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ABSTRACT

This narrative review aims to elaborate on the aetiopathogenesis, risk factors, clinical features and management of
contrast-induced nephropathy and illustrates the potential therapeutic options and management guidelines to
prevent the same. Previously called as Contrast Induced Nephropathy (CIN), Contrast-Induced Acute Kidney Injury
(CI-AKI) is a type of acute renal failure categorized by unexplained deterioration of kidney function in 24-48 hours
post administration of any sort of contrast media. The aetiopathogenesis of this disease is multi-factorial and many
patients related and contrast related factors are responsible for its occurrence. Use of various methods like
hemofiltration, hemodilation, intravenous calcium administration, low-osmolar contrast agents as well as ischemic
preconditioning help to reduce its incidence. Over recent years, intravascular contrast media are commonly being
used for therapeutic and diagnostic procedures worldwide, hence there’s been a rise in the incidence of contrast-
associated acute kidney injury. It's the 3rd leading cause of admissions due to acute kidney failure. Till date, there is
no definite strategy to prevent CI-AKI, except for careful selection of patients with a meticulous risk/benefit analysis,
sufficient intravenous periprocedural and preprocedural hydration with normal saline and sodium bicarbonate, and
reducing the amount of contrast agent used. Hence this review was done after an extensive search on Embase,
PubMed, GoogleScholar and Cochrane Library database, to identify articles published in the English language that
shed ligt on contrast-induced nephropathy using specific keywords like- contrast-induced/contrast-associated
nephropathy, acute kidney injury, heamodialysis, osmolality, and renal failure, in order to come to a consensus
regarding the most suitable mechanism to prevent CI-AKI for the clinical practitioners. Only publications in English
were considered, focusing more on the most recent updates.
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INTRODUCTION AND BACKGROUND

Contrast-induced acute kidney injury is characterized by a
reduction in kidney function that develops within days
after administration of the intravascular iodinated contrast
material. Intravascular contrast media are one of the most
commonly used materials for therapeutic and diagnostic
radiological purposes [1]. This has caused an increase in
occurrence of procedure associated Contrast Induced -
Acute Kidney Injury (CI-AKI) which was earlier known as
Contrast Induced Nephropathy (CIN) [2]. The first report
of CI-AKI appeared in the year 1962 [3], after which further

research was being done on the potential harmful effects

and toxicities of contrast media (CM). Because of the
numerous reports of CI-AKI, imaging procedures involving
CM are sometimes withheld [4]. Studies have shown that
the risk associated with it might be considerably lower
than initially estimated [5], even though it is one of the
most significant and potentially catastrophic complications
in patients undergoing procedures with contrast media. CI-
AKI is also the leading cause of acute renal failure in
hospitalized patients, ranking third after ischemic and
drug-induced injury [6]. A specific estimate of the

incidence and prevalence of CI-AKI is needed, owing to the
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rising number of diagnostic and interventional procedures
that use CM. Despite current advancements, the treatment
of CI-AKI remains relatively limited and mainly focuses on
non-dialytic  treatment such as avoidance or
discontinuation of nephrotoxic drugs, adjustments of
hemodynamic parameters and search for reversible causes
[7]. Hence, this review was conducted with the aim to
develop appropriate prevention methods and treatment

protocols, that areh vital for management of this condition.

MATERIALS AND METHODS

This narrative review was done after an extensive search
on Embase, PubMed, Google Scholar and Cochrane Library
database, to identify articles published in the English
language that shed light on contrast-induced nephropathy
using specific keywords like- contrast-induced/contrast-
associated nephropathy, acute kidney injury, hemodialysis,
osmolality, and renal failure, in order to come to a
consensus regarding the most suitable mechanism to
prevent CI-AKI for the clinical practitioners. Only
publications in English were considered, focusing more on

the most recent updates.

REVIEW
DEFINITIONS AND TERMINOLOGIES

Contrast induced nephropathy is defined as an aggravation
of the existing renal dysfunction or a recent onset renal
disease, after an intravascular contrast injection, when the

other renal injury causes have been ruled out. In this
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review, we used the AKI definition by the Kidney Disease
Improving Global Outcomes working group [8]. This
definition has also been used in the most recent guidelines
by the French nephrology society and the French
radiological society, as published in 2021 [9]. As per this
definition, either of the following criteria define CA-AKI
(Contrast-Associated Acute Kidney Injury) if it occurs in 48

hours after administration of contrast media (CM):

(a) A rise in serum creatinine of more than 26.5 pmol/L
(0.3mgy/dD);

(b) A rise in serum creatinine of more than = 1.5 times
from baseline;

(c) A fall in urine output to less than <0.5 ml/kg/h in 6

hours of contrast administration.

