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Abstract

Introduction: Due to the increase in the demand of renal grafts, the criteria for organ acceptance have been widened. It has been 
accepted the definition of expanded criteria donor (ECD) and it has been developed new extraction techniques such as organ 
donation after circulatory death (DCD). In order to better preserve the renal grafts and optimize their function, graft perfusion 
techniques have been developed through different a system, which allows an increase in the hours of cold ischemia.
Material and Methods: Data base is created with the inclusion criteria where both donor kidneys were transplanted in different 
receptors, preserving one kidney in cold storage (CS) and the other using a continuous pulse machine perfusion device. Lifeport 
Kidney Transporter device is used in this study. T student for independent means analysis is carried out with the objective to find 
statistically significant differences in the analytical and functional parameters.
Results: There were no differences on receptors characteristics. It was found statistically significant difference in time of cold 
ischemia between cold storage and machine perfusion (p= 0.00). It is remarkable that diuresis, creatinine and urea seems to be 
better on MP group even when p value is not significant. Postsurgical complications, blood transfusions and hospitalization days 
are also less on MP group.
Conclusion: The preservation of the renal graft by MP achieves similar short-term results compared to cold storage irrespective 
of the greater time of cold ischemia.
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Abbreviations: ECD: Expanded Criteria Donor; DCD: 
Donation after Circulatory Death; CS: Cold Storage. 

Introduction

Population ageing and the stabilization of the donation of 
corpses increase waiting lists for kidney transplants over the 
years. In order to solve this problem the accepted criteria 
for the organs becomes wider, creating the term of donation 
with expanded criteria. It was observed that these sub-
optimal donors, although demonstrating worse long-term 

graft survival [1] and an increase in early renal dysfunction 
[2], when compared to the overall survival of the patient, 
mortality was lower when the groups of patients on the 
waiting list were taken into consideration [3]. At present, 
with the generalization of the extraction technique in 
asystole, new candidates for donation are appearing in view 
of the decrease in deaths from natural causes and accidents, 
which has meant an increase in donation in general terms 
and in the number of transplants [4]. Recent years have also 
seen an increase in early kidney transplants as a method of 
replacement therapy, rising from 1.4% of transplants in 2006 
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to 4.8% in 2016.

Thanks to all these efforts in donation, coordination between 
different services and the implementation of donation in 
asystole, since 2014 there has been an increase in the number 
of kidney transplants per million inhabitants, which had 
remained stable since 2000 [5]. The risk posed by the increase 
in the number of transplants is the lengthening of the cold 
ischemic period. For this reason, different techniques have 
been developed for renal conservation that make it possible 
to maintain renal flow with cold serum. Several studies have 
been carried out to check the effect of these machines on 
renal conservation. Already in 2009, a randomised study 
showed improved survival and graft function [6] although it 
was initially developed with the idea of being able to extend 
cold ischemic times. Several subsequent studies have given 
consistency to these findings in both asystole donors [7] 
and cadaver donors. In fact, in the case of the cadaver donor, 
substantial improvements in long-term renal function have 
been found by reducing the evolution to dialysis [8].

Due to the importance of correct renal preservation in post-
transplant function, percentage of initial delay of organ 
function, acute tubular necrosis and graft survival, the debate 
about the use or not using perfusion machines is relevant 
for the usual medical practice, even more considering the 
contradictory results of some studies such as the one by 
Watson et al. [9], which was suspended because no difference 
was found between types of preservation (futility stop).

The absence of clear differences has made the use of 
perfusion machines open to debate [10], although there is an 
increasing evidence in favour of the use of machine perfusion 
devices [11-15], in that it helps to reduce delayed graft 
function and improves graft survival during the first year. 

However, its advantage in decreasing primary graft failure is 
not clear [11].

Material and Methods

In order to observe the effect of the LifePort Kidney 
Transporter kidney perfusion machine, a database was 
created incorporating the transplants performed from 2016 
to May 2020. The main inclusion criteria was the acceptance 
of both donor kidneys, being implanted in different recipients 
and keeping one kidney cold with Celsior preservation fluid 
and another with a LifePort Kidney Transporter pulsed 
chase machine with KPS solution. Although most studies 
use the Wisconsin storage medium, there are no significant 
differences with Celsior [16] and its use is therefore 
considered valid.

