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Abstract: The role of contrast-induced nephropathy (CIN) remains controversial. Many experts contend that CIN does not exist or is
extremely rare. The diagnosis was previously made too frequently and inappropriately in the presence of coexisting and confounding
comorbidities and risk factors making it difficult to singularly isolate the etiologic role of intravenous contrast media in acute kidney
injury (AKI). It is probable that many patients were denied important diagnostic information from radiocontrast studies for fear of
CIN. Recently, a new terminology for CIN was introduced, and the term CIN was replaced by two interrelated new terms: one is
contrast-associated acute kidney injury (CA-AKI), and the second one is contrast-induced acute kidney injury (CI-AKI). CA-AKI
occurs in association with risk factors or comorbidities, therefore, it is a correlative diagnosis. On the other hand, CI-AKI is a subtype
of CA-AKI that results directly from iodinated contrast media. In this review, we present evidence from various studies that argue
against CI-AKI and also those that suggest its existence but with much lower frequency. We will also provide the current status of the
pathophysiology and management of CA-AKI/CI-AKI.
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Introduction

The term contrast-induced nephropathy (CIN) has been in use for decades to define the onset of acute kidney injury (AKI)
following either the intravenous or intra-arterial administration of iodinated contrast media or contrast agents. The first case
of contrast-induced AKI was reported by Bartels et al' in 1954 in a 67-year-old man with multiple myeloma, who was
administered 20 mL of 50% Diodone. The patient developed acute anuria following intravenous pyelography. Subsequently,
a number of other cases or case series were reported with AKI following contrast studies with an incidence ranging from 0 to
over 20%. In recent years, rigorous evaluation of CIN supports the concept of true CIN, but that true CIN is rare, while other
conditions such as infections, nephrotoxic agents or volume depletion are often the etiology of post-contrast AKI.> Thus, true
CIN usually is AKI that occurs as a result of administration of iodinated contrast medium excluding the conditions that cause
AKI. For this reason, separation of true AKI from AKI that is associated with noncontrast medium is extremely important for
proper documentation of frequency rates and post-contrast complications. To this extent, a new terminology for CIN was
introduced, and the term CIN was replaced by two interrelated new terms: one is contrast-associated acute kidney injury
(CA-AKI), and the second one is contrast-induced acute kidney injury (CI-AKI), which is a subtype of CA-AKI. (3). The
2021 American College of Radiology (ACR) Committee on Drugs and Contrast media in combination with National Kidney
Foundation recommends the definitions of CA-AKI and CI-AKI as follows™*:

Contrast-Associated Acute Kidney Injury (CA-AKI)
CA-AKI, formerly referred to as post-contrast AKI, is currently defined as sudden decrease in kidney function within 48
h following an intravenous or intra-arterial administration of iodinated contrast medium. This decrease in kidney function
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is described as AKI, and occurs in those with risk factors. Thus, CA-AKI is a correlative diagnosis and does not imply
a causal relationship between iodinated contrast medium and AKI.

Contrast-Induced Acute Kidney Injury (CI-AKIl)

This term, formerly known as CIN, implies a sudden decrease in kidney function due to administration of iodinated
contrast medium. Thus, there is a causal relationship between iodinated contrast medium and AKI. According to the 2021
ACR Committee on Drugs and Contrast media, the terms CI-AKI and CA-AKI are not synonymous and not interchange-
able, but the former is a subtype of the latter.” The incidence of CA-AKI is more frequent than that of CI-AKI. For this
reason, the ACR Committee on Drugs and Contrast media states “At the current time, it is the position of ACR
Committee of Drugs and Contrast Media that CI-AKI is a real, albeit rare entity”.?

This new terminology has created concerns among nephrologists and other physicians regarding the existence of CI-
AKI, and the care they should take when an intravenous contrast study is ordered. The purpose of this review is to
discuss briefly the evidence that questions the existence of CI-AKI and express our opinion as clinicians how to deal with
this issue in practice. In order to understand the injurious effects of contrast media, it is essential to understand their
properties as well as the mechanisms (pathophysiology) by which they cause AKI. Also, we will provide a logical
prophylactic approach to prevent CI-AKI.

Incidence of CA-AKI and CI-AKI

Early studies used the term CIN for transient increase in serum creatinine following iodinated contrast media, and its
incidence has been reported to vary from 0% to 21% in both prospective and retrospective studies.”® Even a higher
incidence rates have been reported in some patients with several risk factors. These studies have not excluded other
causes of AKI such as clinical status of the patients, different populations studied, types of procedures performed
(intravenous versus intra-arterial), different definitions of AKI applied, and lack of adequate controls. Thus, every case of
AKI following exposure to iodinated contrast media cannot be attributed to the contrast medium itself. Therefore, the
higher incidence of CIN reported by early studies probably represents the incidence of CA-AKI rather than CI-AKI, and
thus the incidence has been overstated in the literatures due to the inclusion of older, poorly conducted observational
studies.? Based on eGFR rather than serum creatinine levels, the incidence of CA-AKI and CI-AKI has been found to be

much lower, as presented under risk factors below.’