Contrast-Associated AKI (CA-AKI) synonymously known
as "postcontrast AKI" is a very broad term which refers to
the acute kidney injury that occurs post administration of
contrast medium, but it may not necessarily because of the
contrast material. The term CA-AKI is also applicable to
other AKI causing pathological conditions.

"Contrast-induced AKI (CI-AKI)," initially called as
"contrast-induced nephropathy (CIN)," is a very specific
term which refers to a subset of post-contrast acute kidney
injury which is directly linked to the administration of
contrast material. In a particluar patient, the link between
AKI and contrast exposure can be assessed after thorough

history and clinical examination, to ruel out other causes of

AKI. If after conducting such an evaluation, no other causal
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agents (apart from the contrast agent) is identified, then ir

these situations, it is appropriate to use the term CI-AKI. °

The American College of Radiology has introduced new
terminologies to clarify the causal relationship between
the use of intravascular contrast and the development of

acute kidney injury [10]:

Contrast-Induced Acute Kidney Injury (CI-AKI):

acute kidney injury caused by contrast administration.

Contrast-Associated Acute Kidney Injury (CA-AKI)
(Post-Contrast Acute Kidney Injury (PC-AKI): acute
kidney injury due to any cause within 48 hours after

contrast administration as an association

The American College of Radiology suggests using the
term PC-AKI rather than CI-AKI or CIN as the literature

points to an association but not causality [10,11].

Post-contrast peak effect on creatinine occurs between 48

and 72 hours [12]:

Clinical Investigation and Clinical Studies
Relative increase: 50% rise above the baseline

Absolute increase: rise of more than 27 umol/L

Importantly, CI- AKI needs to be differentiated from post-
contrast acute Kidney injury without suspected causality
between CM administration and AKI. Although it often
presents as only transient kidney injury, it may
occasionally progress to the significant stage of renal
failure that worsens clinical outcome and significantly

increases hospital expenditure [13].
PATHOGENESIS OF CI-AKI

The pathogenesis of CI-AKI is found to be related to
multiple factors, and the exact pathogenesis is unknown. It
is known to depend on free radicals produced in the acidic
environment of the renal medulla, as shown in Figure 1.
The hyperosmolar stress that occurs during the use of
certain contrasts, stimulates production of reactive oxygen
species, causing cytotoxicity and apoptosis of glomeruli

and tubular cells [14].
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Figure. 1 - Overview of factors involved in the pathogenesis of CI-AKI.

(NO= nitric oxide, OH™= hydroxyl radical, 0~, Superoxide radical,

Pa02 = arterial oxygen pressure.)

Many studies conducted on animals depict that there’s
constriction of vasa recta in response to the contrast media,
which causes a reduction in the GFR (glomerular filtration
rate) and medullary blood flow, reduced oxygen tension, a
rise in erythrocyte aggregation and levels of adenosine,
endothelin and prostaglandins; leading to dilatation of
blood vessels. Furthermore, decreased nitric oxide leads to
ischemia in the outer medulla. Immunological etiological

factors have also been implicated in its pathogenesis [15].

Osmolality of contrast agents has also been proved to have
a role in pathogenesis of CI-AKI (Figure 2), as shown by
various experimental and clinical studies [16]. Contrast
media that have an osmolality higher than that of plasma
increase its viscosity, and hence increase the resistance to
flow in renal tubules [17]. Intravenous administration of
contrast agents has lesser side effects when compared to
intra-arterial injections. Studies have shown that the
amount of CM required is lesser with intravenous route,
and the osmolality of media decreases in circulation before

reaching renal system [17].
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Figure. 2 - The role of osmolality of the contrast media in the pathogenesis of CI-AKI.

RISK FACTORS FOR CI-AKI

The factors which increase the occurrence of CI-AKI can be
categorised as patient related, contrast media related or

related to the procedure done.

PATIENT RELATED RISK FACTORS:-

Various patient related factors can be implicated in the
occurrence of CI-AKI, like chronic kidney disease (CKD)
and diabetes mellitus (DM), which cause reduced
vasodilation. Diabetic patients have an alteration of nitric-
oxide mediated vasodilatation and there is reduction of
renal outer medullary oxygen, alongwith endothelial
dysfunction [18]. Diabetic nephropathy and hypertension
have been documented as very important risk factors for
CI-AKI, due to the intra renal expression of vasoactive

substances like nitric oxide.

