Review Article

Journal of Scientific & Technical Research

BIOMEDICAL
>

ISSN: 2574 -1241

DOI: 10.26717/B]JSTR.2021.35.005771

Contemporary Modalities in the Prevention of
Contrast-Induced Acute Kidney Injury

Panagiotis Theofilis* and Aikaterini Vordoni

Department of Nephrology, General Hospital of Nikaia “Agios Panteleimon’, Athens, Greece

*Corresponding author: Panagiotis Theofilis, Nephrology Department, General Hospital of Nikaia “Agios Pantelei-

mon”Dimitri Mantouvalou 3, Nikaia, Greece

ARTICLE INFO ABSTRACT

Received: E2 May 12, 2021

Contrast-induced acute kidney injury (CI-AKI) is the third leading cause of acute kid-

ney injury deriving from the intravascular administration of contrast media in diagnostic
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and therapeutic procedures and leading to longer in-hospital stay and increased short
and long-term mortality. Its pathophysiology, although not well-established, revolves

around medullary hypoxia paired with the direct toxicity of the substance to the kidney.
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Critically ill patients, as well as those with pre-existing renal disease and cardiovascular
comorbidities, are more susceptible to CI-AKI. Despite the continuous research on the
field of CI-AKI prevention, clinical practice is based mostly on periprocedural hydration.
In this review, all the investigated methods of prevention are being presented, with the
potency of RenalGuard and contrast-removal systems being stressed as the method of

choice for CI-AKI prevention in high-risk individuals.
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Introduction

Contrast media (CM),

radiodiagnostics to enhance vascular visibility, have as complication

intravascularly administered in

the occurrence of acute kidney injury, beginning soon after their
administration. This clinical entity is known as contrast-induced
acute kidney injury (CI-AKI) and is the third leading cause of acute
kidney injury, after defect of renal perfusion and nephrotoxic drugs
administration [1]. CI-AKI is associated with elevation of serum
creatinine after exclusion of alternative causes of renal impairment,
within 48-72 hours after the injection of the CM, which usually
returns to baseline values over 1-3 weeks. The first 24 hours post-
exposure are crucial to the development of CI-AKI, since in 80% of
cases serum creatinine started rising within 24 hours post-exposure
and nearly all patients who progressed to serious renal dysfunction
had an increase in serum creatinine within this period of time. CI-
AKI is related to serious adverse events, as chronic kidney disease
(CKD), myocardial infarction, stroke and death while patients who
developed CI-AKI had higher mortality at one month [2,3]. The
reported one-year mortality rate varies according to the degree
of renal impairment prior to the radiocontrast procedure, ranging

from 8-23%, and can be as high as 55% in those who develop CI-AKI
that requires dialysis [4,5]. In this review, we present the various
methods used in CI-AKI prevention while also elaborating on the

novel approaches that are currently being investigated.

Pathophysiology of CI-AKI

CI-AKI is believed to arise from hypoxic renal medullary injury,
leading to acute tubular necrosis, rather than direct toxic renal
tubular damage [6,7]. This direct CM-induced renal tubule toxicity
leading to apoptosis is due to the inhibition of mitochondrial
enzymes activity [7]. Medullary hypoxia results from decreased
vasa recta perfusion, increased oxygen consumption from the
epithelial tubular cell and altered medullary vasculature reducing
the perfusion of the outer renal medulla, which is poor even under
normal conditions because of its distance from the descending
vasa recta [7]. Osmotic load due to CM is responsible for increased
interstitial pressure and sodium transport by drawing water into
the renal tube lumen, resulting in compression of vasa recta and

