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The Association Between Macroscopic 
Arteriosclerosis of the Renal Artery, Microscopic 
Arteriosclerosis, Organ Discard, and Kidney 
Transplant Outcome
Anke Keijbeck, MD,1 Rob Veenstra,2 Robert A. Pol, MD, PhD,2 Cynthia Konijn,3 Nichon Jansen, PhD,3  
Harry van Goor, PhD,4 Andries J. Hoitsma, MD, PhD,3 Carine J. Peutz-Kootstra, MD, PhD,1 and  
Cyril Moers, MD, PhD2

INTRODUCTION
The past few decades have seen a steady increase in the 
average deceased donor age.1 A typical donor today is 
over 50 years old and is likely to have several relevant 

comorbidities.2 Indeed, the once called “expanded criteria” 
donor has gradually become our standard donor. With ris-
ing donor age and associated medical conditions, it will be 
more likely that a substantial amount of arteriosclerosis is 
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Original Clinical Science—General

Background. During organ retrieval, surgeons estimate the degree of arteriosclerosis and this plays an important role in 
decisions on organ acceptance. Our study aimed to elucidate the association between macroscopic renal artery arterioscle-
rosis, donor kidney discard, and transplant outcome. Methods. We selected all transplanted and discarded kidneys in the 
Netherlands between January 1, 2000, and December 31, 2015, from deceased donors aged 50 y and older, for which data 
on renal artery arteriosclerosis were available (n = 2610). The association between arteriosclerosis and kidney discard, the 
relation between arteriosclerosis and outcome, and the correlation between macroscopic and microscopic arteriosclerosis 
were explored. Results. Macroscopic arteriosclerosis was independently associated with kidney discard (odds ratio [OR], 
1.36; 95% confidence interval [CI], 1.02-1.80; P = 0.03). Arteriosclerosis (any degree) was not significantly associated with 
delayed graft function (OR, 1.16; 95% CI, 0.94-1.43; P = 0.16), estimated glomerular filtration rate 1-y posttransplant (B, 
0.58; 95% CI, –2.07 to 3.22; P = 0.67), and long-term graft survival (hazard ratio, 1.07; 95% CI, 0.86-1.33; P = 0.55). There 
was a significant association between mild arteriosclerosis and primary nonfunction (OR, 2.14; 95% CI, 1.19-3.84; P = 0.01). 
We found no correlation between macroscopic and histological arteriosclerosis, nor between histological arteriosclerosis 
and transplant outcome. Conclusions. Macroscopic arteriosclerosis of the renal artery was independently associated 
with kidney discard and somewhat associated with primary nonfunction posttransplant. However, there was no effect of 
arteriosclerosis on delayed graft function, estimated glomerular filtration rate at 1 y, or long-term graft survival. Our results 
are valid only after inevitable exclusion of discarded kidneys that had on average more arteriosclerosis. Hence, conclusions 
should be interpreted in the light of this potential bias.

(Transplantation 2020;104: 2567–2574).
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encountered during organ retrieval. Arteriosclerosis of the 
renal artery may cause technical challenges to construct an 
arterial anastomosis in the recipient. Also, the condition 
is often believed to be associated with worse renal trans-
plant outcome, either in the short term because of techni-
cal/thrombotic vascular complications, or in the long term 
as a result of a presumed lower functional capacity of the 
graft.3

At organ retrieval, the surgical team estimate the degree 
of macroscopic arteriosclerosis of the renal artery and this 
information is communicated to the designated recipi-
ent center, along with other donor and organ procure-
ment data. The transplant center’s medical team will base 
their initial decision to accept or decline a kidney offer 
mainly on these parameters. The aforementioned mac-
roscopic arteriosclerosis grading is a mandatory organ 
quality parameter in the whole Eurotransplant procure-
ment region (8 European countries, among which the 
Netherlands) and entirely depends on the subjective opin-
ion of individual retrieval surgeons. Surgeons receive no 
specific training or protocol for scoring the degree of renal 
artery arteriosclerosis.

The aim of this study was to investigate whether kidney 
grafts with macroscopic arteriosclerosis were discarded 
more often than those with unaffected renal arteries. In 
addition, we studied the association between macroscopic 
renal artery arteriosclerosis and outcome of those kidneys 
that were transplanted and whether macroscopic surgical 
assessment of the renal artery correlated with histological 
signs of arteriosclerosis.

