SKT, 4–6 to DKT, and $7 discarded); subsequently, score 4 was considered suitable for
SKT on the basis of our favorable results in a pool of patients transplanted in 2006 (M. Messina, G.P. Segoloni, L.
Biancone, unpublished data). The efﬁcacy of this approach
was later conﬁrmed by other authors (21,22). When donor

age was .82 years old, organs were independently allocated to DKT for any score ,7.
In the few doubtful cases, SKT/DKT allocation was on
the basis of a multidisciplinary assessment (nephrologist,
surgeon, and pathologist), and the other considered variables were donor eGFR, renal size, and macroscopic organ
appearance at surgeon inspection.
Main recipient exclusion criteria for DKT were age $70
years old, chronic anticoagulant therapy, coronary artery
disease, severe chronic obstructive pulmonary disease,
and previous KT.
Immunosuppressive protocols were homogeneous for the
whole study period and speciﬁcally designed for ECD KT:
induction mainly with anti-CD25 antibody, use of steroid
and mycophenolate from the beginning, and sequential
introduction of calcineurin inhibitor at the established graft
functional recovery (serum creatinine #2.5 mg/dl) (23).
None of the retrieved kidneys had pulsatile perfusion.
Statistical Methods
Discrete data were described as percentages and analyzed with the Pearson chi-squared test or for small
samples, the Fisher exact test. Continuous variables were
described as mean6SD when normal and median (25th;
75th percentile) when non-normally distributed.
Mann–Whitney test, Kruskal–Wallis test, paired t test,
or ANOVA with Bonferroni post hoc test were used when
appropriate. Cumulative graft and patient survival were
analyzed by Kaplan–Meier (KM) curves including only
the ﬁrst transplant (n=573). Differences among groups
were established by log rank tests. Relevant variables
were checked ﬁrst in univariate analysis and then, included in a multivariate Cox model on the basis of statistical and clinical signiﬁcance. Transplant after the ﬁrst
transplant is considered in this model. The risk of organ
discard was displayed as the odds ratio (OR) calculated
by logistic regression using donor age class as the covariate; the reference population was group A. All statistical
analyses were performed using SPSS software, version 22
(SPSS, Inc., Chicago, IL). Signiﬁcance level for all tests was
set at P,0.05.

Results
Baseline KT Variables
The selected population was classiﬁed by donor age:
group A (50–59 years old) included 91 patients, group B
(60–69 years old) included 264 patients, group C (70–79
years old) included 265 patients, and group D ($80 years
old, with a maximum age of 88 years old) included 27
patients. Main donor-, recipient-, and transplant-associated
characteristics are comparable among the four classes
(Table 1).
The only dissimilarities were observed in DKT prevalence and recipient age as a consequence of our allocation
criteria (Materials and Methods). Age distribution is
showed in Supplemental Figure 1.
Another signiﬁcant difference was found when analyzing recipients’ native nephropathies, with the highest incidence of glomerular diseases in group A, whereas
hypertensive nephropathy predominated in group D
(P=0.05) (Supplemental Table 1).
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CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; DM, diabetes mellitus; Tx, transplant; SKT, single-kidney transplantation; DKT, dual-kidney transplantation; PD, peritoneal
dialysis; HD, hemodialysis; HCV POS, positive for hepatitis C virus; MM, mismatch; PRA, panel reactive antibody; CDC, cell-dependent cytotoxicity.

Donor characteristics
Men/women, %
Estimated creatinine clearance, ml/min
eGFR CKD-EPI, ml/min per 1.73 m2
Hypertension, %
DM, %
Cerebrovascular cause of death, %
Recipient characteristics
Men/women, %
Mean age, yr
First Tx/more than one Tx, %
SKT/DKT, %
PD/HD, %
Median dialysis duration before
transplantation (25th; 75th percentiles), yr
Pretransplant DM type 1 or 2, %
Pretransplant HCV POS, %
Transplant baseline characteristics
HLA A/B/DR MM (0–2/3–4/5–6), %
Negative PRA (CDC) at transplantation, %
Cold ischemia time, h