Angiotensin enzyme inhibitors have a significant effect on
reduction of renal function; hence they are also considered
as a risk factor in this disease as shown in some studies
[19]. Nephrotoxic drugs [20] also make kidneys more
the toxic effects of contrast media.

prone to

Aminoglycosides, sulphanamides, cisplatin and
cyclosporin A are a few of the drugs which are associated
with CI-AK]I, and their effects can be exacerbated if they are

combined with furesemide.

PROCEDURE AND CONTRAST MEDIA RELATED RISK
FACTORS

High total dose of contrast media, increased osmolality,
high viscosity, raised ionic content of the contrast media,
intra arterial contrast injection, urgent or emergency

procedures, intra-aortic balloon pump use, intervention
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with bypass graft in case of delayed reperfusion as well as
<2 days interval between two or more contrast using

procedures - all of these factors contribute to an increased
risk of developing CI-AKI [21]. A prospective single-centre

study conducted at a tertiary care hospital in India showed

Clinical Investigation and Clinical Studies

responsible for CI-AKI.

that the risk of developing CI-AKI is more with intra-

arterial iodinated contrast, when compared to intra-
venous CM, and the risk is higher among patients’ patients
undergoing PCI, and even more so in the South-East Asian

population [22,23] Table 1 depicts the various risk factors

PATIENT RELATED RISK FACTORS

IODINATED CONTRAST MEDIA

RENAL TOXIC DRUGS

Diabetes mellitus

CM Volume > 100 ml multiple injections

Non-steroid anti-

inflammatory drugs

Pre- existing chronic kidney disease

Intra-arterial injection high dose

Chemotherapy drugs-

cyclosporin, platin groups

Old age

Short time interval between injections

(<72 h)

Calcineurin inhibitors

Decreased serum albumin - less than <

35g/1

High Osmolality and high viscosity

contrast Injected

Aminoglycoside antibiotics

Anemia

Anti-fungals (Amphotericin B)

Hemodynamic instability

Albuminuria

Hypovolemia/Poor hydration/,
diuretics use, sepsis, reduced cardiac

output

Table 1- Table showing various risk factors for CI-AKI.
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STRATEGIES FOR PREVENTION OF CI-AKI.

A. NON-PHARMACOLOGICAL
STRATEGIES OF CI-AKI

PREVENTION

SELECTION OF CONTRAST AGENT AND DOSE
REDUCTION

According to the published data on prevention of CI-AKI,
minimizing the use of iodinated contrast agents and using
low or iso-osmolar CM (contrast media) agents appears to
be of greatest importance. These recommendations are
included in the recent guidelines by both- the European
Society of Cardiology [24] and the American College of
Cardiology [25]. Currently, the most commonly used
contrast media are the non-ionic low-osmolar agents,
especially iodixanol. Low-osmolar CM are found to be

superior to iso-osmolar CM [26].

HYDRATION

Hydration is the cornerstone of preventive care as it can
reduce the tubular content and consistency of the contrast
medium; it can reduce the stimulation of RAAS (renin-
angioten- sin-aldosterone system); it inhibits diuretic
hormone synthesis, and minimizes volume depletion and
synthesis of prostacyclins, thus reducing renal perfusion
and causing medullary hypoxia [27]. Oral fluid intake
increases diuresis via inhibition of vasopressin release, and
in contrast, normal saline causes suppression of RAAS, thus
slowing renal responses to intravenous isotonic saline
administration, but it also provides long-term renal
protection. Eisenberg et al. conducted a prospective study
and reported that renal failure following large angiography

could be prevented using the fluid intake procedure in

Clinical Investigation and Clinical Studies

response to the reported rate of post-angiographic acute

renal failure of 12% [28].

INTRACELLULAR CALCIUM OVERLOAD

Intra-cellular calcium plays an important role in causing
ischemic cell injury, resulting in CI-AKIL. A rise in
intracellular calcium can cause vasoconstriction in the
renal circulation, resulting in necrosis and apoptosis of
epithelial cells. Hence, calcium channel blockers can be
administered for thier preventive effect on CI-AKI.
However, the use of calcium channel blockers has led to
spurious findings, in that some authors contend that it
offers protection [29,30], while others claim that it offers

no advantage [31,32].

