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ABSTRACT

Background: The risk of contrast-induced acute kidney injury (CI-AKI) has been accepted lately by medical
literature and practice since it is the third leading cause of acute kidney injury in hospitalized patients. Different
measures in practice are being used to prevent the incidence of CI-AKI. Objective: In this review, we aimed to
discuss the different methods of prevention of CI-AKI mentioned in the literature. Methods: A comprehensive
search was done using biomedical databases including Medline, and PubMed, for studies concerned with the
assessment of Contrast-Induced Acute Kidney Injury. Keywords used in our search through the databases were
“Contrast-Induced Kidney Failure” and ‘“‘Diagnosis & Management”. Conclusion: Intravenous (I1V) fluid
hydration is the mainstay of practice in the prevention of CI-AKI. Intravenous administration of sodium
bicarbonate has also gained notable importance in the prevention of CI-AKI, but it is still not confirmed. Despite
that the application of N-acetyl cysteine to prevent CI-AKI is controversial, N-acetyl cysteine remains a commonly
utilized agent even without solid scientific evidence. The application of statins for the prevention of CI-AKI after
intravascular contrast medium administration revealed some promising results but it is still premature to
implement their application in daily clinical practice. Therefore, there is a need for additional well designed and
sufficiently powered randomized controlled trials to clarify these issues and to assess the risk vs benefit of all
other methods for the purpose of CI-AKI prevention.
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INTRODUCTION

Kidney diseases are common health problems around the world and have different causes [1]. CI-AKI is described
as a sudden impairment of renal function after the administration of iodinated contrast media, without the
occurrence of other causes [2]. Lately, the risk of CI-AKI has been accepted extensively by medical literature and
practice since the majority of investigations found a significant risk of intra-arterial and intravenous administration
of contrast material [3, 4].

Based on Hou et al. [5], CI-AKI is the third leading cause of acute kidney injury in hospitalized patients.
Appropriate risk stratification is the cornerstone of prevention of CI-AKI and the physician should be familiar
with modifiable and non-modifiable risk factors and with how to suspect and diagnose a case of CI-AKI.
Additionally, the various management options of CI-AKI are still controversial. In this review, we aimed to
discuss the different aspects of CI-AKI mentioned in the literature.

METHODOLOGY

We carried out a comprehensive search utilizing biomedical databases including Medline, and PubMed for studies concerned
with CI-AKI published in the English language. Keywords used in our search through the databases were “Contrast-
Induced Kidney Failure” and “Diagnosis & Management”. More relevant articles were recruited from references lists
scanning of each included study.

DISCUSSION

CI-AKI is described by The European Society of Urogenital Radiology as an impairment in renal function, with
>0.5 mg/dl or >25% enhancement in serum creatinine within 3 days after intravascular administration of the
contrast material, in the lack of an alternative etiology [6]. Several descriptions of CI-AKI are reported in the
literature. They mostly comprise of either a relative (25-100%) or absolute (0.3-1.0 mg/dL) rise in serum
creatinine above baseline levels. In several laboratories, a modification of 0.3 mg/dL is not considered statistically
significant. The most prevalent definition utilized is either a relative enhancement in serum creatinine from the
baseline value of 25% or an absolute enhancement of 0.5 mg/dL within the first 2 days following contrast
administration. In addition, the impairment of renal function must not be caused by other causes, and the creatinine
must stay high for 2 to 5 days. Another definition for CI-AKI can be used which is oliguria when the urine output
is less than 0.5 mL/kg/h for over 6 hours. However, urine output is not of that clinical sensitivity as patients may
maintain urine output even in cases of a significant renal insult, especially if they were hydrated properly. Anyway,
the development of oliguria is mostly correlated with a significant increase in serum creatinine, which is
considered the definition of CI-AKI [7, 8].

The incidence of CI-AKI is reportedly high, worldwide [9, 10]. Between 4.6% and 16.4% of patients undergoing
computed tomography (CT) scans or angiography developed CI-AKI in Sub-Saharan Africa, depending on the
definition used [11]. In India, similar incidences of CI-AKI induced by intravenous administration of contrast
media have been reported among patients (10%) and among pediatric patients undergoing CT scans in Germany
(10.3%) [12-14].

Pathophysiology

Regarding pathophysiology, the main mechanisms which are thought to be responsible for CI-AKI are a complex
interplay of direct toxic effects on tubular cells along with poor renal perfusion. Exposure of a nearly hypoxic
renal medulla to a highly viscous contrast can increase vascular resistance. This will lead to reduced blood flow
and hypoxic injury [15]. This, in turn, causes cytotoxic injury to the renal tubular cells. Production of reactive
oxygen species, adenosine, and endothelin results in further renal vasoconstriction and inflammatory response
causing direct toxicity to the kidney [16].

