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Abstract

Introduction. Kidney transplantation is the treatment of choice for chronic kidney disease. Due to the gap with
donor availability, the use of expanded criteria is an option that seeks to improve the global donation rate. The
objective of this study was to compare the survival of the graft and the transplanted patient with an expanded
criteria donor versus the standard donor.

Methods. Retrospective cohort of 1002 kidney transplant patients where survival of the kidney graft and the
recipient was determined at 10 years after transplantation. The survival of the kidney graft and the recipient were
estimated by the Kaplan-Meier method. A Cox regression was performed by fitting the multivariate model.

Results. The analysis included 1002 recipients with 18.8% (n=189) corresponding to the use of an expanded
criteria donor. The expanded criteria donor kidney transplant group had lower patient (48.1% versus 63.8%) and
graft (63.3% versus 74.7%) survival compared to the donor kidney transplant group with standard criteria at 10
years post-transplant. The association of kidney transplantation with expanded criteria donor and death or loss of
the kidney graft were not significant when the variables were adjusted in the multivariate model.

Conclusion. Kidney transplantation with an expanded criteria donor has a lower recipient and graft survival
compared to the standard kidney transplant group. There were no statistically significant differences in expanded
criteria donor kidney transplantation versus kidney graft loss or death.

Keywords: kidney transplant; donor selection; transplant donor site; tissue and organ procurement; graft rejection;
graft survival.
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Resumen

Introduccion. El trasplante renal es el tratamiento de eleccidn para la enfermedad renal crénica. Debido a la
brecha con la disponibilidad de donantes, el uso de criterios expandidos es una opcidon que busca mejorar la tasa
de donacién mundial. El objetivo de este estudio fue comparar la sobrevida del injerto y del paciente trasplantado
con donante de criterios expandidos versus el donante estandar.

Métodos. Cohorte retrospectiva de 1002 pacientes con trasplante renal donde se determiné la sobrevida del
injerto renal y del receptor a 10 afios después del trasplante. La sobrevida del injerto renal y el receptor fueron
estimadas por el método de Kaplan-Meier. Una regresion de Cox fue realizada ajustando el modelo multivariado.
Resultados. El analisis incluyo 1002 receptores, con un 18,8 % (n=189) que correspondian al uso de donante de
criterios expandidos. El grupo de trasplante renal con donante de criterios expandidos tuvo menor sobrevida del
paciente (48,1 % versus 63,8 %) y del injerto (63,3 % versus 74,7 %) en comparacion con el grupo de trasplante
renal con donantes con criterios estandar a los 10 afios después del trasplante. La asociacion de trasplante renal con
donante de criterios expandidos y muerte o pérdida del injerto renal no fueron significativas cuando se ajustaron
las variables en el modelo multivariado.

Conclusiodn. El trasplante renal con donante de criterios expandidos tiene menor sobrevida del receptor y del
injerto frente al grupo de trasplante renal con donante estandar. No hubo diferencias estadisticamente significativas
en cuanto al trasplante renal con donante de criterios expandidos frente a la pérdida del injerto renal o muerte.

Palabras clave: trasplante de rifidn; seleccion de donante; sitio donante de trasplante; obtencion de tejidos y

organos; rechazo de injerto; supervivencia de injerto.

Introduction

Chronic kidney disease (CKD) is a progressive
pathology that affects about 9% of the global
population and is associated with multiple co-
morbidities, generating a high cost for health
systems 2, For 2019, a prevalence of 2.8% and
an incidence of 3.5 cases per 1,000 inhabitants
were estimated in Colombia, of which 11,053 were
in stage 4 or 5 of the disease °.

The optimal treatment for stage 4 and 5 CKD
is kidney transplantation, offering better quality
of life and longer survival *°, but this form of treat-
ment is limited due to the limited availability of
organs. The situation in Colombia is similar to that
reported in other countries where the number of
patients on the kidney transplant waiting list ex-
ceeds the number of donors 3. Efforts to increase
the pool of donors (living and deceased) are the
current focus of transplant programs ¢”.

Making use of cadaveric donors with expan-
ded criteria (ECD) is one of the strategies used to
bridge the gap between CKD patients requiring
transplantation and the number of potential organ
donors available’. Kidneys from expanded criteria

donors may have lower long-term survival com-
pared to those from standard criteria donors, but
even so, ECD recipients have been widely shown in
various publications to have much longer survival
when compared to those dialysis patients on the
waiting list #1°.