EFFECTS OF ISCHEMIC PRECONDITIONING

Ischemic preconditioning is a non-invasive and non-
pharmacological procedure which was first described
among dogs in the year 1986 and among humans in 1993.
This technique was developed to “prime” the cells against
ischemic trauma that might occur in the future, and it
involves a sequence of ischemia and reperfusion, before
the ischemia sets in. In the absence of oxygen and nutrition,
anaerobic glycolysis occurs and there is suppression of
oxidative phosphorylation. Slowing down of cellular
metabolism after reperfusion and the oxidative burst,
collectively cause the release of high levels of reactive
oxygen species and many pro-inflammatory cytokines;

which result in cellular damage [33].

Many studies have examined if remote ischemic

preconditioning (RIPC) can have a protective effect on the

renal system. A meta-analysis by Gen et al. showed that
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RIPC can reduce risk of CI-AKI in patients undergoing PCI
[34].

B. PHARMACOLOGICAL PREVENTION STRATEGIES

N-ACETYL CYSTEINE (NAC)

For twenty years, many clinical trials have been
investigating acetylcysteine in prevention of CI-AKI, and
their results are highly inconclusive. The probable
mechanism by which NAC may reduce vasoconstriction
and oxygen free radical generation after contrast media
exposure is by direct vasodilation of kidney vessels and
reducing endothelial cell dysfunction, thereby contributing
to improved renal hemodynamics [2]. But some studies
show conflicting evidence regarding its efficacy. In the
PRESERVE trial, oral acetylcysteine was administered at a
dose of 1200 mg twice daily for 5 days, beginning on the
day of angiography [35]. When compared to a placebo,
acetylcysteine did not cause reduction in mortality rates or
in the rates of renal derangement at 90 days. Also, it did not
reduce the requirement for dialysis (4.6% with
acetylcysteine and 4.5% with placebo; odds ratio, 1.02;
95% CI, 0.78 to 1.33) and neither did it reduce the rates of
CI-AKI (9.1% and 8.7%, respectively; odds ratio, 1.06; 95%
Cl, 0.87 to 1.28). These findings imply that routine
administration of N-acetylcysteine may not be as helpful in
prevention of CI-AKI, or in the prevention of long-term

adverse events after angiographic procedures.

STATINS

Numerous studies have been done on statins to identify
them as potential agents in prevention of CI-AKI among
patients undergoing PCI, attributing to their beneficial

effect on oxidative stress and endothelial function, as well

Clinical Investigation and Clinical Studies
as their anti-inflammatory and anti-oxidant properties [2].

This is a very favourable approach as majority of the
patients who undergo PCI are already taking these drugs.
The PRATO-ACS (Protective Effect of Rosuvastatin and
Antiplatelet Therapy on Contrast-Induced Acute Kidney
Injury and Myocardial Damage in Patients with Acute
Coronary Syndrome) trial [36] showed a significant
reduction in rates of acute kidney injury and 30-day
cardiovascular and renal events after PCI, in patients
treated with high-dose rosuvastatin (40-mg loading dose
on admission followed by a maintenance dose of 20 mg per
day) as compared to patients who didn’t receive tretatment
with statins. However, the PROMISS (Prevention of
Radiocontrast Medium-Induced Nephropathy Using Short-
Term High-Dose Simvastatin in Patients with Renal
Insufficiency Undergoing Coronary Angiography) trial [37]
failed to show a difference between simvastatin and
placebo with respect to a primary end point, as per the
mean peak increase in the plasma creatinine levels within
48 hours after angiography, in patients with chronic kidney

disease.

HEMODIALYSIS AND HEMOFILTRATION

The removal of X-ray contrast agent by hemofiltration or
hemodialysis immediately after X-ray therapy was
suggested by Schindler et al. [38]. Contrast agents
(iopromide or iomeprol), high-flux hemodialysis and
hemofiltration have been found to successfully remove the
contrast agents but do not prevent CI-AKI in patients with
CKD [39]. In a study by Vogt et al, prophylactic
hemodialysis was tested to see if it can prevent CI-AKI,
immediately following the delivery of a hypotonic contrast

agent, in patients with renal impairmenti.e. baseline serum

creatinine level > 2.3 mg/dl [40]. Monitoring of kidney
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function was done prior to and for six days post contrast

administration. The authors of this study concluded that

incorporating the use of hemodialysis as preventive

measure did not decrease the incidence of CI-AKI.

Clinical Investigation and Clinical Studies
Table 2 gives a brief outline of the various studies reporting

preventive strategies for CI-AKI.

