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SUMMARY

Screening for aorto-iliac stenosis is important in kidney transplant candi-
dates as its presence affects pre-transplantation decisions regarding side of
implantation and the need for an additional vascular procedure. Reliable
imaging techniques to identify this condition require contrast fluid, which
can be harmful in these patients. To guide patient selection for these imag-
ing techniques, we aimed to develop a prediction model for the presence
of aorto-iliac stenosis. Patients with contrast-enhanced imaging available in
the pre-transplant screening between January 1st, 2000 and December 31st,
2018 were included. A prediction model was developed using multivariable
logistic regression analysis and internally validated using bootstrap resam-
pling. Model performance was assessed with the concordance index and
calibration slope. Three hundred and seventy-three patients were included,
90 patients (24.1%) had imaging-proven aorto-iliac stenosis. Our final
model included age, smoking, peripheral arterial disease, coronary artery
disease, a previous transplant, intermittent claudication and the presence
of a femoral artery murmur. The model yielded excellent discrimination
(optimism-corrected concordance index: 0.83) and calibration (optimism-
corrected calibration slope: 0.91). In conclusion, this prediction model can
guide the development of standardized protocols to decide which patients
should receive vascular screening to identify aorto-iliac stenosis. External
validation is needed before this model can be implemented in patient care.
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Introduction

Kidney transplantation is the best treatment for end-
stage renal disease (ESRD) because it improves life

expectancy and quality of life [1]. Many renal disease
patients suffer from cardiovascular disease or it is acci-
dentally discovered when screening for kidney trans-
plantation. This is not surprising as many of the
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important risk factors for cardiovascular disease are pre-
sent in the ESRD population [2]. Therefore, a personal-
ized cardiovascular work-up is crucial to identify and
treat underlying cardiovascular disease to optimize post-
transplant outcomes. Aorto-iliac stenosis is one of these
conditions that should be identified before transplanta-
tion as it affects pre-transplantation decisions. Trans-
plantation of the donor kidney below a stenosis can
cause arterial inflow problems to the transplant, which
may lead to inadequate perfusion of the donor kidney
resulting in allograft dysfunction and steal syndrome
[3]. Therefore, in the case of an ipsilateral stenosis, the
kidney is ideally transplanted on the contralateral side.
In the case this is not possible or in the case of a bilat-
eral stenosis, an additional vascular procedure is needed.
Depending on stenosis severity, a pre-transplantation
transluminal ~ angioplasty =~ (PTA),
endarterectomy or vascular bypass is performed [4-6].
These procedures should be planned before or together
with the transplantation, which accentuates the need for
pre-transplantation vascular screening [5—7].

Selection of patients that should be screened for
aorto-iliac stenosis remains difficult because important
guidelines, such as the Kidney Disease Improving Global
Outcomes (KDIGO), lack clear recommendations [8].
Duplex ultrasound is a non-invasive method to detect
aorto-iliac stenosis with acceptable sensitivity. However,
due to the growing prevalence of obesity, this method
becomes less reliable [9-11]. Contrast-enhanced imaging
is required to identify aorto-iliac stenosis with high
sensitivity, but this should be administered carefully in
patients with chronic kidney disease stages 4 and 5 [12].
Contrast-induced nephropathy is prevalent in these
patients with a reported incidence of 27% [13]. This is
detrimental for the remaining kidney function, espe-
cially in pre-emptive kidney transplant candidates.
Therefore, careful patient selection for these imaging
techniques is not only important from a cost-
effectiveness perspective, but also because of potential
adverse effects.

A recent survey among 161 transplant surgeons
found that kidney transplant candidates are mostly
empirically selected for vascular screening based on var-
ious risk factors for vascular disease [14]. Twenty-five
percent answered that no vascular screening protocol is
in place while 17.4% answered that all patients above a
certain age are screened [14]. These differences in cur-
rent practice accentuate the need to develop standard-
ized screening protocols that minimize unnecessary
exposure of patients to the risk of radiation and con-
trast. To guide development of these protocols, the aim
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of the current study was to develop a simple prediction
model for aorto-iliac stenosis in kidney transplant can-
didates based on patient characteristics, history and
physical examination.

