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Introductions. Contrast-induced nephropathy (CIN) is an important
issue in patients with cardiovascular disorders undergoing
angiography, especially in patients with kidney failure. The purpose
of the present study was to compare the preventive effects of
nicorandil and atorvastatin on the incidence of CIN in patients
with chronic kidney disease (CKD).

Methods. In this clinical trial study, 270 patients with renal
insufficiency nominated for angiographic procedures were randomly
divided into three groups (each group, n = 90): hydration group
(1000 mL saline), hydration + atorvastatin group (80 mg/d for 3
days), and hydration + nicorandil group (10 mg 3 times/d for 3
days). Serum creatinine (Cr) and blood urea nitrogen (BUN) levels
as well as glomerular filtration rate (GFR) were evaluated before
and 72 hours after the intervention.

Results. At the end of the study, serum Cr and BUN levels in
all three groups showed a significant increase compared to the
pre-intervention levels, which were significantly higher in the
control group than the other two groups. The amount of GFR
also significantly decreased following the intervention in all three
groups, with the decline being significantly more pronounced
in the control group than in other two groups. No significant
differences were found in serum concentrations of Cr and BUN
as well as GFR levels between nicorandil and atorvastatin groups
at the end of the study.

Conclusion. Nicorandil and atorvastatin administration showed
preventive effects on CIN in CKD patients undergoing angiography,
but there was no significant difference between the two drugs.

IJKD 2023;17:205-14
www ijkd.org

DOI: 10.52547 /ijkd.7348

CIN are the most common causes of AKI.2 This

Contrast-induced nephropathy (CIN) is one of kidney disorder worsens the patient outcome and
the most common and preventable cause of acute increases the mortality rate.> Contrast-induced
kidney injury (AKI), occurring in about 11% of nephropathy is a significant consequence that
hospitalized patients. Hypotension, surgery and increases concerns in patients with cardiovascular
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disease who are angiography candidates, especially
patients suffering from renal insufficiency.* An
increase in serum creatinine (Cr) concentration
of 25% (or at least 0.5 mg/dL) from the reference
concentration is defined as CIN after using
contrast media.’ Due to the increased incidence of
cardiovascular diseases (CVD) around the world
and the increased need for diagnostic interventions
such as angiography, a 10 to 20% increase in CIN
has been reported in CVD patients.® In patients
with cardiovascular disease, CIN increases length
of hospitalization, hemodialysis, and mortality.”

It seems that kidney disorders caused by
the contrast agents are due to changes in renal
circulation, decreased blood supply to the medulla,
and direct poisoning of the epithelial cells of the
renal tubules.® Although the pathophysiology of CIN
is not fully known, the role of several mediators,
such as angiotensin, adenosine, endothelin,
platelet-activating factor (PAF), nitric oxide,
insulin-like growth factor (IGF), atrial natriuretic
peptide, and prostaglandins has been described.’
Maintaining adequate intravascular volume with
the administration of crystalloid isotonic solutions
(1 to 1.5 mL/kg of body weight per hour) for 3 to
12 hours before the procedure and continuing for 6
to 24 hours thereafter can significantly reduce the
risk of contrast-induced nephropathy.!® Contrast
agents are one of the major causes of renal tubular
damage and acute tubular necrosis.!! Various
therapeutic measures, such as the administration
of nicorandil, atorvastatin, and bicarbonate, as well
as adequate hydration before the use of contrast
agents, have been studied to prevent CIN.!214 The
findings of these studies are mostly controversial.
Despite the conflicting evidence regarding the
preventive effects of nicorandil and atorvastatin
on the incidence of CIN in some clinical trials,
there is no consensus on their therapeutic use in
patients nominated for angiography.

Therefore, the primary aim of this study was
to evaluate the preventive effects of nicorandil
and atorvastatin on CIN in CKD candidates for
angiography. In addition, the secondary goal was
to compare the effectiveness of the two drugs in
preventing CIN.

This randomized, double-blind, placebo-
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controlled clinical trial was conducted from January
1, 2019, to March 30, 2020, at Imam Khomeini
Hospital, Ardabil, Iran.

Two hundred and seventy female and male
patients with chronic kidney disease, who were
candidates for coronary angiography and met
the following criteria were included in the study:
1- glomerular filtration rate (GFR) below 60 mL/
min/ 1.73m?, 2- age between 18 and 75 years, and
3- cardiac ejection fractional (EF) more than 40%.
Exclusion criteria were: 1- patients with symptoms
of hypotension (systolic pressure < 90 mmHg or
diastolic pressure < 50 mmHg), 2- patients with
a history of allergic reactions to contrast agents,
and 3- patients requiring emergency angiography.

Using practical sampling method, the study
participants were randomly divided into three
groups (each group containing 90 patients):
hydration group (Hyd), hydration + atorvastatin
group (Hyd + Ator), and hydration + nicorandil
group (Hyd + Nico). Randomization of patients
was done in Excel using RANDBETWEEN function.
The trial was designed to be double-blind, so the
researchers were given identical white bags for
all three intervention groups, numbered them in a
random order, and delivered them to the physician.
All the study participants (researchers and patients)
were blinded with random codes (Figure 1).

