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Abstract: Abdominal aortic aneurysm (AAA) is a degenerative disease of the aortic wall with poten-
tially fatal complications. Open repair (OR) was considered the gold standard, until the emergence of
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endovascular aneurysm repair (EVAR), which is less invasive and equally (if not more) effective. As
the popularity of endovascular procedures grows, related complications become more evident, with
kidney damage being one of them. Although acute kidney injury (AKI) following EVAR is relatively
common, its true incidence is still uncertain. Also, there is insufficient data concerning long-term renal

Dol outcomes after EVAR, especially with repeated contrast agent exposure. Despite the lack of firm evi-
dence on the effectiveness of individual strategies, it is evident that prevention of AKI following EVAR
requires a multifactorial approach. This review focuses on recent findings based on human studies re-
garding the current evidence of renal impairment after EVAR, its quantification and strategies for its
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prevention.
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1. INTRODUCTION

Abdominal aortic aneurysm (AAA) is a degenerative
disease of the aortic wall with a prevalence of 2.2% in the
elderly population [1]. The treatment of AAA is offered to
prevent AAA rupture, which is often a fatal complication.
Open repair (OR) was considered the gold standard until the
emergence of endovascular aneurysm repair (EVAR), which
is less invasive and equally (if not more) effective [2-4]. The
number of AAAs treated with EVAR is rising each year,
especially in Western countries [5, 6].

As the popularity of endovascular procedures grows,
related complications become more evident, with kidney
damage being one of them. Aside from nephrotoxicity of
contrast media used during the procedure [7], other factors
could also compromise both short- and long-term kidney
function after EVAR, such as microembolization induced by
endograft manipulation, accessory renal artery coverage,
lower extremity ischemia-reperfusion reaction and a sys-
temic inflammatory response [8]. Post-procedural acute kid-
ney injury (AKI) may result in prolonged hospital stay and
new-onset haemodialysis requirement in some patients and
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has a strong impact on long-term survival after major surgery
[9, 10]. The additional use of contrast media for post-EVAR
surveillance may also contribute to late outcomes.

This review focuses on recent findings based on human
studies regarding the evidence of renal impairment after
EVAR, its quantification and strategies for its prevention.

2. ASSESSMENT OF KIDNEY FUNCTION

The initial studies used serum creatinine (SCr) levels and
creatinine clearance (CrCl), predominantly calculated by the
Cockcroft-Gault equation, to assess renal function after AAA
treatment. As SCr showed unsatisfactory sensitivity, differ-
ent formulas were introduced for estimation of glomerular
filtration rate (eGFR), which included other patient charac-
teristics [21-22]. Both the Modification of Diet in Renal Dis-
ease (MDRD) study equation and Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) formulas include
age, race, gender, and SCr levels, but the latter proved supe-
rior in determining (eGFR), especially in patients with better
kidney function [23].

Novel biomarkers have been developed for the detection
of early kidney injury [24]. A prospective observational
study analyzed changes of SCr, urinary neutrophil ge-
latinase-associated lipocalin (NGAL), blood NGAL, N-
acetyl-B-D-glucosaminidase (NAG), albumin (Alb) and liver
fatty acid binding protein (L-FABP) in 47 patients after elec-
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tive EVAR. Renal injury before AKI was detected by in-
creased SCr levels, while NGAL corrected by urinary
creatinine values demonstrated the best predictive value [25].
Obata et al. demonstrated that urinary L-FABP level signifi-
cantly increased 4 h after EVAR and 2h after aortic cross-
clamping during surgery [26], while another small prospec-
tive study showed that urinary NGAL and interleukin 18 (IL-
18) concentrations peaked at 12 h after EVAR [27].

Another prospective study reported that urinary cystatin
C was superior to SCr in the early detection of AKI after OR
and EVAR [28]. In addition, Abdelhamid et al. noted a sig-
nificant rise in cystatin C levels at 1, 6 and 12 months during
EVAR follow-up, which was not followed by a rise in sCr
levels and a decrease in eGFR, both in patients with normal
and decreased preprocedural kidney function [29]. Novel
early biomarkers of kidney injury show promising diagnostic
value, but their cost-effectiveness remains to be determined
in larger prospective studies.

