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ABSTRACT

Intravascular administration of contrast media is an irreplaceable step of percutaneous coronary
intervention. Since the latter is a very common procedure, contrast-induced acute kidney injury (CI-AKI)
has become one of the most frequent causes of acute nephropathy, and a relevant prognostic impact of
CI-AKI has been observed. Some patient comorbidities and procedural characteristics have been identified
as key risk factors of CI-AKI. In this review, we discuss current evidence and future research directions
on CI-AKI prevention in patients undergoing percutaneous coronary intervention.

Introduction Percutaneous coronary interven-
tion (PCI) is a widely performed procedure that
requires the administration of iodinated contrast
media (ICM)."? Therefore, patients undergoing PCI
are at risk of contrast-induced acute kidney injury
(CI-AKI), which is potentially associated with se-
rious adverse clinical outcomes, including death.?
The aim of this article was to summarize current
knowledge and new approaches to CI-AKI preven-
tion in patients undergoing PCI.

Contrast-induced acute kidney injury: defi-
nition, epidemiology, pathophysiology, and
risk factors Definition Contrast-induced
acute kidney injury is the acute decline in renal
function after exposure to ICM, which may oc-
cur in the absence of an alternative etiology af-
ter either diagnostic or therapeutic procedures
(eg, computed tomography, coronary angiogra-
phy, and PCI). Although several CI-AKI defini-
tions have been proposed, a broadly accepted one
includes an absolute serum creatinine increase
of 0.3 mg/dl (26.5 pmol/1) or higher within 48
hours after exposure to ICM or a 50% or more
relative increase from baseline within 7 days.*

Epidemiology Differences in study definitions
and patient characteristics explain the variable
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incidence of CI-AKI reported in the literature. In
a large United States study of patients undergo-
ing PCI published in 2004, CI-AKI was reported
in 13.1%.° In another nationwide study encom-
passing PCI procedures between 2009 and 2011,
CI-AKIwas reported in 7.1%.° Incidence of CI-AKI
among 585 patients undergoing coronary angi-
ography or PCI was 5.1%.” In a similar study con-
ducted in patients with acute coronary syndrome,
CI-AKI was observed in 6% to 15.7%, according
to 3 different CI-AKI definitions.? It is uncertain
whether such heterogeneity depends on study dif-
ferences or improvements in CI-AKI prevention.

Pathophysiology A causal relationship between
ICM administration and renal damage is hard to
establish from a mechanistic standpoint. Also, it
hasbeen suggested that ICM represents just a trig-
ger to renal impairment.”'’ Consistently, a recent
study showed no differences in CI-AKI rates in pa-
tients with ST-segment elevation myocardial in-
farction between those treated by primary PCI
and those treated with thrombolysis, which does
not need ICM.’ The multifactorial pathogenesis
of CI-AKI may depend on pre-existing comorbid-
ities and involve periprocedural factors other than
ICM, including hypotension, bleeding, and plaque
embolization. For this reason, a revised term has
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e Patient

* Age >75 years

* Chronic kidney disease
* Diabetes mellitus

* Heart failure

* Anemia

Clinical setting
* Urgency/emergency
* Shock

* Nephrotoxic drugs

e Procedural aspects
» Contrast media type
* Contrast media volume
* Access
* JABP

FIGURE 1 Risk factors for contrast-induced acute kidney injury. Main CI-AKI contributors can
be identified at 3 levels: clinical setting, patient conditions, and procedural aspects.
Abbreviations: IABP, intra-aortic balloon pump

