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ABSTRACT
Given the shortage of organs transplantation, some strategies have 
been adopted by the transplant community to increase the supply of 
organs. One strategy is the use of expanded criteria for donors, that 
is, donors aged >60 years or 50 and 59 years, and meeting two or 
more of the following criteria: history of hypertension, terminal serum 
creatinine >1.5mg/dL, and stroke as the donor´s cause of death. In 
this review, emphasis was placed on the use of donors with acute 
renal failure, a condition considered by many as a contraindication 
for organ acceptance and therefore one of the main causes for 
kidney discard. Since these are well-selected donors and with no 
chronic diseases, such as hypertension, renal disease, or diabetes, 
many studies showed that the use of donors with acute renal failure 
should be encouraged, because, in general, acute renal dysfunction 
is reversible. Although most studies demonstrated these grafts have 
more delayed function, the results of graft and patient survival after 
transplant are very similar to those with the use of standard donors. 
Clinical and morphological findings of donors, the use of machine 
perfusion, and analysis of its parameters, especially intrarenal 
resistance, are important tools to support decision-making when 
considering the supply of organs with renal dysfunction.
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RESUMO
Diante da escassez de órgãos para transplante, algumas estratégias 
têm sido adotadas pela comunidade transplantadora, no sentido 
de ampliar a oferta de órgãos. Uma delas é a utilização de rins de 
doadores com critérios expandidos, ou seja, doadores com idade 
>60 anos ou entre 50 e 59 anos, e que atendem a dois ou mais dos 

seguintes critérios: história de hipertensão, creatinina sérica terminal 
>1,5mg/dL e acidente vascular cerebral como causa de morte do 
doador. Nesta revisão, foi dada ênfase à utilização de doadores 
com disfunção renal aguda, condição considerada por muitos uma 
contraindicação para a aceitação de órgãos e, portanto, uma das 
principais causas de descarte de órgãos. Desde que sejam doadores 
bem selecionados e que não tenham doença renal crônica, como 
hipertensão ou diabetes, muitos trabalhos mostraram que o uso 
de doadores com disfunção renal aguda deve ser encorajado, pois, 
em geral, a disfunção renal aguda é de caráter reversível. Embora, 
a maioria dos estudos tenha demonstrado que há uma maior taxa 
de função retardada do enxerto com a utilização desses órgãos, os 
resultados de sobrevida do enxerto e do paciente após o transplante 
são muito semelhantes aos resultados obtidos da utilização de 
doadores padrão. Os achados clínicos e morfológicos do doador, a 
utilização da máquina de perfusão e a análise de seus parâmetros, 
principalmente a resistência intrarrenal, são importantes ferramentas 
de apoio para tomada de decisão no momento da oferta de órgãos 
com disfunção renal.

Descritores: Transplante de rim; Função retardada do enxerto; 
Sobrevivência de enxerto; Insuficiência renal; Doadores de tecidos

INTRODUCTION 
Kidney transplant is the replacement therapy of choice 
for patients with end- stage renal disease, since it 
provides better quality of life and greater survival for 
them, as compared to dialysis, besides better cost-
effectiveness.(1,2) 

There is, however, a huge discrepancy between the 
number of patients on the waiting list and the number 
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of transplants performed. According to data from the 
2013 United States Renal Data System, 600 thousand 
patients were undergoing dialysis in the United States. 
At the end of 2012, 100 thousand patients were on the 
waiting list for a renal transplant, and approximately 17 
thousand transplants are performed per year; of these, 
only 11 thousand are from deceased donors.(1) 

The same scenario is observed in Brazil, that is, 
a growing increase of patients on dialysis and a large 
disproportion between patients on a waiting list and 
transplants performed. As per the 2011 Brazilian 
Dialysis Census, during this period there were more than 
90 thousand patients undergoing dialysis.(3) According to 
data from January to September 2013 of the Brazilian 
Registry of Transplants, those active on the waiting list 
and with a kidney transplant were, respectively, 19,913 
and 2,707 patients.(4) Many patients on the waiting list 
ended up dying before being called for the transplant. 
According to data from the São Paulo State Department 
of Health, 5% of patients die while waiting for a kidney 
transplant.(5)

Considering that this disparity between organs offered 
and demand for transplants is a worldwide problem, 
the transplant community adopted some strategies to  
expand the donor pool. Some strategies are: 1. to 
optimize the identification of potential donors by 
healthcare services, 2. to use donor´s heart that have 
stopped beating (not yet used in Brazil); 3. the use of 
two kidneys from the same donor of an advanced age 
and/or expanded criteria (in Brazil, the criteria for 
using two kidneys with expanded criteria have not yet 
been defined in an official document); 4. and in the use 
of expanded criteria donors (ECD).(1,6)