Ojo et al, describe in their study that survival
in these recipients increases by five years compa-
red to those who have not received a transplant,
while in recipients of standard criteria donors
the increase in survival reaches 13 years. Survival
varies according to the etiology of CKD and the pa-
tient’s age group, with the greatest benefit found
in patients with diabetic nephropathy (up to 5.6
more years of life) and patients with hypertensive
nephropathy (up to 8.5 more years of life) & Despite
the above, these organs are discarded relatively
frequently and many transplant centers prefer
not to use them .

The objective of this study was to estimate the
main long-term outcomes of kidney transplant
patients with ECD compared to standard criteria
in a cohort of patients transplanted by Colombiana
de Trasplantes.
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Methods

Analytical observational study of a historical
cohort that included patients transplanted at Co-
lombiana de Trasplantes, an entity that performs
around 21% of these procedures in the country.
The patients were operated between August 2008
and May 2019, in the cities of Bogota, Barranquilla
and Rionegro. Data were collected from electronic
medical records and included sociodemographic
information, medical history, and clinical charac-
teristics of the donor and recipient.

All patients older than 18 years, transplanted
for the first time with kidneys from cadaveric do-
nors, were evaluated; patients who had arterial or
venous thrombosis were excluded. Recipients were
followed until graft loss, death, or the end of fo-
llow-up 10 years after transplantation. All patients
received induction therapy with alentuzumab®,
basiliximab®, or antithymocyte immunoglobulin,
according to immunological risk and transplant
medical guidelines. The immunosuppression
regimen consisted of calcineurin inhibitors and an-
timetabolites. The patients were closely monitored
in the first four weeks after transplantation and
then followed up with monthly visits to our center.

The main outcome was patient and graft sur-
vival. Death was defined as mortality from any
cause recorded in the mortality template of the
Colombiana de Trasplantes clinical history and
was supplemented with information from national
registries (National Registry of Civil Status). Graft
loss was defined as permanent return to dialysis
reported by the center. Patients were excluded
from the study when they were transferred to ano-
ther transplant center or lost to follow-up.

Two comparison groups were defined according
to the presence or absence of expanded criteria in
the donor. The presence of expanded criteria was
defined as donors aged 60 years or older, or older
than 50 years with at least two of the following
conditions: history of arterial hypertension, serum
creatinine > 1.5 mg/dl or cause of cardiovascular
death. The other donors who did not meet these cri-
teria were classified as the standard criteria group 2.

Bivariate descriptive statistics were used for
continuous variables (mean with SD, mode with
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interquartile range) and categorical variables
(frequencies and percentages) to characterize the
patients according to the presence of expanded or
standard criteria. For the comparison between the
groups (expanded vs. standard criteria), the Chi?
test was used for categorical variables and the
Student’s t-test or Mann Whitney for quantitative
variables, as appropriate.

Overall survival was analyzed using the Kaplan
Meier survival probability method. For this analy-
sis, the event of interest was established as the
survival of the patient and of the renal graft. Time
to event corresponded to the time in years from
the date of transplant to graft loss or exclusion.
Median and standard error of the survival func-
tion with their respective 95% confidence interval
were estimated. Survival functions were compa-
red between categories of sociodemographic and
clinical variables using the Log Rank test if the
variable was categorical or a single-variable Cox
regression for quantitative variables. Variables
with values of p<0.25 were considered for multi-
variate analysis.

For multivariate analysis, survival curves were
compared using the Log Rank test for categorical
variables and the univariate Cox test for conti-
nuous variables. The variables that obtained a
p-value <0.25 in the Log Rank test and Cox uni-
variate test were selected to be included in the
complete multivariate model of each outcome.
From the complete multivariate model, the va-
riables without statistical significance (p<0.05)
were removed one by one, maintaining the main
exposure variable (expanded criteria versus stan-
dard criteria) until the final model was obtained.