Methods

Study design and population

This retrospective, single-centre, cohort study included
all adult kidney transplant recipients, transplanted
between 2000 and 2018, who received contrast-
enhanced imaging in the pre-transplantation work-up.
Patients were divided into two groups, based on the
presence or absence of a haemodynamically significant
aorto-iliac stenosis. The study was executed at Erasmus
MC University Medical Center in Rotterdam, the
Netherlands. The study was approved by the local Ethics
Committee and was conducted in accordance with the
provisions of the Declaration of Helsinki (MEC 2017-
1039).

Assessment of the outcome

Contrast-enhanced abdominal magnetic
angiography (MRA), abdominal computed tomography
angiography (CTA) and conventional angiography were
used for the assessment of aorto-iliac stenosis. All imag-
ing was evaluated by a radiologist on the presence of
aorto-iliac stenosis. A stenosis had to cause at least 50%
lumen narrowing to be haemodynamically significant.
At the time of the study, there was no standardized pro-
tocol in place which patients should undergo contrast-
enhanced imaging and the decision to perform addi-
tional imaging was up to the transplant surgeon or
referring nephrologist.

resonance

Potential candidate predictors

The following patient characteristics were collected from
the electronic patient files as potential predictors: age,
sex, body mass index (BMI), smoking history, diabetes
mellitus, chronic obstructive pulmonary disease
(COPD), peripheral arterial disease (PAD), history with
cerebrovascular [cerebrovascular
(CVA), transient ischemic attack (TTA) or amaurosis
fugax] or coronary artery disease, dyslipidaemia, hyper-
tension, previous transplant, duration of renal replace-
ment therapy and intermittent claudication complaints
upon screening. In addition, weak inguinal pulsations
and the presence of a femoral artery murmur were

disease accident
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included as candidate predictors. Coronary artery dis-
ease included acute coronary syndrome (unstable angina
pectoris, non-ST and ST elevation myocardial infarc-
tion) or a diagnosis of single, double or triple coronary
artery disease confirmed with coronary angiography.
Peripheral arterial disease was defined as stenotic arte-
rial disease below Poupart’s ligament including Fontaine
stage II-IV [15]. This included patients requiring
endovascular or surgical revascularization and patients
treated conservatively with exercise therapy. Intermittent
claudication was defined as pain in the calf, thigh or
buttock, which is provoked by exertion and relieved
after a few minutes of rest.

Statistical analysis

For continuous variables, a normal distribution of the
sample means was assumed because of the large sample
size according to the central limit theorem. Therefore,
continuous baseline characteristics were presented as
mean with standard deviation (SD) and compared with
unpaired #-tests. Categorical baseline characteristics were
presented as number with percentage and compared
with chi-square tests. Because of missing values in the
covariates, the building of the prediction model
required proper handling of missing data. In this study,
an MI-Boot strategy was used to build the model [16].
Missing values in the dataset were assumed to be miss-
ing at random and were imputed using fully conditional
specification multiple imputation. The number of
imputed datasets was based on the average percentage
of missing values per variable with missing values [17].
Logistic regression analysis was used for the imputation
of binary variables, and multiple linear regression was
used for the imputation of normally distributed vari-
ables. Predictive mean matching was used for imputa-
tion of non-normally distributed variables. Pooling of
the data was performed using Rubin’s rules [18]. The
number of iterations needed was until the sampling dis-
tribution converged, which was observed with a trace
plot. The Transparent Reporting of a Multivariable Pre-
diction Model for Individual Prognosis or Diagnosis
(TRIPOD) statement was followed for reporting the
development of the prediction model [19]. The
approach as described by Hosmer and Lemeshow was
adopted for model development [20]. A univariable
logistic regression analysis was performed to assess asso-
ciations between the candidate predictors and the out-
come variable. Candidate predictors with a P-value
below 0.2 on univariable analysis were selected for mul-
tivariable analysis. Variables with a P-value > 0.1 were
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one-by-one deleted from the full model in a backward
elimination approach unless the likelihood ratio test
was significant or a shift of >20% in coefficients of the
remaining variables was observed. Consequently, all
candidate predictors that were previously left out were
one-by-one added if they added significance to the
model. After this step, the preliminary main effects
model was reached. The assumption of linearity for
continuous predictors was assessed by plotting the val-
ues against the log odds. If the linearity assumption was
violated, natural cubic splines with three degrees of free-
dom were added. Multicollinearity between the predic-
tor variables was analysed using the variance inflation
factor (VIF). VIF values <4 were considered acceptable
[21]. Clinically plausible interactions between selected
variables in the preliminary main effects model were
tested using forward selection with a P-value of 0.01 for
all two-way interactions. After reaching the final model,
internal validation was performed with bootstrapping
using 250 resamples [22]. Several measures of model
performance were assessed for the final model. Nagelk-
erke’s R* was assessed as a measure of explained varia-
tion [23]. Harrell’s concordance index, that is the area
under the Receiver-Operating-Characteristic (ROC)
curve, was calculated as a measure of how well the pre-
dictions discriminated between the presence and
absence of the outcome [24]. The calibration, that is the
agreement between observed outcomes and predictions,
was visualized with a calibration plot and assessed with
the calibration slope. Based on the ROC curve, the opti-
mal cut-off value for the probability of aorto-iliac
stenosis was determined that maximizes the Youden
index (sensitivity + specificity — 1) [25]. Finally, per-
formance measures were also determined for a model
containing only age because a recent survey found that
17.4% of respondents used this as a sole criterion for
vascular screening [14]. R statistical software (version
4.0.4) was used for all analyses (packages: ‘mice’,
‘pstmi’, “VIM’, ’finalfit’).