According to the United National Organ Sharing 
(UNOS), the definition of ECD is when the relative 
risk of losing the graft is 1.7-fold higher than the risk 
associated with loss of the standard donor.(7) The ECD 
correspond to donors aged ≥60 years or donors aged 
between 50 and 59 years, and who meet two or more of 
the following criteria: history of systemic hypertension, 
terminal serum creatinine >1.5mg/dL, and stroke as 
cause of death of the donor.(7) The survival of the graft 
and patient with the use of ECD was 8-12% and 15-20% 
lower than 3 and 5 years, respectively, compared to 
those of a standard donor.(8) Some studies recommend 
the use of ECD for older patients (>65 years), because 
they have a shorter life expectancy, since they would 
have more years of life saved than if they remained on 
dialysis, while for younger patients the benefits would 
be greater, in terms of survival, by waiting for a better 
quality organ and remaining less time in dialysis.(8,9) 
Roughly 20% of donors of the United States are ECD.(10) 

The decision to accept an ECD organ should always 
be shared with the recipient, who should be aware of 
the results related to this type of transplant and decide 
between remaining a shorter time on the waiting list 
and receiving an ECD organ or waiting longer on the 
list, expecting a better quality organ. 

Some tools are used to help the transplant physician 
better evaluate the viability of ECD organs, such as 
preimplantion renal biopsy (performed at the time of 
extractions), parameters of the machine perfusion,(11) and 
the risk scores which include clinical and morphological 
variables of the donor related to the quality of the organ 
and to the renal prognosis.(12,13)

Regarding the histological findings of the preimplant 
biopsy, those that are associated with the worst renal 
prognosis are interstitial fibrosis/tubular atrophy, 
glomerulosclerosis, vascular intimal thickening, and 
arteriolar hyalinosis. The most often used histological 
variable for discarding organs is the presence of 
glomerulosclerosis in more than 20% of the glomeruli. 
However this characteristic cannot be exclusively 
considered, since some studies did not confirm its 
association with the renal prognosis.(14-16) More recent 
data showed that vascular alterations, especially arteriolar 
hyalinosis, have a more significant effect on the survival 
of the graft than other histological alterations.(15,17,18) 

In the United States, 75% of the ECD were submitted 
to preimplantation biopsies, and data showed that the 
findings of biopsies contributed towards a better use 
of the organs, which would have been discarded if they 
had been selected merely by clinical parameters.(16)

The machine perfusion has been used to preserve 
the organ in several transplanting centers, because it 
improves quality of the organ and protects it from the 
ischemia-perfusion lesion,(19,20) when compared to its 
static preservation on ice, in kidney pairs from the same 
donor (any type of donor, standard or ECD), recipients 
who used the machine perfusion had a lower risk of 
delayed graft function (DGF) and better survival of the 
graft in one year (94% versus 90%) and in three years 
(91% versus 87%).(21,22) In the specific case of ECD, 
a meta-analysis recently showed that the use of the 
machine perfusion was associated with a smaller rate 
of DGF and better survival of the graft at one year, 
relative to the static preservation on ice.(23)

The perfusion machine, by means of some of its 
parameters, such as intrarenal flow and intrarenal 
resistance, allows selecting organs with greater chances 
of evolving with favorable results. Some centers adopted 
the following criteria for organ discard: intrarenal flow 
<80mL/min and intrarenal resistance >0.40mmHg/
mL/min after 6 hours on the machine.(20,24) Likewise 
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preimplantation biopsies, with the use of machine 
perfusion and analysis of its parameters, more organs 
were used for transplant.(16)

One of the ECD characteristics that might be present 
is acute kidney injury (AKI), which is considered a 
contraindication for accepting an organ at many centers 
and an important cause for discarding organs. Creatinine 
elevation in the donor may result from a preexisting 
renal disease or secondary to ischemic, nephrotoxic, 
immunological, and/or inflammatory injuries that occured 
before extraction of the organ, such as those listed, 
including hypotension/shock, use of nephrotoxic drugs, 
infection, rhabdomyolysis and/or release of cytokines 
related to brain death, among others. This damage 
most frequently causes a lesion denominated “acute 
tubular necrosis”, which is generally a reversible renal 
lesion. With the transplant, the same is expected, i.e., 
that aside from the damaged environment, this kidney 
will recover from the lesions that occurred during the 
preimplantation period.(1,6)