Kidney transplants were carried out sequentially due to 
logistic reasons. The first transplanted organ was the one 
preserved in CS, followed by the second transplant using the 
kidney from MP. By obtaining two organs from each donor, it 
is estimated that selection bias has been avoided because the 
transplanted organs have the same characteristics, so that 
the overall result only depends on variables of the recipient 
and on the type of organ conservation. The Student t of 
independent measures is used to perform a mean difference 
analysis in the values between both groups in order to 
observe significant differences in the early function of the 
graft and creatinine levels evolution.

Results

In a preliminary analysis of the demographic data, there 
were no statistically significant differences between the two 
groups (Table 1).

Item Lifeport N Media Standard 
deviation Media error P value

Age
Yes 21 58,29 10,978 2,396

0.94
No 21 58,62 17,405 3,798

MBI
Yes 21 25,850 3,7958 ,8283

0.6
No 21 26,503 4,1179 ,8986

Dialisis time
Yes 21 621,78 346,332 81,631

0.33
No 21 775,11 570,070 130,783

Residual urine 
output

Yes 21 982,50 547,248 122,368
0.38

No 21 811,90 643,021 140,319

Previous 
creatinine

Yes 21 6,2333 2,56755 ,56029
0.81

No 21 6,4238 2,38849 ,52121

Table 1: Receptors data.
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There are no statistically significant differences in organ 
laterality between the two groups, which mostly have been 
placed on the right side. Three patients underwent a second 
transplant. The kidneys preserved by the LifePort Kidney 
Transporter System were monitored for improved resistivity 
and flow between the implant and the machine and the time 
prior to removal of the organ from the machine. Average 
initial resistance values of 0.52 and flow rates of 70.71ml/
min and final resistance values of 0.22 and 129ml/min 

were observed at a maximum pressure of 30/20mmHg. The 
kidneys were perfused for an average time of 1055 minutes.

On Table 2 are shown storage and suture data. There were 
no differences in the vascular suture times of the graft and 
the arterial clamping time of the recipient. There were 
statistically significant differences in the cold ischemia time 
of the organ, with an average difference of six and a half 
hours between both groups.

Item Lifeport N Media Standard 
deviation Media error P value

Cold ischemic 
time

Yes 21 1227.38 213.37 46.56
0.00

No 21 834.81 189.45 41.34

Suture time
Yes 21 57.48 12.18 2.66

0.87
No 21 56.76 15.09 3.29

Arterial suture
Yes 21 25.13 8.89 2.22

0.75
No 21 24.29 8.89 2.16

Table 2: Storage and vascular data.

Item Lifeport N Media Standard 
deviation Media error P value

Creatinine 24h
Yes 21 5.07 2.81 0.61

0.88
No 21 5.2 2.66 0.58

Creatinine at 
discharge

Yes 21 2.35 1.46 0.32
0.76

No 21 2.50 1.64 0.36

Diuresis 24h
Yes 21 5737.14 2663.65 581.256

0.84
No 21 5992.1 5185.22 1131.51

Diuresis at 
discharge

Yes 21 2350.00 781.19 170.47
0.32

No 21 2126.19 654.34 142.79

Urea 24h
Yes 21 110.38 41.51 9.06

0.40
No 21 90.29 34.16 7.46

Urea at discharge
Yes 21 104.71 56.23 12.27

0.73
No 21 110.62 54.97 11.99

Presurgical 
haemoglobin

Yes 21 11.83 1.34 0.29
0.62

No 21 11.62 1.32 0.29
Postsurgical 
haemoglobin

Yes 21 9.65 2.68 0.58
0.75

No 21 9.87 1.60 0.35

Transfusion needed
Yes 21 0.76 1.45 0.32

0.23
No 21 1.33 1.56 0.34

Clavien-Dindo 
media

Yes 21 1.14 1.15 0.25
0.27

No 21 1.62 1.57 0.34

Hospitalization days
Yes 21 9.67 4.49 0.98

0.50
No 21 10.57 4.15 0.91

Table 3: Post surgical data.
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This difference is explained on the operation room availability, 
performing one transplant after the other. Kidneys preserved 
in using MP were performed secondly. When analytical items 
are analyzed, there were no significant differences between 
both groups. When Analytical and post surgical data were 
analyzed (Table 3), creatinine is lower on Lifeport group, 
which is consistent with the urea values. We have observed 
that the Lifeport group had better diuresis at discharge, less 
post surgical complications, less need for a blood transfusion 
and fewer days of hospitalization.