Results

During the study period, a total of 1621 patients
were transplanted, of which 113 were pediatric,
452 were living donors, and 54 had graft throm-
bosis. After applying the selection criteria, a total
of 1002 kidney transplant patients were included,
189 (18.8%) of them with kidneys from donors
with expanded criteria. The majority were men
(60.9%), the mean age was 45.9 + 12.6 years, the
age being higher in the ECD group.
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In most patients, the cause of CKD was not
identified, but of the known causes, diabetic
etiology was the most frequent. Approximately
80% of the patients had a history of hyperten-
sion and 16% of diabetes mellitus; 44% were on
hemodialysis therapy prior to transplantation.
The mean time on dialysis was 35 months. The
mean cold ischemia time was 18.3 hours. During
follow-up, 34.3% of the patients presented acute
cellular rejection and 2.1% presented humoral
rejection. Table 1 describes in detail the socio-
demographic and clinical characteristics of the
study population according to the donor groups
of expanded criteria versus standard criteria.

A total of 145 patients (14.4%) lost the graft
during the study period. Overall graft survival es-
timated by the Kaplan Meier method was 91% in
the first year, 81.4% in the fifth year, and 73.1%
in the tenth year of follow-up. For the standard
criteria group, graft survival was 92.1% in the first
year, 83.2% in the fifth year, and 74.7% in the ten-
th year; while for the expanded criteria group it
was 86.2%, 69.6% and 63.3%, respectively. Figure
1 shows overall graft survival and Figure 2 shows
graft survival according to the expanded and stan-
dard criteria groups.

A total of 218 patients (21.7%) died during
the study period. Of these, 158 had a functional
graft at death. The overall survival of the patients
estimated by the Kaplan Meier method was 86.7%
in the first year, 72.8% in the fifth year, and 61%
in the tenth year of follow-up. For the standard
criteria group, patient survival was 88.8% in the
first year, 76.1% in the fifth year, and 63.8% in
the tenth year; while for the group with expanded
criteriaitwas 77.9%, 53% and 48.1% for the first,
fifth and tenth years, respectively. Figures 3 and 4
show overall and patient survival, and according
to the expanded versus standard criteria groups,
respectively.

For the multivariate analysis, the survival
curves were compared for both graft loss and
death, obtaining the results shown in Table 2.
In a final model, it was found that the factors
associated with graft loss were: “Mismatch” (in-
crease of 10% for each number of “mismatch”;

Long-term outcomes in kidney transplant patients with expanded criteria donors

p=0.01); acute cellular rejection (2.4 times the
risk of loss compared to those without cellular
rejection; p=0.00); humoral rejection (2.0 ti-
mes the risk of loss compared to those without
humoral rejection; p=0.01); cold ischemia time
greater than 14 hours (1.5 times the risk of loss
compared to those with cold ischemia less than
14 hours; p=0.01), and hospital readmission
(1.7 times the risk of loss compared to those
with cold ischemia that did not require read-
mission). The presence of expanded criteria was
not significant for graft loss in the multivariate
analysis (p=0.178). The final model for graft loss
is described in Table 3.

Regarding the factors associated with mor-
tality, it was found that age (1.03 times the risk
of death for each additional year; p=0.00); acute
cellular rejection (1.5 times the risk of death com-
pared to those without cellular rejection; p=0.00);
cold ischemia time greater than 14 hours (1.4 ti-
mes the risk of death compared to those who had
cold ischemia less than 14 hours; p=0.02), and
hospital readmission (1.5 times) were risk fac-
tors significant for death compared with those
who did not require readmission. The presence
of expanded criteria was not significant for mor-
tality (p=0.086). The final model for mortality is
described in Table 4.

Discussion

Due to the gap between the patients who need a
kidney transplant and the available organs, trans-
plant centers more frequently accept organs of
suboptimal quality ****, This alternative includes
graft- and recipient-specific risks that must be con-
sidered individually !¢, so alternative approaches
to traditional donor selection, such as accepting
ECD kidneys, have been proposed. Transplanted
ECD kidneys have higher rates of delayed graft
function, more episodes of acute rejection, and de-
creased graft function in the long term; however,
ECD transplantation benefits a significant number
of patients, improving their survival compared to
those who remain on dialysis °.

In our cohort, the main differences between
the ECD groups and standard criteria donors
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Table 1. Sociodemographic and clinical characteristics of the study population according to the donor
groups of expanded criteria versus standard criteria.

