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 Background: The rising number of patients on waiting lists for kidney transplant and the shortage of available organs has 
intensified efforts to increase the number of potential donors.

 Material/Methods: This study investigated changes in clinical parameters among potential deceased donors in the 15-year peri-
od between 1999 and 2013 and their impact on transplantation procedure and outcomes. A total of 1634 po-
tential deceased donors were examined and divided into 2 groups: 707 of them identified from 1999 to 2005 
(Group A), and 927 from 2006 to 2013 (Group B).

 Results: The comparison between the potential donors in Group A vs. Group B revealed an increase over time in donor 
age (54.6±17.2 vs. 58.8±16.3, p<0.001), a reduction in the percentage of standard donors (52.3% vs. 39.8%, 
p<0.001), a broader utilization of organs from expanded criteria donors, and a greater number of comorbidi-
ties, particularly cardiovascular disease and dyslipidemia. However, renal function parameters and the bioptic 
scores did not change significantly over the years.

 Conclusions: These results suggest the usefulness of strategies to increase the number of potential donors suitable for or-
gan donation, especially among elderly and marginal donors.
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Background

Chronic kidney disease (CKD) has been recognized as a world-
wide health problem, and the associated morbidity and mor-
tality in patients reaching end-stage renal disease (ESRD) is 
steeply increasing [1]. Kidney transplantation is currently con-
sidered the best therapeutic option for ESRD patients, as it 
leads to a higher quality of life and longer survival than di-
alysis, together with considerable amelioration or resolution 
of the most common dialysis-related complications [2–5]. 
Furthermore, the cost-effectiveness of hemodialysis is signif-
icantly higher than transplantation [6]. The growing gap be-
tween organ demand and availability and the increasing mor-
tality rate among patients on kidney transplant waiting lists 
has amplified the efforts to increase the number of poten-
tial donors [7,8]. Besides living donation, great attention has 
been devoted to the use of organs from incompatible AB0 do-
nors [9], donation after cardiac death (DCD) [10], and expand-
ed criteria donors (ECD) [11,12]. The need to consider alter-
native strategies to enlarge the donor pool has led to greater 
utilization of elderly donors and to a consequent increase in 
average donor age and comorbidity rate [13,14]. ECD are de-
fined as any brain-dead donor aged >60 years or a donor aged 
>50 years with 2 of the following conditions: history of hyper-
tension, terminal serum creatinine level ³1.5 mg/dL, or death 
resulting from a cerebrovascular accident. This approach may 
be advantageous to overcome the organ shortage and to in-
crease the chances to receive a transplant for some patients 
otherwise remaining under dialysis treatment [15].

The aim of this study was to investigate changes in clinical 
parameters among potential deceased donors in the 15 years 
from 1999 to 2013 in the Emilia-Romagna region of Italy, and 
to evaluate their impact on transplantation procedure.

Material and Methods

Study design

This was an observational retrospective data analysis per-
formed in the Nephrology, Dialysis, and Renal Transplant 
Unit, St Orsola Hospital, University of Bologna, Italy. A total of 
1634 subjects identified as potential donors by the Intensive 
Therapy Units in Emilia-Romagna between January 1999 and 
December 2013 were included in the analysis. Exclusion crite-
ria were age below 18 years and interruption of the donation 
procedure due to lack of consensus or death. The study pop-
ulation was divided into 2 groups: patients identified as po-
tential donors in the period 1999 to 2005 (Group A) and pa-
tients identified between 2006 and 2013 (Group B). Donors 
were further divided into 3 categories: standard criteria do-
nors (SCD), ECD, and unsuitable donors. We defined as SCD 

patients with clinical and anamnestic characteristics that did 
not require bioptic analysis before transplantation. ECD donors 
required biopsy before transplantation because of anamnesis, 
comorbidities (cardiovascular disease, diabetes, or hyperten-
sion), or age (>60 years). The pre-implantation biopsies score 
resulted from a quantitative evaluation of lesions in different 
renal compartments, particularly vascular intimal sclerosis, tu-
bular atrophy, interstitial fibrosis, and glomerular sclerosis as 
Karpinski’s histological score [16,17]. Unsuitable donors were 
considered not eligible for organ donation based on the fol-
lowing parameters: histology score (Karpinsky); comorbidities 
or severe renal dysfunction, anatomical, or vascular malforma-
tions that could affect surgical outcome of transplant; renal or 
other carcinomas; and increased risk of infections. Due to the 
retrospective nature of this study, registration or approval by 
the Ethics Committee was waived. The study was carried out 
in conformity with the Declaration of Helsinki.

