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Abstract

The imbalance between organ demand and supply causes the increasing use of suboptimal
donors. The aim of this study is to investigate the survival and allograft function of kidney
transplantation from standard (SLD) and elderly living (ELD), standard criteria (SCDD) and
expanded criteria deceased (ECDD) donors. All patients transplanted from 1997 to 2005 were
investigated according to the donor characteristics. Data were collected retrospectively during
the 83.4 ± 43.1 months of follow-up period. ELD was defined as donor age �60 years. ECDD was
defined as UNOS criteria. A total of 458 patients were divided into four groups: SLD (n:191), ELD
(n:67), SCDD (n:154), and ECDD (n:46). Seven-year death-censored graft survival in SLD, ELD,
SCDD, and ECDD were 81.6%, 64.8%, 84.7%, and 68.3%, respectively (p¼ 0.003). The death-
censored graft survival in ELD group was lower than in SLD (p¼ 0.007) and SCDD (p¼ 0.007)
groups, while in ECDD group it was lower than in SCDD group (p¼ 0.026). Patient survival was
similar. In ECDD group, 83% of total deaths occurred within the first 3 years, mainly due to
infections (66.6%) (p50.05). Estimated glomerular filtration rate (eGFR) was lower in ELD
(compared with SLD and SCDD); and ECDD (compared with SCDD) at last visit. In multivariate
analysis, ELD, experience of an acute rejection episode and presence of delayed graft function
were the independent predictors for death censored graft loss. Transplantation of a suboptimal
kidney provides inferior graft survival and function. A higher number of deaths due to infection
in the early post-transplant period in the ECDD group are noteworthy.
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Introduction

Many end-stage renal failure patients want to have kidney

transplants, in the hope of improving their quality of life.

Transplant patients’ life satisfaction, physical and emotional

well-being, and the rate of their ability to return to work

improve after transplant. According to the data from USRDS,

the life expectancy of an individual in the general population

is 35.8 years. However, if these people are suffering from end

stage renal failure, their life expectancy reduces to 9.7 years.

Transplant patients fare better, with expected remaining

lifetimes 75–80% (26.4 years) as long as those in the general

population.1 In addition, transplant can correct complications

of uremia that cannot be reversed by dialysis, including

anemia, peripheral neuropathy, autonomic neuropathy, and

sexual dysfunction. In addition, compared to hemodialysis the

long-term benefits of transplantation are more prominent.2–4

Due to the increasing number of patients with end-stage

renal failure, ideal donors cannot be found for every patient.

Moreover, due to increasing demand for organs the uses of

donors formerly called expanded criteria donors or subopti-

mal donors are becoming a necessity.5 Transplants from

expanded criteria or suboptimal donors have been shown to

have better survival than the waiting list; however, survival is

not as ideal as a transplant from an optimal donor.6,7 In this

study we aimed to investigate the patient and graft outcome of

kidney transplantation from the standard living donor (SLD),

standard criteria deceased donors (SCDD), elderly living

donor (ELD), and expanded criteria deceased donor (ECDD).

Materials and methods

Our study started with 465 patients who underwent organ

transplantation at our center between 1997 and 2005. Seven

patients were excluded from the study due to insufficient data.

The clinical and demographic data (age, gender, primary

kidney disease, number of transplants, cold ischemia time,

haplotype match or mismatch count, pre-transplant blood

transfusion rate, dialysis type and duration, whether it was a

preemptive transplant or not, pre-transplant HBV and HCV

status, whether the living donors were relatives, presence of

delayed graft function) of the remaining 458 patients were
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obtained from patient files. Live donors’ ages and genders,

and deceased donors’ ages, sex, causes of death, history of

diabetes, and presence of hypertension or cardiovascular

events were obtained from donor files.

Based on the UNOS definition, all deceased donors older

than 60 years, or donors aged 50–59 years, who met two of the

following criteria: (1) history of hypertension, (2) cerebrovas-

cular accident as a cause of death and (3) final pre-procurement

serum creatinine (SCr) level 41.5 mg/dL were classified as

ECDDs.6 Live donors above the age of 60 were defined as

elderly living donor (ELD), deceased donors younger than 60

and who did not have any clinical event were defined as

standard criteria deceased donors (SCDD), and live donors

younger than 60 were defined as standard living donors (SLD).