Cohort Standard criteria Expanded criteria

Recipient characteristics (n=1002) (n=813) (n=189) p-value
Sex (%) 0.075
Female 391 (39.0) 328 (40.3) 63 (33.3)
Male 611 (60.9) 485 (59.6) 126 (66.6)
Age (average, SD) 45.9 (12.6) 43.6 (12.2) 56.0 (8.7) 0.000
BMI (average, SD) 24.5 (4) 241 (4.0) 26.0 (3.8) 0.000
Location of residence (%) 0.029
Rural 38 (3.7) 36 (4.4) 2(1.6)
Urban 964 (96.2) 777 (95.7) 187 (98.4)
Cause CKD (%) 0.000
Unknown 484 (48.3) 425 (52.2) 59 (31.2)
Glomerular 144 (14.3) 121 (14.8) 23 (12.1)
Arterial hipertension 129 (12.8) 100 (12.3) 29 (15.3)
Diabetes mellitus 158 (15.7) 98 (12.0) 60 (31.7)
Congenital 62 (6.1) 49 (6.0) 13 (6.8)
Obstructive 25 (2.5) 20 (2.4) 5(2.6)
Support (%) 0.000
Strong 414 (41.3) 318 (39.1) 96 (50.7)
Weak 352 (35.1) 279 (34.3) 73 (38.6)
Unadequate 4 (3.3) 26 (3.2) 8(4.2)
Unknown 202 (20.1) 190 (23.3) 12 (6.3)
Avrterial hipertension (%) 796 (79.4) 626 (77.0) 170 (89.9) 0.000
Diabetes mellitus (%) 161 (16.0) 101 (12.4) 60 (31.7) 0.000
Type of dialysis (%) 0.000
Hemodialysis 449 (44.8) 350 (43.0) 99 (52.3)
Peritoneal 283 (28.2) 223 (27.4) 60 (31.7)
Predialysis 8(7.7) 60 (7.3) 18 (9.5)
Unknown 192 (19.1) 180 (22.1) 12 (6.3)
Blood type (%) 0.831
(e} 577 (57.7) 472 (58.1) 105 (55.8)
A 287 (28.7) 229 (28.2) 58 (30.8)
B 91 (9.1) 73 (8.9) 18 (9.5)
AB 45 (4.5) 38 (6.6) 7(3.7)
Time on dialysis, months (average, SD) 35.0 (31.1) 36.2 (38.2) 30.6 (32.3) 0.092
Missmatch (%) 0.000
0 4(1.4) 13 (1.6) 1(0.5)
1 9 (4.9) 44 (5.4) 5(26)
2 165 (16.6) 150 (18.6) 15(8.0)
3 346 (34.8) 285 (35.3) 61(32.6)
4 239 (24.0) 183 (22.7) 56 (29.9)
5 136 (13.7) 96 (11.9) 40 (31.3)
6 44 (4.4) 35 (4.3) 9 (4.8)
Type of induction (%) 0.000
Alemtuzumab 328 (32.7) 296 (36.4) 32 (16.9)
Basiliximab 132 (13.1) 96 (11.8) 36 (19.0)
Timoglobulina 489 (48.8) 370 (45.5) 119 (62.9)
Other 53 (5.2) 51(6.2) 2(1.0)
Cell rejection (%) 344 (34.3) 274 (33.7) 70 (37.0) 0.384
Humoral rejection (%) 21 (2.1) 17 (2.0) 4(2.1) 0.982
Cold ischemia (media DE) 18.3 (14.3) 18.4 (15.6) 18.0 (6.6) 0.772
Hospital readmission (%) 580 (57.8) 448 (55.1) 132 (69.8) 0.000

SD: standard deviation; BMI: body mass index; CKD: chronic kidney disease.
Source: authors
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Figure 1. Overall graft survival in patients transplanted from

cadaveric donors.

Source: authors

Figure 3. Overall patient survival in kidney transplant
recipients from cadaveric donors.
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Figure 2. Graft survival according to expanded criteria sets

versus standard criteria.

Source: authors

Figure 4. Patient survival in renal transplant recipients
according to the groups of expanded criteria versus
standard criteria.

Table 2. Characteristics of cadaveric donor kidney transplant patients according to the outcomes of

graft loss and death.