General, biochemical, clinical, and transplant-related 
parameters

For each potential donor included in the analysis, the following 
anthropometric parameters were collected: age, sex, and body 
mass index (BMI). To evaluate renal function, serum creatinine 
and glomerular filtration rate (GFR) calculated with CKD-EPI 
formula and Cockroft-Gault formula were recorded. Smoking, 
systemic arterial hypertension, diabetes, dyslipidemia, and car-
diovascular diseases were considered as risk factors. Traumatic 
brain injury, cerebral hemorrhage, ictus, post-anoxic enceph-
alopathy, bullet wounds in the head, and suicide were includ-
ed among the causes of death. We also computed cold isch-
emia intervals of each single kidney (K1 and K2).

Statistical analysis

All data were extracted from the database using FileMaker soft-
ware and recorded in a Microsoft Excel datasheet. Continuous 
variables were compared with the Student t-test; categorical 
variables were analyzed with the chi-square test. To evaluate 
the sum of risk factors, we used the Mann-Whitney test. A p 
value lower than 0.05 was considered as statistically signifi-
cant. All analyses were performed with the Statistical Package 
for the Social Sciences (SPSS).

Results

Patients

We identified 1845 potential donors in Emilia-Romagna region 
from 1999 to 2013. Among them, 211 did not complete the 
evaluation process and were not included in the analysis. Thus, 
1634 were examined and divided into 2 groups based on the 
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evaluation period: 707 potential donors were identified from 
1999 to 2005 (Group A), and 927 from 2006 to 2013 (Group B). 
Donors in each group were further divided into 3 subgroups ac-
cording to quality factors: there were 370 SCD in Group A and 
369 in Group B; 173 ECD in Group A and 276 in Group B; and 
164 unsuitable donors in Group A and 282 in Group B (Figure 1).

General, biochemical, clinical, and transplant-related 
features of the overall donor population

Donors characteristics evaluated in 1999–2005 (Group A) com-
pared to those identified in 2006–2013 (Group B) are report-
ed in Table 1. The age of donors significantly increased over 
the years, with a concomitant rise in the proportion of elderly 

Protential donors from 1999
to 2013 in Emilia Romagna

(N=1845)
Protential donors excluded

from the analysis
(N=211)

Patients included in the study
(N=1634)

Optimal donors
(N=370)

Optimal donors
(N=369)

Marginal donors
(N=173)

Marginal donors
(N=276)

Unsuitable donors
(N=164)

Unsuitable donors
(N=282)

Group A
Patients evaluated in

1999−2005
(N=707)

Group B
Patients evaluated in

2006−2013
(N=927)

Figure 1. Scheme used for donor classification.

Group A (N=707) Group B (N=927) p

Sex (F) 308 (43.6%) 405 (43.7%) n.s.

Age (>65 years) 223 (31.5%) 388 (41.9%) <0.001

Age (years)  54.6±17.1  58.8±16.3 <0.001

BMI (kg/m2)  25.4±3.9  25.7±3.8 n.s.

Serum creatinine (mg/dL)  0.98±0.54  0.94±0.49 n.s.

GFR Cockcroft-Gault (mL/min)  92.2±34.2  94.5±39.9 n.s.

GFR CKD-EPI (mL/min)  84.8±23.7  85.7±23.9 n.s.

Cold ischemia time K1 (hours)  15.6±4.6  13.5±4.4 <0.001

Cold ischemia time K2 (hours)  17.5±5.5  14.6±4.8 <0.001

Bioptic score right kidney  3.62±1.52  3.6±1.62 n.s.

Bioptic score left kidney  3.94±1.55  3.90±1.64 n.s.