Results

Baseline characteristics of the study cohort

A total number of 2263 patients were transplanted in
the study period, of which 373 patients underwent
contrast-enhanced imaging prior to transplantation.
Ninety of these patients (24.1%) had imaging-proven
aorto-iliac stenosis of which 20 (22.2%) required a
pre-operative or peri-operative vascular intervention.
Median imaging and  kidney

time  between
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transplantation was 4.6 months [interquartile range
(IQR) 1.4-10.4]. Baseline characteristics are presented
in Table 1. Patients with aorto-iliac stenosis were older
[mean age (SD) with stenosis: 63.9 (8.5), without
stenosis: 58.3 (13.4); P-value < 0.001] and had more
often a smoking history (with stenosis: 13.3% never
smoked, without stenosis: 35.0%; P < 0.001). Periph-
eral arterial disease was more common in patients with
(46.7% compared to 15.2%;
P-value < 0.001), as well as a history with coronary
artery (38.9%  compared to  22.3%;
P-value = 0.003). Patients with aorto-iliac stenosis pre-
sented more often with intermittent claudication com-
plaints (32.2% compared to 6.4%; P-value < 0.001), a
femoral artery murmur (41.1% compared to 11.3%; P-
value < 0.001) and weak inguinal pulsations (27.8%
compared to 10.6%; P-value < 0.001). No statistically
significant differences were observed with regard to the
prevalence of diabetes mellitus, pre-transplant dialysis
or dialysis duration and whether a living donor or
deceased donor kidney transplant was performed. The
percentage missing data per variable are also demon-
strated in Table 1. Only five variables were found to
have missing data: BMI, smoking, intermittent claudi-
cation, femoral artery murmur and weak inguinal pul-
sations. Inspection of the missing data pattern for the
variables intermittent claudication, femoral artery mur-
mur and weak inguinal pulsations can be found in
Tables S1-S3. Missing values for intermittent claudica-
tion were dependent on the presence of diabetes melli-
tus, peripheral arterial disease and femoral artery
murmur (Table S1). Missing values for femoral artery
murmur were dependent on weak inguinal pulsations
(Table S2) and missing values for weak inguinal pulsa-
tions were dependent on dialysis duration (Table S3).
Our missing data analysis suggests that the assumption
of missing at random holds and that multiple imputa-
tion can be performed. Intermittent claudication was
the variable with the highest missing rate (41.8%)
while the average rate of missing values per variable
with missing values was 17.6%. Therefore, 20 imputed
datasets were used for multiple imputation. Diagnos-
tics of the imputation procedure showed no concerns
with regard to the imputation procedure (Fig. Sla—c).

aorto-iliac  stenosis

disease

Model development

The results from univariable logistic regression analysis
are shown in Table 2. Variables associated with aorto-
iliac stenosis on univariable analysis were age [odds
ratio (OR) per 10 years: 1.53 (95% confidence interval