Although this lesion may generally be reversible, 
kidneys of donors with AKI are more susceptible 
to ischemic injury (resulting from warm, cold, and 
reperfusion ischemia), which can lead to higher rates 
of primary graft dysfunction, DGF, and acute rejection 
after the transplant.(6) Additionally, some articles showed 
an association with shorter graft survival, which is one 
of the main reasons for organs being discarded, besides 
the chronic morphological findings.(1,6,16,25)

On the other hand, many other studies demonstrated 
satisfactory results with the use of donors with AKI, 
who represent one more opportunity to expand the 
number of organs when they are strictly assessed within 
a clinical, histological, and functional context (machine 
parameters).(1,6,19,26-30)

STUDIES OF KIDNEY TRANSPLANTS PERFORMED WITH 
ACUTE KIDNEY INJURY DONORS AND FAVORABLE 
RESULTS
Farney et al. published their experience with the use of 
84 deceased donors with AKI (evaluated by the donor’s 
terminal creatinine) over five years. The definition of 
AKI in the donor considered in this study was terminal 
creatinine (before organ extraction) twice or more 
the baseline creatinine or terminal serum creatinine 
>2.0mg/dL. The mean baseline and terminal creatinine 
values of the donor in this study were 1.25 and 3.2mg/dL,  
respectively. The transplants from AKI donors presented 
with 5-year patient and graft survival similar to those 
from donors with no AKI; transplants from AKI donors 

had mores DGF (40% versus 27%), but this had no 
impact on graft survival. The renal function along two 
years also was not different in both groups. With these 
results, the group concluded that the use of deceased 
donors with AKI represented a safe strategy to increase 
the pool of donors, which can be considered for well-
selected patients.(1) 

Klein et al., in a Brazilian group, evaluated 1,518 
individuals with transplanted kidneys, divided into four 
groups − 253 ECD (116 with AKI and 137 without 
AKI) and 1,265 standard donors (369 with AKI and 896 
without AKI), and analyzed the following outcomes: 
DGF, kidney function, survival of the graft and patient, 
and one-year rejection-free survival. The use of donors 
with AKI led to a greater rate of DGF both in the group 
that used ECD (68% versus 58%) and in the group with 
standard donors (69.9% versus 50.6%) and when ECD 
was used (with and without AKI). Kidney function 
in one year was worse by about 10mL/min in both 
groups, and there were more chronic alterations in the 
preimplantation biopsies, as compared to those of the 
standard donor. The one-year survival for patient, graft 
and rejection-free survival was no statistically different 
in the four groups, suggesting that the use of these 
donors was related to satisfactory results.(27)

Lin et al. reported their results of about three years 
after the use of 25 deceased donors, whose terminal 
serum creatinine was >2.0mg/dL, with a mean of 
3.37mg/dL. This group was based on the chronic results 
of preimplantation biopsies to decide as to acceptance 
or not of a donor organ with AKI. Using this strategy, 
only two kidneys with high levels of creatinine were 
discarded, and the group reduced the waiting time for 
transplant. In the same way as in the previous study, 
we noted a higher rate of DGF (80% versus 30%) in 
the group that used donors with high levels of terminal 
creatinine. Nevertheless, the survival rates of the patient 
and the graft, as well as the acute rejection rates were 
comparable to those of the control group.(19)

Deroure et al. showed the results of three years with 
the use of 52 deceased donors with AKI. The results 
obtained were similar to the previous ones: higher rate 
of DGF and optimal results for survival of the graft and 
patient. However, after three months, reduced renal 
function was noted (creatinine clearance <50mL/min),  
which was influenced by some variables, such as donor 
age, stroke as cause of death of the donor, DGF lasting 
longer than one week, and rejection. After these results, 
the authors recommended avoiding the use of kidneys 
from donors with AKI aged over 60 years and with a 
history of chronic cardiovascular diseases (hypertension, 
diabetes, etc.).(26)
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Zuckerman et al. retrospectively assessed 17 
transplants from donors with AKI and compared them 
to 83 transplants from donors without AKI performed 
during the same period. AKI was defined as terminal 
creatinine (before organ extraction) two-fold or more 
the baseline creatinine or values of terminal serum 
creatinine >2.0mg/dL. The mean terminal creatinine 
and creatinine clearance was 3.1mg/dL versus 1.3mg/dL  
and 44mL/min versus 98mL/min, respectively. The 
machine perfusion was used in 92% and 41% of cases, 
respectively. There was no difference between the two 
groups relative to the outcomes analyzed: DGF (32% 
versus 22%), 1 year survival of the graft and patient, 
acute rejection rate, days of hospitalization, and renal 
function in the 6th month.(24) 