Table 1.  General, biochemical, clinical and transplant-related characteristics of the donor population divided into Group A (years from 
1999 to 2005) and Group B (years from 2006 to 2013). Continuous variable are presented as mean ± standard deviation (SD), 
categorical as number and percentages (%).

BMI – body mass index; CKD – chronic kidney disease; GFR – glomerular filtration rate.
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donors (aged more than 65 years). Other parameters, includ-
ing sex, BMI, creatinine, GFR, and bioptic scores, were similar 
between the groups. In Group B (corresponding to the most 
recent years) we found a significant reduction of cold ischemia 
time for both transplanted kidneys (Table 1).

Table 2 depicts the distribution in the 2 groups by cause of 
death, type and number of risk factors, and type of donors. 
We found that over the years there was a decrease among 
the potential donors of the deaths for traumatic brain inju-
ry and a rise in deaths due to post-anoxic encephalopathy. 
Concerning the risk factors, cardiovascular disease and dyslip-
idemia were found to be significantly more frequent in Group 
B than in Group A, and there were more donors with 1 risk fac-
tor and with 3 or more risk factors in the period 2006-2013. 

As expected, there was an increase in the percentage of ECD 
and unsuitable donors in Group B (Table 2).

Considering the differences in the features of ECD alone in 
Group A vs. Group B, we noticed a significant rise in the pro-
portion of elderly donors (aged >65 years) (64.9% vs. 71.5%, 
p=0.004). On the other hand, no significant differences were 
observed in the frequency of the other risks factors included in 
the criteria used to define ECD (serum creatinine >1.5 mg/dL: 
5.1% vs. 5.6%, p=n.s.; arterial hypertension: 34.1% vs. 37.5%, 
p=n.s.; and cerebrovascular accident: 64.9% vs. 63.6%, p=n.s.).

Regarding the causes of the exclusion from donation of unsuit-
able donors, the comparison of Group A vs. Group B revealed 
that frequency of ineligibility due to bioptic score decreased 

Group A (N=707) Group B (N=927) p

Cause of death

 Cerebral hemorrhage  407 (57.6%)  501 (54.0%) n.s.

 Ictus  52 (7.4%)  89 (9.6%) n.s.

 Traumatic brain injury  198 (27.0%)  207 (22.3%) 0.008

 Post-anoxic encefalopathy  27 (3.8%)  57 (6.1%) 0.035

 Bullet wounds at the head  11 (1.6%)  10 (1.1%) n.s.

 Suicide  3 (0.4%)  7 (0.8%) n.s.

Risk factors

 Arterial hypertension  241 (34.1%)  348 (37.5%) n.s.

 Cardiovascular disease  85 (12.0%)  191 (20.6%) <0.001

 Smoking  143 (20.2%)  172 (18.6%) n.s.

 Dyslipidemia  18 (2.5%)  91 (9.8%) <0.001

 Diabetes  50 (7.1%)  72 (7.8%) n.s.

Number of risk factors

 0  340 (48.1%)  433 (46.7%) n.s.

 1  231 (32.7%)  228 (24.6%) 0.008

 2  108 (15.3%)  180 (19.4%) n.s.

 3 or more  28 (4.0%)  86 (9.3%) <0.001

Type of donors

 SCD  370 (52.3%)  369 (39.8%) 0.002

 ECD  173 (24.5%)  276 (29.8%) 0.047

 Unsuitable  164 (23.2%)  282 (30.4%) 0.016

Table 2.  Distribution of cause of death, type and number of risk factors, and type of donors in the donor population divided into Group 
A (years from 1999 to 2005) and Group B (years from 2006 to 2013). Data (all categorical variables) are presented as number 
and percentages (%).

ECD – expanded criteria donors; n.s. – not significant; SCD – standard criteria donors.
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over time (38.4% vs. 27.8%, p=0.044), while the rate of the 
other causes remained unchanged (nephrological unsuitabili-
ty: 8.5% vs. 9.6%, p= n.s; surgical unsuitability: 2.4% vs. 6.8%, 
p=n.s.; other causes: 50.6% vs. 55.9%, p=n.s.).