Properties of Contrast Media
In addition to the patient-related risk factors, iodinated contrast media have also been identified as risk factors for CI-AKI
because of their intrinsic chemical properties such as osmolality, ionic or nonionic status, viscosity, degree of polymerization,
and the amount of volume injected. Table 1 shows the properties of various contrast media. Tri-iodinated benzene rings are
the underlying components of all modern iodinated contrast agents. lodine-based contrast agents can be divided according to
osmolality (number of particles in solution for a given concentration of iodine in the agent, grouped as high, low, or iso- with
respect to the osmolality of human plasma), ionicity (ionic meaning dissociating as a salt in solution or nonionic for agents
that do not dissociate), and number of tri-iodinated benzene rings in a molecule of contrast material (monomer if one benzene
ring, dimer if two). Currently, low and iso-osmolality agents are being used for intravascular iodinated contrast studies.*’
Several studies have investigated the nephrotoxic potential of osmolality, the injected dose, and the route of
administration of iodinated contrast media. The incidence of CA-AKI is much higher with HOCM than with LOCM.®
In a systematic review and meta-analysis, Eng et al® found no clinically relevant difference in the risks of CA-AKI or
CI-AKI between low- and iso-osmolality contrast media. Although these authors found that IOCM (Iodixanol) had
a slightly lower risk for CA-AKI than LOCM, this lower risk did not exceed a criterion for clinical importance.
There is a relationship between volume of contrast agent injected and the extent of AKI.'® The general consensus is
that small doses of contrast media (<70 mL) cause less kidney injury than large doses of any osmolality media. In the
study by Manske et al,'' type 1 diabetic patients with a mean serum creatinine of 5.90 mg/dl who underwent coronary
angiography had a dose-related CA-AKI with an odds ratio of 10.6 for contrast dose of 30 mL or higher. They calculated
that for each 5-mL increment in quantity of contrast agent, the risk of CA-AKI increased by 65% (relative risk 1.44).
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Table | Properties of Some Contrast Media

Product Generic Name (Concentration lonic Polymerization | Osmolality lodine Content | Viscosity
in mg Contrast/mL) Nature (mOsm/kg H,0) (mg/mL) (cp@ 37°C)

HOCM

MD-76™ R (Guerbet) Diatrizoate/ meglumine/ sodium (760) | lonic Monomer 1551 370 10.5

Conray™ (Covidien) lothalamate (600) lonic Monomer 1400 282 43

LOCM

Hexabrix™ (Guerbet) loxaglate meglumine/ sodium (589) lonic Dimer 580 320 7.5

Omnipaque™ —300 lohexol (647) Non-ionic Monomer 672 300 6.3

(GE Healthcare)

Isovue®-200 (Bracco) lopamidol (408) Non-ionic Monomer 413 200 2.0

Isovue® 300 (Bracco) lopamidol (612) Non-ionic Monomer 616 300 4.7

Ultravist® 300 (Bayer lopromide Non-ionic Monomer 607 300 49

Healthcare)

Optiray™ 300 loversol (640) Non-ionic Monomer 651 300 55

(Guerbet)

IOCM

Visipaque™ 320 lodixanol (652) Non-ionic Dimer 290 320 1.8

(GE Healthcare)

Omnipaque™ 140 lohexol 302 Non-ionic Dimer 322 140 1.5

(GE Healthcare)

Notes: Reproduced from ACR Committee on Drugs and Contrast Media. ACR manual on contrast media. 2021 ©. In: Contrast-Associated Acute Kidney Injury and Contrast-
induced Acute Kidney Injury in Adults, pp 33-43, 2021. 2021 © ACR.*
Abbreviations: HOCM, high-osmolality contrast media; LOCM, low-osmolality contrast media; IOCM, Iso-osmolality contrast media.

To minimize the incidence of CA-AKI, many equations for the accepted maximum dose of contrast have been
developed. In 1989, Cigarroa et al'? predicted that the incidence of CA-AKI would be related to the dose of contrast and
inversely proportional to serum creatinine. They introduced the following equation:

Accepted contrast dose = 5 mL of contrast per kg body weight/serum creatinine in mg/dl to a maximum dose of 300 mL.

When this equation was prospectively applied to 3322 patients undergoing coronary angiography, only 2% of those
who remained under the limit developed CA-AKI, while 21% of those exceeding the limit developed it. Subsequently,
other equations were developed: (1) contrast volume to creatinine clearance ratio (<3.7); (2) contrast volume-to-eGFR
ratio (<3.7) and (3) gram of iodine-to-eGFR ratio (ideal ratio 1:1). Thus, there is a relationship between contrast volume
administered and the incidence of kidney injury, particularly in patients with CKD and diabetes. The available evidence
suggests that contrast doses should be limited to the g iodine-to-GFR ratio of 1, which will minimize, but not completely
abolish the risk of CA-AKIL"

Route of contrast administration seems to have some impact on the incidence of CA-AKI.*'?"'* Intra-arterial route has
been suggested to cause higher incidence of CA-AKI than the intravenous route, because the former route delivers more
contrast to the kidneys. However, it was subsequently shown that the volume of contrast through the intra-arterial route is
larger because of diagnostic and interventional procedures (coronary angiography), than the intravenous route which
requires a fixed dose of contrast (CT angiography), and this may account for different incidences in CA-AKI. The meta-
analysis of Eng et al® found no difference in the risk between the intravenous and intra-arterial routes of administration.

