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Background: This study assessed our experience transplanting kidneys from young donors with severe

Methods: We performed a single center retrospective analysis of 315 kidney transplants between 1/1/
2014-12/31/2016. Donor kidneys were classified according to the Acute Kidney Injury Network (AKIN)
criteria. A case-matched cohort was created using recipient age, history of diabetes, donor specific
antibody, donor age and donor after cardiac death. Primary endpoints were graft function measured by
eGFR at 90 days and at 1-year.

Results: Stage 3 AKIN recipients had significantly greater eGFR at one year (63.9 ml/min v. 51.2 ml/min,
p <0.001) compared to those with Stage 0 AKIN. This difference was abrogated when compared to a case
matched cohort (eGFR at 90 days or 1 year; p > 0.05). Donor and recipient characteristics on eGFR at 1
year were analyzed using linear and logistic regression. Only donor age had a significant impact on
recipient eGFR.

Conclusions: Donor kidneys with severe acute injury can achieve optimal 1-year outcomes. Donor age is
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the most significant predictor of eGFR >45 ml/min after transplant.
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Introduction

Timely kidney transplantation is recognized as the optimal form
of renal replacement therapy for people with end stage renal dis-
ease (ESRD).! However, demand for kidney transplantation con-
tinues to rise due to increasing age of the general population and
increasing incidence of risk factors like diabetes.>”

Meanwhile it is well known that the number of organ donors
has been relatively unchanged, leading to acceptance of alternative
strategies to expand the donor pool. Extended criteria donors
(ECD), donors after cardiac death (DCD), and donors with long cold
ischemia times (CIT) represent some of these approaches. However,
while transplanting these donor grafts may confer a survival
advantage as compared to remaining on the wait list, published
outcomes have been highly variable.? It is known, for example, that
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kidneys from DCD donors have higher rates of delayed graft func-
tion (DGF) but have acceptable long-term survival.>° Similarly, long
CIT results in increased rates of DGF without a substantial differ-
ence in outcomes as compared to donors with shorter CITs.5 8
Public Health Service Centers for Disease Control (PHS CDC) high
risks donors have also used to expand the donor pool with
increased and more effective serum testing to minimize donor
disease transference.>'° Finally, dual kidney transplantation from
marginal donors has been shown to offer comparable outcomes to
solitary kidney transplantation in highly selected donors and
recipients.'"?

Despite efforts to increase utilization of available organs and
reduce discard rates, potentially transplantable grafts continue to
be discarded. The new kidney allocation system was implemented
by UNOS in 2014 partly to address high discard rates.'> KAS utilized
Kidney Donor Profile Index (KDPI) as a more objective numerical
score, replacing SCD and ECD designations. However, three years
after KAS, kidney discard rate is actually higher than before
implementation. Graft discard increased in the 35—85% and
85—100% KDPI categories.' Particularly concerning was the rise in
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Abbreviations

AKI Acute kidney injury

AKIN Acute Kidney Injury Network Criteria
CKD Chronic kidney disease
DCD Donor after cardiac death
DD Deceased donor

DGF Delayed graft function

CIT Cold ischemic time

ECD Expanded criteria donor
ESRD End stage renal disease
KAS Kidney Allocation System
KDPI Kidney donor profile index
SCD Standard criteria donor

discard in the 35—85% KDPI group given that these kidneys were
generally considered to be SCD grafts. Given that KDPI represents a
derivation from regression modeling, many variables affect the
score. Serum creatinine has the largest contribution to KDPI {All
Donors KDRI f coefficient = 0.22; “XB” component = 0.22 * (creat-
1)}. However, the X summation for KDPI accounts for donors with
serum creatinine >1.5 mg/dL {KDRI X = —0.209 * (creat —1.5)}.
Therefore, as serum creatinine increases over 1.5 mg/dL the in-
crease in KDPI is not as pronounced.