Recipient characteristics Graft loss p-value Death p-value
(n=145) (n=218)
Sex (%) 0.55 0.03*
Female 55 (37.9) 72 (33.0)
Male 90 (62.0) 146 (66.9)
Age (average, SD) 44.8 (0.3) 0.62 50.6 (0.7) 0.00
BMI (average, SD) 24.6 (0.3) 0.23* 25.1(0.2) 0.00
Location of residence (%) 0.66 0.77
Rural 7 (4.8) 10 (4.5)
Urban 138 (95.1) 208 (95.4)
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Recipient characteristics Gra_ft loss p-value D_eath p-value
(n=145) (n=218)
Cause CKD (%) 0.55 0.00*
Unknown 64 (44.1) 109 (50.0)
Glomerular 26 (17.9) 18 (8.2)
Arterial hipertension 19 (13.1) 32 (14.6)
Diabetes mellitus 23 (15.8) 49 (22.4)
Congenital 10 (6.9) 6 (2.7)
Obstructive 3(2.0) 4 (1.8)
Support (%) 0.00* 0.45
Strong 55 (37.9) 90 (41.2)
Weak 53 (36.5) 59 (27.0)
Unadequate 9(6.2) 4(1.8)
Unknown 28 (19.3) 65 (29.8)
Arterial hipertension (%) 104 (71.7) 0.02* 169 (77.5) 0.54
Diabetes mellitus (%) 23 (15.8) 0.80 50 (22.9) 0.01*
Type of dialysis (%) 0.05* 0.04*
Hemodialysis 76 (52.4) 94 (43.1)
Peritoneal 30 (20.6) 49 (22.4)
Predialysis 9(6.2) 10 (4.5)
Unknown 30 (20.6) 65 (29.8)
Blood type (%) 0.93 0.17*
O 88 (60.6) 121 (55.7)
A 38 (26.1) 57 (26.2)
B 13 (8.9) 25 (11.5)
AB 6 (4.1) 14 (6.4)
Time on dialysis, months (average, SD) 35.3(3,7) 0.86 37.6 (2.9)
Missmatch (%) 0.24* 0,68
0 1(0.7) 1(0.4)
1 4(2.8) 9(4.1)
2 21 (14.7) 42 (19.4)
3 47 (33.1) 72 (33.3)
4 39 (24.4) 56 (25.9)
5 23 (16.2) 29 (13.4)
6 7(4.9) 7(3.2)
Type of induction (%) 0.91 0.47
Alemtuzumab 62 (42.7) 98 (44.9)
Basiliximab 21 (14.4) 30 (13.7)
Timoglobulina 53 (36.5) 73 (33.4)
Other 9(6.2) 17 (7.8)
Cell rejection (%) 91 (62.7) 0.00* 103 (47.2) 0.00*
Humoral rejection (%) 10 (6.9) 0.00* 7(3.2) 0.19
Cold ischemia (media DE) 20.7 (19.1) 0.05* 20.6 (22.4) 0.03*
Hospital readmission (%) 109 (75.1) 0.00* 156 (71.5) 0.00*
Expanded criteria (%) 32 (22.0) 0.00* 56 (25.6) 0.00*

SD: standard deviation; BMI: body mass index; CKD: chronic kidney disease.
*Variables <0,25 in the univariate Log Rank or Cox test.

Source: authors
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Table 3. Multivariate model with associated factors for graft loss in patients transplanted

from cadaveric donors.

Variable HR p-value 95% CI

Mismatch 1.1 0.019 1.02-1.36
Acute rejection 2.4 0.000 1.74-3.53
Humoral rejection 2.0 0.033 1.06-3.98
Cold ischemia time >14 hours 1.5 0.020 1.07-2.01
Hospital readmission 1.7 0.004 1.20-2.60
Expanded criteria 1.3 0.178 0.87-2.01

HR: Hazard Ratio; Cl: confidence interval.
Source: authors

were due to the fact that the ECD group was ol-
der, more frequently hypertensive or diabetic, and
the patients presented hospital readmissions. The
results obtained show that, like most published
studies, the outcomes in ECD recipients are in-
ferior in terms of graft and patient survival %7,
Although the survival of both the graft and the
ECD recipients was lower, the great age difference
between both groups and the implicit probability
of presenting unfavorable events in the elderly
group should be considered.