SELECTION OF CM AND | Low  volume | Suggested by- | N- Decrease free | Inconclusive results by many
DOSE REDUCTION and low- | European ACETYLCYSTEI | radical oxygen | studies and trials- PRESERVE
osmolar agents | Society of | NE and reduces | TRIAL [48]
contrast media | Cardiology [33] endothelial
preferred (CM) | and the dysfunction
American
College of
Cardiology [34].
HYDRATION Suppression of | Eisenberg et al | STATINS Anti- Premising results by PRATO-
RAAS; normal| [39] inflammatory | ACS [49] trial, but inconclusive
saline used and anti- | results by PROMISS trial [50].
along with oxidant
sodium properties.
bicarbonate or
use of only
sodium chloride
INTRACELLULAR Use of CCBs|Many authors| HEMODIALYSIS | Helps in | First suggested by Schindler et
CALCIUM OVERLOAD (Calcium have AND removal of | al [51], No beneficial resultin a
Channel contrasting HEMOFILTRAT contrast agent | study by Vogt et al [53].
Blockers) to | opinions ION but does not
increase intra- | regarding this have any
renall calcium | modality [40- preventative
content 45] effect on CA-AKI
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|

ISCHEMIC
PRECONDITIONING

Sequence of | Suggested by

ischemia/reper | Wever et al
fusion gives rise | [46]and Dang et
to increased | al [47]
anaerobic
glycolysis and
reduced
oxidative
phosphorylatio

n

Clinical Investigation and Clinical Studies

Table 2- Studies Reporting Strategies for Prevention of CI-AKI.

GUIDELINES USED FOR PREVENTION OF CI-AKI:

According to the Consensus Guidelines [41] for the
Prevention of Contrast-Induced Nephropathy by the
Canadian Association of Radiologists, serum creatinine is
not a reliable measure of renal function. Rather, the most
reliable method to decrease the incidence of CI-AKI is use
of eGFR for assigning risk levels and to apply preventive

measures.

When GFR is less than 60, guidelines for all CI-AKI patients

are: -

* Avoid iodinated contrast media as much as possible

* Avoid nephrotoxic medications 48 hours prior to CM
administration

» Use of iso- or low-osmolar CM and avoid using high
osmolar CM

* Reduce the amount of CM used and avoid repetition of the

procedure within 72 hours

* Consider N-acetylcysteine (NAC) in patients having CI-
AKI

When GFR is between 30-60, guidelines for all CI-AKI

patients are: -
* Avoid volume contraction in patients
* Provide intra-venous or oral fluids

* Provide a GFR follow-up 48 hours post contrast

administration
When GFR is 30, the specific guidelines for patients are: -

* Intra-venous fluid administration (sodium bicarbonate

or normal saline) for volume expansion

* Provide a GFR follow-up 48 hours post CM

administration

As per the guidelines published by ESUR Contrast Media
Safety Committee [42], only the patients having eGFR of

2

less than 45 ml/min/1.73 m* are at a high risk of CI-AKI

before administration of intravenous (IV) iodinated CM.

Adel Moideen, Ayesha Erum Hadi, Atul Sajgure, Tushar Dighe, Sana Parveen (2025), A Review on Contrast-Induced Acute

Kidney Injury: A Nephrologist’s Peril; . Clinical Investigation and Clinical Studies, 2(3): DOI: SH-CICS-RW-011.

Adel Moideen



https://creativecommons.org/licenses/by/4.0/
https://www.sciencehoodpublishing.org/journals/clinical-investigation-and-clinical-studies-

12|

Moreover, they also found that the risk of CI-AKI is less
after IV administration rather than intra-arterial CM; at
similar doses. This committee also proposed that either
normal saline or sodium bicarbonate must be administered

for volume expansion and to prevent CI-AKI.

CONCLUSIONS

CI-AKI is an iatrogenic condition which is commonly seen

among high-risk patients undergoing radiological
procedures with an intra-arterial or an intravenous
contrast dye injection. Till date, there is no definite strategy
to prevent CI-AKI, except for careful patient selection and a
meticulous risk/benefit analysis, sufficient intervenus per
procédural and preprocedural hydration with saline and
sodium bicarbonate, and reducing the quantity of contrast
agent used. The preventive role of N-acetylcysteine is not
very well proven. Even though an absolutely harmless
contrast material does not exist, iso-osmolar or low
osmolar contrastes are known to have higher safety in
terms of nephrotoxicity when compared to high osmolar
agents, and this is highly recommended by the recent
guidelines. Preventive hemofiltraciéon and hydration 6
hours prior to a contrast procedure should be considered
in extremely high-risk subjects, although more extensive
research is needed to validate this finding. Other therapies,
like ischemic preconditioning and intravenous calcium
administration can be considered, but further data is

required before adopting the same for prevention of CI-

AKI.
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