Serum creatinine, proteinuria and estimated glomerular

filtration rate (eGFR) using Modification of Diet in Renal

Disease (MDRD) formula8 were recorded for patients who

had a functional graft in the post-transplant 3rd and 5th years

and in the last control. For deceased patients and patients who

had post-transplant graft loss their last follow-up was recorded

as the last entry. The final follow up of patients with

functional grafts was done at the end of 2012. Thus, a

minimum follow-up of 5 years was recorded.

Graft losses were examined in four categories. The early

graft losses were defined as primary non-functionality,

surgical complications, early irreversible rejection and throm-

botic microangiopathy. Chronic graft loss was defined as

chronic rejection, unspecified interstitial fibrosis and tubular

atrophy (IFTA), BK nephropathy and other chronic infections.

Recurrent glomerular disease was defined as a specific

category. Finally, the fourth group consisted of unknown or

other reasons of graft loss. The causes of death were

categorized as follows: infection, cardiovascular events,

malignancies, and unknown/other.

The immunosuppressive therapy varied over time due to

long duration of the study period. Prior to 1999 primary

immunosuppressive regimen consisted of corticosteroids,

azathioprine, and cyclosporine. During that period, antithy-

mocyte globulin (ATG) was used in the induction therapy in

transplantation from deceased donors. Starting from 2001

mycophenolate mofetil was used instead of azathioprine.

Cyclosporine was used in living donor transplants, and

tacrolimus was used in deceased donor and living unrelated

donor kidney transplants. Then, starting from 2002 IL-2

antagonists were used in living donor transplants and ATG

was used in transplants from deceased donors.

Statistical methods

Data are reported as mean ± SD unless otherwise stated.

Between-group comparisons were made with ANOVA tests,

categorical variables were compared with chi-squared tests.

Survival analysis was performed using the Kaplan–Meier

method testing for statistical significance using the log-rank

test. For independent predictors associated with overall and

death censored graft survival, adjusted Cox regression

analysis was performed including variables statistically sig-

nificant in the univariate analysis. Statistical significance was

defined as p50.05. All analyzes were performed using SPSS

software version 13.0 (SPSS Inc., Chicago, IL).

Results

The mean age of the 458 patients from our study at the time of

transplantation was 33 ± 10 years and 40% (n¼ 184) of them

were female. Preemptive transplantation was performed in 38

patients. In others, the mean duration of dialysis before

transplantation was 26 ± 30 (1–192) months. Twenty patients

underwent re-transplantation. The average number of pre-

transplant blood transfusions was 3 ± 7 units. The recipients

were divided into four groups according to the donor type. In

each group the number of patients for SLD, ELD, SCDD, and

ECDD were 191, 67, 154, and 46, respectively. Approxi-

mately one-quarter of the study group (24.6%) consisted of

non-ideal donors.

The demographic and clinical characteristics of groups

according to the type of donors are shown in Table 1. We

determined that recipients form the SLD group were younger

compared to the ELD group (p50.001), and that the recipients

from the ECDD group were mostly women. Incidence of repeat

transplant was similar between groups. The frequency of

preemptive transplantation was the highest in SLD group. In

the deceased groups the duration of pre-transplantation dialysis

was longer (p50.001). More women donors were observed in

the living donor transplantation, while more men donors were

observed in the deceased donor transplantation. Unrelated liver

transplants were only seen in SLD group. One haplotype match

was similar between SLD and ELD groups. The mismatched

HLA antigen number was lower in the deceased donor groups

compared to the SLD group (p50.001). The frequency of DGF

was similar between deceased donor groups.

The mean follow-up time for all patients was 83.4 ± 43.1

(0–193) months, and in the ECDD group the follow-up period

was significantly shorter. In the SCDD group, 45% of donor

cause of death was traumatic brain death (traffic accident in

majority), while in the ECDD group 75% of donor cause of

death were brain deaths associated with cerebrovascular

events.

During the follow-up, graft loss occurred in 115 patients.