peritubular capillaries and in an increase in blood viscosity, both
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decreasing the perfusion of vasa recta and aggravating medullary
hypoxia [8]. Moreover, CM in the lumen of renal tubules decreases
water reabsorption, leading to an increase in intraluminal pressure
and a decrease in the filtration gradient of glomerular capillaries,
enhancing the transport of sodium [9]. The increment of the
sodium transport raises the consumption of oxygen by tubular
epithelial cells, contributing to CM-related medullary hypoxia [8].
Adenosine, via the A; receptor on afferent arterioles, promotes
their constriction, lowering glomerular filtration rate (GFR),
delivering less sodium to be reabsorbed, thus contributing to the
decrease in oxygen consumption [10]. Exposure to CM induces a
medullary vasoconstrictive response, mediated by the release
of prostanoids and endothelin from endothelial cells through
the activation of the receptor 1 and 3 of prostaglandin E, and of
the receptor A of endothelin [11]. The vasoconstricting effect of
endothelin is exaggerated in patients with CKD. Medullary hypoxia
and catabolism of adenosine also generate reactive oxygen species
(ROS) that scavenge nitric oxide (NO) leading to attenuated

decreased NO

reabsorption which induces a rise in oxygen consumption and

vasodilation. Additionally, increases sodium

medullary hypoxia.

Prevention for CI-AKI
CI-AKI Risk Stratification

Mehran et al. developed a simple risk score for the prediction
of CI-AKI and the need for dialysis after PCI by investigating 8357
patients [12]. A weighted integer score is attributed to each risk
factor and the sum gives rise to the CI-AKI risk score, a predictor of
the risk of CI-AKI occurrence and necessity for dialysis (Table 1).
Lately, there has been novel predictors for CI-AKI risk especially in
patients undergoing PCI after ST-elevation MI such as the Athens
CI-AKI Score or the PRECISE-DAPT [13,14]. However, since renal
function is a major determinant of CI-AKI incidence, estimation of
GFR is usually the most practical method of risk stratification [15]
in the elderly, diabetic or hypertensive patient population as well as
patients with pre-existing renal disease (Figure 1) [16].

Screening for CI-AKI

GFR estimation in elderly, hypertensive, diabetics, CKD patients

Low-lnternfiéa_i-a_te Risk

High Risk

eGFR=30ml/min/1.73m?

No further action required
* Prewarm CMto 37° C

* Dilute CW

General CM Considerations

* Use lowest possible dose

* Avoid repeated administration when possible

eGFR<30ml/min/1.73m?

* Use non-ionic hypo- or isc-osmolar CM |

Avoid nephrotoxic drugs
1 day before and after the procedure

If on metformin/RAAS blockers
Discontinue 48h before
Reinstitute after renal function evaluation

Inconclusive effect |

Statins Prostaglandin El

CJ\NV\,

Figure 1: CI-AKI risk stratification.

Table 1: CI-AKI risk factor scores for patients undergoing PCIL.

IV isotonic saline (1mlfkg/h)
3-4h before and 4-6h after procedure
le:aution in volume overload conditions

e

Based on availability
- ~
Contrast removal system

DyeVert™

.
Matched diuresis-hydration
RenalGuard system

Risk Factors

Integer Score

Hypotension 5
IABP 5
CHF 5
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Age >75 years 4

Anemia 3

Diabetes mellitus 3

Contrast media volume (per 100ml) 1

Serum creatinine >1,5mg/dl 4

or

eGFR 40-60 mL/min/1,73m? 2

eGFR 20-40 mL/min/1,73m? 4

eGFR <20 mL/min/1,73m? 6

CI-AKI Risk Score Risk of CI-AKI (%) Risk of Dialysis (%)

0-5 0,04
6-10 14,0 0,12
11-16 26,1 1,09
=16 57,3 12,6

CI-AKI: contrast-induced acute kidney injury; CHF: Congestive Heart Failure; eGFR: estimated glomerular filtration rate;
IABP: Intra-aortic balloon pump

CM Considerations

As far as CM is concerned, the use of non-ionic hypo-osmolar or
iso-osmolar CM in the lowest possible dose is indicated in patients
at particularly high risk, such as patients with diabetes mellitus
and advanced CKD [17]. Additionally, the CM should be prewarmed
to 370C and diluted to decrease viscosity and its administration
should be postponed in patients with circulatory collapse or severe
CHF until their hemodynamic status is corrected [17,18]. Repeated
administration of CM should be delayed for 48 hours in patients
without risk factors for CI-AKI, for 72 hours in those with risk
factors for CI-AKI and, if acute renal impairment develops after CM
administration, repeated doses should be delayed until the serum
creatinine level has returned to baseline [17]. When the procedure
can be delayed, the time frame of 2-3 weeks is appropriate to allow
for restoration of renal function [19].