A small retrospective study compared renal outcomes
between OR and EVAR, by applying the MDRD equation
and measuring renal volume using semiautomatic post-
processing algorithm based on computerized tomography
(CT) angiography [30]. The decrease in renal volume corre-
lated with deterioration of kidney function over time, thus
suggesting that it could be a good marker of postoperative
renal impairment. More advanced CT image processing
software has been developed but is yet to be implemented in
routine practice [31].

3. DEFINITIONS OF AKI AND CHRONIC KIDNEY
DISEASE (CKD)

AKI is usually defined as the abrupt decline in renal
function. However, a precise definition is not consistently
used, limiting comparisons between studies. In 2002, the
Acute Dialysis Quality Initiative (ADQI) group formed the
Risk of renal dysfunction; Injury to the kidney; Failure of
kidney function; Loss of kidney function; End-stage kidney
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disease (RIFLE) criteria, which included the first uniform
AKI definition (Table 1) [32]. Next, the Acute Kidney Injury
Network (AKIN) incorporated a wider spectrum of renal
injury under the term AKI put in the timeframe of 48h (Table
2) [33]. By comparing the 2 criteria, Bang et al. showed that
AKIN had a better predictive value in terms of overall mor-
tality in patients undergoing OR of infrarenal AAA [34]. In
Kidney Disease Improving Global Outcomes (KDIGO)
clinical guidelines, released in 2012, the 2 former definitions
were merged to define AKI as: increase in SCr by >0.3
mg/dL (26 umol/l) within 48 h, increase in SCr to >1.5 times
baseline within the last 7 days, or urine output <0.5 mL/kg/h
for 6 h (Table 3) [35]. A recent paper highlighted the need
for a uniform definition of AKI after EVAR and proposed a
new scoring system (ARISe - Aneurysm Renal Injury Score),
that has yet to be validated [36].

CKD was initially defined and classified by the National
Kidney Foundation Kidney Disease Outcomes Quality Initia-
tive (KDOQI) [37]. Subsequently, the definition of CKD was
updated in KDIGO guidelines, where it represents a de-
creased eGFR of <60 ml/min/1.73/m’ for at least 3 months
[35].

4. INCIDENCE OF AKI FOLLOWING EVAR

Initial reports of AKI after EVAR consisted of papers
comparing either EVAR with OR or different stent-graft
fixation methods [11-15]. The design varied considerably
across the studies, predominantly being retrospective, with
the absence of uniform perioperative patient care protocol
and procedure information, such as quantity of contrast me-
dia used, procedure time and coverage of accessory renal
arteries. In addition, the inconsistency in defining AKI
throughout the studies was the main limiting factor.

The first cohort study which defined AKI according to
KDIGO criteria and explored its incidence after elective
EVAR [18] used renoprotective fluid therapy preoperatively
and a single device with infrarenal fixation in all patients.

Table1. RIFLE criteria for acute renal failure.
Stage GFR Criteria Urine Output Criteria
Increased sCr x1.5
Risk UO < 0.5 ml/kg/h for 6 h
or GFR decrease >25%
Increased sCr x2 or
Injury UO < 0.5 ml/kg/h for 12 h
GFR decrease >50%
Increased sCr x3 or
) GFR decrease >75% or U0 <0.3 ml/kg/h for24 h or
Failure
sCr >4 mg/dL (353.6 umol/l) with an acute rise of > 0.5 mg/dL anuria for 12 h
(44.2 pmol/l)
Loss Persistent ARF = complete loss of kidney function >4 weeks
ESKD Need for dialysis for >3 months

The classification system includes separate criteria for sCr and urine output, which can be fulfilled either independently or simultaneously. RIFLE - Risk of renal dysfunction; Injury
to the kidney; Failure of kidney function; Loss of kidney function; End-stage kidney disease; GFR - glomerular filtration rate; sCr - serum creatinine levels; UO - urine output; ARF -

acute renal failure; ESKD - End-stage kidney disease. Modified from [30].
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Table 2.  AKIN criteria for AKI.
Stage sCr Criteria Urine Output Criteria
Increase in sCr of >0.3 mg/dL (26.5 pmol/l) or

1 UO <0.5 ml/kg/h for 6 h
increase in sCr >150-200% from baseline

2 Increase in sCr >200-300% from baseline UO <0.5 ml/kg/h for 12 h
| in sCr >300% from baseli

ncrease in sCr % from baseline or UO <0.3 milkg/h for 24 h or
3 . .
sCr >4 mg/dL (353.6 pmol/l) with an acute rise of >0.5 anuria for 12 h
mg/dL (44.2 umol/l)

Only one criterion has to be fulfilled to qualify for a stage. Patients on renal replacement therapy are considered to have met the criteria for stage 3. AKIN - Acute Kidney Injury

Network; AKI - acute kidney injury; sCr - serum creatinine levels; UO - urine output. Modified from [31].