Variable

Table 1. Clinical and demographic characteristics of donor/recipient
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In total, 688 kidneys from ECDs were transplanted in 647
recipients; in the 567 preimplantation biopsies available, no
differences were found in Karpinsky score among the four
groups (group A, 2.561.1; group B, 2.461.0; group C,
2.461.0; and group D, 2.961.4; P=0.09).
Effect of Donor Age and KT Allocation on Patient and Graft
Outcomes
By KM curve analysis, we investigated the donor age
association with patient and graft survival (Figure 1).
Median follow-up was 4.9 (2.7; 7.6) years without differences in the four subpopulations (Supplemental
Figure 2).
In the KM model, patient survival was similar among
the four groups, irrespective of the allocation policy in
SKT or DKT (at 5 years: group A, 87.8%; group B, 88.1%;
group C, 88.0%; and group D, 90.1%; P=0.77), as it was
for graft survival (5 years: group A, 74.0%; group B,
74.2%; group C, 75.2%; and group D, 65.9%; P=0.62),
even in death-censored curves (5 years: group A,
82.3%; group B, 83.8%; group C, 83.9%; and group D,
76.5%; P=0.66) (Figure 1). No signiﬁcant difference was
found when death and graft loss causes were compared
among the four subsets (P=0.10 and P=0.87, respectively)
(Supplemental Tables 2 and 3), even if oncologic mortality displayed an age-related trend (0% in group A versus
7.4% in group D).
Likewise, by comparing SKT and DKT, irrespective from
donor age classes, we found no signiﬁcant difference for
patient or graft survival, even when data were censored for
death.
We subsequently analyzed DKT and SKT within the
study groups, with the exception of group A, which was
excluded due to its negligible number of DKT (one of 91).
Outcome similarities between DKT and SKT were conﬁrmed in groups B and C, whereas DKT from octogenarians showed better overall graft survival (P=0.04) (Figure
2). Group D SKT also had worse results compared with
SKT from the other groups (P=0.03) but not after death
censoring (Figure 3).
Also, graft function in the four groups was comparable at
all considered time points (Supplemental Figure 3A). Likewise, no differences were found when the same analysis
was performed within DKT or SKT (Supplemental Figure
3, B and C).
Donor age classes did not correlate with the vast majority
of considered adverse events, including vascular and
urologic complications, new-onset diabetes, and malignancies (Supplemental Table 4). An appropriate statistical
power was reached when analyzing groups A, B, and C;
this was not true for group D due to the relatively small
sample size and number of the events.
Acute rejection rates were comparable in the four groups
(P=0.80). Regarding DGF, the maximum incidence was
reached in SKT in octogenarians (nearly 60%), much
higher than in DKT of the same group (27.3%); however,
this difference did not reach statistical signiﬁcance. Additionally, primary nonfunction was absent in group A. It is
noteworthy that infection rates seemed to be lower in
group D (Supplemental Table 5). This was particularly
true for cytomegalovirus (CMV) infection (11.1% versus
26.4% of group A, 31.8% of group B, and 28.3% of group

Figure 1. | Similar patient and graft survival in different donor age
classes.

C; P=0.04), and it was not related to pretransplant donor
or recipient serology.
Influence of Others Variables on Long-Term Graft
Outcomes
We then investigated the effect of other variables
on main transplant outcomes. Univariate analysis
highlighted a signiﬁcant association of DGF with patient

Clin J Am Soc Nephrol 12: 323–331, February, 2017

Transplants from Octogenarian Donors, Messina et al.

327

Figure 2. | Patient and graft survival according to allocation modality in the different donor age classes, with better graft survival for DKT
from octogenarian donors. DKT, dual-kidney transplant; SKT, single-kidney transplant.

death. Graft loss was more common in older recipients and
those who had experienced DGF or acute rejection; however, after death censoring, the association with recipient
age was no longer signiﬁcant, whereas CMV infection
emerged as a relevant cause. To conﬁrm these results and
exclude potentially confounding factors, a multivariate Cox
model was attempted; DGF occurrence and acute rejection
but not donor or recipient age were found to be independent predictors of worse death-censored graft outcomes
(Table 2).
KDR
Finally, we analyzed KDR, its underlying causes, and
its correlation with donor age (Table 3). KDRs of the three
younger donor age classes were similar (50–59 years old:
15.4%; 60–69 years old: 17.7%; OR, 1.22; 95% conﬁdence
interval [95% CI], 0.78 to 1.91; 70–79 years old: 20.1%;
OR, 1.53; 95% CI, 0.99 to 2.38). Conversely KDR of octogenarian donors was signiﬁcantly increased (48.2%; OR,
5.10; 95% CI, 2.96 to 8.79). Most of discard causes were
age related; in particular, macroscopic ﬂaws and Karpinsky score .6 were found in 20% and 11.8%, respectively,

of organs harvested from donors $80 years old versus
4.8% and 3.7%, respectively, of those from the youngest
ECDs (P,0.001).