Analysis of parameters after stratification by type of 
donor

As Tables 3 and 4 show, Group A (1999–2005) and Group B 
(2006–2013) were further analyzed according to the type of 
donor: SCD, ECD, and unsuitable donors.

Considering the subgroup of SCD, no significant differences 
between the groups were observed in terms of sex, age, BMI, 
serum creatinine, or GFR calculated by CKD-EPI equation. The 
proportion of elderly donors grew in the latest period (Group 
B). Renal function estimated by Cockcroft-Gault formula was 
better in Group B than in Group A. The cold ischemia time was 
found to be significantly lower for both kidneys in Group B than 
in Group A (Table 3). The causes of death were fairly unchanged 
during the years, with the exception of brain traumatic injury, 

which was less common in the period 2006–2013. Among the 
risk factors, the frequency of dyslipidemia showed a highly sig-
nificant rise in Group B (Table 4).

In the subgroup of ECD, we found that the ones in the Group 
B were older, and the percentage of donors aged more than 
65 years grew over the years. No differences were observed in 
terms of sex distribution, BMI, serum creatinine levels, GFR, or 
bioptic scores. Again, the cold ischemia time was significant-
ly decreased in 2006-2013 for both kidneys (Table 3). Death 
from cerebral hemorrhage was significantly more frequent in 
Group A vs. Group B, but the prevalences of cardiovascular 
diseases and dyslipidemia were lower (Table 4).

In unsuitable donors, sex distribution, age, BMI, serum creat-
inine levels, and bioptic score remained unchanged over the 
years; the frequency of elderly donors was greater in Group B, 
and GFR was also significantly increased (Table 3). Similar to 
the other subgroups, death from cerebral hemorrhage showed 
a significant decline over time, while the prevalence of stroke 
increased. Concerning risk factors, among unsuitable donors 

SCD (N=739) ECD (N=449) Unsuitable (N=446)

Group A
(N=370)

Group B
(N=369)

Group A
(N=173)

Group B
(N=276)

Group A
(N=164)

Group B
(N=282)

Sex (F) 155 (41.9%) 160 (43.4%) n.s. 75 (43.3%) 110 (39.9%) n.s. 66 (40.2%) 140 (49.6%) n.s.

Age (>65 years) 111 (30.0%) 149 (37.9%) 0.048 47 (27.2%) 118 (42.8%) 0.027 50 (30.5%) 112 (39.7%) <0.001

Age (years) 44.9±15.7 46.6±13.6 n.s. 64.8±9.6 68.5±8.8 <0.001 65.9±12.9 65.3±15.1 n.s.

BMI (kg/m2) 24.8± 3.8 25.2±3.9 n.s. 26.3±3.8 26.2±3.6 n.s. 25.7±3.9 25.9±3.8 n.s.

Serum creatinine 
(mg/dL)

0.91±0.35 0.87±0.33 n.s. 0.93±0.37 0.93±0.47 n.s. 1.23±0.90 1.08±0.71 n.s.

GFR Cockcroft-Gault 
(mL/min)

104.8±33.9 111.4±40.1 0.018 83.9±26.8 81.9±31.2 n.s. 70.5±29.0 79.2±38.4 0.024

GFR CKD-EPI 
(mL/min)

93.9±22.2 95.6±23.5 n.s. 78.1±18.1 78.0±20.7 n.s. 71.5±23.9 78.0±22.9 <0.001

Cold ischemia time 
K1 (hours)

15.5±4.7 13.0±4.5 <0.001 16.0±4.3 14.1±4.3 <0.001 / / /

Cold ischemia time 
K2 (hours)

17.3±5.6 13.9±4.9 <0.001 18.0±5.1 15.5±4.5 <0.001 / / /

Bioptic score right 
kidney

n.a. n.a. / 3.03±1.18 3.09±1.35 n.s. 5.26±1.15 5.31±1.26 n.s.

Bioptic score left 
kidney

n.a. n.a. / 3.45±1.23 3.41±1.39 n.s. 5.40±1.38 5.55±1.34 n.s.