Table3. KDIGO criteria for AKI.
Stage sCr criteria Urine Output Criteria

sCr x1.4-1.9 baseline or

1 UO <0.5 ml/kg/h for 6-12 h

sCr>0.3 mg/dL (26.5 umol/l) increase

2 sCr 2.0-2.9 times baseline UO <0.5 ml/kg/h for>12 h

sCr 3.0 times baseline or
Increase in sCr of >4.0 mg/dL (353.6 umol/l) or UO <0.5 ml/kg/h for >24 h or
: Initiation of renal replacement therapy or Anuria for >12 h
In patients <18 years, decrease in eGFR <35 mL/min/1.73m?

These criteria were developed from RIFLE and AKIN criteria. KDIGO - Kidney Disease Improving Global Outcomes; AKI - acute kidney injury; RIFLE - Risk of renal dysfunction;
Injury to the kidney; Failure of kidney function; Loss of kidney function; End-stage kidney disease; AKIN - Acute Kidney Injury Network; sCr - serum creatinine levels; UO - urine

output. Modified from [32].

AKI developed in 28 out of 149 (18.8%; 26 classified as
stage 1, 2 as stage 2) patients; none of the patients needed
dialysis postoperatively. A subsequent paper by these
authors analyzed potential risk factors for AKI after elective
EVAR with both supra- and infrarenal fixation [19]. The
incidence of AKI was 17.6%, which was in accordance with
previous results. This study identified baseline eGFR (OR:
1.02 per unit decrease; 95% CI: 1.003-1.041; p = 0.025) and
CKD stage >2 at baseline (OR: 1.28; 95% CI 1.269-2.531; p
= 0.001) being the main predictive factors, along with car-
diovascular comorbidities. Also, an interesting finding was
that contrast media volume did not have an impact on AKI
development (p = 0.12). The study did not differentiate renal
outcomes between the fixation methods used.

A retrospective review of the Vascular Quality Initiative
(\VQI) database found that 470 out of 14,475 (3.2%) patients
suffered from renal dysfunction after elective EVAR (2.9%
with AKI, and an additional 0.4% with new haemodialysis
requirement) [20]. Postoperative renal dysfunction was de-
fined as a rise in SCr of 0.5 mg/dL (44 umol/l) or new-onset
haemodialysis. Strong independent predicting factors were
new-onset heart failure and a return to the operating room,
while a preoperative eGFR >60 mL/min/1.73m* was a pro-
tective factor. The low incidence of AKI as compared with
previous reports could be attributed to its restricted definition
and irregular follow-up, with 15% of patients having only 1
day of follow-up.

Castagno et al. compared the incidence of AKI among
146 patients undergoing EVAR and 285 undergoing OR,
using the ARISe scoring system in a retrospective single-
center study [38]. The development of AKI was more com-
mon after OR (26.3 vs 5.5%) and in patients with pre-
existing decreased kidney function. Interestingly, a high per-
centage of patients (77.5% in OR, 62.5% in EVAR) restored
their baseline sCr levels during the hospital stay, which im-
plies that AKI could be a transient condition. Also, since the
ARISe criteria are stricter in defining AKI compared with
the RIFLE criteria, its clinical usefulness was questioned.
The authors concluded that consensus in defining and stag-
ing AKI is urgently needed.

In another retrospective study analyzing AKI after EVAR
(9% were snorkel-EVARs with renal artery stenting), the
authors stratified 134 patients in 5 CKD classes according to
the KDOQI guidelines before the intervention, with 88% of
the patients in CKD class 2 and 3 [39]. The staging was recal-
culated 7 days after the intervention and AKI was defined as
increased CKD stage after EVAR. Twenty-five (19%) patients
developed AKI, but on the other hand, another 17 (13%) had
improved their kidney function. CKD progression could have
been predicted by a presence of the shaggy aorta, absence of
oral beta-blocker administration and a higher preoperative sCr
level (>1.4 mg/dL). Freedom from aneurysm-related death
was significantly lower in patients with CKD progression dur-
ing the median follow-up of 14.1 (range 1-36) months.
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Surprisingly, a large systematic review and meta-analysis
that included 4369 patients showed no significant rise in SCr
or drop in CrCl in the first 30 days after EVAR, while further
staging of renal dysfunction was not applied [40]. However,
the authors pointed out the considerable heterogeneity in the
definition of renal failure and the evident paucity of data
reporting postoperative haemodialysis requirement.