4

(95%-CI) 1.21-1.93)], smoking [ever smoked: OR 3.57
(95%-CI 1.85-6.89)], peripheral arterial disease [OR
4.88 (95%-CI 2.88-8.28)], coronary artery disease [OR
222 (95%-CI 1.33-3.70)], intermittent claudication
[OR 4.90 (95%-CI 2.41-9.97)], weak inguinal pulsations
[OR 3.31 (95%-CI 1.84-5.96)] and the presence of a
femoral artery murmur [OR 7.32 (95%-CI 3.87-13.86)].
Other variables that were not statistically significant but
had a P-value below 0.2 were a history with cerebrovas-
cular disease [OR 1.73 (95%-CI 0.93-3.18)], a previous
transplant [OR 2.00 (95%-CI 0.96-4.17) and dyslipi-
daemia [OR 1.40 (95%-CI 0.87-2.26)]. Subsequently, a
full multivariable logistic regression model was con-
structed including all variables with a P-value below 0.2
on univariable analysis. As we aimed to construct a
user-friendly prediction model based on the most parsi-
monious model that provided the best fit to the data,
we used stepwise backward elimination starting with
removal of the variable with the highest P-value. Our
final model contained the following predictor variables:
age per 10 years [OR 1.33 (95%-CI 0.97-1.82)], smok-
ing [ever smoked: OR 2.58 (95%-CI 1.14-5.82)], the
presence of peripheral arterial disease [OR 2.06 (95% CI
1.07-3.97)], the presence of coronary artery disease [OR
1.80 (95%-CI 0.97-3.35)], a previous transplant
[OR 4.62 (95% CI 1.78-11.97)], intermittent claudica-
tion complaints [OR 3.43 (95% CI 1.50-7.81)] and the
presence of a femoral artery murmur [OR 5.18 (95% CI
2.67—-10.08)] (Table 3). All VIF values for the final
model were below 2, indicating no multicollinearity
(Table S4). The addition of a natural cubic spline for
age with knots at the 25th, 50th and 75th percentile did
not improve model fit significantly (likelihood ratio test:
P-value 0.339), indicating that the nonlinearity assump-
tion for age was not violated. The addition of interac-
tion terms between age and smoking and intermittent
claudication and a femoral artery murmur did not
improve the model significantly (likelihood ratio test: P-
value 0.368).

Model performance and optimal cut-off value

Harrel’s concordance index of the final model was 0.85
(0.83 after optimism correction), showing that the
model could discriminate well between patients with
and without the outcome. The corresponding ROC
curve is shown in Fig. 1. The calibration plot with a
slope of 1.00 (0.91 after optimism correction) revealed
excellent agreement between the observed and predicted
risk of the outcome (Fig. 2). The explained variation
(R*) of the model was 0.39 (0.34 after optimism
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Table 1. Baseline characteristics of transplant candidates presenting with or without aorto-iliac stenosis.

ADPKD, autosomal dominant polycystic kidney disease; BMI, body mass index; COPD, chronic obstructive pulmonary disease;
CTA, computed tomography angiography; CVA, cerebrovascular accident; DM, diabetes mellitus; MRA, magnetic resonance
angiography; SD, standard deviation; TIA, transient ischaemic attack; VUR, vesicoureteral reflux.

*Statistically significant.

correction), indicating that 39% of the variation in the
outcome variable could be explained based on the
selected predictors in the model. To use this score in
clinical practice, we aimed to identify the optimal cut-

Transplant International 2021;

off value for the risk of stenosis that maximized sensi-
tivity and specificity using the Youden index. The high-
est Youden index was obtained by using 0.214 as cut-off
value, which corresponds with a 21.4% probability of
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Table 2. Univariable logistic regression analysis for the
risk of aorto-iliac stenosis.

BMI, body mass index; COPD, chronic obstructive pulmonary
disease; CVA, cerebrovascular accident; TIA, transient ischae-
mic attack.

*Statistically significant.

stenosis. Sensitivity of this cut-off value was 0.83 with a
specificity of 0.73. The model containing age alone had
a low discriminative capacity with a concordance index

6

Table 3. Final model for the prediction of aortoiliac
stenosis derived from the full model by using stepwise
backward elimination of not significant variables.

*Statistically significant.

of 0.62 (0.62 after optimism correction) and a low
explained variation with an R* of 0.06 (0.06 after opti-
mism correction). The Youden index identified an opti-
mal cut-off value of 56 years of age, with a sensitivity of
0.82 and a specificity of 0.38.