Discontinuation of Nephrotoxic Drugs

Concurrent nephrotoxic drugs should be withheld, especially
NSAIDs, aminoglycosides, amphotericin-B, high doses of loop
diuretics and antivirals, at least 24 hours before and after the
procedure. The procedure must be delayed long enough to avoid
the combined effect of nephrotoxic drugs and the CM, but this
is not always possible in cases of emergent procedures [17]. In
addition, metformin should be discontinued 48 hours before the
procedure and reinstituted after evaluation of renal function in
diabetic patients with impaired renal function. Metformin is not
a risk factor for CI-AKI, but it could lead to lactic acidosis in case
of CI-AKI incidence, as it is excreted via the kidney and stimulates
intestinal lactic acid production [20]. Controversy exists in the
discontinuation of renin-angiotensin system blocking drugs.
For patients treated with angiotensin converting enzyme (ACE)
inhibitors or angiotensin receptor blockers (ARBs) receiving CM,
some investigators conclude that there is no need to interrupt them

prior to CM exposure [21]. On the other hand, the CAPTAIN study
of 208 patients reported that CI-AKI occurred in 18.4% of patients
who continued the ACE inhibitor or ARB compared to 10.9% of
the patients who withheld them [22]. In the largest meta-analysis
to date, an increased risk of CI-AKI was noted in chronic ACE
inhibitors/ARBs users, especially in the subgroup of elderly and
patients with CKD [23]. Due to the lack of beneficial results, holding
ACE inhibitors or ARBs should be considered especially in these
subgroups for 48 hours before and reinstitution after evaluation
for CI-AKI [16].

Ischemic Conditioning

Remote Ischemic Conditioning (RIC), aiming at limiting
ischemia-reperfusion injury via protective signals elicited from
the tissue in which the conditioning stimulus is applied, was
initially proven efficacious by Walsh et al. in a study of 40 patients
undergoing endovascular aortic aneurysm repair (EVAR) [24].
Following that, RCTs from Er et al. and Deftereos et al. established
the beneficial effect of RIC, either that being pre- or post-ischemic
[25,26]. Recently, a meta-analysis of 16 RCTs (2157 patients
receiving IV CM) showed that RIC markedly decreased the risk of
CI-AKI and major adverse cardiovascular events within 6 months
while hydration acted synergistically [27]. Several trials are
currently underway, and the results are expected to provide further

evidence on the efficacy of this approach.

Pharmacological Strategies

Hydration: Periprocedural hydration has been widely regarded
to be the cornerstone of CI-AKI prevention in patients with and
without renal impairment [28,29]. The beneficial effect of hydration
was firstly described by Solomon et al. in a study of 78 patients
with CKD undergoing angiography [30]. The mechanism involved
includes the inhibition of renin-angiotensin-aldosterone system
due to volume expansion, thus attenuating renal vasoconstriction
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and hypoperfusion, together with an increase of vasodilatory renal
prostaglandins, leading to extensive vasodilation. Moreover, dilution
of intratubular CM and increase of diuresis limits the contact of CM
with the renal tubular cells, thus contributing to the reduction of
the direct renal tubular toxicity [31]. There is no clear evidence on
the best route of hydration, enteral or parenteral, to prevent CI-
AKI. A meta-analysis of 8 studies with 1754 participants showed
noninferiority of oral hydration compared to IV for the prevention
of CI-AKI in coronary angiography [32]. Mueller et al. conducted a
study with 1620 patients undergoing coronary angiography and
concluded that for CI-AKI prophylaxis hydration with isotonic saline
0.9% (809 patients, incidence of CI-AKI 0.7%) was more beneficial
than half-isotonic saline 0.45% (811 patients, incidence of CI-AKI
2%), especially in women, diabetics and patients receiving equal or
greater than 250 mL of CM [33]. Routine clinical practices generally
consist of IV isotonic saline administration at a rate of 1 mL/kg/h
3-4 hours before and 4-6 hours after the procedure [34].