Risk Factors for CA-AKI

The only documented risk factor is kidney dysfunction. The risk of CA-AKI increases with an increase in CKD stages or
categories. The risk is 5% at an eGFR of > 60 mL/min, 10% at 45-59 mL/min, 15% at 30-44 mL/min, and 30% at <30 mL/
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min. This risk of CA-AKI is much higher than the risk of CI-AKI because it includes many comorbidities.** Although the
primary risk factor is severe kidney dysfunction (éGFR <30 mL/min), studies have found an additive risk from type 1 and type
2 diabetes, hypovolemia, nephrotoxins, hypotension, albuminuria, and heart failure for CA-AKI. However, there is no

convincing evidence that multiple myeloma is a risk factor for CA-AKI.

Risk Factors for CI-AKI
As in CA-AKI, the risk factor for CI-AKI is kidney dysfunction. It was reported that the risk is 0% at an eGFR of >45 mL/min, 0—
2% at 30-44 mL/min, and 0-17% at <30 mL/min.>** However, previously proposed risk factors such as diabetes mellitus,
diuretic use, advanced age, hypertension, hyperuricemia, and multiple iodinated contrast medium doses in a short time interval
(<24 h) are not considered to cause CI-AKI for lack of confirmation by controlled intravenous iodinated contrast media studies.*
It should be noted that patients on hemo- or peritoneal dialysis with no residual kidney function may receive
intravenous or intra-arterial contrast media studies anytime, as indicated. However, patients with AKI may need vigorous
evaluation as to the necessity of the study based on the benefit and risk ratio. In a propensity score matched study, Yan
et al'® showed no difference in the risks of further decrease in kidney function, requirement for kidney replacement
therapy, and mortality in 7 and 30 days among AKI patients who received either intravenous iodinated contrast
(enhanced) or no contrast (unenhanced) CT scans within 7 days after the diagnosis of AKI.

Pathogenesis of CI-AKI

The pathogenesis of CI-AKI is not completely understood. However, several possible mechanisms have been proposed:
(1) kidney hemodynamic changes resulting in decreased renal blood flow (RBF); (2) direct tubular injury by iodine; (3)
medullary hypoxia with impaired microcirculation; (4) intracellular signaling pathways involving cell death; and (5)

. . . . 4.6.17-2
inflammation, as shown in Figure 1.%¢!772%
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Figure | Pathogenesis of contrast-induced acute kidney injury. NLRP3, NOD-like receptor pyrin containing 3.
Notes: Data from Reddi et al.'”
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Intravenous iodinated contrast agents have been shown to cause renal hemodynamic changes with biphasic effect on
RBF.!72!2>728 Initially, vasodilation of afferent arterioles occurs with a transient increase in RBF, which is followed by
prolonged vasoconstriction and a decrease in RBF. Vasoconstriction is due to the action of many vasoactive substances
such as angiotensin II (AII), endothelin, adenosine and an increase in intracellular [Ca®*] in vascular smooth muscle cell.
Also, there is also a concomitant decrease in nitric oxide and prostaglandin PGE; and PGE, production. Adenosine, for
example, causes afferent arteriolar vasoconstriction and efferent arteriolar vasodilation, resulting in compromised GFR
and AKI. This is the basis for the use of theophylline, which antagonizes the effects of adenosine.

Liu and associates®' isolated afferent and efferent arterioles from mice and demonstrated severe vasoconstriction of
afferent arterioles only when perfused with iodixanol. The diameters of the afferent arterioles were significantly reduced
from 9.2 to 8.3 pm, while in control arterioles diameters increased from 8.7 to 9.3 um. This vasoconstriction seems to be
mediated by decreased nitric oxide production and superoxide generation. Thus, the decrease in afferent arteriolar
diameter may account for decreased RBF caused by contrast media.

Todine is released from contrast medium by photolysis,'***

and it has long been known that iodine has cytotoxic
effect on bacteria. Iodine causes direct damage to membrane proteins, leading to the loss of cell membrane integrity.
Thus, a direct injury to the kidney tubules has been proposed. Direct tubular injury by contrast media is mediated by the
generation of reactive oxygen species (ROS). Apoptosis with loss of cellular membrane proteins and loss of cytochrome
C from mitochondria have been observed in kidney tubular epithelial cells. Also, pathologically vacuolization in the
proximal tubular cells has been observed. In animal studies, antioxidants prevented nephrotoxicity induced by contrast
media. These studies formed the basis for the use of antioxidants such as N-acetylcysteine and ascorbic acid in humans to
prevent CI-AKI. Also, it was shown that NaHCOj; can act as an antioxidant and prevent nephrotoxicity.

Renal medullary hypoxia is an important mechanism for CI-AKI. Normally, renal medulla functions at low O, tension
(30 mm Hg), as compared with the cortex where O, tension is very high. Contrast media reduce outer medullary O,
tension substantially to as low as 10 mm Hg. This medullary portion (thick ascending limb of Henle’s loop) of the
nephron segment requires high O, tension because of active transport mechanisms. Also, contrast media increase the
viscosity in both the tubular fluid and vasa recta with subsequent red blood cell aggregation. These changes cause low
blood supply and O, to the medulla, resulting in medullary hypoxia. ROS generation is stimulated with subsequent
membrane injury and DNA damage. Mitochondrial enzyme activity is also impaired, leading to depletion of intracellular
energy. The net result is cell necrosis and apoptosis.