Online risk calculator and patient examples

The underlying model is published online as a risk cal-
culator for usage in clinical practice (Prediction of
aorto-iliac stenosis in the screening for kidney trans-
plantat - Evidencio). We present two examples to
demonstrate the use of the risk calculator and proposed
cut-off value which can be found in Fig. 3. Patient 1 is
a 55-year-old woman who presents at the outpatient
clinic for her first transplant. She is currently smoking
and had a myocardial infarction one year before. She
has no history of peripheral arterial disease and no clau-
dication complaints or femoral artery murmurs. Based
on the risk calculator, her risk of aorto-iliac stenosis is
11%. According to our cut-off value, there is no need
for further contrast-enhanced imaging. Patient 2 is a
62-year-old man who is screened for a second trans-
plant. He has an extensive smoking history, but no
intermittent claudication complaints. He has no history
with peripheral arterial disease or ischaemic heart

Transplant International 2021;
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Figure 1 Receiver-Operating-Characteristic (ROC) curve of the final model. With the chosen cut-off value (the dot on the curve), sensitivity
and specificity were 0.83 and 0.73, respectively. The cut-off value can be used to determine whether contrast enhanced imaging is advised.

disease. Upon physical examination, he has a femoral
artery murmur. The calculated risk of aorto-iliac steno-
sis is 66%, indicating that contrast-enhanced imaging is
advised.

Discussion

In this study, we successfully developed a model to pre-
dict aorto-iliac stenosis in kidney transplant candidates.
Our final model has good discrimination and calibra-
tion and is easy to implement in the outpatient clinic
using the risk calculator with the proposed cut-off
value. We chose to use patient information that is easily
available for all physicians who are involved with
patients who are screened for transplantation. Our pro-
posed model has a much better performance than the
model with only age, which is currently used in clinical
practice by 17.4% of transplant surgeon respondents
from a recent survey [14]. Vascular screening based on
age alone will lead to over diagnostics due to the low
specificity, indicating that many patients without aorto-
iliac stenosis are still selected for vascular screening
leading to unnecessary radiation, contrast exposure and
additional costs.

Transplant International 2021;

One very important predictor was the presence of a
femoral artery murmur. The strength of the association
in the model emphasizes the importance of femoral
artery auscultation in routine physical examination.
Weak inguinal pulsations were not associated with the
presence of aorto-iliac stenosis. This is somewhat sur-
prising, because other studies suggested that weak pulsa-
the legs strongly associated with
peripheral arterial disease [26]. One of the reasons for
this may be the low inter-observer agreement for this
variable (kappa 0.53) resulting in misclassification,
which underestimates the true strength of an existing
association [26]. Another reason may be the high inci-
dence of obesity, which may complicate palpation of
the femoral artery [27]. We found evidence for this
hypothesis in our data as we found a significantly
higher BMI in patients with weak pulsations (mean 28.5
(5.0)) compared to strong pulsations (mean 26.1 (4.5),
P-value = 0.002). As expected, peripheral arterial disease
was also a strong predictor for aorto-iliac stenosis as it
shares the same pathophysiology.

Interestingly, we did not find an association between
diabetes mellitus and aorto-iliac stenosis. A possible
explanation for this may be that Monckeberg calcification

tions in were
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Figure 2 Calibration plot for the final model, which visualizes the observed probability of the outcome in comparison to the predicted probability
based on the model. The blue lines represent each one of the 20 imputed datasets. The dashed line in the middle represents perfect calibration.

is more common in diabetes patients [28]. In contrast to
calcification of the intima layer, this type of calcification
is circumferential medial calcific sclerosis and not associ-
ated with luminal narrowing [29]. Another interesting
finding is the strong association between a previous
transplant and the risk of aorto-iliac stenosis. This associ-
ation may be observed because of two reasons. Firstly,
patients who receive a retransplant have been on
immunosuppressive drugs for a longer time. These drugs,
and more specifically steroids and calcineurin inhibitors,
promote endothelial dysfunction, which is one of the first
steps in the development of atherosclerosis [30]. Sec-
ondly, it can be assumed that patients who are screened
for a retransplant have had renal disease for a longer
time that exposed them to cardiovascular risk factors
associated with renal disease, such as a disturbed bone
and mineral metabolism. Unfortunately, we could not
objectify this in our dataset, as often the onset of renal
disease was unknown because patients with renal disease
stages I-1II are often asymptomatic.

