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Abstract

Introduction and purpose: Contrast-induced nephropathy (CIN) is kidney damage that can
occur after the administration of contrast agents used in medical imaging procedures like
angiography and CT scans. The exact mechanism is not fully understood but is believed to
involve direct toxic effects, changes in kidney blood flow, and inflammation. Diagnosis is
based on increased serum creatinine levels after contrast exposure. CIN poses challenges due
to the rising use of contrast imaging, an aging population, and the increasing prevalence of
chronic conditions like diabetes and hypertension. The Aim of this article is to summarize
information on how to prevent contrast-induced nephropathy. Review of medications and
pre-procedural screening and monitoring helpful to lower risk of CIN.

State of knowledge: Contrast-induced nephropathy (CIN) is a form of kidney damage that
may occur following the administration of contrast agents used in medical imaging
procedures. The exact mechanism of contrast-induced nephropathy is not fully understood,
but it is believed to involve a combination of factors, including the direct toxic effects of the
contrast agent on kidney cells, changes in blood flow to the kidneys, and the body's
inflammatory response, direct effect of oxygen free radicals. The diagnosis of CIN is
typically based on an increase in serum creatinine levels within a certain time frame after the
administration of the contrast agent. According to European guidelines, the definition of CIN
is increased creatinine level in serum by 25% from baseline or creatinine total level in serum
increased by 0.5 mg/dL (44 pmol/L) 48-72h after contrast media administration.

Material and methods. A review of the available literature of PubMed database from 1992 -
2024.

Keywords: contrast induced nephropathy; contrast agents; iodine contrast media; acute
kidney disease; intervention radiology

Introduction

Contrast-induced nephropathy (CIN) is a form of kidney damage that may occur following the
administration of contrast agents used in medical imaging procedures. These contrast agents,
often containing iodine, are commonly used in diagnostic procedures such as angiography,
computer tomography (CT) scans, and certain types of X-rays. While these imaging studies
are valuable for diagnosing and monitoring various medical conditions, the contrast agents
can have an impact on kidney function. Contrast-induced nephropathy (CIN) remains a
challenge in clinical practice for several reasons: Increasing Use of Contrast Imaging. As
medical imaging procedures, such as CT scans, angiography, and interventional radiology,
become more prevalent, the total use of contrast agents has increased. [1,6] This exposes a



larger population to the potential risk of CIN. Aging Population: The global population is
aging, and older individuals are more susceptible to kidney-related issues.

Aging kidneys may have reduced functional reserve, making them more vulnerable to the
potential nephrotoxic effects of contrast agents. Growing Incidence of Chronic Conditions:
Conditions such as diabetes and hypertension which are risk factors for CIN, are on the rise
globally. [1,5,6] The increasing prevalence of these conditions contributes to a higher baseline
risk for kidney-related complications. Preventing contrast-induced nephropathy (CIN) is a
crucial aspect of patient care, especially in individuals at higher risk.

Prevention and treatment

Identifying High-Risk Patients: Practical and clinical way to estimate and predict risk of
CIN. Authors gathered and analyzed professional medical materials to finally include 1404
patients who had procedures with administration of gadolinium-based contrast. 55 of these
patients experienced CIN (3.92%) “The results showed that sex, systolic blood pressure, the
absolute neutrophil count, albumin level, fasting blood glucose level, and furosemide use
were the best predictors of CIN induced by gadolinium-based contrast agents.”[1]