Greenstein et al. described a three-year experience 
with the use of 22 kidneys of standard donors, but with 
high terminal creatinine (mean serum creatinine of 
3.2mg/dL). Most kidneys were preserved in machine 
perfusion. The incidence of DGF was 28% and all the 
biopsies revealed only findings consistent with acute 
tubular necrosis. At the end of one year after the transplant, 
both survival of the graft and of the patient were 100%, 
and the mean serum creatinine was 1.7mg/dL.(28)

A review of the UNOS results relative to transplants, 
both from standard donors and from ECD, stratified 
into three groups as per the terminal creatinine values 
(≤1.5mg/dL, 1.6 to 2.0mg/dL, and >2.0mg/dL), showed 
that, in the group of standard donors, the rate of graft 
loss was similar in all three groups, but there was 
greater discard of organs in the group with the highest 
creatinine value. In the groups that used ECD, both 
the rate of graft loss and of organ discard were greater 
in the group with highest levels of creatinine. In both 
donor groups, the greater the DGF rate, the higher the 
creatinine level. The use of machine perfusion led to 
fewer donor organs with high creatinine (>2.0mg/dL) 
to be discarded. This study showed that the presence 
of AKI in the standard donor did not impact the graft 
survival, while in ECD, the risk of graft loss increased as 
creatinine level rose.(25)

Lee et al. recently published their retrospective 
results related to the use of donors with AKI, classified 
as per the Acute Kidney Injury Network Criteria 
(AKIN). The outcomes analyzed were DGF, long- and 
short-term kidney function – as this was one of the 
studies with longest follow-up. In this study, 28% of the 
recipients received organs with AKI. The group with 
AKI presented with more DGF (42.1% versus 12.2%) 
and worse kidney function throughout the first six 
months after transplant. However, in the mid- and long-
term periods, the kidney function at 12 months and 

survival of the graft at five and ten years were similar 
in both groups. The degree of AKI, according to the 
AKIN classification, did not interfere in the results.(31)

In 2013, the first successful kidney transplants 
that used organs from a donor with AKI undergoing 
dialysis were documented. The donor was 20 years 
old, had suffered a car accident, and progressed with 
oliguria, AKI, and the need for continued dialysis. The 
preimplantation biopsy revealed findings consistent 
with acute tubular necrosis, and both kidneys were 
implanted in patients aged 55 and 59 years, with cold 
ischemia times of about 12 and 18 hours, respectively. 
An initial less nephrotoxic immunosuppression regimen 
was chosen with cyclosporine, which is generally 
recommended when high-creatinine organs are used. 
The first patient progressed without DGF and the last 
creatinine level at follow-up was 0.95mg/dL; the second 
progressed with DGF and had two episodes of acute 
rejection, and the last creatinine level at follow-up 
was 1.38mg/dL.(30) This case report demonstrates that 
there is one more opportunity for expanding the pool 
of donors. 

hospital israelita albert einstein EXPERIENCE 
WITH THE USE OF donors WITH ACUTE KIDNEY INJURY
A cohort of 150 patients transplanted from deceased 
kidney donors at the Hospital Israelita Albert Einstein 
Albert, between January 2008 and December 2011, was 
retrospectively analyzed. The objective was to evaluate 
the impact of the donor’s terminal creatinine on DGF, 
days of DGF, days of hospitalization, kidney function 
of the recipient, and survival of patient and graft at 
the end of one year. Patients were classified as per the 
value of the donor’s terminal creatinine: one group 
had a terminal creatinine level ≤1.5mg/dL and the 
other, creatinine >1.5mg/dL. Immunosuppression in 
this group consisted of induction with thymoglobulin 
and maintenance composed of tacrolimus, prednisone, 
and sodium mycophenolate. The analysis was also 
reproduced considering creatinine quartiles of the 
donor, and all results were similar.

The mean age of the donors was 40.6±14.7 years. 
Of the total 150 patients of the sample, 90 donors (60%) 
presented with serum creatinine levels ≤1.5mg/dL, and 
60 (40%) presented with levels of serum creatinine 
>1.5mg/dL. The mean donor terminal creatinine 
was 1.6±1.1mg/dL, and the median was 1.3mg/dL 
(minimum of 0.37 and maximum of 8.8mg/dL). The 
following results were found. 
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Delayed graft function
In this case series, 114/150 (76%) patients presented 
with DGF. Among the patients who had donor terminal 
creatinine levels >1.5mg/dL, 81.7% (49/60) presented 
with DGF, while in the group that presented with donor 
terminal creatinine <1.5mg/dL, 72.2% (65/90) of the 
patients presented with DGF. This difference was not 
statistically significant, with p=0.184 (Figure 1).