Our effort to counter the current graft shortage has focused on
the use of kidneys from donors with high terminal creatinine.'” It is
well known that deceased kidney donors often suffer from
reversible insults. Several studies have shown that donor mecha-
nism of death, brain death and hemodynamic instability can lead to
and exacerbate AKI. In patients considered for deceased donors, AKI
commonly developed during their stay in the intensive care unit
because of ischemic and nephrotoxic insults.'®

Given the multifactorial mechanisms that lead to AKI, the pre-
dictability of reversibility of this pathophysiology is imprecise.
However, it is generally accepted that patients who have underly-
ing chronic kidney disease and suffer AKI have increased rates of
late-stage ESRD.!” Conversely, AKI in healthy individuals often re-
sults in normalization serum creatinine after removal of the caus-
ative agent.'®"”

However, the transplant community has not universally
embraced the reversibility of AKI in some donors. Resultantly,
kidneys with high terminal creatinine with KDPI ~35%—85% are
often discarded and not used for transplantation.”>?! Current
studies have assessed the expansion of the viable pool using kid-
neys with severe AKI with varying outcomes'622—24

Here we present our single center experience with deceased
donor renal transplantation utilizing donors with AKI. We aimed to
investigate the clinical outcome in patients who received kidneys
from deceased donors with AKI based on the AKIN criteria and try
to clarify which donor characteristics result in preserved post-
transplant renal function.

Methods
Study population

A retrospective cohort of patients 18 years of age and older who
received a deceased donor renal transplant between January 2014
through July 2016 at Montefiore Medical Center (MMC) were
included in this study. Patients who received multi-organ trans-
plants were excluded from the cohort. Additionally, 4 patients were
excluded because initial donor creatinine was not available, thus

the kidneys could not be classified according to AKIN criteria. Donor
initial creatinine and terminal creatinine was used to stage the AKI
following the AKIN criteria.>®> A 1.5—2 fold increase of serum
creatinine is defined as Stage 1 AKI, a 2—3 fold increase is Stage 2
AKI and a 3-fold increase or a serum creatinine of 4 mg/dL is a Stage
3 AKI. Kidneys from donors that had calculated values below the
stated criteria were described as “non-AKI".

At the time of transplantation, all patients were tested for
reactivity to their donor via flow cytometric cross match and testing
using LABScreen beads to indicate the presence of pre-
transplantation donor specific antibody. As per our protocol, posi-
tive complement-dependent cytotoxicity crossmatch (XM) is a
contraindication to transplant, but we accept positive flow XM up
to 100 MCS for T-cell and 150 MCS for B-cell.

Per protocol, patients with a panel reactive antibody (PRA) of
less than 20% received basiliximab induction, whereas patients
with a PRA of more than 20% received rabbit anti-thymocyte
globulin induction (Thymo). Patients with preformed donor spe-
cific antibodies present at the time of transplant receiving IVIG in
addition to Thymo. Maintenance immunosuppression included a
calcineurin inhibitor, a mycophenolic acid derivative, and a pred-
nisone taper starting at the time of transplantation that was
reduced to and then maintained a level of 5 mg/day by 3 months
after transplantation.

Data analysis

Data variables of recipient gender, race, induction therapy, his-
tory of hypertension (HTN), history of diabetes, age and BMI were
collected. Donor characteristics including KDPI, CIT, warm ischemic
time (WIT), donor specific antibody (DSA), PHS CDC high risk, DCD,
age, and BMI were also collected from patient charts and/or UNOS
DonorNet®. Biopsy scores of glomerular sclerosis, arteriosclerosis
and interstitial fibrosis and tubular atrophy (IFTA) were collected
from DonorNet®. Glomerular sclerosis was recorded as a percent-
age. IFTA and arteriosclerosis were recorded in ranges of 0—10% and
>11%. Analysis used a binary measure of above or below 10% to
compare groups. Primary endpoints collected were eGFR at 90 days,
1-year and graft failure. Secondary endpoints included DGF, acute
rejection, BK infections and patient deaths within one year of
transplant were recorded. DGF was defined classically as the need
for dialysis within one-week post-transplant. Estimated GFR (eGFR)
was calculated using serum creatinine at 90 days and 1 year using
the MDRD formula.”® Patients with graft loss or patients who were
deceased at the 90 day and 1 year endpoints had no serum creat-
inine readings and thus were not included in eGFR analysis.