Iso- low osmolar contrast media

Contrast-sparing protocols

IVUS, OCT, FFR guidance

Contrast-sparing devices

Radial access, remote ischemic conditioning
rhC1INH, Vitamin E

FIGURE2 Present and experimental strategies for the prevention of contrast-induced acute
kidney injury: guidelines recommended measures (blue highlight) as well as contrast-sparing
devices and additional procedural approaches and future perspectives (blue font).
Abbreviations: IVUS, intravascular ultrasound; FFR, fractional flow reserve; OCT, optical coherence
tomography; rhC1INH, recombinant human C1 inhibitor

been proposed, that is, contrast-associated acute
kidney injury. It is thought that ICM provoke 2
types of damage, direct and indirect. Direct tox-
icity on tubular cells is carried out by free radicals
and reactive oxygen species (ROS), generated by
ICM, inducing apoptosis and osmotic nephrosis;
moreover, the increased viscosity of tubular fluid
could lead to tubular obstruction and injury. In-
direct toxicity is due to ischemia of the outer me-
dulla, caused by a disproportionate release of va-
soconstrictive molecules (endothelin, prostaglan-
dins, renin, angiotensin).""”

Risk factors and predictive scores In prelim-
inary risk assessment, numerous conditions
should be considered that directly or indirect-
ly impact renal function (Ficure 1).>""? Obviously,
the risk increases in case of multiple coexisting
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conditions.” The Mehran score estimates the risk
of CI-AKI by means of predictors that overlap
with other commonly used tools such as the Na-
tional Cardiovascular Data Registry (NCDR)
Cath-PCI AKI risk model.>*' The main practical
limitation of these scores is the inclusion of vari-
ables that are unknown until the end of the pro-
cedure.® Independent predictors of CI-AKI that
have been frequently demonstrated are ICM vol-
ume,’ diabetes mellitus, and advanced chronic
kidney disease (CKD) (ie, estimated glomerular
filtration rate [eGFR] <30 ml/min/1.73 m?).° In-
terestingly, the complexity of PCI (eg, 3 vessels
treated, 23 stents implanted, 2-stent bifurcation
intervention) does not play a role when adjust-
ed for those risk factors.”

Clinical outcomes and prognosis of contrast-
-induced acute kidney injury Most patients
with CI-AKI will experience only temporary im-
pairment of renal function 24 to 48 hours after
the procedure, with serum creatinine and diure-
sis returning to baseline values usually after 7 to
10 days."®™® Nevertheless, a substantial number of
studies reported that CI-AKI is associated with
ahigher risk of short-term and long-term adverse
clinical outcomes.>'2> Many of these studies have
no adjustment for baseline risk factors and may
overestimate the increase in hospital stay and mor-
tality that is truly the effect of renal impairment.
Moreover, there are substantial differences across
studies in the incidence of short and long-term ad-
verse clinical events, likely because of their differ-
ent methodology and lack of a standardized CI-
-AKI definition. In a PCI study of 5516 patients, af-
ter adjustment for confounders, CI-AKI was not
significantly associated with higher 1-year mortal-
ity.?* A meta-analysis showed consistent results.”
Based on the above, it is difficult to establish if CI-
-AKI plays a main pathogenic role or is just a mark-
er of higher risk for adverse clinical outcomes.

Prevention of contrast-induced acute kid-
ney injury When CI-AKI occurs, no specific
treatment is available. Therefore, prevention is
key, including medical strategies (ie, hydration
and drug administration) and procedural pre-
cautions and interventions (FIGURE2).

Hydration and drugs Most recent recommen-
dations from the European and US guidelines
on the prevention of CI-AKI after PCI are dis-
played in msLe1. Hydration is the cornerstone
of preventive care, especially in patients with
advanced and end-stage CKD."? Conversely,
the vast majority of investigational medica-
tions, with the exception of statins, achieved
inconsistent results.

Isotonic saline Administration of standard iso-
tonic saline (0.9% NaCl) as an intravascular
volume expansion strategy aims at protecting



TABLE1 Recommendations from the European and United States guidelines for the prevention of contrast-induced acute kidney injury

Strategy 2018 ESC guidelines on myocardial revascularization 2011 ACC/AHA/SCAI guidelines on PCI

Class of recommendation
and level of evidence

Class of recommendation
and level of evidence

Regimen

Regimen

* 1-1.5 ml/kg per hour for IB
3-12 h before the procedure

and continuing for 6-24 h

after the procedure.