Figure 1. Association between delayed graft function and donor creatinine

The mean DGF days was 13.8±11.8 (median of 12 
days; minimum of 2; maximum of 87 days). Considering 
only the patients who presented with DGF, there was no 
difference in the median DGF time when comparing the 
groups with donor terminal creatinine greater or lesser 
than 1.5mg/dL, with a median of 12 days (minimum of 
3 and maximum of 87 for creatinine >1.5mg/dL; and 
a minimum of 2 and maximum of 56 for creatinine 
<1.5mg/dL) for both groups, with p=0.612.

Length of stay
The mean length of stay after the transplant was 
24.2±16.9 days (median of 20 days; minimum of 5; 
maximum of 107). In the group with donor terminal 
creatinine ≤1.5mg/dL, the median length of stay was 
18.5 days (minimum of 5 and maximum of 86 days), and  
in the group with donor terminal creatinine >1.5mg/dL,  
it was 21 days (minimum of 7 and maximum of 107 
days), with no statistical difference between the two 
groups, with p=0.191. 

Kidney function of the recipient: 1, 6, and 12 months 
after the transplant
The donor terminal creatinine was not associated with 
the creatinine values of the recipient throughout the first 
year (analysis made considering the donor creatinine 
both as a continuous and as categorical variable), with 
p<0.05 (Figure 2). 

Figure 2. Association between creatinine of the donor and creatinine of the 
recipient at 1, 6, and 12 months

Patient survival 
In the group with donor terminal creatinine ≤1.5mg/dL,  
there were 3/90 (3.3%) deaths, resulting in a patient 
survival rate of 96.6% at the end of one year. In the 
group with donor terminal creatinine >1.5mg/dL, there 
were 2/60 deaths (3.3%), resulting in a patient survival 
rate of 96.6% at the end of one year. There was no 
statistically significant difference between the two groups 
relative to patient survival (p=0.970) (Figure 3).

Figure 3. Patient survival

Graft survival 
In the group with donor terminal creatinine ≤1.5mg/dL,  
there was 1/90 (1.1%) graft loss, resulting in a graft 
survival rate of 98.9% at the end of one year. In the 
group with donor terminal creatinine >1.5mg/dL, there 
were 2/60 (3.3%) graft losses, resulting in a survival 
rate of 96.6% at the end of one year. There was no 
statistically significant difference between the two groups 
as to survival of the graft (p=0.327) (Figure 4).
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expanded criteria, acute kidney injury may represent 
a chronic disease of the renal parenchyma; thus the 
importance of the biopsy and the parameters of the 
machine perfusion for decision-making at the time of 
organ supply.(25)

In the presence of elevated terminal creatinine, 
the donor’s creatinine and creatinine clearance upon 
admission should also be investigated, since they are 
more important than terminal creatinine level (before 
the extraction), and have a greater relation with the 
baseline renal function of this individual than terminal 
creatinine. The evolution of creatinine should be 
evaluated, since evidence of improved renal function 
suggests that the organ is viable and that this recovery will 
continue after the transplant. Sometimes, the admission 
creatinine may be elevated and it is difficult to interpret 
the baseline renal function – showing the importance 
of joining other clinical and histological data, as well as, 
whenever possible, the machine perfusion parameters, 
such as intrarenal flow and intrarenal resistance.(25) 

Chronic histological findings (interstitial fibrosis, 
vasculopathy, and glomerulosclerosis) in the donor, 
when accompanied by high creatinine levels, even in 
standard donors, are associated with worse outcomes (33)  
and with machine perfusion parameters; especially 
intrarenal resistance associates with a worse prognosis, 
and should, therefore be taken into consideration when 
selecting a donor without ideal criteria.(33)

CONCLUSION
Although most studies showed that there is a greater 
rate of delayed graft function with the use of these 
organs, the results of survival of graft and of patient 
after transplant are very similar to the results obtained 
with the use of standard donors. The clinical and 
morphological findings of the donor, the use of machine 
perfusion, and the analysis of its parameters, especially 
intrarenal resistance, are important support tools for 
decision-making at the time of supply of organs with 
kidney injury.
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