MATERIALS AND METHODS

Data Retrieval
We utilized data from the Dutch Organ Transplantation 

Registry (NOTR) and from Eurotransplant to perform 
a retrospective cohort study. The NOTR data manage-
ment committee approved anonymized data usage for 
this study. No Institutional Review Board approval was 
required. All kidneys initially offered for transplantation 
between January 1, 2000, and December 31, 2015, from 
deceased donors aged 50 years and older, carried out in 
any of the 8 transplant centers in the Netherlands, were 
selected. We only included kidneys of those retrieval pro-
cedures that were actually commenced and for which data 
on the macroscopic degree of renal artery arteriosclero-
sis were available. Baseline demographic variables of the 
donor, recipient, and organ preservation, as well as rel-
evant posttransplant outcome measures, were collected 
(Table  1). For occasional missing values (variable <5% 
incomplete), the overall median was imputed in case of 
continuous variables, or a negative value (“none”/“no”/ 
“absent”) was imputed in case of binary variables. The 
database was thoroughly checked for inconsistencies and 
any errors encountered were corrected after consultation 
of the NOTR data managers.

Macroscopic Arteriosclerosis
In Eurotransplant, the procurement surgeon is required 

to estimate the degree of macroscopic renal artery arte-
riosclerosis immediately after organ retrieval. Along with 
other macroscopic organ characteristics, this assessment 

is digitally stored and made available to the designated 
recipient’s medical team when a kidney is offered for trans-
plantation. The presence of macroscopic renal artery arte-
riosclerosis can be scored as “none,” “mild,” “moderate,” 
or “massive.” We utilized this score as the variable which 
conveys the subjective assessment of macroscopic renal 
artery arteriosclerosis by the procurement surgeon.

Histological Degree of Arteriosclerosis
In a subcohort of kidneys that were transplanted in 

the University Medical Center Groningen and for which 
a preimplantation renal needle biopsy was available, an 
experienced renal pathologist reread all histological slides 
on light microscopy and, specifically for this study, scored 
the degree of vascular fibrous intimal thickening (cv) and 
arteriolar hyalinosis (ah). Both could be either 0, 1, 2, or 
3, based on the cv and ah chronicity parameters of the 
Banff scoring system for renal allografts.4-6 These 2 Banff 
subscores are generally considered to be histological indi-
cators of intrarenal arteriosclerosis.

Statistical Analysis
Differences between baseline characteristics of trans-

planted and discarded kidneys were characterized by 
means of Mann-Whitney U tests and Pearson chi-square 
tests, wherever appropriate.

First, we explored the association between macro-
scopic renal artery arteriosclerosis and kidney discard. 
Univariable analysis consisted of a Pearson chi-square 
test. In multivariable logistic regression models, we tested 
whether (degree of) macroscopic arteriosclerosis was an 
independent risk factor for organ discard. The choice of 
other covariates in these models was based on literature 
and presumed clinical relevance. No further selection 
was applied; hence, all covariates were left in the models, 
regardless of their significance level. Full models, including 
all covariates, are listed in the supplementary appendix.

Second, we investigated the relation between macroscopic 
renal artery arteriosclerosis and delayed graft function 
(DGF), primary nonfunction (PNF), the (Chronic Kidney 
Disease Epidemiology Collaboration) estimated glomerular 
filtration rate (eGFR) at 1 year after transplantation, and 
death-censored graft survival up to 10 year posttransplant. 
DGF was defined as any dialysis requirement in the first week 
after transplantation. Univariable analyses of the association 
between arteriosclerosis and the incidence of DGF and PNF 
were performed with Pearson chi-square tests. Univariable 
analyses for eGFR consisted of a 1-way ANOVA. Univariable 
analysis of graft survival was performed with a log-rank 
test. We also conducted multivariable logistic, linear, or Cox 
regression analyses to explore whether renal artery arte-
riosclerosis was an independent risk factor for DGF, PNF, 
a lower eGFR at 1 year, and death-censored graft failure. 
Selection of covariates for these regression models was done 
as described in the previous paragraph. Full models are listed 
in the supplementary appendix.

Third, we studied how well the subjective surgical 
assessment of macroscopic renal artery arteriosclerosis 
correlated with Banff histological surrogates for arterio-
sclerosis in the subgroup of transplanted kidneys for which 
such data were available. These associations were quan-
tified as Spearman rank correlation coefficients and by 
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means of Pearson chi-square tests, with associated P. In 
addition, we investigated whether in this subcohort Banff 
ah and cv scores were associated with DGF, PNF, eGFR at 
1 y, and 10-y graft survival, utilizing univariable logistic, 
linear, and Cox regression.