Hydration: Adequate hydration helps maintain optimal blood flow to the kidneys, reducing
the concentration and potential toxicity of contrast agents [4]. Increased urine flow facilitated
by hydration can help flush out the contrast agent more rapidly, minimizing its contact time
with kidney tissues. Patients are often hydrated before contrast-enhanced imaging procedures.
The timing and duration of pre-procedural hydration may vary but typically involve
administering fluids before and after the contrast exposure. 0.9% NaCl is the most common
choice for IV hydration in CIN prevention. However study based on group of 220 patients
with risk factors(creatinine serum level >1.2mg/dL and/or diabetes mellitus type II, who
received 0.9% NaCl (n = 113) or NaHCO3 (n = 107) before and after contrast dose, shows
there were no significant differences between received fluids. “The mean creatinine value
after the procedure was 1.26 mg/dL in the saline group and 1.22 mg/dL in the bicarbonate
group (mean difference: 0.036; CI 95%: -0.16 to 0.23, p = 0.865).” [3] The volume of fluids
administered is often individualized based on factors such as the patient's weight, renal
function, and specific procedural considerations. According to this clinical trial where 264
patients with Chronic Kidney Disease and Congestive Heart Failure, undergoing coronary
procedures, were divided into the two groups of 132 patients. Control group (standard
hydration) vs Central Venous Pressure guided group “The total mean volume of isotonic
saline administered in the CVP-guided hydration group was significantly higher than the
control group (1,827 £ 497 ml vs. 1,202 + 247 ml; p <0.001). CIN occurred less frequently in
the CVP-guided hydration group than the control group (15.9% vs. 29.5%).” [4]

Nicorandil: The use of nicorandil in the prevention of contrast-induced nephropathy (CIN)
has been studied in some clinical trials. Nicorandil, with its vasodilatory and anti-ischemic
properties, has been explored for its potential protective effects on renal function during
procedures with contrast administration. In the context of CIN prevention, the vasodilatory
effects of nicorandil are thought to improve renal blood flow and mitigate the potential



ischemic injury caused by contrast agents. Clinical trial, where 128 PCI scheduled patients
were randomly divided to the two groups(each group of 64 patients) with inclusion criteria of
minimum two risk factors of CIN:

Heart failure with ejection of left ventricle under 40%, hypertension, diabetes mellitus, elderly
age at least 75 years, cGFR <60mL/min/1.73m2, or serum creatinine level >1.5ms/dL. [5] For
Nicorandil group patients, authors used protocol with doses of 10 mg nicorandil, patients
received the first dose of oral nicorandil 30 min before contrast procedures, and the same
dose was continued for the next 3 days. Patients from this group also received standard
intravenous hydration. Control group received the same standard intravenous hydration as
nicorandil group patients. In the control group, CIN occurred in 14 patients (21.9%) and only
3 (4.7%) patients in the nicorandil group [5]. Similar conclusions were obtained by authors
where group of 252 patients were allocated to the control group (n = 125) and nicorandil
group (n = 127). Every group received the standard intravenous hydration, patients from
the nicorandil group received 10 mg of oral nicorandil, first dose 2 days before and it was
continued for next 2 days after coronary procedure. Incidence of CIN was significantly lower
in the nicorandil group 8 patients vs 19 patients in the control group(6.30 vs. 15.20%).[7]

Nicorandil Group Control Group
Study 1 | 4.70% 21.90%
Study 2 | 6.30% 15.20%

Table 1. Incidence of CIN control group VS nicorandil group

Nebivolol is a beta-adrenergic receptor antagonist, commonly known as a beta-blocker.
Nebivolol is unique among beta-blockers because it has vasodilatory effects. It can relax and
widen blood vessels, leading to improved blood flow. This vasodilatory action is attributed to
the stimulation of nitric oxide release in the blood vessels, which contributes to the widening
of the vessels. Turkish study, where the aim was to compare two popular beta-blockers
(metoprolol vs nebivolol) and their influence on the incidence of CIN in patients undergoing
coronarography. [8] The results showed patients from the nebivolol group had a statistically
lower incidence of CIN than patients from the metoprolol group (tab. 2)

Nebivolol group Metoprolol group

24% 33%

Tab. 2 Incidence of CIN nebivolol group vs metoprolol group.