All osmolality iodinated contrast media increase the intraluminal pressure by water reabsorption into the kidney
tubular lumen and increase the hydrostatic pressure. This elevated pressure causes vasa recta constriction, resulting in
medullary hypoxia and CI-AKI.

High osmolality contrast media induce osmotic diuresis via the release of atrial natriuretic peptide. Excess delivery of
NaCl to the macula densa activates the tubuloglomerular feedback mechanism via adenosine, resulting in afferent
arteriolar constriction and a decrease in GFR.

In both experimental animals and human subjects, contrast media induce histopathologic changes in the tubular
epithelium. Following injection, iodinated contrast medium remains in the intravascular compartment without binding to
the albumin, and therefore, is filtered freely at the glomerulus. Once filtered, it is not reabsorbed by the tubules, and then
gets concentrated in the tubules following water and solute reabsorption. The tubular epithelial cells are then exposed to
the concentrated medium, leading to cell damage. Vacuolization of proximal tubular epithelial cells is the characteristic
feature of the contrast media.”

The role of inflammation on tubular injury and CI-AKI has been explored by Lau et al.>***> According to these
authors, the kidneys contain an intrinsic immune surveillance system that consists of resident macrophages and dendritic
cells (resident renal phagocytes). In the mouse model, NOD-like receptor pyrin containing 3 (NLRP3) is an innate pattern
recognition receptor and important immune sensor that has canonical and noncanonical roles in models of kidney disease.
NLRP3 function is primarily noncanonical, regulating a platform for caspase-8 activation and apoptotic cell death.
Following rapid filtration into the tubular luminal space, the contrast medium is reabsorbed and concentrated in tubular
epithelial cells via the brush border enzyme dipeptidase-1 in volume depleted but not euvolemic mice. CI-AKI is
a multistep process involving immune activation coordinated by resident renal phagocytes, the tubular reabsorption of
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contrast medium, and recruited leukocytes. Contrast activates the canonical NLRP3 inflammasome in macrophages,
which contributes to CI-AKI through the regulation of inflammation. Thus, CI-AKI is a multistep process that involves
immune surveillance by resident and infiltrating renal phagocytes, NLRP3-dependent inflammation, and the tubular
reabsorption of contrast via dipeptidase-1.

Andreucci et al*® examined the survival and proliferation of HK-2 cells (human embryonic proximal tubular cells) that
were exposed to iodinated contrast media, and demonstrated reduced cell survival due to decreased activation of Akt and
ERK1/2 kinases. These kinases are known to be involved in cell survival/proliferation. When HK-2 cells were transfected with
a constitutively active form of Akt, the inactivation was alleviated. This suggests that contrast media decreases cell survival/
proliferation. In another experiment, the same investigators confirmed their observations again in HK-2 cells by exposing
them to contrast drugs, and demonstrated that contrast media affect the activation/deactivation of transcription factors like
FoxO3a and STAT3, which control the genes that are involved in apoptosis and cell proliferation.

Several other in vitro studies, as reviewed by Yang et al*’ have confirmed decreased cell proliferation, apoptosis,
mitochondrial toxicity, and direct cytotoxicity by iodinated contrast media in HK-2 cells and cultured proximal tubule
cells from rat, mouse, and pig. Thus, any iodinated contrast medium is not nephroprotective. Figure 1 summarizes
various mechanisms in the pathogenesis of CI-AKI.

Evidence Against CI-AKI

As early as 1978, Gelman and associates” found no change in kidney function in the 38 patients who underwent
intravenous pyelography. Similarly, Eisenberg et al*° also did not observe CI-AKI in 100 consecutive patients who had
major angiographic procedures. In recent years, the concept that intravenous iodinated contrast material does not cause
higher incidence of AKI in patients with either normal kidney function or chronic kidney disease was elaborated by many
other investigators. Rao and Newhouse,?' Newhouse et al*? and Bruce et al** have shown that the rates of AKI following
CT scan in patients who received intravenous iodinated contrast media (or CT enhanced) were similar or identical to
those patients who did not receive contrast media (or CT unenhanced). These authors identified a high incidence of AKI
among control subjects who had noncontrast CT. The incidence of creatinine elevation in this group was statistically
similar to that in the contrast-received group for all baseline creatinine values and all stages (categories) of CKD. Based
on these results, the radiologists are left with the impression that AKI from intravenous administration of contrast
material is either much less common than originally thought or does not occur at all.>*>>

McDonald et al***° in a series of publications starting from 2013, using propensity score matching, reported no
association in the incidence of AKI between patients who got CT scans with contrast and those who did not receive
contrast media at any serum creatinine or eGFR levels. A matched propensity score analysis is a statistical method by
which selection bias can be reduced in a retrospective study. They also used counterfactual analysis in which each patient
acted as his or her own control by having both noncontrast and contrast CT within the study period, and showed no

significant association between intravenous contrast media and AKIL>'

Thus, this retrospective analysis suggests that
intravenous iodinated contrast media may not be the causative agent for AKI after their administration for CT scans.