By applying the multivariate analysis we were
able to determine that the differences found in
graft and patient survival were not statistically
significant and, on the contrary, other important
factors associated with each of these outcomes
were found.

The national literature on renal transplanta-
tion with expanded criteria is limited. In 2019,
Garcia et al published an observational descriptive
study in which the main objective was to charac-
terize transplant patients with expanded criteria
donors, and renal function at the first and third
year after transplant. The study concluded that
transplant patients with expanded criteria donors
have adequate renal graft function at three years,
with graft and patient survival of 88.9% and 80%
at one year and three years, respectively 8. This
figure is higher than that found in our findings;
however, it should be noted that the sample size
in this last mentioned study is small and only
included 18 patients who received a transplant
from ECD.

In our analysis, acute cellular rejection, cold
ischemia time, and hospital readmissions were
significant risk factors for both graft loss and mor-
tality, as previously reported in the literature -2,
Other factors associated with graft loss were the
number of HLA mismatches and humoral rejec-
tion, results that have also been reported in other
studies %7,

The identification of risk factors for long-term
graft loss has been provided by several studies;
however, there is great variability in the data
collection, the methods used and the variabili-
ty of the predictors included %, some the most
described are: chronic dysfunction*?°-32, decrea-
sed renal function 3%3-3%, death with functional
graft 12%%, glomerulonephritis *°, donor age *°,
hypertension 3°, diabetes 3°3¢, type of immuno-
suppression *°, delayed graft function *°, recipient
age 33, race 3, albumin 33, and proteinuria 30313,

This study found that advanced age had a ne-
gative impact on patient survival, a finding that
is consistent with several published studies that
report that younger age groups have less mortality
compared to groups older than 60-65 years 3%,
but that in the long term the survival of the trans-
planted patient is significantly better compared to
those who remain on the waiting list *!-+4,

Strengths and limitations

The strength of this study is the large number of
patients included in the cohort, taking into ac-
count that according to the 2018 National Institute
of Health annual report *°, the Colombiana de Tras-
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Table 4. Multivariate model with associated factors for mortality in patients transplanted

from cadaveric donors.

Variable HR p-value 95% CI

Age 1.03 0.000 1.02-1.04
Acute rejection 1.5 0.001 1.19-2.06
Cold ischemia time >14 hours 1.4 0.018 1.06-1.94
Hospital readmission 1.5 0.007 1.12-2.04
Expanded criteria 1.3 0.086 0.95-1.86

HR: Hazard Ratio; Cl: confidence interval.
Source: authors

plantes group has the largest volume of kidney
transplants in the country (without discriminating
type of donor). This study presents the largest
sample size known in the country regarding the
evaluation of renal graft survival using expanded
criteria.

The available literature on the evaluation of
donor kidney graft survival with expanded cri-
teria in Colombia is limited, so this study is of
great importance in contributing to a better un-
derstanding of the problem at the local level, by
linking sociodemographic and clinical data with
the outcomes of morbidity and mortality in cada-
veric donor kidney transplantation and especially
transplantation with ECD.

This study was carried out with a single kidney
transplant program, which represents a limitation
to have a general overview at the national level,
since there are other transplant centers that use
ECD, without having reports in the literature that
support the use or not of this type of donors in the
other groups of the country. The variable of dela-
yed graft function was not included in the analysis
since this information was not available in the da-
tabase; however, we know that it is a variable that
has an impact on morbidity and mortality associa-
ted with kidney transplantation with a cadaveric
donor with expanded criteria.

Given the different immunosuppression com-
bination throughout the follow-up cohort and the
different changes in its follow-up, this variable was
excluded from the analysis, so the impact it has on
the study population is unknown.

Conclusions

Patients who received a kidney transplant from
donors with expanded criteria had lower graft
survival and higher mortality than those who
received a graft with standard criteria, but this
difference was not statistically significant when
adjusted for the other covariates.

The results, inferior to the recipients of do-
nors with standard criteria, do not mean a lack of
therapeutic benefit, on the contrary, kidney trans-
plantation from donors with expanded criteria
constitutes a valid alternative to excessive times
to those on the waiting list.
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