Despite the numbers are not statistically significant, it 
is important to notice the improvement that the use of a 
perfusion device can provide, even when this group has more 
than 5 hours of ischemic time above cold storage. When 
creatinine, urea and diuresis were measured at discharge, it 
is important to notice that all functional values are better on 
Lifeport group. Surgical measurements were better to, with 
less requirements of blood transfusions, less complications 
and less hospitalization days.

Discussion

The need to increase the donor pool because of the demand 
for organs is not a problem that affects us in isolation. With 
the increase in half-life and chronic pathologies, the costs 
associated with long-term dialysis represent a significant 
economic burden in our environment, so methods that allow 
optimization of grafts that can be considered transplantable 
are a relevant issue [17]. In this study almost all of the 
transplanted kidneys corresponded to donors considered to 
have expanded criteria, defined as donors aged 60 or over 
or aged 50 or over with two associated risk factors (serum 
creatinine greater than 1.5mg/dl, high blood pressure or 
cause of death by stroke).

In the study by Wight et al. [18] the economic benefit of 
the use of the perfusion machine compared to cold storage 
was observed in donors with circulatory death or asystole. 
In other studies, advantages have been observed in donors 
with expanded criteria, above all due to the reduced need 
for dialysis during the immediate post-operative period and 
hospital admission [19]. In the analysis by Bond et al. [20], 
no differences were found between the different perfusion 
devices, and more data is needed in the future to know 
which system is better. In this study, the decrease in days of 
admission and complications in the graft perfusion group 
is constantly observed, which supports the theory of lower 
costs despite the use of these devices.

Many studies have tried to explain why these results are 
obtained with a perfusion machine. In the study by Yland et 
al. [21], better renal conservation was observed in relation to 
TPA levels and homeostasis. There is also evidence suggesting 

a reduction in apoptosis and tissue inflammation by observing 
reduced expression of endothelin-1 and increased nitric acid 
[22] and reduced oxidative stress and inflammation of the 
grafts [23]. Other works observe a reduction in endothelial 
damage, observing better reperfusion by measuring cortical 
microcirculation and tubular damage markers [24, 25]. It has 
also been studied that cessation of renal flow is associated 
with increased endothelial dysfunction of the renal graft 
when comparing graft perfusion with cold storage [26].

In this sense, the review carried out by Hameed et al. [14] is 
very revealing by including animal trials in their systematic 
review, concluding the improvement that perfusion brings 
in the short term after kidney transplantation. Although 
with a more doubtful effect in the long term, it may be more 
beneficial in terms of survival than remaining on dialysis, 
even with suboptimal kidneys [3].

A hypothesis that can justify these results of early recovery 
of renal graft function and less ischemic damage is the 
shorter ischemia-reperfusion time, as capillaries and small 
vessels are open. For this reason, it is possible that lower 
results could be obtained in our study, using maximum 
perfusion pressures of 30mmHg, in contrast to the average 
of the studies analyzed, which reported 50mmHg. There is 
evidence of improvement in renal function and delayed graft 
function with expanded criteria donors [27-29], so that the 
improvement in early function of transplants is justified in 
our work, although it does not reach significance.

Conclusion

Renal graft preservation by means of perfusion machines 
achieves short-term results comparable to cold preservation 
regardless of the longer cold ischemic time. The decrease in 
days of admission and complications in transplant patients 
after optimizing the graft with a renal MP, although not 
significant, may be relevant from an economic point of view 
as observed in the analyzed studies. The improvement on 
creatinine levels, urea and diuresis at discharge on MP group 
can be explained by the optimization of the transplanted 
graft. The sample needs to be enlarged so that the p value 
can reach the signification, but these results are promising 
for future measurements. 
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