The different AKIN stages were all compared to the non-AKI
group as the reference group for evaluation of graft and patient
outcomes. To compare recipient demographics, donor de-
mographics, and outcomes, a two-tailed t-test was used to deter-
mine significance. Levene's Test was used to determine if equal or
unequal variances were to be used. Gender, induction and race
were compared using a Chi-Squared test. To create a case matched
cohort, the Stage 3 AKIN were randomly matched on recipient age,
DSA and history of diabetes and on donor characteristics of age and
DCD status to the non-AKI group. The tolerance values + 7 years for
both recipient and donor age. These two cohorts were compared in
according to the aforementioned methodology.

SPSS version 24.0 was used for analysis.

Results
Donor and recipient demographics

Of the 315 renal transplant recipients, there were 193 non-AKI
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Table 1
Recipient demographics.
AKIN Stage 0 1 2 3
n 193 39 33 50
Gender (M/F) 129/64 24/15 19/14 35/15
Age 56.9+12.1 583+13.6 56.5+13.7 53.6 +13.7 *
BMI 29.0+6.2 296+7.1 283+5.7 30.86 + 6.2*
Race (%)
Black 46 44 55 54
Hispanic 32 46 30 30
Asian 4 0 6 2
White 10 3 6 6
Other/Unknown 8 8 3 8
Diabetes (%) 25 36 33 14*
Hypertension (%) 67 67 73 57
DSA (%) 30 13** 20 15**
Induction (Simulect/Thymo) 81/112 20/18 15/18 18/32

* for a p-value of between 0.05 and 0.10.
** for a p-value less than 0.05.

recipients and 122 recipients who received a kidney with AKI.
Within the AKI cohort there were 39 Stage 1 AKIN kidneys, 33 Stage
2 AKIN kidneys and 50 Stage 3 AKIN kidneys (Table 1). All three
AKIN stages were compared to the non-AKI group as a reference
group. When analyzing recipient characteristics, there was no sig-
nificant difference in history of DM, HTN, age, and BMI between in
patients who received a Stage 1, 2 and 3 AKIN kidney as compared
to those that received a non-AKI graft. DSA incidence was signifi-
cantly lower in both Stage 1 and 3 AKIN as compared to the non-AKI
group.

Demographics of the donors were also analyzed with several
significant differences immediately noticeably (Table 2). The non-
AKI group was the reference group for the AKI groups. There was
alower prevalence of DCD donors for all AKIN stages as compared to
the non-AKI group. Donor age of Stage 3 AKIN donors was signifi-
cantly lower. Biopsy scores of Stage 3 AKIN donors showed signifi-
cantly lower percentage of glomerular sclerosis and interstitial
fibrosis/tubular atrophy but comparable rates of arteriosclerosis
(Table 2). Biopsy scores between of Stage 1 and 2 AKIN groups were
comparable to those of the non-AKI group with the exception IFTA
score of Stage 1 group, though this may be to low n in the group.

Regarding outcomes, recipients of Stage 1 and 2 AKIN kidneys
had no significant differences in DGF or eGFR at 90 days and 1-year
post transplant. Conversely, patients in the Stage 3 AKIN had an
increased occurrence of DGF of 72% compared to 54% in the non-
AKI group (p = 0.016). Moreover, eGFR was significantly higher in
the Stage 3 AKIN group as compared to the non AKI group at both
90 days (57.2ml/min v. 484 ml/min; p<0.001) and 1-year
(63.9 ml/min v. 51.2 ml/min; p <0.001). The number of patients in
each group with GFR under 30 ml/min was assessed at 90 days and

1 year (Table 3). The non-AKI group had 16.1% and 14.5% of patients
with GFR under 30 ml/min at 90 days and 1 year respectively. AKIN
groups were comparable to the non-AKIN group except the Stage 2
group at 90 days had 33.3% incidence of low GFR (p = 0.02), which
decreased to 18.2% at 1 year (p = 0.59). The Stage 3 AKIN group had
a lower incidence of GFR <30 ml/min at 90 days of 8.0% (p = 0.09)
and 6.0% at 1 year (p =0.05).