Discussion
In this study, we analyzed outcomes of ECD KT
according to donor age decades from 50 to .80 years old.
Grafts were allocated as SKT or DKT or discarded after a
multistep evaluation. Overall, we did not ﬁnd signiﬁcant
outcome difference among the four age groups; conversely,
when SKT/DKT allocation was considered, SKT from very
old donors performed worse compared with both DKT
from the same class or the other SKT.
ECDs are nowadays the most relevant pool of deceased
kidney donors in several transplant centers worldwide
(14). Very old donors may represent a reliable resource to
further expand this class; nevertheless, data on extreme
age decades are currently limited. Collini et al. (24) showed
encouraging results in 38 KTs from donors .75 years old:
graft survival, complication rates, and renal function were
only slightly worse than in recipients of younger ECDs.
More recently, Gallinat et al. (19) showed fairly good
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Figure 3. | Patient and graft survival according to donor age classes in different allocation modality; SKT from octogenarian donors have worse
results compared with SKT from the other age groups, when not death-censored. DKT, dual-kidney transplant; SKT, single-kidney transplant.

long-term outcomes in 52 KTs from donors ages $75 years
old using an old for old allocation policy, where only lowcomorbidity patients were suitable to receive organs from
this ECD group. Conversely, in a large analysis of the
United Network for Organ Sharing (UNOS) data, transplants from ECDs older than 70 years old were associated
with high risks of graft loss and patient death, especially
when allocated to recipients ,60 years old (25). These results are partially contradictory, with local experiences

outperforming registry data but displaying a relatively short
follow-up and a lower number of patients. Additionally,
data on donors $80 years old are currently anecdotal (26).
In this paper, we retrospectively reviewed about 650 KTs
from ECDs with a median follow-up of 4.9 years; moreover,
to the best of our knowledge, this is the ﬁrst study
speciﬁcally focused on donors $80 years old and the ﬁrst
study to divide the ECD cohort into decades to speciﬁcally
investigate age class-related outcomes.

Table 2. Cox regression model for factors affecting graft outcomes

95% Conﬁdence Interval for OR
Variable
Acute rejection, yes/no
CMV reactivation
DGF, yes/no
Donor eGFR (CKD-EPI) ,88 ml/min per 1.73 m2
Recipient age $60 yr
Retransplantation
Donor age, yr
50–59
60–69
70–79
$80

OR

P Value

Inf

Sup

2.57
1.95
1.81
1.29
0.99
0.97

1.65
1.28
1.17
0.85
0.63
0.52

4.00
2.97
2.80
1.96
1.54
1.81

,0.001
0.002
0.01
0.23
0.96
0.92

—
0.82
0.83
1.30

—
0.47
0.45
0.48

—
1.45
1.54
3.52

—
0.50
0.56
0.60

Acute rejection, DGF, and CMV reactivation remained as major determinants of graft loss (death censored). Donor eGFR and recipient age
cutoff are calculated on median values. Retransplantation considers any transplant after the ﬁrst one. OR, odds ratio; Inf, Inferior; Sup, Superior;
CMV, cytomegalovirus; DGF, delayed graft function; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; —, reference level.
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Table 3. Causes of KDR per donor age decades

KDR and KDR causes
Organ recovered and transplanted
Organ recovered but not
transplanted (KDR)
KDR causes
Suspected donor neoplasia or
other comorbidities
Organ macroscopic appearance
or anatomic anomalies
Preimplantation kidney biopsy
Technical problems
No available recipients
Others