Risk Factors

The risk factors can be divided into modifiable and non-modifiable risk factors. Modifiable factors are the volume
of contrast media, sepsis, anemia, dehydration, and nephrotoxic medications. Non-modifiable risk factors are age,
diabetes, pre-existing renal disease, and congestive cardiac failure. The presence of pre-existing renal dysfunction
is the most important risk factor for CI-AKI. According to Stevens et al. [17], an extremely low risk of developing
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CI-AKI is associated with those with an estimated glomerular filtration rate of > 60 ml/min/1.73m?2. In addition,
up to half of those with a baseline creatinine level of 170 mmol/liter have developed CI-AKI. The cumulative risk
of several variables on renal function is still unknown despite the fact that the combination of two, or more risk
factors is rather common in daily practice. This dictates the need for a global assessment of the impact of these
variables on the development of CI-AKI. Appropriate risk stratification is the cornerstone of prevention of ClI-
AKI. Therefore, Mehran et al. [18] conducted an excellent study to develop a simple risk score that could be
readily applied by clinicians to evaluate the individual patient’s risk to develop CI-AKI. The scoring system, as
shown in figure 1, included multiple risk factors which are hypertension, intra-aortic balloon pump (IABP),
congestive heart failure class I11/1V, age, anemia, diabetes, the number of contrast media, and high serum
creatinine or low eGFR [18].

Risk Factors Integer Score

Hypotension
IABP }

CHF

\

Risk  Risk of Risk of
Score CIN  Dialysis

[ Age >75 years %

Anemia }7
6to 10 14.0% 0.12%
Diabetes >Ca/cu/ate

| Contrast media volumeH 1 for each 100 cc?® l 11t016 26.1% 1.09%

<5 7.5% 0.04%

JELEEE

:

| Serum creatinine>1.5mg/dl }—

OR 2 for 40 - 60 >16 57.3% 12.6%
| eGFR <60 mi/min/1.73 m2 | 4 for 20 - 40
eGFR (ml/min/1.73 m?) = 6 for <20

186 x (SCr)"'** x (Age)***®
x (0.742 if female) x (1.210

if African American) -

Figure 1: risk score for CI-AKI by Mehran et al. [18]

CI-AKI Prevention Measures

e Hydration
IV fluid hydration is the mainstay of practice in CI-AKI prevention. The most common hydration solution used
is normal saline. The risk of developing adverse effects is very low and it is cost-effective as well. Studies have
shown that IV hydration with normal saline is significantly effective in the prevention of CI-AKI on a consistent
basis. Fluid hydration can be administered to patients of all risk categories. In treating a patient with an estimated
GFR<60 mL/min/1.73m?, fluid hydration is considered a requirement. The mechanism of how fluid prevent CI-
AKI is still poorly understood, but there are some suggested theories in the literature such as IV hydration dilutes
the overall intravascular contrast load, promotes diuresis, induces vasodilation, increases intravascular volume,
suppresses the renin-angiotensin-aldosterone axis, and suppresses the release of the antidiuretic hormone [19].
Mueller et al. [20] Concluded in their randomized controlled trial that isotonic hydration significantly reduces the
incidence of CI-AKI. Diabetic patients, women, and patients receiving huge amounts of contrast medium appear
to gain the most benefits from IV hydration, especially isotonic hydration. In addition, IV hydration has also been
found to be more effective than oral hydration [20].
Guidelines for prevention of CI-AKI recommended volume expansion by rigid long-term saline infusions prior
and post the intervention. Saline infusions are superior to the oral fluid intakes and they are better controlled.
According to guidelines, intravenous infusions should start 6-12 hours before the intervention and be maintained
for 4 hours after the intervention. For hospitalized patients, this strategy is a feasible way to achieve reliable
volume expansion [14].
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Katzberg and Lamba [21] conducted a large analysis and found that the recommended approach for all patients
receiving IV contrast material is adequate hydration before and after intervention or imaging. Imaging
examination of clinical necessity should not be withheld for the fear of CI-AKI. However, alternative imaging
techniques that do not require contrast material should be seriously considered for patients with severe renal
impairment [21]. The first concern in those with moderate to high risk of CI-AKI is whether an alternative imaging
modality can be utilized such as non-contrast computed tomography imaging or magnetic resonance imaging.
Unfortunately, gadolinium contrast for magnetic resonance imaging scanning is not recommended in patients with
kidney disease since there is a risk of rare complications after the intervention, for example, nephrogenic systemic
fibrosis. It is progressive fibrosis that can severely affect different body parts like the joints and the skin. Beside
the availability and the cost, this limits magnetic resonance imaging use at present but it may be a potential option
in the future [22].