* Intravenous hydration is
preferable to oral hydration.

Isotonic saline
hydration

* Adequate hydration *IC

* 1ml/kg per hour 12 hours ~ +IlaC
before and continuing for 24

hours after the procedure;

0.5 ml/kg/h if LVEF <35% or

NYHA >2.2 This regimen

should be considered if

the expected contrast

volume is >100 ml

Tailored isotonic Not mentioned -

saline hydration

Infusion rates adjustedtoLV ~ IIbB
end-diastolic pressure or
furosemide with matched
infusion of normal saline?

Minimization Recommended; ratio of total 1B Recommended IB
of contrast media contrast volume to GFR must

volume be <3.72

Administration of low-  Recommended? IA Insufficient data to justify -
-osmolar or iso- specific recommendations
-osmolar contrast

media

Statins Pretreatment with IlaA Not mentioned -

rosuvastatin 40/20 mg or
atorvastatin 80 mg?

N-acetylcysteine Not mentioned Not useful [IIA

Prophylactic Not mentioned

hemofiltration

* Fluid replacement rate IIbB
1000 ml/h without negative

loss, starting 6 h before

the procedure

* May be considered before
complex PCIin patients with
NKF stage 4 CKD.

a Recommendations for patients with advanced chronic kidney disease (National Kidney Foundation stages 3b and 4)

Abbreviations: ACC, American College of Cardiology; AHA, American Heart Association; CKD, chronic kidney disease; ESC, European Society of Cardiology; GFR, glomerular
filtration rate; LVEF, left ventricular ejection fraction; NKF, National Kidney Foundation; NYHA, New York Heart Association; PCI, percutaneous coronary intervention; SCAI,
Society for Cardiovascular Angiography and Interventions

the kidneys from direct and indirect ICM-
-induced damage. In 3 trials of primary PCI,
periprocedural hydration with isotonic saline
significantly reduced the rate of CI-AKI and im-
proved short-term clinical outcomes.?*?® Par-
ticularly in patients with congestive heart fail-
ure, hemodynamic-guided hydration is pref-
erable. In the POSEIDON (Prevention of Con-
trast Renal Injury With Different Hydration
Strategies) study, including 396 patients un-
dergoing cardiac catheterization with an eGFR
of 60 ml/min/1.73 m? or less, administration
of normal saline guided by left ventricular end-
-diastolic pressure significantly reduced the rate
of CI-AKI and major adverse clinical events at 6
months compared with standard fluid adminis-
tration (6.7% vs 16.3%, respectively; P = 0.005).2
Qian et al*® obtained a similar result in a ran-
domized study that compared central venous
pressure—guided hydration as compared with
standard hydration in 264 patients with CKD
and congestive heart failure (15.9% vs 29.5%,
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respectively; P = 0.006). At variance with these
studies, the AMACING (A Maastricht Contrast-
Induced Nephropathy Guidelines Study) trial,
conducted in 660 patients with an eGFR of 30
to 59 ml/min/1.73 m? showed that no prophy-
laxis was noninferior to guideline-guided hydra-
tion protocols for CI-AKI prevention.?' Addition-
ally, no differences in mortality or need for dial-
ysis was reported at 1-year between groups.’? It
should be emphasized that only 48% of patients
in the AMACING trial received intra-arterial
ICM. In addition, the trial had other limitations,
including a broad noninferiority margin. Inter-
estingly, a pairwise (n = 538 patients) and net-
work (n = 1754 patients) meta-analysis found
that in patients undergoing coronary angiog-
raphy or PCI there was no difference in CI-AKI
between intravenous hydration and oral hydra-
tion.® Patients included in this meta-analysis
had an eGFR higher than 30 ml/min/1.73 m?,
meaning that these results cannot be general-
ized to patients with advanced CKD. Isotonic
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saline (0.9% NaCl) may be better than hypotonic
saline (0.45% Na(l), according to a study on 1620
patients undergoing PCI.>* In summary, hydra-
tion has been shown to decrease the incidence
of CI-AKI in patients undergoing PCI, especial-
ly in the acute setting and using hemodynamic-
-guided protocols of administration. Also, there
is some preliminary evidence that the absence
of prophylactic hydration could be noninferior
to hydration in patients with nonsevere CKD.