In a subsequent review and meta-analysis of controlled studies that involved 25,950 patients, the same authors
showed no difference in the incidence of AKI, dialysis, and death between the contrast and noncontrast control group.*'

In contrast, Davenport et al** reported using propensity score analysis that intravenous low-osmolality iodinated
contrast material is a nephrotoxic risk factor in patients with pre-CT serum creatinine of 1.6 mg/dl or greater, but not in
patients with a stable serum creatinine level <1.5 mg/dl. The same authors also showed a graded increase in AKI rates
with decrease in eGFR levels, suggesting that patients with eGFR levels <30 mL/min are at greater risk for CI-AKI than
those patients with eGFR levels >45 mL/min.*

In a retrospective analysis of Emergency Department patients using propensity score matching, Hinson et al** found
no causal association between contrast administration and AKI. Also, they observed that contrast administration was not
associated with increased incidence of either CKD, dialysis or kidney transplant at 6 months. Similarly, a meta-analysis
by Aycock et al*® that included 28 studies with 107,335 patients who came to the emergency department also found no
significant differences between patients receiving CT with contrast material and those with no contrast material in the
incidence of either AKI, need for kidney replacement therapy, or all-cause mortality.
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Similar to McDonald et al*® observations in ICU patients, Ehrmann et al*® in a prospective observational propensity-
matched cohort study found no difference in the incidence of AKI between contrast and noncontrast groups.

Table 2 shows representative rates of AKI stratified according to eGFR levels by the studies discussed above. As evident
from the table, only the studies of Davenport et al showed that AKI rates are significantly higher with contrast exposure in
patients with an eGFR <30 mL/min. Also, the trend is similar when AKI rates were stratified with serum creatinine levels.

A non-propensity score analysis by Wilhelm-Leen et al*’ also showed no difference in the incidence of AKI between
contrast and noncontrast exposure groups. Using the entire Nationwide Inpatient Sample dataset for 2009, these authors
analyzed 5,931,523 hospitalizations for CI-AKI. Overall, the AKI rates were 5.5% for contrast-received patients and
5.6% for noncontrast patients, respectively. However, disease specific-risks were rather different and interesting to note.
For example, radiocontrast administration was associated with a higher risk of AKI (contrast versus noncontrast): sepsis
(35.8% versus 32.9%), pneumonia (16.3% versus 12.7%), urinary tract infection/pyelonephritis (17.4% versus 15.7%),
peritonitis (31.4% versus 28.9%), gastrointestinal bleeding (16.8% versus 13.8%), chronic obstructive pulmonary disease
exacerbation (16.3% versus 15.1%), and acute pancreatitis (16.4% versus 8.2%).0On the other hand, radiocontrast
administration had a lower rate of risk in patients with exacerbation of heart failure (16.6% versus 19%) and acute
coronary syndrome (6.4% versus 17.4%). Despite the above interesting findings, the authors believe that the relationship
“between radiocontrast administration and AKI is highly confounded, unpredictable, and sometimes bidirectional.”
Interestingly, the authors also admit that the risk of CI-AKI is “likely low but not likely zero.”

In patients with acute ischemic stroke, Lima et al** showed no increase in AKI after receiving either CT angiography
(CTA) or CT perfusion (CTP) or both. Some of the patients also had conventional angiography after CTA/CTP. The
incidence of AKI was 5% in the contrast and 10% in the noncontrast group. Patients who underwent conventional
angiography after contrast CT were at no greater risk of AKI than patients who underwent CTA/CTP alone. Similar
conclusions were reached by Brinjikji and associates* in a meta-analysis involving 5727 patients with acute stroke. This
meta-analysis included six case—control and eight single-arm studies. In these studies, 5727 patients received CTA/CTP
and 981 received noncontrast computed tomography. In case—control studies, AKI was significantly lower among CTA/
CTP patients compared with noncontrast patients. Adjusting for baseline creatinine, there was no difference in AKI rates
between groups. The overall rate of AKI in CTA/CTP patients was 3%. The overall rate of hemodialysis in the CTA/CTP
group was 0.07% (3 of 4373). Among patients with CKD, the overall rate of AKI following CTA/CTP was 2.3% (14 of

Table 2 Representative Propensity Score Matching Rates of Acute Kidney Injury (AKI) Stratified According to
eGFR Levels in Patients with and without Contrast Study

Author eGFR (mL/min) | Rates without Rates with Difference Between Contrast
Contrast (%) Contrast (%) | and without Contrast (%)**
McDonald et al** | 290 13 1.2 -0.1
60-89 2.0 2.1 =0.1
30-59 6.2 5.8 -0.4
<30 14.0 14.0 0
Davenport et al*® | 260 5.5 54 -0.1
45-59 10.8 10.5 -0.3
3044 14.2 16.7 +2.5
<30 19.4 364 +17.0
Hinson et al* 260 5.7 6.1 +0.4
45-59 9.2 12.3 +3.1
3044 12.0 9.1 -29
<30 14.1 10.9 =32
Lima et al*** >60 1.0 5.0 —6.0
30-59 8.0 5.0 -3.0
<30 18.0 20.0 +2.0

Note: *Non-propensity matching rates, **Indicates less, + indicates more.
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609) compared with 3.7% for the non-CKD group (65 of 1780). In unadjusted meta-analysis, patients with CKD had
similar odds of developing AKI than patients without CKD. This study emphasizes that concerns about AKI should not
deter physicians from pursuing their imaging studies for management of patients with acute ischemic stroke.