Recently, the breakthrough AMACING trial brought more
controversy to the table, as no intervention was non-inferior to
IV infusion of 0.9% saline according to current guidelines for CI-
AKI prevention, while also being more cost-effective, in patients
with eGFR between 30-59 ml/min/1,73m2 referred for elective
procedures requiring CM. Importantly, no subgroup differences
were noted according to eGFR, diabetes mellitus status or the type
of the procedure. Concerning adverse events, 5.5% of patients
receiving IV hydration faced hydration-related complications
(namely symptomatic heart failure), providing the rationale for
cautious administration of hydration [35]. According to the long-
term results of the trial, no differences were observed in survival
or in serum creatinine level at one year [36]. The CINART study
evaluated the stricter hydration protocol according to the above-
mentioned results, observing a reduced hospital (hospitalization

for prophylaxis, cost) and patient burden (hydration-related
complications). In light of this new evidence, prophylactic
hydration should be administered only in patients with eGFR < 30
ml/min/1.73 m? [37].

Methods including the assessment of intravascular volume
prior to IV hydration, either left ventricular end diastolic pressure
(LVEDP)-guided or Central Venous Pressure-guided hydration, have
shown promising results in CI-AKI risk reduction of patients with
CKD or heart failure [38-41]. However, a recent RCT of 114 patients
undergoing coronary angiography failed to demonstrate a benefit
of LVEDP-guided hydration protocol over routine hydration on CI-
AKI [42]. A balanced hydration therapy consisting of temporary
forced diuresis with furosemide and replacement of urine output
by saline infusion, matched minute-to-minute to urine volume,
using the specialized RenalGuard System has also been described
(Table 2). Dorval et al. in a study of 23 patients at high risk for
CI-AKI development who underwent a radiocontrast procedure,
used RenalGuard balanced hydration and noticed CI-AKI incidence
lower than predicted (9,5% versus 14,5% to 55%) [43]. Moreover,
in patients undergoing transcatheter aortic valve implantation
hydration with RenalGuard was highly protective against CI-AKI
(RenalGuard: 1/22 vs. Control: 10/26) [44]. Recently, Briguori et al.
highlighted the superiority of RenalGuard system with a urine rate of
over 300ml/hour compared to a LVEDP-guided hydration regimen,
as demonstrated by a statistically significant decrease in CI-AKI
incidence as well as reduced 1-month major adverse events (death,
dialysis-dependent renal failure, pulmonary edema or sustained
kidney injury) in patients undergoing coronary and peripheral
vessel procedures [45]. Patients on RenalGuard exhibited a higher
hypokalemia rate, however. The encouraging results of RenalGuard
in such study population will be further evaluated in another RCT of
326 patients at increased risk for CI-AKI (NCT01456013).

Table 2: Studies evaluating the use of RenalGuard for the prevention of CI-AKI in patients at risk.