Our study has some limitations. The most important
is selection bias due to the retrospective nature of the
study combined with the absence of a standard screening
protocol using contrast-enhanced imaging. Patients with-
out risk factors for aorto-iliac stenosis were less likely to

8

be selected for contrast-enhanced imaging. Consequently,
these patients were less likely to end up in our study
cohort. This may affect the generalizability of the study
as our cohort may not be representative of the kidney
transplant population. As a result, effect estimates may
be underestimated because risk factors for stenosis were
overrepresented in patients without stenosis. Therefore,
external validation is important before we can implement
this prediction model in patient care. It may be suggested
that our study is limited by a large proportion of missing
data for one of the predictor variables (41.8% for inter-
mittent claudication). However, data from simulation
studies have shown that, even with large proportions of
missing data up to 90%, unbiased estimates are obtained
when using multiple imputation [31].

Another limitation is that we could not take results
from duplex ultrasound into account, as many of these
patients did not receive this type of imaging. Imaging
modalities used in our cohort to identify aorto-iliac
stenosis were contrast-enhanced CT scan, MRA and
angiography. Because not all patients underwent angiog-
raphy, which is the golden standard, this may have led
to misclassification. However, as both MRA (sensitivity:
97.5%, specificity 96.2%) and contrast-enhanced CT
scan (sensitivity 95%, specificity 96%) have excellent
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Any murmur

Previous transplant
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Figure 3 Example of the online risk calculator for (a) Patient 1. (b) Patient 2.

performance, the risk of misclassification is small and
will dilute effect estimates towards the null [12,32,33].
Benefits of our study are the simplicity of the model
and the accessibility of all variables for the clinician.
Some of the variables we used were oversimplified, such
as the classification of smoking as never/ever instead of
using pack years. Due to the retrospective design, more
detailed information was often not available or not reli-
able. Even though we used a very simplified model with

Transplant International 2021;

only seven variables to reduce the risk of overfitting,
performance measures showed a well-calibrated model
with an excellent concordance index.

This model is specifically designed for the prediction
of aorto-iliac stenosis and does not take aorto-iliac cal-
cification without stenosis into account. Even though
aorto-iliac calcification can complicate the surgical pro-
cedure by not finding a soft arterial spot to clamp, it
does not directly affect perfusion of the graft. Therefore,
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the presence of severe aorto-iliac calcification has less
effect on pre-operative clinical decisions as whether to
perform an additional pre-transplant vascular procedure
or on which side the kidney should be implanted. Ste-
notic vascular disease, on the other hand, does affect
perfusion of the graft if the graft is transplanted below
the stenosis on the ipsilateral side. This concept has
been shown in the case of renal transplant artery steno-
sis, which is a cause of graft dysfunction [34]. Because
of this, the focus of this study was on stenotic vascular
disease, as transplantation below a stenosis should be
avoided by performing a pre- or peri-transplant vascular
procedure or contralateral implantation.

How can we use this model in clinical practice? The
risk calculator with the proposed cut-off value can be
used in the outpatient clinic to decide whether a patient
needs additional imaging for the presence of aorto-iliac
stenosis. Use of the risk calculator could reduce costs as
it may prevent unnecessary contrast-enhanced imaging
procedures. It may also lead to less exposure of patients
to potentially harmful contrast fluid and radiation.
Non-invasive imaging techniques, such as duplex ultra-
sound, could be an alternative to contrast-enhanced
imaging techniques as it has shown a moderate to high
sensitivity for stenotic peripheral vascular disease [35].
However, it should be noted that this sensitivity could
be lower for the aorto-iliac trajectory because of obesity
or over-projection of bowel gas. A study found that
10.4% of all duplex images of the aorto-iliac trajectory
could not be evaluated because of these reasons [36].
Another study found a low inter-observer agreement for
duplex ultrasound in the case of the aorto-iliac trajec-
tory (kappa of 0.53) [37]. Especially in the case of bor-
derline stenosis, substantial disagreement was found
[37]. Obesity is a growing problem especially in the
ESRD population making duplex ultrasound a less
attractive modality in the Western world.

In conclusion, we successfully developed a model to
predict aorto-iliac stenosis in kidney transplant candi-
dates, which could be useful in clinical practice to guide
the development of standardized screening protocols for
aorto-iliac vascular disease. However, external validation
is needed to see whether these results are generalizable
outside of our dataset, preferably in a dataset where all
kidney transplant candidates received contrast-enhanced
imaging.
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