Table 3.  General, biochemical, clinical and transplant-related characteristics of the donor population stratified by type of donors (SCD 
vs. ECD and unsuitable donors) in Group A (years from 1999 to 2005) and Group B (years from 2006 to 2013). Continuous 
variable are presented as mean ± standard deviation (SD), categorical as number and percentages (%).

BMI – body mass index; CKD – chronic kidney disease; ECD – expanded criteria donors; GFR – glomerular filtration rate; 
n.a. – not applicable; n.s. – not significant; SCD – standard criteria donors.
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we observed an increase from the period 1999–2005 (Group 
A) to the period 2006–2013 (Group B) in the rate of arterial 
hypertension and dyslipidemia (Table 4).

Discussion

This observational retrospective study was undertaken to 
compare the main features of kidney transplant donors dur-
ing the periods 1999–2005 and 2006–2013, with the aim to 
identify those parameters that have changed over the last 15 
years. A total of 1634 patients were included in the analysis 
and clustered according to the evaluation period into Group 
A (period 1999–2005, 707 potential donors) and Group B (pe-
riod 2006–2013, 927 potential donors). In line with the gen-
eral trend, our donor population became older over the years, 
with an increasing proportion of donors older than 65 years, 
and presented more comorbidities; in particular, we found a 
growth in the rate of cardiovascular disease and dyslipidemia. 

Moreover, there was a decreased frequency of traumatic causes 
of death, and the procedure for organ management after pro-
curement was progressively improved as indicated by the de-
creased cold ischemia interval for both kidneys, consistent with 
previous reports [18]. This finding is suggestive of a progres-
sive improvement in organizational policies and procedures at 
our Regional Transplant Center, with acceleration of the alert 
phase when a potential donor becomes available, and the suc-
cessive organ allocation. The reduction of cold ischemia time, 
together with the optimization of preservation techniques, rep-
resent essential strategies to limit the severity of tissue damage 
caused by hypothermic preservation, especially in expanded 
criteria donors [19,20]. There is a large body of evidence indi-
cating that the cost-effectiveness associated with renal trans-
plantation from ECD is consistently better than chronic dial-
ysis treatment. In addition, the survival and quality of life of 
patients transplanted with marginal organs has improved. In 
the attempt to enlarge the pool of organs available for trans-
plantation, many ECDs have been evaluated for donation; thus, 

SCD (N=739) ECD (N=449) Unsuitable (N=446)

Group A
(N=370)

Group B
(N=369)

Group A
(N=173)

Group B
(N=276)

Group A
(N=164)

Group B
(N=282)

Cause of death

Cerebral 
hemorrhage

 167 (45.1%)  176 (47.7%) n.s.  123 (71.1%)  170 (61.6%) 0.042  117 (73.6%)  155 (63.8%) 0.001

Ictus  26 (7.0%)  25 (6.8%) n.s.  22 (12.7%)  42 (15.2%) n.s.  4 (2.5%)  22 (9.1%) 0.021

Traumatic brain 
injury

 148 (40.0%)  118 (32.0%) 0.023  21 (12.1%)  44 (15.9%) n.s.  29 (18.2%)  45 (18.5%) n.s.

Post-anoxic 
encefalopathy

 16 (4.3%)  27 (7.3%) n.s.  4 (2.3%)  12 (4.3%) n.s.  7 (4.4%)  18 (7.8%) n.s.

Bullet wounds at the 
head

 8 (2.2%)  8 (2.2%) n.s.  2 (1.2%)  1 (0.4%) n.s.  1 (1.2%)  1 (0.4%) n.s.

Suicide  1 (0.3%)  4 (1.1%) n.s.  1 (0.6%)  2 (0.7%) n.s.  1 (0.6%)  2 (0.4%) n.s.

Risk factors

Arterial 
hypertension

 64 (17.3%)  79 (21.4%) n.s.  95 (54.9%)  163 (59.1%) n.s.  82 (50.0%)  106 (37.6%) 0.012

Cardiovascular 
disease

 13 (3.5%)  20 (5.4%) n.s.  38 (22.0%)  101 (36.6%) 0.012  34 (20.7%)  70 (24.8%) n.s.

Smoking  85 (23.0%)  91 (24.7%) n.s.  36 (20.8%)  39 (14.1%) n.s.  22 (13.4%)  42 (14.9%) n.s.