Studies Patients Study Design Preventive Strategy Benefit
1. Renal Guard
Briguori et al. [54] 702 RCT Less CI-AKI, PE and 1-month MAE
2. LVEDP-guided hydration
Katoh et al. [51] 60 (Japanese) Observational 1. Renal Guard High UFR associated with less CI-AKI
1. Renal Guard
Chorin etal. [115] 300 Observational Net decrease in eGFR and CI-AKI incidence
2. Isotonic saline
1. Renal Guard
Visconti et al. [52] 48 Non-randomized Protective against CI-AKI (OR 0.71)
2.SB
Briguori et al. [116] 400 Observational 1.Renal Guard Effective in reaching the target UFR (2450ml/h)
1. Renal Guard
Barbanti etal. [117] 112 RCT Reduced incidence of CI-AKI
2. Isotonic saline
1. Renal Guard (NAC + SB)
Briguori et al. [118] 292 RCT Lower CI-AKI and in-hospital dialysis incidence
2. NAC +SB
CI-AKI: Contrast-induced acute kidney injury; LVEDP: left ventricular end diastolic pressure; PE: pulmonary edema; MAE: major adverse events;
UFR: urinary flow rate; eGFR: estimated glomerular filtration rate; SB: sodium bicarbonate; OR: odds ratio; NAC: N-acetyl Cysteine
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Sodium Bicarbonate: Bicarbonate decreases the acidification
of renal tubular fluid, reduces the pH-dependent production of
ROS and increases the neutralization of ROS. A meta-analysis of
Jang et al. (19 trials, 3609 patients) compared the preventive effect
of saline against CI-AKI versus sodium bicarbonate and reported
beneficial results from sodium bicarbonate administration without
a significant difference in the requirement of dialysis and mortality,
but with noticeable changes in serum bicarbonate and potassium
levels as a side effect [46]. However, a meta-analysis of 14
unpublished RCT by Zoungas et al. demonstrates that the efficacy
of sodium bicarbonate and sodium chloride was not significantly
different [47]. More insight was provided by the PRESERVE
trial in 5177 high-risk patients undergoing angiography. No
beneficial effect of sodium bicarbonate versus IV saline on CI-AKI
prevention, need for dialysis or hard end-points, such as death, was
observed [48] and in light of this new evidence, their prophylactic
administration is not recommended.

N-acetylcysteine: N-acetylcysteine (NAC) has antioxidant and
vasodilatory effects. It scavenges ROS, increases the expression of
NO synthase, competes with superoxide radicals for NO, combines
with NO to form S-nitrosothiol having vasodilatory effects, blocks
the expression of vascular cell adhesion molecule-1 (VCAM-1)
in glomerular mesangial cells responsible for the recruitment
of inflammatory cells and, finally, assists the synthesis of the
antioxidant glutathione [49-51]. The protective effect of NAC
against CI-AKI is controversial with negative studies being of larger

scale than positive, while no study shows a decrease in the need
for dialysis in patients who received NAC and developed CI-AKI.
Marenzi et al. in a study of 354 patients detected a dose-dependent
effect of NAC (CI-AKI risk in the group of 600 mg p.os was reduced
by 54.5% versus 75.8% in the group of 1200 mg p.os) which has
not been confirmed yet [52]. Moreover, Hoffman et al. in a study of
50 healthy individuals who did not receive CM and received NAC,
mentioned a drop in serum creatinine and an increase of eGFR, but
not of cystatin C levels and concluded that creatinine metabolism
is probably affected from NAC administration and not the renal
function [53].

Meta-analysis accessing the effectiveness of NAC against CI-
AKI was conducted by Selcuk Adabag et al. who reviewed RCTs
with oral or IV NAC administration from 1960 until January
2008 (10 RCT, 1163 patients) and saw no impact of NAC against
CI-AKI (incidence of CI-AKI in the NAC group 35% versus 37%
in the control group) [54]. Meta-analysis of Sun et al. from 1966
until September 2012 concerning 10 RCT of 1163 patients with
intravenous administration of NAC, demonstrated a positive impact
of NAC against CI-AKI occurrence (CI-AKI incidence 7.9% in the
NAC group versus 14.3% in the control group) [55]. However, based
on the most recent data from PRESERVE trial, NAC doesn’t affect
CI-AKlI incidence, the need for dialysis, or death when compared to
oral placebo in patients at risk for renal adverse events undergoing
angiography [48]. Given all the above date, the use of NAC is not
recommended.

Table 3: Studies evaluating the use of statins for the prevention of CI-AKI.