The emerging of the chimney and fenestrated EVAR
procedures revolutionized the treatment of pararenal AAAs.
Although, these endovascular interventions showed superior
renal outcomes compared with OR, [41, 42] they still bare a
slightly higher risk of postoperative AKI compared with
classic EVAR [43]. This could be attributed to a higher de-
gree of juxtarenal endograft manipulation, conjunctive stent-
ing of renal arteries and increased contrast media load. In a
small study of 43 patients undergoing chimney EVAR, 14
(32.6%) patients experienced some form of AKI defined by
the RIFLE criteria, with 10 (23.3%) classified as mild [44].
Another study reported a 28% AKI incidence after fenes-
trated EVAR, defined by AKIN criteria, with long procedure
time and occlusion of accessory renal arteries being inde-
pendent risk factors [45]. Oderich et al. evaluated the results
of fenestrated and branched EVAR in patients with pararenal
and thoracoabdominal aortic aneurysms in a prospective
nonrandomized study, and noted a 9% AKI incidence, with
4/240 (1.6%) target renal artery occlusions [46]. Finally, a
systematic review with pooled data analysis, consisting of
123 patients treated with chimney EVAR (group 1) and 631
patients treated with fenestrated EVAR (group 2), reported
9.7% and 12.4% postoperative renal impairment rate, in the
2 groups respectively, which was not statistically significant.
[47]

Another question that stands out is if worse outcomes
after EVAR should be expected in the subset of patients with
preoperatively impaired kidney function. While some of the
studies recognized increased baseline levels of sCr as a risk
factor for developing postoperative AKI and worse outcomes
in general, the answer remains unclear [18-20, 39]. Mehta et
al., retrospectively assigned 200 patients that underwent
EVAR into 3 groups based on their preoperative sCr: group
1 (108 patients) < 1.5 mg/dL; group 2 (65 patients) 1.5-2.0
mg/dL; group 3 2.1-3.5 mg/dL [48]. There was no statisti-
cally significant difference in the incidence of postoperative
renal complications between the groups. The authors also
marked perioperative hypotension (OR 9.1, p<0.001) and the
amount of contrast agent used (OR 1.6, p<0.001) as the 2
main risk factors for worsening kidney function. Even
though these 2 risk factors might have had a stronger impact
on patients with decreased kidney function, further investiga-
tion between the subgroups of patients was not conducted.
An analysis of American College of Surgeons National Sur-
gical Quality Improvement Program (NISQP) database, in-
cluded 3886 EVAR patients and 1256 OR patients with
moderate (eGFR 30-60 mL/min/1.73m?) or severe (eGFR <
30 mL/min/1.73m?) preoperative kidney dysfunction [49].
EVAR patients showed significantly lower renal complica-
tion (1.9 vs 7.8%; p < 0.0001) and 30-day mortality rate (1.6
vs 5.9%; p < 0.0001) in patients with moderate kidney dys-
function, while the same superiority was not present in pa-
tients with severe kidney dysfunction. However, the authors
suggested that there is a strong possibility that most of the
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OR patients had juxtarenal AAA, which needed suprarenal
clamping and thus produced unfavorable renal outcomes.

Despite the fact that AKI following EVAR seems to be
transient in most cases, some studies highlighted its impor-
tance as a predictive factor for decreased overall survival and
increased long-term cardiovascular morbidity [18, 20, 45].

5. IMPACT OF EVAR ON LONG-TERM KIDNEY
FUNCTION

The early survival advantage of EVAR compared with
OR gradually fades over time [50, 51]. Although the in-
creased mortality in long-term follow-up is mostly attributed
to aneurysm-related complications, the progressive impair-
ment of renal function should not be disregarded. The nature
of the disease prevents the formation of an adequate control
group, which would consist of patients with large AAAs that
had not previously undergone repair. On the other hand,
population-based studies, which could be used for compari-
son, detected either the absence of or minor deterioration in
renal function over time in elderly patients [52, 53].