Another recent Swedish study’? attests to the existence of CA-AKI. This prospective study of 1009 participants with
an eGFR >50 mL/min who underwent coronary CT angiography with iohexol showed a median increase in serum
creatinine of 0—2 umol/L 2—4 days post procedure. Post-contrast AKI was observed in 12/1009 individuals (1.2%) when
AKI was defined as >25% or >44 umol/L increase in serum creatinine and 2 individuals (0.2%) when defined as >50% or
>27 umol/L increase in serum creatinine. Possible risk factors (eg, diabetes, age, eGFR, NSAID use) did not show
increased risk of developing post contrast-AKI. This study suggests that iohexol administration to a randomly selected
cohort with mildly reduced eGFR is safe, and post-contrast-AKI is very rare.

Some Concerns of the Above Studies

1. The studies of McDonald et al and Davenport et al were retrospective and observational, and they used propensity
score matching in analyzing their data. This analysis does not avoid selection bias as to who undergoes contrast
procedure and who does not. In this context, Nyman et al’' raised the following analytical issues: (1) comparison
of noncontrast group with contrast group; (2) use of relative rather than absolute eGFRs for kidney function risk
stratification; (3) failure to use the dose of contrast material in relation to kidney function risk evaluation; and (4)
insufficient attention in the evaluation of nonrenal risk factors. Others also raised some concerns for not using
appropriate controls as in randomized controlled studies, while realizing at the same time that the use of such
placebo controls in contrast studies is rather difficult because of ethical considerations.>>

2. In propensity score matching, patients with eGFRs <20 mL/min were not included. Although both McDonald et al
and Davenport et al used the same propensity score matching, the AKI risk was different. McDonald et al found no
difference in AKI risk at any eGFR levels, but Davenport et al found graded risk at different eGFR levels.

3. Dataset represents the data that have been entered into the records, but it may not have included some other
comorbidities that precluded contrast studies.*’

4. Patients who underwent contrast studies may have received adequate preventive measures compared to those who
did not receive contrast, and this may have obscured the nephrotoxic potential of the contrast media.

5. Daily variability of serum creatinine levels is well known. This is more profound in critically ill patients because
of several reasons. Among these reasons, fasting and muscle mass are extremely important. Some patients may
have attained the highest level of serum creatinine level prior to contrast study, and post-contrast increase in serum
creatinine may be minimal and may not qualify for stage 1 AKI. Also, overzealous post-contrast hydration may
obscure the elevation in serum creatinine level.

Does CI-AKI Really Exist?

Based on the above studies, CI-AKI is real and does exist, but the incidence is low, as suggested by the ACR Committee
on Drugs and Contrast Media.* The studies of Davenport et al***® reveal the existence of this clinical entity. Also, the
dataset analysis by Wilhelm-Leen et al*’ points out that the risk of CI-AKI is “likely low but not likely zero.” In addition,
the following studies have suggested the existence of CI-AKI.

A meta-analysis compared the incidence of AKI with iodinated contrast media (ICM) versus carbon dioxide (CO5)
study. In total, 677 patients underwent 754 peripheral angiographic procedures. ICM caused AKI in 11.1% and CO, in
4.3%, suggesting that ICM is nephrotoxic.’”

Also, another propensity-matched study evaluated the ates of AKI in patients with stage G3 or G4 CKD who
underwent coronary angiography, contrast-enhanced CT, or nonenhanced CT. Post-contrast AKI occurred in 27%, 24%,
and 24% of the patients, respectively. It was found that the incidence of CI-AKI was higher in the coronary angiography
group (16.5%) than contrast (12.5%) group.™

Similar propensity score matching studies of Medalion et al.>> Sigterman et al’® and shah et al’” also showed nephrotoxicity
following intra-arterial administration of contrast material during coronary angiography.
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Based on the pathophysiologic mechanisms and some of the above mentioned studies that reported lower rates of
AKI, it is our position that CI-AKI is real and does exist in patients even with prophylactic measures, particularly after
coronary angiography than CT enhanced scans. We suggest that clinicians evaluate the risk and benefit ratio when
ordering a contrast study in patients with an eGFR <30 mL/min and AKI. Although discussion between the ordering
physician and radiologist or cardiologist is valuable, it does not happen in real world, and the clinician should not hesitate
requesting a contrast study for diagnostic and therapeutic measures when indicated.

Preventive Strategies of CA-AKI/CI-AKI

The most important strategies to prevent the incidence and severity of CA-AKI/CI-AKI are as follows: (1) identification of high-
risk patients; (2) hydration; (3) withhold nephrotoxic medications; (4) use of low or iso-osmolar iodinated contrast media; (4) dose
reduction that is sufficient enough for diagnostic images; and (5) communication with a radiologist prior to the study. Except for
hydration and nephrotoxic agents, we have already presented other aspects of prevention strategies. Most studies have shown that
volume expansion (hydration) with normal saline is the most important measure to prevent CA-AKI/CI-AKI (see Table 3).
Hydration, besides low cost, it increases urine flow rates, reduces the concentration of contrast media in the tubule, and promotes

Table 3 Prevention of CA-AKI*

Pre-procedure measures

® |dentify high-risk patients with pertinent history: pre-existing CKD, remote history of AKI, dialysis with residual kidney volume, kidney surgery or
ablation, albuminuria, and history of diabetes

® Determine baseline serum creatinine and eGFR for the above risk patients only

® Avoid or correct volume depletion (or dehydration)