50–59 yr
(n=188), %

60–69 yr
(n=587), %

70–79 yr
(n=604), %

$80 yr
(n=110), %

Total
(n=1489), %

P Value

84.6
15.4

81.8
18.2

78.1
21.9

51.8
48.2

79.4
20.6

,0.001
,0.001

0

2.7

2.6

1.8

2.3

0.15

4.8

7.2

10.3

20

9.1

,0.001

3.7
4.3
2.1
0.5

5.1
0.9
1.8
0.5

4.6
2.3
2.1
0

11.8
3.6
10.9
0

5.2
2.1
2.6
0.3

,0.001
,0.001
,0.001

Percentages are calculated on the total amount of organ recovered. Preimplantation biopsy indicates Karpinsky score $7. Technical
problem indicates prolonged cold ischemia time, procurement iatrogenic lesions, etc. Donor other comorbidities indicates hepatitis
C serology positive, bacteremia, etc. KDR, kidney discard rate.

Indeed, a previous paper on the UNOS registry data
(1995–2008) by Tullius et al. (27) analyzed donor age decades from 40 to 70 years old, but it was not focused on
ECD and did not considered octogenarian donors.
In our population, donor age classes displayed similar
patient and graft survival rates, and renal function was
comparable among groups at different times. The overlapping outcomes between SKT and DKT in the three
donor age decades from 50 to 79 years old suggest that our
allocation system is efﬁcient to avoid underperforming SKT
or a DKT excess. Conversely, SKT from octogenarian
donors had a signiﬁcantly lower graft survival rate compared with DKT of the same group. This difference was not
conﬁrmed for patient- and death-censored graft survival or
when SKTs from group D were compared with those of the
other age classes, even if a strong tendency is evident. We
than speculated that kidneys from octogenarian donors
should be preferentially allocated to DKT. However, our
results might be inﬂuenced by our recipient selection policy
and should be conﬁrmed with larger studies.
According to these ﬁndings, organs from extremely aged
donors represent a resource that should be accurately
evaluated. In the near future, by routinely expanding novel
evaluation tools (i.e., analyzing vascular resistance and
perfusate biomarkers during kidney machine reconditioning or donor urinary biomarkers for ischemia-reperfusion
injury [28–30]), an even more accurate allocation will be
possible.
A possible criticism of our multistep algorithm is the
increase in cold ischemia time (CIT), which may be
particularly relevant for these fragile organs as reafﬁrmed
in a recent work by Aubert et al. (15).
This putative additional risk has to be counterbalanced
by an efﬁcient multidisciplinary approach able to restrain
procedural times. In our experience, CIT was limited to 18
hours, shorter than the threshold of 20 hours associated
with worse outcomes in a large cohort of KTs (31). Interestingly, Tanriover et al. (12) analyzed UNOS records of
ECD KT performed almost in the same period of this study
(i.e., 2002–2012); data were classiﬁed according to donor