In different study where nebivolol was used[9], authors divided patients for 3 groups (N-
Acetylcysteine + 0.9% Saline, Nebivolol + 0.9% Saline, and 0.9% Saline). Result of this
study was statistically significant rises in mean creatinine levels on fifth day compared to base
creatinine levels in two of three groups (NAC + 0.9% saline group and 0.9% saline group),
only nebivolol + 0.9% saline group did not reach statistical significance on day 5. [9]

Statins are a class of medications commonly prescribed to lower cholesterol levels in the
blood. Statins primarily target the enzyme HMG-CoA reductase, which plays a key role in
cholesterol synthesis in the liver. Statins by inhibiting HMG-CoA reductase, reduce the
production of cholesterol. Statins effectively lower low-density lipoprotein (LDL) cholesterol,
often referred to as "bad" cholesterol. They may also have a modest effect on increasing high-
density lipoprotein (HDL) cholesterol, often referred to as "good" cholesterol. Commonly
prescribed statins include atorvastatin, simvastatin, rosuvastatin The role of statins,
specifically in the prevention of CIN, has been a subject of research. Some studies and meta-
analyses have suggested that statins may have renoprotective effects and could potentially
reduce the risk of CIN. The mechanisms proposed for this protective effect include anti-
inflammatory and antioxidant properties, improvement of endothelial function, and potential
stabilization of atherosclerotic plaques. While some studies have reported a potential benefit
of statins in reducing the incidence of CIN, the evidence is not consistent across all studies.
There are conflicting results, and not all studies have demonstrated a clear protective effect. A
study where authors were finding advantages from using atorvastatin before coronarography.
Patients on chronic statin therapy were randomly divided into two groups. “We randomly
assigned the population to the Atorvastatin Reloading group (AR group), by reloading
patients with 80 mg of atorvastatin one day before and three days after the coronary procedure,
and the Non-Reloading group (NR group), including patients who received their usual dose
without a reloading dose. Atorvastatin Reloading group (AR group), by reloading patients
with 80 mg of atorvastatin one day before and three days after the coronary procedure, and the
Non-Reloading group (NR group), including patients who received their usual dose without a
reloading dose.” [16] Results of this study did not show significant difference between both of
groups Tab. 3

Incidence of CIN
AR group 8.9%
NR group 11.1%

Tab. 3 Incidence of CIN AR group vs NR group.



N-acetylcysteine (NAC) is a medication and supplement that is often used for various
medical purposes. It is a derivative of the amino acid cysteine and serves as a precursor to
glutathione, a powerful antioxidant in the body. NAC has a range of applications, and its use
has been studied in different medical contexts. NAC has been studied in the context of
contrast-induced nephropathy (CIN) prevention. Some studies have suggested a potential
protective effect.

Authors from this study,[17] compared incidence of CIN between groups of patients with
mild to moderate kidney dysfunction who were undergoing coronarography/PCI. The study
did not show a significant difference between the high-dose hydration vs standard protocol
hydration. CIN was developed by 21 patients (9.5%). From the NAC + high-dose hydration
group patients, only 2 of 80 (2.5% tab. 4) patients developed CIN, the groups without NAC
administration, had significantly higher risk of developing CIN, in the high-dose hydration
group CIN occurred in 13 of 80 patients (16.3% tab. 4), and 6 of 60 patients (10% tab. 4) in
the control group (standard hydration protocol).

NAC + high-dose hydration | 2.5%

high-dose hydration 16.3%

standard hydration protocol | 10%

Table. 4 Incidence of CIN between all groups of patients

Similar results obtained by authors from this clinical trial in the emergency department, where
209 patients were divided into two groups (106 who received NAC and 103 in the control
group) all received computed tomography enhanced by contrast. CIN rate was significantly
lower in the NAC patients group (7.5%) than the control group (14.6%) [18]. However, there
are other studies where authors did not obtain a positive effect of NAC in preventing CIN,
results showed the effect of NAC as equal to placebo. [19, 20, 21, 23]

Iso- and low-osmolar contrast media

Contrast media, also known as contrast agents or contrast dyes, are substances used in
medical imaging procedures to enhance the visibility of specific organs, tissues, or blood
vessels. They help distinguish between different structures or highlight areas of interest in
diagnostic imaging. Contrast media are commonly used in various medical imaging
techniques, including: contrast-enhanced X-ray procedures, such as angiography, to visualize
blood vessels and highlight structures like the gastrointestinal tract. Computed Tomography
(CT): contrast agents are commonly used in CT scans to enhance the visibility of blood
vessels and soft tissues. lodine-based contrast agents, particularly, may pose a risk of contrast-
induced nephropathy (CIN), especially in individuals with pre-existing kidney conditions.
There are different types of iodine-based contrast agents, and they can be categorized based
on their osmolality (a measure of the number of particles in a solution).