Seven-year death-censored graft survival in SLD, ELD,

SCDD, and ECDD were 81.6%, 64.8%, 84.7%, and 68.3%,

respectively (log rank p¼ 0.003) (Figure 1). The death-

censored graft survival in the ELD group was significantly

lower than in the SLD (p¼ 0.007) and SCDD (p¼ 0.007)

groups, while in the ECDD group it was significantly lower

than the SCDD group (p¼ 0.026).

The distribution of groups and details about causes and

timing of the graft losses are shown in Table 2. We did not

detect any significant differences between groups in terms of

causes and timing of graft loss. However, although not

statistically significant the graft loss in the ECDD group

occurred earlier compared to other groups.

A total of 47 patients died. Seven-year patient survival in

SLD, ELD, SCDD, and ECDD groups were 93.1%, 86.6%,

89.1%, and 85.5%, respectively (log rank: 0.333) (Figure 2).

The causes of deaths in 66.6% of the ECDD group were due

to infections. The distribution of causes of deaths did not

differ significantly between the groups (Table 2). However, in

the ECDD group the post-transplant deaths occurred at a

mean of 11 months and 83% of total deaths happened within

the first 3 years (p50.05).
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The incidence of acute rejection episode was 44.3% in the

whole group. In SCDD group incidence of acute rejection was

the lowest (29.2%), compared with SLD (54.9%), ELD

(47.7%) and ECDD (45.6%) groups (p50.05). The serum

creatinine, proteinuria, and eGFR values measured at the

post-transplant 3 years, 5 years and at the time of the last

control are shown in Table 3. At 3rd year, eGFR with MDRD

in ELD group was significantly lower than SLD (p: 0.004)

and SCDD (p50.001) groups, In ECDD group eGFR was

significantly lower than SLD (p: 0.016) and ECDD

(p50.001) groups. At 5th year, eGFR in ELD group was

significantly lower than SLD (p: 0.003) and SCDD

(p50.001) groups, in ECDD group eGFR was significantly

lower than SLD (p: 0.008) and ECDD (p50.001) groups. At

last follow up, eGFR was lower in ELD than SLD (p: 0.030)

and SCDD (p50.001), while in ECDD was lower than SCDD

(p: 0.010). Although spot urine protein/creatinine ratio was

not significant among groups at 3rd and 5th years after

transplantation, at last follow up it was significantly higher in

ECDD group compared to SCDD (p: 0.005).

Table 1. Demographic and clinical characteristics of recipients and donors.

SLD (n:191) ELD (n:67) SCDD (n:154) ECDD (n:46) p for trend

Recipient age at transplantation (years) 30.5 ± 10.1 36.4 ± 8.8 33.4 ± 9.1 34.7 ± 11.9 0.000
Recipient female sex, % (n) 34.5 (66) 32.8 (22) 46.1 (71) 54.3 (25) 0.018
Re-transplant, % (n) 6.2 (12) 4.4 (3) 3.2 (5) 0 (0) 0.310
Preemptive transplant, % (n) 15.1 (29) 10.4 (7) 0.6 (1) 2 (1) 0.000
Dialysis vintage (month) 18 ± 26 11 ± 13 36 ± 30 45 ± 43 0.000
Donor female sex, % (n) 57 (109) 55.2 (37) 18.8 (29) 26 (12) 0.000
Living unrelated transplant, % (n) 15.1 (29) 0 – – 0.000
Donor age (years) 46 ± 8.7 65 ± 4 31 ± 14 58 ± 7 0.000
1 haplotype match, % (n) 76.4 (146) 91 (61) – – 0.797
Number of mismached antigen 4.8 ± 0.9 4.5 ± 0.7 3.2 ± 1.2 3 ± 1.4 0.000
Cold ischemia time (h) – – 17 ± 5 18 ± 5.4 0.480
Delayed graft function, % (n) 2.6 (5) 2.9 (2) 16.2 (25) 19.5 (9) 0.911
Follow up duration (months) 87.9 ± 42.6 76.9 ± 39.9 86.7 ± 43.2 63.6 ± 44.3 0.003

Figure 1. Death-censored graft survival.
Figure 2. Patient-survival.

Table 2. Causes and timing for graft losses and recipient deaths.