risk categories and CIT ranged between 18.1 and 25.5
hours.
It should be highlighted that we used an ECD-dedicated
induction protocol to avoid early calcineurin-inhibitor
toxicity and limit DGF occurrence (23).
With regard to infections, it is intriguing to ﬁnd lower
rates in recipients from the oldest donor class, discordantly
with previous literature evidences (32), even if this study is
not empowered to analyze this issue. This could possibly
be because of tailored maintenance immunosuppressive
protocols aimed to spare steroids and mycophenolate
and/or reduce calcineurin-inhibitor levels in the older recipients. Another explanation might be the a priori selection of candidates for DKT who are at a greater extent in
the oldest class of donors.
Despite the tailored immunosuppressive load, we found
comparable acute rejection rates in the four classes. This
result could be expected as a cause of impaired immunoreactivity of the elderly. On the other side, the higher
immunologic risk associated with an organ from an older
donor as underlined by Tullius et al. (27) must be taken
into account.
As conﬁrmed by the Cox regression model, DGF and
rejection rate remain key risk factors, even in the ECD
scenario; CMV infection is an additional risk accordingly
to a previous report (33).
A monocentric study is perceived as inferior with respect
to multicentric or registry data analysis. However, retrospective multicenter studies may include data from groups
applying different allocation policies or heterogeneous
immunosuppressive strategies. Also, registry studies
have the advantage of analyzing a large amount of data;
however, several aspects are not included in databases, and
again, data are collected from centers with different clinical
policies. Our study is characterized by a wide range of data
coming from 650 KTs performed with the same surgical
and clinical management, the same team of expert pathologists, and the same team of transplant nephrologists who
followed the patients in the long term with all data
recorded in patients’ charts. These prerequisites may
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consistently limit several confounding variables that could
have deeply affected study results.
Organ selection policy deeply inﬂuences the reliability of
transplant programs and concerns the extent of waiting lists
and short- and long-term KT outcomes; thus, we considered
KDR analysis as an essential element of this study. Compared with the largest KT registries worldwide, KDR of
donors ages 50–80 years old was lower than in the UNOS
reports and consistent with the Eurotransplant program reports (12,34); conversely, a striking increase is evident for
donors older than 80 years old. Major causes of organ discard were biopsy ﬁndings (Karpinsky score .6) and macroscopic ﬂaws; both were strictly age related. Surprisingly, this
trend was not observed for donor-related contraindications
discovered after organ harvesting (especially neoplasia).
Notably, selection criteria remained unchanged for all
donor classes. These ﬁndings suggest that organs from
octogenarians require an accurate evaluation; however,
they should not be excluded from KT programs as underlined by the acceptable outcomes displayed.
In conclusion, in this study, we analyzed the long-term
experience of ECD KT including very old donors (70–79
and $80 years old). Our data suggest that these extreme
ECDs are a valid source of organs but that they have to be
accurately selected and managed with dedicated protocols, especially with regard to octogenarian donors. Therefore, an a priori selection of donors only on the basis of age
cutoff is unjustiﬁed for not only donors between 70 and 79
years old with KDRs similar to those of younger ECDs but
also, donors 80 years old and older, among whom .50%
of harvested kidneys were transplanted with acceptable
long-term results.
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Long-term results of biopsy-guided selection and allocation of
kidneys from older donors in older recipients. Am J Transplant
12: 2781–2788, 2012
12. Tanriover B, Mohan S, Cohen DJ, Radhakrishnan J, Nickolas TL,
Stone PW, Tsapepas DS, Crew RJ, Dube GK, Sandoval PR,
Samstein B, Dogan E, Gaston RS, Tanriover JN, Ratner LE, Hardy
MA: Kidneys at higher risk of discard: Expanding the role of dual
kidney transplantation. Am J Transplant 14: 404–415, 2014
13. Pascual J, Zamora J, Pirsch JD: A systematic review of kidney
transplantation from expanded criteria donors. Am J Kidney Dis
52: 553–586, 2008
14. Cantaluppi V, Dellepiane S, Tamagnone M, Medica D, Figliolini
F, Messina M, Manzione AM, Gai M, Tognarelli G, Ranghino A,
Dolla C, Ferrario S, Tetta C, Segoloni GP, Camussi G, Biancone L:
Neutrophil gelatinase associated lipocalin is an early and accurate biomarker of graft function and tissue regeneration in kidney
transplantation from extended criteria donors. PLoS One 10:
e0129279, 2015
15. Aubert O, Kamar N, Vernerey D, Viglietti D, Martinez F, DuongVan-Huyen J-P, Eladari D, Empana J-P, Rabant M, Verine J,
Rostaing L, Congy N, Guilbeau-Frugier C, Mourad G, Garrigue V,
Morelon E, Giral M, Kessler M, Ladrière M, Delahousse M, Glotz
D, Legendre C, Jouven X, Lefaucheur C, Loupy A: Long term
outcomes of transplantation using kidneys from expanded criteria donors: Prospective, population based cohort study. BMJ
351: h3557, 2015
16. Rao PS, Schaubel DE, Guidinger MK, Andreoni KA, Wolfe RA,
Merion RM, Port FK, Sung RS: A comprehensive risk quantification score for deceased donor kidneys: The kidney donor risk
index. Transplantation 88: 231–236, 2009
17. Messina M, Fop F, Gallo E, Tamagnone M, Segoloni GP: Analysis
of four scoring systems and monocentric experience to optimize
criteria for marginal kidney transplantation. Transplant Proc 42:
2209–2213, 2010
18. Dare AJ, Pettigrew GJ, Saeb-Parsy K: Preoperative assessment of
the deceased-donor kidney: From macroscopic appearance to
molecular biomarkers. Transplantation 97: 797–807, 2014
19. Gallinat A, Feldkamp T, Schaffer R, Radünz S, Treckmann JW,
Minor T, Witzke O, Paul A, Sotiropoulos GC: Single-center experience with kidney transplantation using deceased donors
older than 75 years. Transplantation 92: 76–81, 2011
20. Remuzzi G, Cravedi P, Perna A, Dimitrov BD, Turturro M,
Locatelli G, Rigotti P, Baldan N, Beatini M, Valente U,
Scalamogna M, Ruggenenti P; Dual Kidney Transplant Group:
Long-term outcome of renal transplantation from older donors. N
Engl J Med 354: 343–352, 2006
21. Losappio V, Stallone G, Infante B, Schena A, Rossini M, Maiorano
A, Fiorentino M, Ditonno P, Lucarelli G, Battaglia M, Gesualdo L,
Grandaliano G: A single-center cohort study to define the role of
pretransplant biopsy score in the long-term outcome of kidney
transplantation. Transplantation 97: 934–939, 2014