Studies Patients

Preventive Strategy Benefit

Khanal et al. [119] 29409

1. Long-term statin

2. No statin

Yes

Joetal. [120] 247

1. Simvastatin 40 mg
2. Placebo

All received periprocedural hydration

Pattietal. [121] 434

1. Long-term statin
2. No statin

Hydration in patients with CrCl<70ml/min

Yes (except from CrCL<40ml/min)

Zhao etal. [122] 279

1. Long-term statin

2. No statin

Yes

Xinwei et al. [123] 228

1. Simvastatin 20 mg
2. Simvastatin 80 mg No

All received periprocedural hydration

Kandula et al. [124] 353

1. Long-term statin

2. No statin

Patti et al. [125] 241

1. Atorvastatin 120 mg
2. Placebo

Hydration in pts with CrCl<60ml/min

Yes
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Quintavalle et al. [126] 410

1. Atorvastatin 80 mg
2. Control

All received NAC + sodium bicarbonate

Yes

Han etal. [127] 2998

1. Rosuvastatin 10 mg

2. Standard care

Yes

Leoncini et al. [128] 504

1. Rosuvastatin
2. No statin

All received periprocedural hydration + NAC
2x/day from the day before to the day after
angiography.

Yes

Yoshida et al. [129] 540

1. Pravastatin
2. No statin Yes

All received periprocedural hydration

Munoz et al. [130] 261

1. Simvastatin

2. Pravastatin

Less CI-AKI incidence in pravastatin

Acikel etal. [131] 160

1. Atorvastatin 40mg
2. No statin Yes

All received periprocedural hydration

Chen etal. [132] 120

1. Atorvastatin 20 mg

2. No statin

Yes

Abaci et al. [133] 208 2.

1. Rosuvastatin 40 mg
No statin No

All received periprocedural hydration

Fu etal. [134] 496

1. Atorvastatin 10 mg
2. Atorvastatin 40 mg Yes

All received periprocedural hydration

CI-AKI: Contrast-induced acute kidney injury; CM: Contrast medium; CrCl: Creatinine clearance;
NAC: N-acetyl Cysteine; PCI: Percutaneous coronary intervention

Statins: Apart from their lipid-lowering properties, statins
have anti-oxidative and anti-inflammatory action and they can be
renoprotective. They decrease free radical formation through the
increase of heme oxygenase-1 protein production, which is an
antioxidant protein interfering with NADPH oxidase activity [56].
Studies concerning the effectiveness of statins in CI-AKI prevention
had controversial results (Table 3) and, although a benefit was
demonstrated in most studies, others have shown minimal, if any,
protective effect against CI-AKI. It is worth mentioning that the vast
majority of those studies consisted of patients undergoing coronary
procedures and, thus, conclusions can mainly be drawn for this
specific study population. Meta-analysis of RCTs determining the
usefulness of statins against CI-AKI was performed by Zhang BC et
al. in 1423 patients pointed that high dose of statins could lower
the occurrence of CI-AKI [57]. Another meta-analysis conducted
by Zhou et al. on 1009 patients, proved that statins administration
was effective only in patients with advanced chronic kidney disease
(4™ and 5% stage) [58]. Zhang et al. on their meta-analysis of 1194
patients, concluded that the use of statins played an insignificant
role in CI-AKI prophylaxis [59]. Furthermore, Liu et al. in a meta-

analysis of 9 RCT with 5143 patients (2560 with statin and 2583 as
control) found out that patients in the statin group had a 53% lower
risk of CI-AKI compared to the control group and were less likely
to require dialysis [60]. Moreover, Liu et al. in their meta-analysis
of 9 RCTs detected that atorvastatin administration at high doses
before coronary angiography resulted in a noticeable reduction in
CI-AKlI incidence in comparison to low-dose statin or placebo [61].
Last but not least, Li et al. in their meta-analysis of 21 RCTs (7746
patients undergoing coronary angiography/PCI) confirmed the
efficacy of short-term statin administration for the prevention of
CI-AK]I, despite the heterogenicity of the study group [62].