® For volume depleted patients, start IV hydration with normal (0.9%) saline at | to |.5 mL/kg/h |h before and 3—12 h post-procedure for inpatients
to lower the risk of CA-AKI

® Prophylaxis is indicated for patients who have severe CKD with an eGFR <30 mL/min, or AKI patients. Also, diabetic patients with CKD with an

eGFR levels 3044 mL/min need prophylaxis. Administer normal saline, as described above, and follow them closely for volume expansion or

heart failure

No hydration is required for individuals with stable eGFR 230 mL/minWithdraw all nephrotoxins

Avoid diuretics, mannitol, fenoldapam, endothelin and adenosine receptor blockers

Avoid prophylactic kidney replacement therapy (hemodialysis or hemofiltration)

Consult a nephrologist for CKD patients

Management during procedure

® Maintain systolic blood pressure >120 mm Hg

® Minimize the dose of contrast media. Maximum acceptable contrast dose (5 mL % (body weight in kg)/(serum creatinine in mg/dl))
® Use either iso-osmolality or low-osmolality contrast medium

Post-procedure management

Continue hydration with normal saline for 3—12 h (inpatient) and monitor for volume expansion
Monitor hemodynamic status, if indicated

Maintain urine output >100 mL/h

Obtain serum creatinine and eGFR daily for 4 days (in-hospital patients), and then as needed

Start kidney replacement therapy (hemodialysis, hemofiltration or hemodiafiltration) early, as needed
Prophylaxis not recommended

NaHCO; in place of normal saline for hydration

N-Acetylcysteine
Personalized rate of periprocedure hydration during coronary arteriography during elective or acute settings
® |Left ventricular end-diastolic pressure (LVEDP)-guided sliding-scale hydration with normal saline is as follows:
<13= 5 ml/kg/h
13-18= 3 mlL/kg
>18= 1.5 mL/kg/h
Continue hydration for 4 h post-procedure
Potentially useful interventions

® Forced diuresis automated systems (eg, RenalGuard system)

Notes: *Data from Reddi et al.'”
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excretion of contrast media, thus reducing the length of exposure time of tubular cells to the toxic effects of contrast media. In
addition, hydration suppresses of renin-angiotensin-aldosterone system, thus preventing renal vasoconstriction caused by the
contrast media. It was also shown that high urine flow rates may lead to vasodilatation in some regions of the renal medulla,
possibly through increasing the production of prostacycline.”® However, it is interesting to note that one study did not find any
effect of volume expansion on AKI rates.> In this Maastricht Contrast-Induced Nephropathy Guideline (AMACING) trial, which
is a prospective randomized controlled trial in high-risk patients with an eGFR of 30-59 mL/min, compared prophylactic effect of
hydration versus no hydration on the incidence of CA-AKI/CI-AKI. The data showed that no prophylactic treatment was
noninferior to prophylactic I'V hydration in the prevention of CA-AKI/CI-AKI. This issue was addressed by Lee et al® in a meta-
analysis. They concluded that prophylactic hydration is not necessary if the contrast volume is <100 mL regardless of eGFR
levels, but prophylactic hydration is recommended to those who receive large volume (>100 mL) of contrast medium to prevent
CA-AKI/CI-AKI.

The aim of the fluid therapy is to maintain euvolemia and avoidance of overhydration. This can be achieved by
careful peripheral IV administration of fluids. Besides peripheral IV, other potentially useful interventions such as left
ventricular end-diastolic pressure (LVEDP)-guided sliding-scale hydration with normal saline and forced diuresis
automated system (eg, RenalGuard system) were applied to patients undergoing cardiac catheterization.

In the Prevention of Contrast Renal Injury with Different Hydration Strategies (POSEIDON) trial, Brar et al®' investigated
different rates of fluid administration guided by the LVEDP in patients undergoing cardiac catheterization. LVEDP is routinely
used as a measure of intravascular volume status. The authors administered 5 mL/kg/h for LVEDP <13 mm Hg, 3 mL/kg/h for
13-18 mm Hg, and 1.5 mL/kg/h for >18 mm Hg of normal saline to patients with <60 mL/min and at least 1 risk factor. The
control group received 1.5 mL/kg/h of normal saline. The fluid rate was started before contrast exposure, continued during and
for 4 h after procedure in both groups. The results showed that CA-AKI was less (6.7%) in LVEDP group than in the control
group (16.3%). Thus, LVEDP-guided hydration with normal saline during cardiac catheterization seems to lower the rate of CA-
AKI than peripheral IV hydration. In both groups, an equal number of patients had to stop the procedure because of shortness of
breath. However, a study by Marashizadeh et al®* did not find any difference in the rate of CA-AKI between LVEDP-guided and
peripheral IV hydration with normal saline in patients with eGFR <60 mL/min.

A high urinary flow rate of >150 mL/h has been shown to be protective in CA-AKI/CI-AKI.