For all statistical tests and models, a 2-sided P < 0.05 was 
assumed to indicate a statistically significant association.

RESULTS
Between January 1, 2000, and December 31, 2015, 4034 

kidneys from deceased donors aged 50 y and older were 
offered for transplantation in the Netherlands, of which 
3505 (87%) were transplanted and 529 (13%) were dis-
carded during or after organ retrieval. For 2610 kidneys 
that were considered for a transplant, data on macroscopic 
arteriosclerosis of the renal artery were available. In this 
subset, the division between actually transplanted and 
discarded kidneys was comparable to that of the whole 

group: 2239 (86%) versus 371 (14%). In 70% of all 50+ 
deceased donor kidneys transplanted in the Netherlands, 
both kidneys of a pair were transplanted nationally (in 2 
different recipients), and thus, both kidneys of those pairs 
were available in the NOTR database. For 96% of those 
pairs, macroscopic arteriosclerosis scores of the left and 
the right kidney were identical. Table S1 (SDC, http://links.
lww.com/TP/B886) presents details of this pairwise com-
parison of arteriosclerosis grading. Demographics of trans-
planted and discarded kidneys are provided in Table  1. 
Table 2 shows an overview of the time point in the donor-
to-recipient cascade at which kidneys were discarded, as 
well as grouped reasons for discard. Presumed inferior 
organ quality was by far the most abundant reason for 
discard (94.3% of cases). The database did not specifically 
record when renal artery arteriosclerosis had been the 
main reason for organ discard. Hence, we could only indi-
rectly determine the extent to which arteriosclerosis might 
have played a role in the decision to discard a kidney by 
means of univariable and multivariable regression analysis 

TABLE 1.

Donor, organ, recipient, and transplant demographics for 
the whole study cohort for which data on macroscopic 
arteriosclerosis were available (n = 2610 deceased donor 
kidneys offered, of which 2239 were transplanted and 371 
were discarded)

Donor demographics
Transplanted 

kidneys
Discarded 
kidneys P

Donor age,a y 59 (50–86) 61 (50–85) 0.001
DCD donor (%) 59 74 <0.0005
Donor BMI,a kg/m2 25 (15–67) 26 (14–53) <0.0005
Traumatic cause of death (%) 14 11 0.001
Donor history of hypertension 

(%)
33 33 0.47

Donor history of diabetes  
mellitus (%)

6 13 <0.0005

Donor terminal serum  
creatinine,a µmol/L

69 (24–1185) 79 (24–566) <0.0005

Organ demographics (%)
 Left kidney 51 51 0.96
 No macroscopic arterioscle-

rosis
31 22 <0.0005

 Mild macroscopic  
arteriosclerosis

9 13 0.02

 Moderate macroscopic 
arteriosclerosis

46 31 <0.0005

 Massive macroscopic  
arteriosclerosis

13 35 <0.0005

Recipient demographics
 Recipient age,a y 60 (3–85)   
 Recipient BMI,a kg/m2 26 (11–45)   
 Total time spent on the  

waiting list,a y
3.6 (0–20)   

 Previous transplants ≥1 (%) 10   
 PRA level >5% (%) 6   
Transplant demographics
 HLA mismatches (% of  

0 mismatches)
3   

 Cold ischemic time,a h 16 (1–47)   
aMedian (range).
BMI, body mass index; DCD, donation after circulatory death; PRA, panel reactive antibodies.

TABLE 2.

Timing of and reasons for discard of those 371 kidneys 
that were discarded during or after organ retrieval and for 
which data on macroscopic renal artery arteriosclerosis 
were available

Variable No. of kidneys, n (%)

Timing of discard
 Discarded before being offered (organ not offered) 13 (3.5)
 Discarded after being offered (organ offer not 

accepted anywhere)
193 (52)

 Discarded after initial acceptance 165 (44.5)
Reasons for discard (reported by retrieval team, recipient center, or 

Eurotransplant)
 Reasons related to presumed inferior organ quality 350 (94.3)
 Recipient related medical problems 8 (2.2)
 No suitable recipients found 4 (1.1)
 Logistical problems 1 (0.6)
 Other reasons 8 (2.2)

There was no database field specific for arteriosclerosis-related discard.