Patient outcomes were also assessed with regard to acute
rejection episodes and BK viremia (Table 4). Given that these oc-
currences were relatively few, there was no discernable difference
between groups. Patient deaths and graft losses within one year
following transplant were also recorded (Table 4). The only signif-
icant difference between these groups was Stage 2 AKIN group had
0 patient deaths and thus a significant p-value was observed be-
tween non-AKI and Stage 2 AKIN recipients. Given the similarities
in the recipient characteristics and concordant rates of graft
rejection and BK viremia, further of analysis of the donor was
needed to better understand the increased eGFR seen in the Stage 3
AKIN group.

Regression analysis demonstrate that donor age is the most
significant variable

To better understand which variables contributed most signifi-
cantly to eGFR at 1 year, a linear regression was performed, which
included the variables: donor age, DCD, AKIN stage and CIT
(Table 5). Notably, KDPI was excluded because variables several of
the variables used in the model are utilized in the calculation of
KDPI, thus their inclusion would have been redundant. The only
variable that was a significant predictor was donor age (f = — 0.51,

Table 2

Donor demographics.
AKIN Stage 0 1 2 3

std std std std

KDPI (%) 56.4 25.1 65.0 26.9 60.1 25.7 46.7** 214
CIT (min) 17374 655.6 1897.4 561.7 2017.8™* 467.9 1957.7** 552.7
WIT (min) 36.8 10.5 34.5 9.0 38.2 84 38.2 115
CDC high risk % 31.0 28.0 33 50**
DCD % 27 5% 6** 8**
Donor Age 42.5 16.2 484 15.4 42.3 114 33.1* 13.0
Donor BMI 29.2 7.5 31.0 8.4 33.2* 11.5 30.2 7.1
Glomerular Sclerosis % 23 24 1.8 0.65**
Interstitial Fibrosis and Tubular Atrophy % (>10%) 2.8 o** 31 0**
Arteriosclerosis % (>10%) 13.0 8.0 12.0 9.0

* for a p-value of between 0.05 and 0.10.
** for a p-value less than 0.05.
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Table 3
Outcomes.
AKIN Stage 0 1 2 3
n Mean std n Mean std p n Mean std p n Mean std p
DGF (%) 104 54.0 24 62.0 0.38 21 64.0 0.30 36 72.0 0.016
90 day GFR 184 48.4 204 38 471 20.8 0.72 33 43.6 21.7 0.21 48 57.2 16.1 0.001
1 year GFR 175 51.2 21.2 37 49.7 221 0.69 31 50.3 20.7 0.83 48 63.9 205 0.001
GFR < 30 at 90 days (%) 31 16.1 7 17.9 0.77 11 333 0.02 4 8.0 0.09
GFR <30at 1 year (%) 28 14.5 7 17.9 0.57 6 18.2 0.59 3 6.0 0.05
Table 4 Table 6
Complications. Case matched recipient and donor characteristics.
AKIN Stage 0 1 2 3 Recipient (n = 35)
n % n % P n % P n % P AKIN Stage 0 3
Graft Failure 4 21 2 51 042 3 91 019 1 20 097 Mean std Mean std p
Patient D_eaths 14 73 1 26 014 0 00 001 2 73 041 DM % 857 028 857 028 1.00
Acute Rejection 9 47 1 26 056 2 61 073 2 40 084 o
BK infection 5 26 4 103 014 1 30 089 3 6.0 035 HIN % 65.7 048 60 050 063
Age 55.0 12.27 55.1 11.99 0.97
BMI 293 5.39 30.8 6.60 0.30
Donor
Table 5
Linear and logistic regressions. AKIN Stage 0 3
Linear Regression Mean std Mean std p
B b - value KDPI 522 25.8 474 21.7 0.39
CIT 1832 656 1861 492 0.84
Donor Age -0.51 0.001 WIT 36 11 39 13 0.25
DCD -3.89 0.20 DSA % 14.28 0.4 14.29 0.4 1.00
AKIN Stage 1.87 0.083 CDC high risk% 31.43 0.5 45.71 0.5 0.23
CIT —0.002 0.29 DCD % 5.71 0.2 5.71 0.2 1.00
Constant 77.16 0.01 Donor Age 35.7 148 34.6 12.6 0.74
Donor BMI 28.2 9.2 30.0 7.3 0.39
Logistic Regression
B p - value
Donor Age 0.044 0.001 Table 7
DCD 041 022 Case matched outcomes.
AKIN Stage -0.12 0.37 AKIN Stage 0 3
CIT 0.00 0.11 R
Constant -3.19 0.01 Mean std Mean std p
DGF % 57.1 0.5 68.5 0.5 0.33
90 day GFR 51.0 220 57.6 184 0.18
1 year GFR 54.2 239 64.0 22.8 0.09