Sodium bicarbonate  Urinary alkalization and im-
peding the formation of ROS with sodium bi-
carbonate has been frequently investigated for
the prevention of CI-AKI. However, in a meta-
-analysis of 22 studies and 5686 patients, so-
dium bicarbonate was not superior to isoton-
ic saline.® In addition, in the CINSTEMI (Pre-
vention of Contrast-induced Nephropathy in
Patients With ST-Segment Elevation Myocar-
dial Infarction Undergoing Primary Percuta-
neous Coronary Intervention) trial, sodium bi-
carbonate was not better than standard hydra-
tion in patients with ST-segment elevation myo-
cardial infarction (STEMI) undergoing primary
PCI.3¢ The PRESERVE (Prevention of Serious Ad-
verse Events Following Angiography) trial, in-
cluding 5177 patients with CKD and/ or diabe-
tes undergoing coronary or noncoronary angi-
ography, also ended with neutral results (9.5%
vs 8.3%; P = 0.13) in both the overall cohorts
and in the subgroup analysis of patients who
underwent PCI.3"38

Furosemide with matched hydration (RenalGuard
system) The RenalGuard system is a closed loop
device that delivers intravenous fluids matched
to diuresis. Intravenous boluses of normal sa-
line and furosemide are usually administered
at the beginning. Then, the hydration infusion
rate is automatically adjusted to replace precise-
ly the urine output. In a meta-analysis includ-
ing patients undergoing coronary angiography,
PCI, or transcatheter aortic valve implantation,
the use of the RenalGuard system was associated
with a lower incidence of CI-AKI (7.8% vs 21.4%,
respectively; P <0.001) and renal replacement
therapy (0.6% vs 3.5%, respectively; P = 0.02)
compared with controls.’® In the REMEDIAL III
(Renal Insufficiency Following Contrast MEDIA
Administration Trial III), the RenalGuard sys-
tem was superior to intravenous hydration guid-
ed by left ventricular end-diastolic pressure in
reducing a composite of CI-AKI and pulmonary
edema (5.7% vs 10.3%, respectively; P = 0.04) in
708 patients undergoing coronary angiography
or PCI with eGFR of 45 ml/min/1.73 m? or less
and high risk scores for predicted kidney injury.*®

N-acetylcysteine  Given its antioxidant proper-
ties, N-acetylcysteine is thought to mitigate
the detrimental action of ROS generated by ICM.
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However, in the ACT (The Acetylcysteine for
Contrast-Induced Nephropathy Trial), includ-
ing 2308 patients undergoing coronary or pe-
ripheral angiography, N-acetylcysteine did not
decrease the risk of CI-AKI or other clinically
relevant outcomes at 30 days."' Consistently, in
the previously mentioned CINSTEMI and PRE-
SERVE trials, oral N-acetylcysteine failed to re-
duce the rates of CI-AKI*®3 and the rate of death,
need for dialysis or persistent kidney dysfunc-
tion at 90 days.?’

Statins  Statins have been hypothesized to low-
er the risk of CI-AKI given their pleiotropic anti-
oxidant and anti-inflammatory action. Multiple

trials and meta-analyses proved that statin pre-
treatment is effective in diminishing the risk of
CI-AKL‘>% Considering that high-dose statins

are indicated for coronary atherosclerotic dis-
ease, alarge portion of patients undergoing PCI

will already have them prescribed for chronic use.
The European guidelines suggest the use of ator-
vastatin in a dose of 80 mg/d or rosuvastatin in

a dose of 20 or 40 mg/d.’