TABLE 3.

Logistic regression analysis for the risk of deceased donor 
kidney discard

Variable
Odds ratio  
(95% CI) P

Risk of kidney discard (arteriosclerosis as binary variable)
 Any macroscopic renal artery arterioscle-

rosis
1.36 (1.02-1.80) <0.0005

Risk of kidney discard (arteriosclerosis as categorical variable with 4 
levels)

 Any macroscopic renal artery arterioscle-
rosis

 <0.0005

 Mild vs no renal artery atherosclerosis 1.72 (1.13-2.60) 0.01
 Moderate vs no renal artery atherosclerosis 0.79 (0.57-1.08) 0.14
 Massive vs no renal artery atherosclerosis 3.50 (2.48-4.93) <0.0005

Full models, listing all covariates and their respective odds ratios, can be found in Table S1 (SDC, 
http://links.lww.com/TP/B886) of the supplementary appendix.
CI, confidence interval.

http://links.lww.com/TP/B886
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exploring risk factors for organ discard. This analysis is 
presented in the next paragraph.

The Association Between Macroscopic Renal Artery 
Arteriosclerosis and Kidney Discard

Sixteen percent of kidneys with any degree of macro-
scopic arteriosclerosis were discarded, compared to 10% 
of kidneys without arteriosclerosis (P < 0.0005). In a 
multivariable logistic regression model, any macroscopic 
arteriosclerosis was independently associated with more 
discard (odds ratio [OR], 1.36; 95% confidence interval 
[CI], 1.02-1.80; P = 0.03; Table  3). When the degree of 
arteriosclerosis was also modeled, mild arteriosclerosis 
was significantly associated with discard (OR, 1.72; 95% 
CI, 1.13-2.60; P < 0.0005; Table  3) and massive arterio-
sclerosis had an even stronger independent association 
with discard (OR, 3.50; 95% CI, 2.48-4.93; P < 0.0005; 
Table 3) (see Table S2 for full models, SDC, http://links.
lww.com/TP/B886).

Of transplanted kidneys, 31% had no macroscopic arte-
riosclerosis, 9% had mild, 46% moderate, and 13% mas-
sive arteriosclerosis. Of discarded kidneys, 22% had no 
macroscopic arteriosclerosis, 13% had mild, 31% moder-
ate, and 35% massive arteriosclerosis (Table 1).

The Relation Between Macroscopic Renal Artery 
Arteriosclerosis and Posttransplant Outcome

Of transplanted kidneys without macroscopic arterio-
sclerosis, 46% developed DGF, and in kidneys with any 
degree of arteriosclerosis, the incidence of DGF was 50%. 
In a univariable analysis, this difference was not statis-
tically significant (P = 0.19). In a multivariable logistic 
regression model, macroscopic arteriosclerosis was also 
not significantly associated with the occurrence of DGF 
(OR, 1.18; 95% CI, 0.96-1.46; P = 0.12; Table 4).

Of transplanted kidneys without macroscopic arterio-
sclerosis, 5.3% developed PNF and in kidneys with any 
degree of arteriosclerosis, the incidence of PNF was 7.3%. 
In a univariable analysis, this difference was not statis-
tically significant (P = 0.08). In a multivariable logistic 
regression model, any degree of macroscopic arterioscle-
rosis was significantly associated with the occurrence of 
PNF (OR, 1.53; 95% CI, 1.01-2.32; P = 0.04; Table  4). 
However, when the various degrees of arteriosclerosis were 
tested in a multivariable logistic regression model, only 
kidneys with mild arteriosclerosis had significantly more 
PNF than grafts with unaffected renal arteries. Moderate 
or massive arteriosclerosis were not associated with more 
PNF (Table 4). In addition, we explored whether PNF in 
kidneys with renal artery arteriosclerosis was more often 
related to perioperative or postoperative vascular/throm-
botic complications, compared to kidneys without macro-
scopic arteriosclerosis. However, this was not the case: In 
kidneys without arteriosclerosis, 32% of PNF cases were 
related to vascular or thrombotic complications, whereas 
in kidneys with any macroscopic arteriosclerosis, this per-
centage was even lower: 24%.

Chronic Kidney Disease Epidemiology Collaboration 
calculated eGFR values at 1-year posttransplant (Figure 1) 
were comparable for kidneys with none, mild, moderate, 
and massive arteriosclerosis (1-way ANOVA; P = 0.28). In 
a multivariable linear regression model, arteriosclerosis 

was also not significantly associated with eGFR 1 y after 
transplantation (B, 0.02; 95% CI, –1.49 to 3.69; P = 0.40; 
Table 4).