p <0.001). Additionally, a binary logistic regression model was
used to predict whether recipient eGFR would be greater than
45 ml/min at 1-year post transplant. The 45 ml/min mark was used
as the cut-off for an optimally functioning graft, as this mark serves
as the division point between Stage 3a and 3b CKD and a suitable
indicator of concern for graft performance. When performing the
logistic regression, donor age was again the only significant pre-
dictor of eGFR at 1 year ( =0.044, p <0.001).

Comparisons of case-matched cohort against the stage 3 AKIN group

In order to offer a more compelling comparison a case-matched
cohort from the non-AKIN group was created to assess differences
in the Stage 3 AKIN group. Patients from the non-AKI group were
matched to the Stage 3 AKIN group. Recipient variables of age, DSA
and history of diabetes, and donor variables of age and DCD status
were all used to match Stage 3 AKIN recipients to create a cohort of
70 patients. Characteristics of donors and recipients were not
significantly different in the case matched cohort (Table 6).

DGF was not significantly higher in the Stage 3 AKIN group with
a frequency of 68.5% compared to 57.1% in the non-AKI group (case-
matched) (p = 0.33). Moreover, at 90 days, eGFR was comparable
with no significant difference. At 1-year eGFR was the same be-
tween the Stage 3 AKI cohort (64.0 ml/min) as compared to the
case-matched non-AKIN group (p = 0.089) (Table 7). The same case

match cohort was created excluding donor age as a matching var-
iable.(Table 8) In this cohort, the rates of DGF were comparable.
However, eGFR at both 90 days and 1 year were significantly higher
in the Stage 3 AKIN group (Table 9).

Discussion

Recent studies have been conflicting regarding the use of high
terminal creatinine donors (severe AKI) in deceased donor renal
transplantation.'® Our results confirm the findings of Boffa et al,,
Farney et al. and Ali et al. who found that selective use of kidneys
with high terminal creatinine due to AKI offers comparable out-
comes to standard criteria donors.>>~%* In a large study of 12,308
first-time, adult kidney transplants, Boffa et al. found small but
statistically lower graft function at the 1, 3 and 5 years, but the
authors questioned the clinical significance of these differences
given the higher morbidity associated with longer waiting times.??

Ali et al. reviewed 284 DD kidney recipients stratified by AKIN
classification: recipients of AKI kidneys had increased DGF and
longer hospital stays. Though about half of patients were lost to
follow up, over a ten-years there were no significant differences in
acute rejection rates, graft survival, patient survival or serum
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Table 8
Recipient and donor characteristics of case matched cohort excluding donor age.

Recipient (n=47)

AKIN Stage 0 3

Mean std Mean std p
DM?% 10.6 31.2 10.6 31.2 1
HTN% 57.5 50.0 55.3 50.3 0.84
DSA% 14.9 36.0 14.9 36.0 1.00
Age 55.4 13.0 54.3 13.7 0.69
BMI 30.6 6.8 30.7 6.0 0.95
Donor
AKIN Stage 0 3

Mean std Mean std p
KDPI 57.4 24.6 46.8 21.7 0.03
CIT 1785 678 1972 545 0.14
WIT 313 9.9 385 113 0.01
CDC high risk 29.8 46.2 48.9 50.5 0.06
DCD 8.5 28.0 8.5 28.2 1.00
Age 44.2 16.7 32.7 133 0.01
BMI 294 8.2 30.0 6.9 0.70

Table 9
Outcomes of case matched cohort excluding donor age.
AKIN Stage 0 3
Mean std Mean std p

DGF % 59.6 49.6 72.3 45.2 0.20
90 day GFR 46.5 221 57.3 16.4 0.01
1 year GFR 494 253 64.5 209 0.01

creatinine levels between AKI and non-AKI groups.?