SLD
(n:191)

ELD
(n:67)

SCD
(n:154)

ECDD
(n:46)

Graft loss (n) 46 26 29 14
Reasons for graft loss

Early graft loss 6 1 5 1
Chronic graft loss 31 15 17 9
Recurrent glomerulonephritis 7 7 4 2
Unknown/other 2 3 3 2

Mean time for graft loss
(months)

65 ± 45 63 ± 35 56 ± 43 39 ± 37

% of graft losses within
first 3 years

28 23 37 64

Deaths (n) 15 8 18 6
Reasons for deaths

Infection 3 4 5 4
Cardiovascular events 4 2 3 1
Malignancy 5 1 6 1
Unknown/other 3 1 4 0

Mean time for deaths (months) 61 ± 26 26 ± 24 48 ± 2 11 ± 19
% of deaths within first 3 years 40 62 22 83
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To determine the independent predictors of death censored

graft failure, Cox proportional hazard model was applied.

When the clinically relevant variables (recipient age at

transplantation, gender, dialysis vintage, number of mismatch,

presence of delayed graft function, acute rejection and donor

group) included into the model, it was found that ELD with

reference to SLD (p: 0.001, HR: 2.270, CI: 1.380–3.735),

experience of an acute rejection episode (p: 0.000, HR: 3.375,

CI: 2.195–5.189) and presence of delayed graft function

(p: 0.002, HR: 2.541, CI: 1.390–4.643) were the independent

predictors for death censored graft loss.

Discussion

The increasing number of patients waiting for organs and

limited number of potential resources pushes physicians to

search for ways to improve their patient’s length and quality

of life. In this context, one of the solutions is the use of

expanded criteria for live or cadaveric donors. During our

study period, 24.8% of live donor transplants and 23% of the

deceased donors transplants could be described as non-ideal.

In this study donor quality was found to be important in

long-term graft survival and graft function. In addition, we

found that the graft survival and graft function were worse in

ELD and ECDD groups compared to standard live or

deceased donors. There were no differences in terms of

patient survival.

The effects of donor characteristics on graft prognosis have

been investigated in previous studies and contradictory results

have been reported. Some studies have reported that recipi-

ents of kidneys from ELD and ECDD have shown negative

trend in terms of graft survival and/or graft function compared

to recipients of the standard donor kidney. On the other hand

some studies have found a similar pattern.

Stratta et al. found that graft and patient survival and

morbidity were similar between ECDD and SCDD groups,

moreover serum creatinine levels were similar at a mean of

18th month after transplantation.9 In another study, it has been

showed that older living donors provide excellent quality,

moreover recipient’s serum creatinine was also similar at

2-year between transplants from young and older live donor.10

In another study, the authors did not detect any difference

between SCDD and ECDD groups in terms of graft survival;