Post hoc analyses of large randomized trials comparing
EVAR with OR reported limited information on long-term
renal dysfunction after EVAR [54-56]. In the initial report of
the Open Versus Endovascular Repair (OVER) trial, the in-
cidence of new-onset dialysis after EVAR was 1.1% within 1
year of the procedure [55]. The 5 year follow-up study of the
Dutch Randomized Endovascular Aneurysm Management
(DREAM) trial showed a mean decline in eGFR, calculated
by CKD-EPI equation, of 4.2 mL/min/1.73m? (95% ClI: 3.2-
5.3) [56].

Mohammed et al. included 212 patients in a retrospective
single-center study of long-term renal outcomes after EVAR
[57]. Patients were classified in 5 CKD stages according to
KDOQI guidelines and were followed for up to 20 months.
Estimated freedom from progression to CKD stage 3 was
80%, 76%, and 63% at 6, 12, and 18 months, while freedom
from progression to CKD stage 4 was 97%, 96%, and 93% at
the same time points, thus showing a more rapid progression
to CKD stage 3 than to CKD stage 4 during mid-term fol-
low-up. Although intraoperative contrast volume was not
associated with CKD stage progression, the notable fact is
that postoperative surveillance consisted of multi-detector
CT angiography at 1, 6, 12 months and annually thereafter.

A systematic review and a subsequent meta-analysis of
studies exploring renal outcomes after EVAR estimated an
average 18% of patients with clinically relevant deterioration
in kidney function 1 year after the procedure [40]. Saratzis
et al. conducted a nested case-control study, with three
groups of patients undergoing AAA repair matched by
demographic and preoperative angiographic parameters: OR
(45 patients), EVAR with suprarenal and EVAR with in-
frarenal fixation (90 patients each) [17]. During the 2 year
follow-up, there was a significant progressive drop in eGFR
in the OR and suprarenal fixation EVAR group, with differ-
ent time patterns of eGFR decline between the groups, sug-
gesting diverse aetiology. Also, this was the first study to
evaluate the correlation between neck length and diameter
with eGFR drop, which was not significant. Although, some
other studies proposed that suprarenal endograft fixation
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bares a higher risk of AKI compared with infrarenal fixation,
which can be attributed to unfavourable neck anatomy and
subsequent increased risk of microembolization in the renal
arteries, meta-analyses on the subject failed to confirm this
hypothesis [58, 59].

The impact of additional contrast media exposure on kid-
ney function during follow-up is a highly neglected matter.
Firstly, CT angiography is still a frequently utilized method
in 10 year post-EVAR surveillance, despite strong evidence
of other imaging modalities having equal or similar diagnos-
tic value [60, 61]. A prospective study of 278 patients
showed that contrast-enhanced ultrasonography (CEUS) was
diagnostically equivalent to CT angiography in the detection
of endoleaks in the first-year follow-up, with the sensitivity
of 85% and specificity of 95% [62]. In a systematic review
and meta-analysis including 25 studies, the authors con-
cluded that both duplex ultrasonography (DUS) and CEUS
have sufficient accuracy in detection of type | and type Ill
endoleaks. [63] Another meta-analysis analyzed the diagnos-
tic value of magnetic resonance imaging (MRI) in addition to
DUS and CEUS while using CT angiography as the gold
standard. [64] Again the accuracy of CEUS, along with the
MRI was more than acceptable in the detection of endoleaks,
while DUS showed worse results. As a result, it is safe to
assume that ultrasonography can be used for post-EVAR
surveillance, at least in uncomplicated cases. Thus, further
nephrotoxicity of contrast media can be avoided and the true
impact of EVAR on long-term kidney function can be evalu-
ated.

Some of the EVAR complications, such as different types
of endoleaks, require elective endovascular reintervention in
the postoperative period. The reported reintervention rate
across the major studies ranges from 5.1-8.5% [51], which
can have a significant impact on kidney function during
EVAR follow-up. In addition to contrast media administra-
tion, the manipulation in the juxtarenal segment of the aorta
could lead to further degradation of kidney function. How-
ever, there is still a lack of studies exploring this problem.

The most recent systematic review included 6 papers,
which compared EVAR and OR renal outcomes during mid-
and long-term follow-up [65]. The high heterogeneity be-
tween the studies, in terms of perioperative treatment, the
definition of renal dysfunction, postoperative surveillance,
and follow-up, limited the subsequent meta-analysis. The
authors defined kidney function impairment as a decrease of
eGFR >20% compared with the preoperative level. Pooled
data analysis showed that there was 5.3% incidence of post-
operative kidney dysfunction among 1096 EVAR patients
and 5.2% in 1006 OR patients; these values did not differ
significantly.