Farney et al. compared outcomes of recipients receiving AKI
kidneys in a cohort of 367 patients. Rather than implementing the
AKIN criteria to classify their kidneys, they utilized a cutoff of ter-
minal SCr >2.0 mg/dL. They found higher rates of DGF in AKI donor
kidneys, but comparable 1 month, 1 year and 2 year serum creati-
nine levels.>* Kolonko et al. found worse outcomes for AKI re-
cipients, however the scope of their study was limited to 61
patients, only 10 of which were classified as AKI kidneys.'® Through
our single center experience, recipients of high terminal creatinine
donors experienced increased DGF in comparison to non-AKI do-
nors, but had better eGFRs at the 90 day and 1-year mark (Table 3).

Though long-term outcomes of recipients receiving high ter-
minal creatinine donors were excellent in our experience, espe-
cially at the 1-year eGFR mark, this may be attributable to inherent
selection bias. The mean age of the Stage 3 AKIN donor cohort was
significantly lower than the non-AKI cohort (Table 2), contributing
to the advantageous outcomes seen in our non-matched cohort.

Linear and logistic regression model of eGFR at 1-year found
that donor age was the only variable associated with better kidney
function post-transplant, and AKIN stage had no significant impact
on 1-year eGFR. Our data suggests that severe acute kidney injury is
not predictive of long-term outcomes in young donors.

Use of young donors with a high terminal creatinine may be a
strategy to expand the donor pool. These findings corroborate those
of Si Nga et al.'®> Patients in this study of 53 AKI donor kidneys,
increasing donor age was associated with higher rates of DGF and
reduced creatinine clearance at 6 months, validating the prefer-
ential use of younger donor kidneys with AKL'"

In our smaller case-matched cohort, both donor and recipient
characteristics were matched to analyze outcomes in transplanted
patients, where donor AKIN stage was the only significant inde-
pendent variable (Table 6). Rates of DGF were higher (not

significantly) in Stage 3 AKIN recipients than the non-AKI group.
Stage 3 AKIN recipients had comparable eGFR to the non-AKI group
at both 90 days and 1 year (Table 7).

As donor age is the major factor associated with 90 day and 1
year eGFR, normalizing for this variable (Stage 3 AKIN: 34.6 years,
Non-AKI: 35.7 years, p = 0.74) abrogates the eGFR advantage seen
in the comparing unmatched cohorts. Based on the results in this
study, one can expect equivalent long-term results when using
kidney grafts from young donors, regardless of AKIN stage at the
time of acquisition. This case-match cohort analysis supports that
AKIN stage alone has little impact on clinical outcomes.

Our study validates the regression model of KDPI when
assessing donors. KDPI was introduced as a multivariate model
weighting variant factors differently to predict graft quality.”’ In
our cohort, mean KDPI of the Stage 3 AKIN group was significantly
lower than that of the non-AKI group. This difference was likely
driven by the difference in age between the two groups, despite
higher terminal creatinine. In our case matched cohort, there was
no difference in KDPI after matching on age, despite higher ter-
minal creatinine.

KDPI has limitations as some donor factors are not included,
such a kidney biopsy and pump parameters. Additionally, its pre-
dictive power is only 0.6 and is better at predicting grafts on the
extreme ends of the spectrum. Grafts in the middle of the KDPI
spectrum (20%—80%) are more difficult to predict. In fact, some
studies have shown that high KDPI grafts (>85%) behave compa-
rably to moderate KDPI grafts (35—85%).2¢ The KDPI model heavily
weights serum creatinine with a Bcoefficient = 0.22 for all donors
and Pcoefficient=- 0.209 for donors with serum creati-
nine > 1.5 mg/dL.>’ Thus a donor that is suffering from a reversible
kidney injury who would otherwise make an excellent donor, will
result in a high KDPI from elevated serum creatinine.

The mechanism by which AKI occurs and resolves is complex
and multifactorial.?® Though decreased renal function attributable
to AKI is generally thought to be reversible following resolution of
the injury, variability in kidney function following AKI is
observed.>® Those with underlying kidney dysfunction are more
likely to progress to CKD and experience adverse outcomes after an
AKI>32 However, patients experiencing AKI may be sicker in
general. Experiencing AKI as a manifestation of other comorbidities
could also contribute to an increased risk in progression to CKD.
Additionally, older individuals, who are also more likely to have
underlying kidney dysfunction or comorbidities, are at higher risk
of CKD following AKI.>*>** Age is a negative predictor for kidney
function, with eGFR steadily declining at age 30 to 40 and accel-
erating in decline after age 65—70.%° Therefore, older age patients
are more susceptible to long term renal consequences following an
AKI.