The main types includes:



High-Osmolality Contrast Media (HOCM): first generation of iodine-based contrast agents.
They have a higher osmolality compared to blood plasma. Examples: Diatrizoate, Metrizoate.

Low-Osmolality Contrast Media (LOCM): Developed to reduce the side effects associated
with high-osmolality contrast media. LOCM have a lower osmolality compared to blood
plasma, making them better tolerated by patients. They are the most widely used iodine-based
contrast agents today. Examples: Iohexol, lopamidol, lopromide.

Iso-Osmolality Contrast Media (IOCM): These have an osmolality similar to that of blood
plasma, aiming to further reduce the risk of side effects. IOCM are considered to be well-
tolerated and are often used in specific patient populations. Examples: lodixanol.

Non-Ionic Contrast Media: Contrast agents are classified as either ionic or non-ionic based
on the charge of the molecules. Non-ionic contrast media have molecules that do not
dissociate into charged particles in solution, reducing the risk of adverse reactions. Both low-
osmolality and iso-osmolality contrast media are often non-ionic. Examples: Iohexol,
Iopamidol, Iodixanol.

The choice between high, low, or iso-osmolality contrast media, as well as ionic or non-ionic
formulations, depends on factors such as the specific imaging procedure, the patient's medical
history, and the risk of adverse reactions. In recent years, there has been a shift towards the
use of low-osmolality and non-ionic contrast media due to their improved safety profile and
better patient tolerance. There are a lot of studies and clinical trials, where authors wanted to
state clearly which contrast media has the lowest chance to cause CIN in patients. In this
clinical trial were considered differences between iso-osmolar and low-osmolar contrast
media in diabetic patients. Iso-osmolar iodixanol was compared with low-osmolar contrast
agents. The results showed lodixanol had significantly lower risk of CIN only compared to
iohexol. The rest LOCM media had similar risk to occur CIN as iodixanol. [26]

Conclusions

The article provides insights into contrast-induced nephropathy (CIN), a form of kidney
damage that can occur following the administration of contrast agents in medical imaging
procedures. CIN is kidney damage that may result from contrast agents containing iodine,
commonly used in diagnostic procedures like angiography, CT scans, and certain X-rays. The
exact mechanism of CIN involves factors such as the direct toxic effects of contrast agents,
changes in kidney blood flow, and the body's inflammatory response. Diagnosis is based on
an increase in serum creatinine levels within a specific time frame after contrast
administration. The increasing use of contrast imaging procedures exposes a larger population
to the potential risk of CIN. An aging population and the growing incidence of chronic
conditions, such as diabetes and hypertension, contribute to a higher baseline risk for kidney-
related complications. Hydration is a crucial preventive measure, with studies showing
varying outcomes based on the type of fluids administered and individual patient factors.
Medications like Nicorandil, Nebivolol, and Statins have been studied for their potential
protective effects against CIN, with some trials reporting positive outcomes. Nebivolol, a
beta-blocker with vasodilatory effects, demonstrated a lower incidence of CIN in comparison



to another beta-blocker (Metoprolol) in a specific study. Statins, commonly prescribed to
lower cholesterol, have been investigated for their potential renoprotective effects, although
results across studies are inconsistent. N-acetylcysteine (NAC) has been explored, with some
studies reporting a lower incidence of CIN in patients who received NAC compared to those
who did not. Studies comparing iso-osmolar and low-osmolar contrast media have shown
varying results, with some suggesting lower CIN risk with iso-osmolar iodixanol.
Randomized controlled trials comparing different contrast media found similar incidences of
CIN between groups.

In summary, the article provides a comprehensive overview of CIN, its challenges, and
preventive measures, emphasizing the importance of individualized approaches based on
patient characteristics and procedural considerations.
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