Death-censored graft survival (Figure 2) was similar for 
kidneys with none, mild, moderate, and massive arterio-
sclerosis (log-rank test; P = 0.27). In a multivariable Cox 
proportional hazards model, arteriosclerosis was also not 
significantly associated with the risk of graft failure after 
transplantation (hazard ratio, 1.08; 95% CI, 0.86-1.36; 
P = 0.49; Table 4).

Full models, listing all covariates and their respective 
odds/hazard ratios and regression coefficients, can be 
found in Table S3 (SDC, http://links.lww.com/TP/B886) of 
the supplementary appendix.

The Correlation Between Macroscopic Renal Artery 
Arteriosclerosis and Histological Surrogates for 
Intrarenal Arteriosclerosis

For a total of 129 transplanted kidneys, pretransplant 
biopsies were available. For 109 of these kidneys, macro-
scopic renal artery arteriosclerosis scores were also avail-
able. Table  5 presents an overview of how macroscopic 
scores correlated with renal histology. The Spearman 

TABLE 4.

Multivariable risk analysisa for delayed graft function, pri-
mary nonfunction, eGFR at 1 y posttransplant, and death-
censored graft failure

Variable

Odds ratio/linear regres-
sion coefficient/hazard 

ratio (95% CI)b P

Risk of delayed graft function
 Any macroscopic renal artery 

arteriosclerosis
1.18 (0.96-1.46) 0.12

Risk of primary nonfunction (arteriosclerosis as binary variable)
 Any macroscopic renal artery 

arteriosclerosis
1.53 (1.01-2.32) 0.04

Risk of primary nonfunction (arteriosclerosis as categorical variable  
with 4 levels)

 Any macroscopic renal artery 
arteriosclerosis

 0.09

 Mild vs no renal artery athero-
sclerosis

2.14 (1.19-3.84) 0.01

 Moderate vs no renal artery 
atherosclerosis

1.41 (0.91-2.20) 0.13

 Massive vs no renal artery 
atherosclerosis

1.46 (0.80-2.65) 0.22

Influence on eGFR (CKD-EPI) at 1 y posttransplant
 Any macroscopic renal artery 

arteriosclerosis
0.02 (–1.49 to 3.69) 0.40

Risk of death-censored graft failure
 Any macroscopic renal artery 

arteriosclerosis
1.08 (0.86-1.36) 0.49

Full models, listing all covariates and their respective odds/hazard ratios and regression coef-
ficients, can be found in Table S2 (SDC, http://links.lww.com/TP/B886) of the supplementary 
appendix.
aLogistic regression models for delayed graft function and for primary nonfunction, linear regres-
sion model for eGFR at 1 y posttransplant, and Cox proportional hazards model for death-cen-
sored graft failure.
bOdds ratios apply to the logistic regression models, linear regression coefficients apply to the 
linear regression model and hazard ratios apply to the Cox proportional hazards models.
CI, confidence interval; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, esti-
mated glomerular filtration rate.

http://links.lww.com/TP/B886
http://links.lww.com/TP/B886
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correlation between macroscopic assessment of arte-
riosclerosis and Banff microscopic cv score was –0.02 
(P = 0.82), and the Spearman correlation between mac-
roscopic arteriosclerosis and Banff microscopic ah score 

was –0.07 (P = 0.50). In addition, any macroscopic arterio-
sclerosis was not significantly associated with any positive 
score on the Banff cv and ah scales (Pearson chi-square test 
P = 0.80 and P = 0.54). These results indicate that there was 
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no sign of any relation between macroscopically observed 
renal artery arteriosclerosis and histological indicators of 
intragraft arteriosclerosis. In addition, univariable regres-
sion analyses indicated that, in this n = 129 subcohort, 
there was no statistically significant association between 
cv or ah scores and DGF, PNF, 1-year eGFR, and 10-year 
graft survival.