Other drugs Numerous other therapies have
been studied to reduce the risk of CI-AKI, fre-
quently with inconclusive or unconvincing re-
sults (eg, Na/K citrate supplementation, ascor-
bic acid, aminophylline, and theophylline).*¢-*°

Procedural strategies Preventive procedural
measures include strategies and devices aiming
at minimizing the administration of an ICM and
reducing CI-AKI in combination with hydration.

Iso-osmolarity and low osmolarity contrast media
Main factors of toxicity for an ICM are iodine
atoms per particles (expressed by osmolality)
and viscosity, which are inversely proportion-
al.>%5" The use of high-osmolar contrast medi-
um is associated with higher rates of CI-AKI,
which sets the stage for the use of low-osmolar
contrast medium (LOCM) and iso-osmolar con-
trast medium (IOCM), usually preheated to at-
tenuate the effect of their high viscosity on renal
tubules.®”>* Several studies investigated the ef-
fects of IOCM and LOCM providing mixed re-
sults.”>>’ As such, there is no robust evidence so
far to favor LOCM over IOCM, which are both
suitable options in the United States and Euro-
pean guidelines."?

Intracoronary imaging and physiology The load of
ICM plays a key role in CI-AKI, prompting inves-
tigations of contrast-sparing strategies that do
not sacrifice image quality and procedure suc-
cess. The MOZART (Minimizing Contrast Utili-
zation with IVUS Guidance in Coronary angio-
plasty) trial demonstrated that PCI guided by in-
travascular ultrasound is feasible and effective
in reducing the use of ICM by 33% compared to



angiography-guided PCI.*® Optical coherence
tomography is commonly performed with ICM,
but images of sufficient quality may be obtained
also with dextran.’® Further studies are needed
to establish the safety of dextran-based optical
coherence tomography as a guide to PCI, and
dissipate current concerns of potential neph-
rotoxicity. Fractional flow reserve and instan-
taneous wave-free ratio are also tools helpful in
minimizing the use of ICM by appraising the he-
modynamic significance of coronary lesions and
the final result of PCI.50

Protocols minimizing iodinated contrast media
A practical way to calculate a safe threshold
of ICM is using the ratio of contrast volume to
eGFR, which is associated with decreased CI-
-AKI when less than 2.5 A ratio of contrast vol-
ume to eGFR of less than 1is part of the so-called
ultra-low contrast coronary angiography ap-
proach. This concept, intended for patients with
advanced CKD, also includes 50% dilution of
ICM with normal saline, use of small diameter
catheters (5-6 Fr) without side-holes, little vol-
ume per contrast injection, high frame rate (30
frames/s), avoiding “puff testing” of contrast,
and the use of biplane angiography. Once the an-
giographic images have been acquired, PCI can
be performed without ICM, guided by intravas-
cular ultrasound and physiology. The interven-
tion is driven by anatomical landmarks, addi-
tional guidewires used to create a metallic road-
map of the target vessel and its side branches,
or a digital, dynamic roadmap; intravascular
ultrasound is performed to characterize the le-
sion, the stent implantation site,*? and finally
to confirm procedural success or identify dis-
sections, if any. A small contrast volume is nec-
essary in case of doubts or clinical deteriora-
tion. Also, a transthoracic echocardiogram be-
fore and after the procedure is useful to ascer-
tain the absence of new onset of pericardial ef-
fusion. In experienced hands, these approaches
are safe and preserve the residual kidney func-
tion,%0:6364 but the risk of complications raises

for lesions in small vessels.