moreover, shorter waiting time on the cadaver waiting list has

been shown to have a positive impact on patients and graft

survival with a mean follow up of 3.5 years.11

In a study comparing recipients of elderly living, standard

deceased and young living donors, the authors reported

similar patient survival, but poorer graft survival in elderly

living donors. Therefore, transplantation of the kidney from

an elderly living donor into a patient with a long life

expectancy should be considered very carefully.12 Noppakun

et al. found that transplantation from older kidneys was

associated with impaired graft function and proteinuria, and

the impact on graft survival was noted particularly beyond 4

years after transplantation.13 In a systematic review ECD

kidneys were found to have worse graft survival than standard

criteria donor kidneys.14

In addition to clinical and co-morbidity characteristics of

the donor, some studies added the kidney histology obtained

from the implantation biopsies to the evaluation. The delayed

graft function was found in the ECDD kidneys that had

interstitial fibrosis and fibrous intimal thickening of Banff

score 1 or higher during the pre-implant biopsy and it was

indicated that these histologic findings may influence the

graft’s long-term survival.15 In a center where pre-implant

biopsy has become routine in ECDD and where they do not

implant kidneys with disturbed histology, physicians did not

detect any difference between ECDD and SCDD in terms of

graft survival.16 Optimal ECDD should lead to acceptable

glomerular filtration rate and histological changes in the

kidney.14

The reasons for these conflicting results might be the

following: the cut-off value for age in those studies, the

differences regarding the description of comorbidities in the

donor, the extent to which the histology was affected at the

time of the pre-implantation biopsy, and follow-up period

after transplantation. In fact, the detection of negative effects

of donors’ age and histologic injury at the time of transplant-

ation on long-term post-transplant allograft function is not a

surprising finding. Here, the main issue to be discussed is

whether non-ideal kidney transplant provides more survival

advantages to the recipient compared to patient staying on

dialysis. In a pioneering study Ojo et al. compared patients

who received non-ideal organs with patients who remained in

the waiting list and reported that non-ideal donor transplant-

ations provided more advantages.7 In our study, 7-year death

censored graft survival and patient survival rates were 64.8%

Table 3. Course of graft functions according to the donor groups.

SLD ELD SCDD ECDD p for trend

3rd year
Serum creatinin 1.49 ± 0.72 1.63 ± 0.32 1.30 ± 0.42 1.76 ± 0.81 0.002
eGFR 55.6 ± 16.3 44.2 ± 9.6 60.5 ± 19.8 43.9 ± 14.6 0.000
Proteinuria 0.50 ± 0.82 0.38 ± 0.47 0.55 ± 1.06 0.58 ± 0.67 0.736

5th year
Serum creatinin 1.54 ± 0.69 1.79 ± 0.59 1.36 ± 0.61 2.03 ± 1.05 0.001
eGFR 55.2 ± 19.4 41.6 ± 12.9 60.0 ± 21.7 40.6 ± 16.4 0.000
Proteinuria 0.61 ± 1.48 0.47 ± 0.79 0.39 ± 0.83 0.83 ± 1.10 0.234

Last follow-up
Serum creatinin 1.56 ± 0.69 1.76 ± 0.61 1.37 ± 0.52 1.70 ± 0.69 0.005
eGFR 53.6 ± 17.7 43.1 ± 12.7 58.5 ± 21.5 45.4 ± 16.0 0.000
Proteinuria 0.64 ± 1.18 0.70 ± 1.18 0.33 ± 0.43 1.18 ± 1.91 0.056
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and 86.6% for ELD and 68.3% and 85.5% for ECDD.

These obtained ratios are still higher than the ratios obtained

with current dialysis treatment. Therefore, rather than

focusing on the supremacy of non-ideal transplantations

over dialysis we need to focus on the issues such as how to

provide longer survival of transplanted kidneys with reduced

nephron mass.

Previous studies have generally focused on graft survival

and function. In our study we compared both patient survival

and causes of death between the groups. We did not detect

any difference between the four groups in terms of patient

survival rates. However, the deaths were literally more

frequent in the early post-transplantation period in the

ECDD group and the majority of deaths were infection

related. This situation can be explained with the presence of

delayed graft function, graft function remaining at suboptimal

level, and long periods of hospitalization of those patients.

Therefore, patients who underwent extended criteria donor

transplantations should undergo infection prophylaxis during

post-transplant follow-up and physicians should be watchful

for early diagnosis of infection.

There are some limitations of our study. The patient

characteristics differ between groups due to the retrospective

nature of the study and because we included both living and

deceased donor transplants. Recipient’s age, pre-transplant

dialysis duration, the number of mismatched antigens, and the

presence of cold ischemia naturally lead to variation between

groups. We tried to partially overcome this problem by

performing multivariate analyses. Deceased donor transplants

accounted for 43.6% of our study group. In our country, the

majority of transplants are living donor transplants and

especially during our study period there were no old-for-old

programs available. Furthermore, immunosuppressive therapy

showed variation among patients over the follow-up years.

There are now studies that recommend calcineurin inhibitor

sparing regimens as available options for ECDD and ELD

groups.17,18

In conclusion, transplantation of a kidney that has

only sustained structural damage due to age or comorbid

conditions associated with age provides inferior graft survival

and function compared to the ideal kidney. Although, there

were no differences between the groups in terms of patient

survival, a higher number of deaths due to infection in the

early post-transplant period in the ECCD group are note-

worthy. Therefore, efforts should focus on prolonging the

survival of non-ideal kidneys and on reducing premature

deaths.
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