DISCUSSION
The present study clearly shows that in the 

Netherlands, the decision to accept or discard a deceased 
donor kidney is independently influenced by the reported 
macroscopic degree of arteriosclerosis of the renal artery. 
This is interesting, as no traceable literature exists on 
how macroscopic arteriosclerosis affects graft qual-
ity and transplant outcome. Neither do any guidelines 
exist on how to accurately visually assess the degree 
of renal artery arteriosclerosis. Intuitively, the practice 
seems wise, as arteriosclerosis could theoretically lead to 
a variety of intraoperative and posttransplant compli-
cations. First, the vascular anastomosis may be techni-
cally challenging, potentially resulting in a higher risk of 
bleeding or thrombosis, which in turn could compromise 
transplant outcome. Second, macroscopic arteriosclero-
sis may also be bad news for overall graft quality. In the 
past, it has been assumed that if the main renal artery 
is affected, smaller intrarenal vessels may be diseased 
as well and this could result in inferior posttransplant 
function and graft survival. The latter has been shown 
to some extent in small histopathologic series, in which 
variations of the Banff ah score were associated with 
outcome.3,7 However, our data showed no correlation 
whatsoever between histological analogs of arterioscle-
rosis and reported macroscopic renal artery arterioscle-
rosis. Although this was done in a small subseries of 
our main data set, there was not even a trend towards 
a relevant correlation in these results. Our findings sug-
gest that macroscopic renal artery arteriosclerosis, at 

least the way it is assessed within Eurotransplant, does 
not reflect microscopic graft arteriosclerosis in any way. 
Hence, macroscopic arteriosclerosis cannot be regarded 
as a surrogate marker for microscopic arteriosclerosis, 
which is sometimes associated with transplant outcome. 
This might be explained by the fact that the main renal 
artery is very different from and quite distant to smaller 
intrarenal vessels. It seems plausible that intrarenal vas-
cular lesions contribute more to allograft dysfunction 
than extrarenal arteriosclerotic disease. In addition, an in 
our experience common—albeit undocumented—obser-
vation is that donor surgeons tend to score the degree 
of renal artery arteriosclerosis looking at the aspect of 
the aortic patch near the ostium of the renal artery. It 
is our consistent observation that the patch often has a 
much higher degree of visible arteriosclerosis than the 
renal artery itself. An arteriosclerotic patch can easily be 
removed, which leaves the kidney with an often pristine 
renal artery that can be anastomosed end-to-side to the 
recipient iliac artery in a similar fashion as commonly 
performed for renal grafts retrieved from living donors. 
Perhaps, if donor surgeons would consistently report 
only macroscopic arteriosclerosis, which is inside the 
renal artery itself, a different picture could emerge about 
the occurrence of macroscopic arteriosclerosis and also 
of its association with transplant outcome. Nevertheless, 
in our current study, we also did not find significant asso-
ciations between histopathologic analogs of intragraft 
arteriosclerosis and posttransplant outcome. However, 
this could be due to the limited sample size in this sub-
cohort, which may not have provided adequate power 
to detect relatively subtle effects of microscopic arterio-
sclerosis on outcome. In addition, discarded kidneys are 
likely to have on average more microscopic arterioscle-
rosis than organs that were transplanted. An inherent 
shortcoming of analyses such as the present one is that 
it remains unknown what posttransplant outcome of 
discarded allografts would have been and, consequently, 
relevant bias could be introduced in conclusions on the 
influence of arteriosclerosis on outcome.

In Eurotransplant, no standardized scoring system, pro-
tocol, or guideline for the assessment of macroscopic arte-
riosclerosis of the renal artery is implemented. It is left to 
the individual retrieval surgeon to grade and report on the 
extent of arteriosclerosis per organ. Yet, this very subjec-
tive assessment is a compulsory field in the organ report 
that is passed on to the potential recipient center at organ 
offer. Our study suggests that recipient centers do take this 
score into serious account when judging an organ offer. 
Given the fact that the current subjective scoring system 
did not show a relevant association with transplant out-
come, our results could stimulate the development of a 
more standardized and objective assessment methodology, 
which might perhaps have a predictive value for aspects of 
renal posttransplant results.

Within the current Eurotransplant context of how 
donor surgeons score arteriosclerosis and keeping in 
mind potential selection bias as described before, our data 
largely contradict the existence of an association between 
macroscopic renal artery arteriosclerosis and transplant 
outcome. The only significant association we could find 
was that transplanted kidneys with mild arteriosclerosis 
had more PNF. It is tempting to hypothesize that this may 

TABLE 5.