Several molecular mechanisms have been proposed that may
explain higher rates of CKD in older individuals following AKI.>®
Age related decline in nephron mass and epithelial proliferative
capability in the kidney tubule has been suggested to contribute to
diminished renal repair following AKI. Surprisingly however, in
experimental animal models, reduced nephron mass has been
shown to be protective for ischemia/reperfusion injuries.>’

Decreased ability to proliferate following tubular cells death is
another mechanism by which old kidneys may experience damage
that is more permanent. Older mice have shown decreased capacity
for cell proximal tubule cell proliferation via increased expression
of zinc-alpha glycoprotein (Zag).>® AKI induces G2/M arrest in
proximal tubular cells; this checkpoint arrest activates increased
fibrosis. This increase in fibrotic tissue contributes to permanent
defective tissue organization.>® Decreased proliferative capacity
following insult is may also be attributable to telomere shortening.
A study in mice demonstrates that telomere shortening reduced
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the ability of tubular, glomerular and interstitial cells to prolifera-
tive, thus reducing restoration of renal function.*°

Animal studies have shown increased tendency for apoptosis of
tubule cells in older rats. It is theorized that this increased dispo-
sition for cell death may result in decreased ability to recover from
AKI induced tubular damage. Aging rats show increased expression
of different apoptotic factors such cytochrome c and caspases-3 and
-9.4 Inhibiting caspase-3 has been shown to decrease apoptosis
following AKL*? Thus, it can be proposed that renal transplants
utilizing older donors have an increased risk for tubular apoptosis
and permanent damage following AKI due to the increased pres-
ence of apoptotic factors in relation to younger kidneys. Older rats
also showed increased pro-apoptotic Bax/Bcl2 ratio in addition to
expression of the apoptotic factors.*! Rats were also used to
investigate ischemia/reperfusion injury. Older rats suffered higher
rates of apoptosis following renal ischemia/reperfusion injuries.*!
While much is unknown about the mechanisms leading to poorer
renal function in older kidneys following AKI, animal models pro-
vide some insight to the molecular mechanisms by which this
occurs.

There are limitations of our study given that this is a single
center experience. Additionally, the comparison of AKI and non-AKI
kidneys is only after stringent donor selection for both groups. It is
possible that more stringent donor selection is applied to the AKI
group to compensate for high creatinine, as seen in the younger age
of AKI donors in our cohort.

While it has been established that AKI alone should not preclude
graft discard, we find that donor age is the most important factor in
graft outcomes. However, some donors may have presented with
rising creatinine at the time of admission and thus these criteria
would underestimate the AKI when calculating the stage when
comparing initial and terminal creatinine levels. Therefore, we
must acknowledge that the assessment of the donor pool at MMC is
possibly a conservative approximation of donor AKIN stages. As
such, when considering the use of a high terminal creatinine kidney
the larger clinical picture of the donor should be taken into account.

In our experience rates of DGF are higher in Stage 3 AKIN re-
cipients compared to the no AKI recipients. Though the occurrence
of DGF had no negative impact on long term outcomes observed in
the Stage 3 AKIN group (Table 3), patients that are frail or have
severe cardiac disease may not be the best candidates for these
kidneys given the lack of immediate function.

While traditionally implicated in worse long term outcomes, the
mechanisms leading to DGF in non-AKI and AKI recipients are
purportedly different.*> The DGF in high terminal creatinine donors
has been attributed to acute, reversible causes leading to ATN. The
impact of this reversible injury on long term outcomes is variable.*’
DGF in the non-AKI cohort may be related to other pre-existing
conditions or irreversible intrinsic causes, whereas DGF in tradi-
tional donors can be an early predictor of poor long-term graft
performance.’*** As such, kidneys from young donors with severe
AKI and expected DGF offer excellent long-term results.
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