Device-based interventions Automated contrast
injector systems reduce ICM compared with
manual injection, decreasing the incidence of
CI-AKI by about 15%.5>¢¢ Devices designed for
ICM modulation were also introduced, such as
the DyeVert Plus Contrast Reduction System.
The core of this tool is a pressure valve through
which it diverts a part of ICM per manual in-
jection to a reservoir chamber, reducing ICM
reflux into the aortic root.” A wireless display
constantly monitors the volume administered.
The ability to significantly reduce ICM was prov-
en in the randomized AVERT (AVERT Clinical
Trial for Contrast Media Volume Reduction and
Incidence of CIN) but no differences in CI-AKI
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were reported.®® Potentially, the DyeVert sys-
tem can be used in combination with automat-
ed contrast injector systems, with synergy of
strength. Coronary sinus aspiration to reduce
ICM was successfully tested,®”’’ but the chal-
lenge of this approach limits its wide adoption.
Finally, in patients with impaired heart func-
tion, the use of ventricular assistance devices,
while improving renal perfusion, has been sug-
gested to relieve the ischemic trigger and the in-
cidence of CI-AKI after PCI, warranting further
investigations.”

Other strategies Other strategies aim at reduc-
ing CI-AKI by preventing ischemic renal inju-
ry and beyond. Remote ischemic conditioning
is a biological phenomenon resulting in protec-
tion of organs and tissues remote from the site
where conditioning is applied, through complex
mechanisms involving humoral factors, neuro-
nal pathways, and anti-inflammatory response.’?
In the RenPro-Trial, 100 patients with CKD un-
dergoing elective coronary angiography were
randomly allocated to standard procedure or
the same with remote conditioning at the up-
per limb, alternating inflations and deflations of
a manometer cuff before the procedure. The CI-
-AKI rates were significantly lower with remote
conditioning.”? However, another trial apply-
ing the same preconditioning protocol in a sim-
ilar cohort did not confirm these findings.” In
contrast, Deftereos et al’® found ischemic post-
-conditioning to be effective in a cohort of 225
patients with non-ST-elevation myocardial in-
farction undergoing PCI. The conditioning stimu-
lus in this case was exerted after stenting the cul-
prit lesion, by inflation and deflation of the stent
balloon. Radial access has been also suggested to
reduce CI-AKI. In fact, this vascular approach is
associated with lower risk of cholesterol embo-
lization to renal arteries and causes less major
bleeding compared with femoral access, result-
ing in lower hemodynamic instability and CI-
-AKI, particularly in higher risk settings, such
as STEMI.’® These speculations are consistent
with the CI-AKI findings of the MATRIX-Access
study conducted in 8210 patients randomized to
trans-radial or trans-femoral PCI (15.4% vs 17.4%,
respectively; P = 0.02).”7 Finally, discontinua-
tion of nephrotoxic drugs such as nonsteroidal
anti-inflammatory agents is a good precaution.

Future perspectives Several other promising
strategies are currently under investigation, in-
cluding administration of molecules like nicor-
andil,’®”? trimetazidine,®*?" and vitamin E.%2

A recent proof-of-concept study with the re-
combinant human C1 esterase inhibitor yielded
interesting results®?; considering also its strong
local complement inhibiting action, it could be
particularly suitable for patients undergoing PCI,
because during the procedure, embolization of
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cholesterol may cause mechanical occlusion and
trigger complement-mediated inflammation, in
the systemic and renal circulation. Another strat-
egy that has attracted attention is bioimpedance
vector analysis. This is a technique that allows
a fast and noninvasive assessment of total body
water that can be used easily to guide intrave-
nous infusion of normal saline according to ac-
tual patient hydration status.?* Larger random-
ized studies are needed to support these drugs
and approaches to CI-AKI prevention.

Conclusions CI-AKI is a complication of PCI
that requires careful consideration and preven-
tion. Adequate hydration and the parsimonious
use of ICM are recommended in each case. In-
tracoronary imaging helps minimizing the use
of ICM. Especially in high-risk procedures, pre-
ventive measures can be implemented through
ICM-sparing devices, zero-contrast PCI, or he-
modynamic support. Notably, other strategies
such as ischemic conditioning and radial access
have proven beneficial, and a deeper knowledge
on the effects of ICM might lead to the develop-
ment of new drugs for prevention and treatment
in the future. At present, statins are the only
pharmacological approach supported by good-
-quality evidence. Finally, consideration of indi-
vidual circumstances and clinical scenarios is the
key for tailoring CI-AKI preventive approaches.
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