Cross-tabulation of macroscopic renal arteriosclerosis 
score estimated by the procurement surgeon and histo-
logical surrogates of intrarenal microvascular arterioscle-
rosis, scored by an experienced renal pathologist

Histology 
score

Macroscopic renal artery arteriosclerosis

TotalNone Mild Moderate Massive

Vascular fibrous intimal thickening (cv-score)
 0 5 0 10 0 15
 1 20 0 50 11 81
 2 7 0 3 2 12
 3 0 0 1 0 1
Arteriolar hyaline thickening (ah-score)
 0 28 0 59 12 99
 1 3 0 5 0 8
 2 1 0 0 1 2
 3 0 0 0 0 0
Total 32 0 64 13 109

Values represent the number of kidneys with the respective scores in our local (single-center) 
subcohort of 109 allografts for which a preimplantation biopsy was available. 
ah, arteriolar hyalinosis; cv, vascular fibrous intimal thickening.
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indeed be due to more technical complications following 
a suboptimal arterial anastomosis, leading to graft failure 
as a result of bleeding or thrombosis. However, vascular 
reasons for graft failure were even less frequent in those 
kidneys with PNF and arteriosclerosis, compared to grafts 
with PNF that had unaffected renal arteries. Moreover, 
more severe degrees of renal artery arteriosclerosis were 
not associated with an elevated risk of PNF. This find-
ing cannot be attributed to a too small number of cases 
in the higher degree of arteriosclerosis subgroups. To the 
contrary: The subgroup with “mild” arteriosclerosis was 
the smallest of all 4 categories, comprising only 9% of all 
transplants. Each of the other 3 subgroups consisted of 
substantially more cases.

The apparent misconception among transplant clinicians 
that subjectively graded macroscopic arteriosclerosis of the 
renal artery would have a relevant influence on outcome 
could originate from common observations in nephrology. 
After all, many studies have reported a clear relationship 
between chronic native or graft renal artery stenosis and 
the development of progressive renal (graft) failure.8-11 
Our present study carefully suggests that this mechanism 
does not seem to play an important role in kidney grafts 
accepted for transplantation that have various degrees of 
renal artery arteriosclerosis already before implantation.

We feel that it is no great surprise that retrieval sur-
geons’ eyes, superficially examining the renal artery, are 
not the most reliable tool to judge the real condition of the 
renal graft’s (micro)vasculature. Apart from the fact that 
such macroscopic judgment is very subjective, with likely 
relevant interobserver variability, reliable vascular quality 
assessment calls for more advanced diagnostic tools. As 
mentioned before, histological surrogates for intragraft 
arteriosclerosis might offer a more predictive pretrans-
plant scoring instrument, but this will have to be dem-
onstrated in a larger cohort with systematically scored 
preimplantation biopsies. Also, estimating the degree of 
luminal narrowing in renal arteries on computed tomog-
raphy-angiographies that deceased donors often routinely 
undergo could contribute to a more objective rating of 
actual arteriosclerotic disease, as has been established 
for coronary artery imaging.12 Moreover, such an assess-
ment can be done noninvasively and well in advance of 
a retrieval procedure. The latter would allow the clinical 
team more time to decide whether kidneys will be pro-
cured for transplantation. However, more studies into the 
relation between radiological scoring of arteriosclerosis 
and transplant outcome are required before routine donor 
computed tomography scans can become part of the pre-
transplant decision-making process.

Our current study has several important limitations. 
First, our analysis is based on retrospectively collected 
data. We did not have data on the macroscopic degree 
of renal artery arteriosclerosis for all transplanted renal 
grafts in the time period studied and this could have 
caused bias. Second, this study was only performed on 
data from transplant centers in the Netherlands. In other 
countries, scoring, reporting, and subsequently interpret-
ing the macroscopic degree of arteriosclerosis could be 
different. Third, our series of histologically scored pre-
implantation biopsies was single-center and quite small. 
Therefore, we could not reliably determine whether in 
those biopsies, histopathologic scores for intragraft 

arteriosclerosis did correlate significantly with posttrans-
plant outcome, as other studies have suggested. Finally, 
many kidneys with a “massive” arteriosclerosis score were 
discarded, and we do not know what the outcome would 
have been when these organs had been transplanted. This 
may have introduced a bias in our data. Therefore, it is 
important to note that our results are valid only after 
inevitable exclusion of discarded kidneys that had on 
average more arteriosclerosis than those that were trans-
planted. Conclusions should be interpreted in the light of 
this potential bias. There was still a considerable number 
of “massively” arteriosclerotic kidneys that were trans-
planted (509, 13%). Such a large number should have 
enabled us to pick up a relevant negative effect of massive 
arteriosclerosis on transplant outcome. Nevertheless, we 
cannot entirely rule out that “massively” arteriosclerotic 
kidneys that were discarded had on average even more 
severe arteriosclerosis than those that were scored “mas-
sive” and transplanted.