e Sodium Bicarbonate

Intravenous administration of sodium bicarbonate has also gained considerable importance in the prevention of
CI-AKI, but some publications have recently found mixed results and doubted the enthusiasm. The theory behind
the effect of sodium bicarbonate is that it reduces the acidification of the urine and renal medullary environment.
This will subsequently decrease the rate of free radical injury. Nevertheless, there is a possibility that these sodium
bicarbonate effects are resulting from simple 1V hydration [22]. Zhang et al. [23] conducted a meta-analysis of 20
randomized controlled trials and found that sodium bicarbonate was more efficacious compared with intravenous
hydration. However, progression to dialysis and mortality were not different [23].

Several meta-analyses have been performed. They also showed a benefit to sodium bicarbonate over normal saline
with respect to CI-AKI, although the major outcomes did not differ between them, for example, the need for
dialysis or death [24, 25]. Many of the analyzed publications were small in size, single-center, non-blinded, and
somewhat heterogeneous in their populations. There is also some concern about publication bias [22].

e N-acetyl cysteine
It is a derivative of the amino acid cysteine and is considered as an antioxidant. In animal models, N-acetyl
cysteine resulted in a reduction in nephropathy from nephrotoxic and ischemic effects. The use of N-acetyl
cysteine in humans to prevent CI-AKI is controversial. Its sulfonyl group binds with a high affinity to free radicals
and this joins with a vasodilatory effect. This is thought to be the mechanism of protection against CI-AKI.
Examinations have revealed that there is a significant advantage related to N-acetyl cysteine therapy over standard
treatment [26].

3-Hydroxy-3-Methylglutaryl-Coenzyme A (HMG-CoA) Reductase Inhibitors (Statins):

Statins have revealed clear benefits in the primary and secondary prevention of cardiovascular events in patients
with hyperlipidemia or CKD, not requiring dialysis. Moreover, it has been demonstrated in animal models that
statins can offer protection against CI-AKI, independent of their effect on cholesterol levels. This has raised
interest in using statins for the prevention of CI-AKI in high-risk populations, such as patients receiving
intravascular contrast medium in the context of coronary angiography (CAG) or peripheral arterial angiography
[27]. Statins modulate inflammatory responses and preserve endothelial function by maintaining nitric oxide
production, reducing oxidative stress, improving plaque stability, and reducing thrombus formation, as well as
apoptosis [27-29].

Vanmassenhove et al. [27] conducted a review of nine different meta-analyses and systematic reviews that have
been published on the potential role of statins for the prevention of CI-AKI. They concluded that the use of statins
for the prevention of CI-AKI after intravascular contrast medium administration showed some promising results
despite the blurred interpretation of the data. However, due to the lack of convincing evidence, it is premature to
adopt the existing guidelines and implement the pre-procedural use of statins in daily clinical practice [27].

Prognosis

After the evaluation of short and long-term outcomes associated with the development of CI-AKI, studies have
shown that only 1-2% of patients who develop CI-AKI, will require renal replacement therapy. Moreover, in-
hospital death is similarly very uncommon following the development of CI-AKI. Nevertheless, multiple
retrospective studies have demonstrated that CI-AKI is strongly associated with an increased risk for short- and
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long-term mortality [30, 31]. CI-AKI commonly increases hospital duration of stays and has been associated with
increased health resource utilization. Economic analyses suggest that a single episode of CI-AKI carries a one-
year cost of over $11,800. Recent data links CI-AKI with persistent renal injury in 3 months following contrast
exposure as well as an increase in the rate of decline of kidney function over longer-term follow-up [30, 31].

CONCLUSION

IV fluid hydration with normal saline is the mainstay of practice in the prevention of CI-AKI. Intravenous
administration of sodium bicarbonate has also gained considerable importance in the prevention of CI-AKI, but
it is still not approved. Although the use of N-acetyl cysteine to prevent CI-AKI is controversial, N-acetyl cysteine
remains a commonly used agent even with the absence of solid scientific evidence. The application of statins for
the prevention of CI-AKI after intravascular contrast medium administration revealed some promising results, but
it is still premature to implement the preprocedural use of statins in daily clinical practice. There is a need for
additional well-designed and sufficiently powered randomized controlled trials to clarify these issues and to assess
the risk vs benefit of all other methods for the purpose of CI-AKI prevention.
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