Despite these encouraging results, there are still unanswered
questions regarding the statin of choice, timetable and dosage.
However, their use is allowed, particularly in patients undergoing
coronary procedures, as it is established that statins were the
only preventive approach that was found to significantly and
consistently prevent CI-AKI compared to saline by Giacoppo etal. in
their Bayesian meta-analysis in the span of two decades (124 trials,
28240 patients, 10 different preventive regiments) [63].
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Prostaglandins: Prostaglandin E1 (PGE1) and prostacyclin
(PGI2) have vasodilatory effects, improving renal blood flow and
medullary hypoxia induced by the injected CM. This protective
property has been examined by a few studies and, in a recent
large meta-analysis of 36 RCTs with 5495 patients receiving CM
(alprostadil vs. control), their potential was also demonstrated
(Alprostadil: 6.56% vs. Control: 16.74%) [64]. In spite of these
promising results, they are currently not recommended in CI-AKI
prophylaxis and further investigation with larger multicentre RCTs
is mandatory.

Contrast Removal Strategies

Hemodialysis-Hemofiltration: CM can be removed from the
blood by intermittent hemodialysis immediately after radiographic
contrast studies. A session of hemodialysis can remove 60%-90%
of the administered CM. Peritoneal dialysis is also effective in
removing the CM but lasts longer than hemodialysis [65]. Several
RCTs have assessed the possible protective effect of hemodialysis on
CI-AKI prophylaxis, but the majority of them failed to demonstrate a
reduced incidence of CI-AKI [66-70]. The reasons why hemodialysis
was not beneficial are not known, with the rapid onset of renal
injury after the administration of CM or the hemodialysis’
nephrotoxicity being possible etiologies [66]. Marenzi et al. in a
RCT including 114 patients who underwent coronary interventions
proved the efficacy of hemofiltration compared to hydration with
isotonic saline [71]. Nevertheless, Schindler et al. in a RCT of 39
patients, compared the removal of CM through hemodialysis with
this through hemofiltration and concluded that hemodialysis
removed the CM more effectively than hemofiltration [72]. A recent
pilot study of Oyamada et al. showcased the beneficial effect of
high-flow intermittent hemodiafiltration during and after coronary
or peripheral catheterization procedures compared to saline in a
high-risk population, with no events of CI-AKI and a slower 1-year
progression of kidney disease being noted [73]. Hemofiltration
may, therefore, decrease the risk of CI-AKI, but it is costly, often
requires intensive care unit admission and carries its own risks.
Therefore, additional studies are needed to support the benefit and
cost-effectiveness of hemofiltration.

Contrast Removal-Reduction Systems: During coronary
angiography, the removal of the majority of injected CM from
the coronary sinuses before it enters the systemic circulation
represents an innovative approach. A catheter is inserted into
the coronary sinus through the right femoral vein and blood is
transferred into an extracorporeal contrast-absorbing column.
Even though it has been effective in reducing CI-AKI incidence, a
high technique failure rate (57%) has limited its clinical use [72,74].
More recently, a novel contrast reduction system (DyeVert™) was
employed for the prevention of CI-AKI, based on limiting excess
CM administration and aortic reflux. Its impact was evaluated
in 96 patients undergoing coronary angiography, with results

showing less CM exposure without affecting image quality [75].
This CM volume reduction translated in a lower incidence of CI-
AKl in a study of 451 patients undergoing coronary procedures for
acute coronary syndromes (DyeVert™: 8% vs. Control: 19%) [76].
Importantly, in a UK-based cost-utility analysis, the use of DyeVert™
was accompanied with a significant cost savings as well as improve
quality of life effectiveness [77].

Conclusion

Prevention is the cornerstone of CI-AKI management starting
with risk assessment, application of CM-related measures and
withholding nephrotoxic drugs. Saline hydration, once considered
a routine clinical practice, should only be reserved for patients at
high risk for CI-AKI. The efficacy of the mentioned pharmacological
agents is controversial was mostly reported in small trials, with
statins emerging as the most effective drug in CI-AKI prevention in
cases of coronary procedures. Ischemic conditioning, RenalGuard
balanced hydration and contrast manipulation systems trials
provided some encouraging results but their use is not widely
adopted in routine clinical practice.
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