Increased urine output dilutes the concentration of contrast, like volume expansion, within the kidney tubule lumen and
decreases its contact time with kidney tubule cells. Thus, volume expansion and diuresis are associated with enhanced resistance
to oxidative injury.®® At times, it is difficult to maintain euvolemia and adequate urine output. To maintain adequate intravascular
volume and urine output, RenalGuard system was developed. This RenalGuard system measures urine flow rate induced by
furosemide, and thus urine volume is replaced by an equivalent amount of normal saline so that euvolemia is maintained. During
the process of this system, the contrast is diluted to minimize the viscosity, and also limit the exposure time of kidney tubules to
contrast medium while maintaining renal blood flow. In the Renal Insufficiency After Contrast Media Administration Trial II
(REMEDIAL 1I) trial, Briguori et al** showed that RenalGuard therapy reduced the incidence of CA-AKI/CI-AKI in patients
with low eGFR (half had an eGFR <30 mL/min) who underwent coronary and/or peripheral angiography/angioplasty. In this
trial, the control group received NaHCO; plus N-acetylcysteine (NAC) and the RenalGuard group received hydration with
normal saline plus NAC controlled by the RenalGuard system. The incidence of CA-AKI/CI-AKI in the control group was
20.5% compared to 11% in the RenalGuard group. Thus, maintenance of hydration based on forced urine flow rate >150 mL/h
can reduce the incidence of CA-AKI/CI-AKI in high-risk patients. Additional data from this and two other trials including 586
CKD patients showed decreased risk of CA-AKI/CI-AKI by 60% major adverse clinical events rate by 59%, and the need for
kidney replacement therapy by 78%, compared with the standard of care.®®

The disadvantage of both LVEDP and RenalGuard system is that their use is limited to patients undergoing intra-
arterial procedures and probably coronary interventions in elective and acute settings. Also, one can question their use in
patients with stable eGFR 30—44 mL/min. In LVEDP-guided sliding-scale hydration, those patients who received 3 or
5 mL/kg of normal saline may have diluted their serum creatinine, thus obscuring the real creatinine level. This could
have been corrected by a factor that can be obtained by the difference between pre- and post-procedure weights to

observe real creatinine level. Additional studies are needed before their routine use in clinical practice.
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| Is contrast necessary

No

!

Proceed with non-contrast or
other study

Low risk
Stable eGFR > 45 ml/min

Mild-moderate risk
¢GFR 30-44 ml/min

High risk
eGFR < 30 ml/min or AKI

v

v

v

No hydration

Hydration with normal

saline (1-1.5 ml’kg 1 h

before & 3-12 h post-
contrast)

Hold diuretics &
nephrotoxins before
contrast study
Use minimum routine
clinical diagnostic dose

Hydration with normal

saline (1-1.5mlkg 1 h

before & 3-12 h post-
contrast) *

Hold diuretics &
nephrotoxins before
contrast study
Use minimum routine
clinical diagnostic dose

Figure 2 Flow chart for patients with different eGFR levels to minimize Ca-AKI/CI-AKI, *Hold hydration in hypervolemic (dialysis or heart failure with EF <30%) patients.

We recommend the following flow chart (Figure 2) for patients who desire intravenous or intra-arterial studies with or
without contrast and with different eGFR levels to minimize CA-AKI/CI-AKI.

Clinical Course of CA-AKI and CI-AKI
The clinical course of both CA-AKI and CI-AKI depends on several factors, including baseline kidney function,
coexisting comorbidities, and degree of hydration. Typically, serum creatinine level starts rising within 24 h, peaks in
4 days, and gradually returns to baseline in 7-10 days following intravascular iodinated contrast medium administration.
Several studies have shown that patients with CA-AKI and CI-AKI experience, besides longer hospital stays, higher
incidences of cardiovascular, kidney, and neurologic events, and increased mortality. Increased mortality is attributed to
cardiovascular disease.®®*® However, the 2021 ACR Committee on Drugs and Contrast Media states that many studies
reporting CI-AKI and its short- and long-term consequences have failed to include a control group; therefore, the contrast
associated CI-AKI may be related to noncontrast causes of CA-AKI.* Also, the committee states that “It is unusual for patients
to develop permanent renal dysfunction”. In order to resolve this issue, larger studies with proper control groups are needed.

Conclusion
CI-AKI is a really entity, and its incidence is much lower than previously thought. Although CKD patients with an eGFR
<30 mL/min and AKI patients are at risk for CI-AKI, controversy still exists regarding the causal relationship between
intravascular iodinated contrast media and the development of AKI because prospective randomized controlled trials with
adequate number of patients are lacking. Such studies are difficult to conduct because each patient is exposed twice to
unnecessary radiation (unenhanced and enhanced CT scans). Also, ethical and cost considerations may prohibit from
conducting such control studies. Meanwhile, analysis of data by propensity score matching methods in observational studies
may provide useful information whether AKI after contrast medium is either correlative (CA-AKI) or causal (CI-AKI).
Also, the clinician should evaluate individually the indication for intravenous contrast study based on risk/benefit
considerations. Comorbidities for CA-AKI should be carefully evaluated. An early study reported that diabetes alone is not
a risk factor, but diabetes with CKD (eGFR 30-44 mL/min) is a risk factor for CA-AKI.®” When there is a clear indication,
prophylaxis is advised for high-risk patients, and the clinician should not hesitate to request a contrast study. It always benefits
the patient, if the ordering physician communicates with the radiologist to discuss the risks and benefits of the contrast
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administration. If iodinated contrast medium administration deems necessary for life-threatening diagnosis, it should be done

irrespective of kidney function. Such a patient should receive prophylactic saline administration, if no contraindications.
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