In conclusion, our large multicenter retrospective study 
found that transplant clinicians are much more inclined to 
discard a 50+ deceased donor kidney when any degree of 
macroscopic arteriosclerosis of the renal artery is reported 
by the retrieval team. Subjectively graded macroscopic 
arteriosclerosis was somewhat associated with PNF, but 
there was no effect on DGF, eGFR at 1 year, or long-term 
graft survival. Our analyses also suggest that subjective 
and nonprotocolled macroscopic assessment of arterio-
sclerosis is not a good measure of intragraft microscopic 
arteriosclerosis. Given these data, we feel that kidney dis-
card based on a very subjective macroscopic assessment of 
renal artery arteriosclerosis—which is currently the only 
documented and communicated assessment of arterio-
sclerosis in Eurotransplant—should be discouraged. The 
implementation of a more structured and objective macro-
scopic assessment method of renal artery arteriosclerosis 
could be an opportunity to improve its predictive capacity 
for renal transplant outcome.

ACKNOWLEDGMENTS

The authors would like to thank the Dutch Organ 
Transplantation Registry and all Dutch transplant centers 
for facilitating our study by allowing us to utilize donor 
and patient data for analysis.

REFERENCES
 1. Moers C, Kornmann NS, Leuvenink HG, et al. The influence of 

deceased donor age and old-for-old allocation on kidney trans-
plant outcome. Transplantation. 2009;88:542–552.  doi:10.1097/
TP.0b013e3181b0fa8b

 2. Branger P, Samuel U. Eurotransplant Annual Report. Leiden, The 
Netherlands: Eurotransplant International Foundation; 2017.

 3. Sofue T, Inui M, Kiyomoto H, et al. Pre-existing arteriosclerotic inti-
mal thickening in living-donor kidneys reflects allograft function. Am J 
Nephrol. 2012;36:127–135. doi:10.1159/000340035

 4. Racusen LC, Solez K, Colvin RB, et al. The Banff 97 work-
ing classification of renal allograft pathology. Kidney Int. 
1999;55:713–723. doi:10.1046/j.1523-1755.1999.00299.x

 5. Haas M. The revised (2013) Banff classification for antibody-mediated 
rejection of renal allografts: update, difficulties, and future considera-
tions. Am J Transplant. 2016;16:1352–1357. doi:10.1111/ajt.13661

 6. Snoeijs MG, Boonstra LA, Buurman WA, et al. Histological assessment of 
pre-transplant kidney biopsies is reproducible and representative. Histo-
pathology. 2010;56:198–202. doi:10.1111/j.1365-2559.2009.03469.x



2574 Transplantation  ■  December 2020  ■ Volume 104  ■  Number 12 www.transplantjournal.com

 7. Oda A, Morozumi K, Uchida K. Histological factors of 1-h biopsy 
influencing the delayed renal function and outcome in cadaveric renal 
allografts. Clin Transplant. 1999;13(Suppl 1):6–12.

 8. Schoepe R, McQuillan S, Valsan D, et al. 
Atherosclerotic renal artery stenosis. Adv Exp Med Biol. 
2017;956:209–213. doi:10.1007/5584_2016_89

 9. Fervenza FC, Lafayette RA, Alfrey EJ, et al. Renal artery stenosis in 
kidney transplants. Am J Kidney Dis. 1998;31:142–148. doi:10.1053/
ajkd.1998.v31.pm9428466

 10. Kwon SH, Lerman LO. Atherosclerotic renal artery stenosis: current 
status. Adv Chronic Kidney Dis. 2015;22:224–231.  doi:10.1053/j.
ackd.2014.10.004

 11. de Leeuw PW, Postma CT, Spiering W, et al. Atherosclerotic renal 
artery stenosis: should we intervene earlier? Curr Hypertens Rep. 
2018;20:35. doi:10.1007/s11906-018-0829-3

 12. Malguria N, Zimmerman S, Fishman EK. Coronary artery calcium 
scoring: current status and review of literature. J Comput Assist 
Tomogr. 2018;42:887–897. doi:10.1097/RCT.0000000000000825