6. PREVENTION OF AKI FOLLOWING EVAR

A number of different strategies are used for the preven-
tion of AKI after endovascular procedures, with most of
them focusing on the reduction of contrast-induced neph-
ropathy (CIN) incidence following coronary interventions.
Firstly, there should be a tendency to administer as low a
volume of contrast media as possible, with the use of iso-
osmolar contrast in high-risk patients [66]. After an exten-
sive investigation, it seems that the only proven preventive
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treatment is the expansion of intravascular volume with con-
sequent stimulation of renal contrast elimination through
urine output, which is achieved by administration of isotonic
crystalloid solutions [66, 67]. However, a newly published
result of AMACING trial countered this standard of care, by
showing that no prophylaxis is non-inferior and more cost-
effective to prophylactic intravenous fluid administration in
preventing CIN. Additionally, the authors reported a non-
negligible complication rate associated with volume expan-
sion [68]. A recent large meta-analysis reported evidence of
the protective effect of N-acetylcysteine against CIN after
coronary interventions; however, this was challenged by
other large randomized controlled trials (RCTs) [69, 70]. As
for chronic therapy, a systematic review and meta-analysis of
studies concerning coronary interventions showed a signifi-
cant risk reduction of CIN in patients who received prepro-
cedural high-dose statin therapy compared with controls (3.7
vs 8.3%; relative risk, RR, 0.46; p < 0.00001) [71].

Evidence regarding methods for prevention of renal dys-
function after EVAR mostly consists of pilot studies with
small numbers of patients [72-74]. Moore et al. conducted a
small study; 20 patients undergoing EVAR were randomized
either to standard hydration therapy or to standard hydration
therapy with N-acetylcysteine [72]. None of the patients de-
veloped AKI, and there was no significant difference in post-
operative levels of renal function markers between the
groups. Another trial with 86 patients undergoing elective
EVAR showed a small but significant benefit from intraop-
erative mannitol administration for renal function in the first
24 h after the procedure, but not in the long-term follow-up
[73]. Moulakakis et al. examined the impact of statin use on
the incidence of renal dysfunction following EVAR in 127
patients [74]. Their study showed the absence of early dete-
rioration of kidney function in patients undergoing EVAR
with suprarenal fixation, who were taking statins for at least
3 months preoperatively, whereas a deterioration was present
in patients that were not using statins. However, a similar
protective effect of statins was not observed in other recent
studies investigating AKI following EVAR, though specific
information about therapeutic regimen was not reported [18-
20]. Also, it should be noted that some papers suggest that
the true renoprotective effect of statins emerges after more
than a year of its regular administration [75]. The data on the
benefit of preoperative statin therapy for patients undergoing
coronary interventions support its initiation in all patients
planned for EVAR [71, 76, 77].

Despite the lack of firm evidence on the effectiveness of
individual strategies, it is evident that prevention of AKI
following EVAR requires a multifactorial approach [61].
Also, future studies should focus on identifying high-risk
patients by considering parameters, such as aortic stiffness,
full blood count and a shaggy aorta [78-80].

CONCLUSIONS

AKI is a relatively common complication following
EVAR, which is associated with prolonged hospital stay and
long-term morbidity and mortality. Its true incidence is still
uncertain, due to lack of uniform definitions of kidney dys-
function and consolidated perioperative protocols. Also,
there is a lack of published studies concerning renal out-
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comes after EVAR during long-term follow-up, especially
evaluating the impact of repeated contrast exposure. Despite
the extensive evidence on different preventive strategies
against CIN after percutaneous coronary interventions, the
data on the such strategies in the prevention of AKI follow-
ing EVAR s still insufficient. While preoperative intrave-
nous hydration treatment with isotonic crystalloid solutions
is the current standard of care, it is clear that multifactorial
approach is needed. A similar argument has been raised re-
garding the use of contrast media for carotid artery stenting
(CAS) [81], a procedure which is used for patients with ca-
rotid artery stenosis. Compared with carotid endarterectomy,
CAS is a less invasive but this procedure requires the use of
contrast material and this can result in the development of
CIN.
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