Dyslipidemia  3 (0.8%)  20 (5.4%) <0.001  11 (6.4%)  46 (16.7%) 0.001  4 (2.4%)  25 (8.9%) 0.009

Diabetes  5 (1.4%)  4 (1.1%) n.s.  21 (12.1%)  32 (11.6%) n.s.  24 (14.6%)  36 (12.8%) n.s.

Table 4.  Distribution of cause of death, type and number of risk factors, and type of donors in the donor population stratified by type 
of donors (SCD vs. ECD and unsuitable donors) in Group A (years from 1999 to 2005) and Group B (years from 2006 to 2013). 
Data (all categorical variables) are presented as number and percentages (%).

ECD – expanded criteria donors; n.s. – not significant; SCD – standard criteria donors.
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unsurprisingly, the proportion of SCD has been decreasing in 
the last years, and this effect is partly due to the older aver-
age age of the general population [21,22]. In our analysis, we 
noticed that renal function parameters and bioptic scores did 
not change significantly over time when considering the over-
all donor population. However, after stratification by type of 
donors, eGFR was found to be improved in the donors of the 
latest period for SCD and unsuitable donors (nearly significant 
for SCD when using Cockcroft-Gault formula).

Taken together, these data suggest that the increasing age 
and presence of comorbidities might not be necessarily as-
sociated with impaired graft function or poor histological 
features. Radhawa et al. described a glomerulosclerosis rate 
ranging from 0% to 10% in patients aged 60–75 years and bi-
optic abnormalities in younger patients, showing that donor 
age alone may be a misleading criterion for organ classifica-
tion and allocation [23]. In spite of the belief that the use of 
organs from elderly or marginal donors results in poorer post-
transplant renal function and outcome [8,24,25], McGlynn et al. 
proposed that the performance of an organ is more strictly 
correlated to its level of senescence rather than donor age it-
self. Some organs from older donors have proven to function 
adequately for many years, similarly to those from younger 
donors, and the explication might lie in the fact that biologi-
cal age of the organ is a more effective predictor of graft out-
come than its chronological age. Hence, telomere shortening 
and the expression of biomarkers of cellular damage and se-
nescence are likely to be more suitable criteria to assess the 
quality of an organ [26].

Among unsuitable donors, a particular finding of our study was 
the similar rates of discharge due to bioptic score between the 
potential donors of the less recent period (1999–2005) and 
the ones of the latest years (2006–2013). Despite the contrast 
with OPTN data, which report a higher rate of discard due to 
the degree of glomerulosclerosis [27], our finding might be ex-
plained by increased expertise of the transplant pathologists in 

our transplant center. Currently, there is no shared consensus 
regarding the policies for discard based on histology findings. 
Since our first kidney transplant in 1967, we have performed 
more than 2700 renal transplants, resulting in a higher per-
centage of patients on our waiting list needing retransplan-
tation and longer average waiting times. A very recent study 
that focused on identification of the most relevant predictors 
in the selection of deceased donor kidneys in the USA report-
ed a weak correlation between kidney biopsy performance 
and discard rate [28].

Our analysis has the limitation of considering only donors fea-
tures to assess the effectiveness of potential donors based 
on the number of performed transplants, without examining 
transplant outcomes. Nevertheless, previous evidence has sug-
gested that histology does not correlate with 1-year patient 
and allograft survival [29]. Further studies are needed to bet-
ter address the contribution of ECD to long-term patient sur-
vival and graft outcomes in kidney transplantation.

Conclusions

The increasing organ shortage requires a great effort to pro-
mote and optimize novel strategies and specific allocation pol-
icies for ECD transplantation. Our analysis provides encourag-
ing data that support enlarging criteria to broaden the pool of 
potential donors eligible for organ donation, especially among 
elderly and marginal donors. We confirmed that donor age alone 
may be not an independent and predictive factor in decision-
making about organ classification and allocation. In particular, 
better organs should be allocated to patients with predicted 
longer life expectancy to prevent or minimize the risk of re-
transplantation in case of kidney allograft failure.
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