Clin J Am Soc Nephrol 12: 323–331, February, 2017

22. Gandolfini I, Buzio C, Zanelli P, Palmisano A, Cremaschi E,
Vaglio A, Piotti G, Melfa L, La Manna G, Feliciangeli G,
Cappuccilli M, Scolari MP, Capelli I, Panicali L, Baraldi O,
Stefoni S, Buscaroli A, Ridolfi L, D’Errico A, Cappelli G,
Bonucchi D, Rubbiani E, Albertazzi A, Mehrotra A, Cravedi P,
Maggiore U: The Kidney Donor Profile Index (KDPI) of marginal
donors allocated by standardized pretransplant donor biopsy
assessment: Distribution and association with graft outcomes.
Am J Transplant 14: 2515–2525, 2014
23. Segoloni GP, Messina M, Squiccimarro G, Mazzucco G, Torta E,
Leonardi G, Fop F, Roggero S, Vigotti F, Piccoli GB: Preferential
allocation of marginal kidney allografts to elderly recipients
combined with modified immunosuppression gives good results.
Transplantation 80: 953–958, 2005
24. Collini A, Kalmar P, Dhamo A, Ruggieri G, Carmellini M: Renal
transplant from very old donors: How far can we go? Transplantation 87: 1830–1836, 2009
25. Chavalitdhamrong D, Gill J, Takemoto S, Madhira BR, Cho YW,
Shah T, Bunnapradist S: Patient and graft outcomes from deceased kidney donors age 70 years and older: An analysis of the
Organ Procurement Transplant Network/United Network of Organ Sharing database. Transplantation 85: 1573–1579, 2008
26. Midtvedt K, Namtvedt T, Scott H, Abedini S, Rocke JC, Dørje C,
Foss S, Christen U, Hagness M, Hartmann A: Single transplanted
kidneys from a 90-year-old deceased donor perform acceptably
at 1 year. Transplant Proc 43: 2107–2109, 2011
27. Tullius SG, Tran H, Guleria I, Malek SK, Tilney NL, Milford E: The
combination of donor and recipient age is critical in determining
host immunoresponsiveness and renal transplant outcome. Ann
Surg 252: 662–674, 2010
28. Jochmans I, Moers C, Smits JM, Leuvenink HGD, Treckmann J,
Paul A, Rahmel A, Squifflet J-P, van Heurn E, Monbaliu D, Ploeg
RJ, Pirenne J: The prognostic value of renal resistance during
hypothermic machine perfusion of deceased donor kidneys. Am J
Transplant 11: 2214–2220, 2011

Transplants from Octogenarian Donors, Messina et al.

331

29. Bhangoo RS, Hall IE, Reese PP, Parikh CR: Deceased-donor
kidney perfusate and urine biomarkers for kidney allograft outcomes: A systematic review. Nephrol Dial Transplant 27: 3305–
3314, 2012
30. Hollmen ME, Kyllönen LE, Inkinen KA, Lalla ML, Merenmies J,
Salmela KT: Deceased donor neutrophil gelatinase-associated
lipocalin and delayed graft function after kidney transplantation:
A prospective study. Crit Care 15: R121, 2011
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