The enrolled study participants were divided
into three groups. The Hyd group, as a control
group, was hydrated with a infusion of 1000
mL of normal saline for 6 hours prior to and
after the procedure. Patients in the Hyd + Nico
group received nicorandil tablets (10 mg/d for
three days),!® and the Hyd + Ator group received
atorvastatin tablets (80 mg/d for three days),'®
one day before the procedure and two days after
it. The latter two groups were given the same
quantity of normal saline as the Hyd group. All
patients included in the study had a history of
taking 20 mg of atorvastatin daily. After one-week
wash-out period to avoid any carryover effect,
patients were prescribed 80 mg of atorvastatin
for 3 days.
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Figure 1. Flow Diagram of the Trial (Abbreviations: Hyd, hydration; Ator, atorvastatin; Nico, nicorandil)

Outcomes and Relevant Measures Demographic and Clinical Assessments
Primary outcome was determination of serum Questionnaire

creatinine and blood urea nitrogen (BUN) levels, Demographic information such as age and sex,

and the secondary outcome was GFR calculation as well as history of hypertension and diabetes

in the study groups. mellitus were collected from all patients at the
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beginning of the study. For the calculation of GFR
the Cocroft-Galt formula was used.

Before the intervention and 72 hours after the
intervention 3 to 5 cc of blood samples were taken
from all patients, and their serum was stored at 70
C for BUN and Cr analysis. Any increase in serum
creatinine of = 0.3 mg/dL within 72 hours after
the procedure was defined as acute kidney injury
(AKI) based upon the AKIN criteria or KDIGO
guideline. Among patients who develop AKI after
angiography, contrast-induced AKI (CI-AKI) was
differentiated from athroembolism, ischemic ATN,
interstitial nephritis, and prerenal azotemia by
physical examination and taking history.

Using the sample volume calculation formula
(two domains) for the clinical trial study, on the
basis of previous studies,'®! 90 participants were
selected for each study group. The sample size was
computed for each group of 90 participants based
on the ratio of nephropathy in those who received
atorvastatin and in the control group, which were
4.5% and 17.8%, respectively.

The normal distribution of the data was
determined from the Kolmogorov-Smirnov
test. Parametric data were reported by using
the mean + standard deviation (SD) and non-
parametric data were reported by using the 25
to 75 percentiles. Paired t-test (parametric) and
Wilcoxon (non-parametric) tests were used to
analyze the data in each group pre- and post-
intervention. Independent t-test and Mann-Whitney
tests were used for comparing data between control
and intervention groups. P < .05 was defined as

Table 1. Baseline Parameters in Study Groups

statistically significant. SPSS version 21 and Graph
Pad Prism 7 software were used for the statistical
analysis.

The study parameters are summarized in Table.
At the beginning of the study, there were no
significant differences in age, sex, serum levels
of BUN and Cr, GFR, history of hypertension and
diabetes mellitus among the three groups.

At the end of the study, it was found that BUN
levels in all three groups increased significantly
compared to the beginning of the study (P < .001
for all, Figure 2A). Analysis of BUN levels at the
end of the study showed that the increase in BUN
in Hyd group was significantly higher compared
with Hyd + Ator and Hyd + Nico groups (P < .05
and P < .01, respectively) (Figure 2B and 2C).

In fact, a significant difference was observed
at the end of the study, but the average changes
at the beginning and end of the study were not
significantly different among the three groups.

At the end of the study, serum Cr levels in all
three groups significantly increased compared
with the beginning of the study (P < .001 for all,
Figure 3A). In addition, after the intervention,
the increase in serum Cr levels in the Hyd group
was significantly higher than Hyd + Ator and
Hyd + Nico groups (P < .01 for both, Figure 3B).
In addition, the mean changes in serum Cr level
in Hyd + Ator and Hyd + Nico groups were
significantly lower than Hyd group (P < .001 for
both, Figure 3C).

On the other hand, the results of our study

. Hyd Hyd + Ator Hyd + Nico
Variables (n =y90) {n =90) 3(/" =90) P
Age, y 58.52 +7.59 58.82 +8.12 57.36 £ 8.74 > .05
Sex, male, n (%) 54 (60) 54 (60) 57 (63.3) > .05
Diabetic History, n (%) 38 (42.2) 41 (45.6) 46 (51.1) > .05
Hypertension History, n (%) 63 (70) 52 (57.8) 52 (57.8) > .05
BUN, mg/dL 33.89+11.44 32.40 + 14.50 31.19+12.85 > .05
Cr, mg/dL 2.09 £1.03 2.02+1.13 2.08+1.18 > .05
GFR, mL/min/ 1.73m? 44.28 + 13.43 4513 +13.83 44.79 + 13.30 > .05

Abbreviations: Cr, creatinine; BUN,
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blood urea nitrogen; GFR, glomerular filtration rate; Hyd, hydration; Ator, atorvastatin; Nico, nicorandil.
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Figure 2. Individual values and mean of (A): serum Cr level, (B): serum Cr level differences between group at end of study, and (C):
serum Cr level changes in Hyd. group (blue color), Hyd. + Ator group (red color), Hyd. + Nico (green color) group’s pre-intervention and
after 48 hours angiography-intervention (Abbreviations: Cr, creatinine; Hyd, hydration; Ator, atorvastatin; Nico, nicorandil; pre-int., pre-

intervention; After-int., after-intervention)

revealed that the percentage of Cr changes in
the Hyd + Ator (18.14 + 13.15) and Hyd + Nico
(17.34 = 12.06) groups were significantly lower than
the Hyd group (33.19 + 24.42, for both P <.001),
but no significant difference was seen between
the Hyd + Nico and Hyd + Ator groups (P > .05).

The GFR significantly decreased in all three
groups by the end of the study as compared with the
beginning (P < .001 for all, Figure 4A). Interestingly,
the decreased GFR level was more prominent in
the Hyd group than in the Hyd + Ator and Hyd
+ Nico groups (P < .01 and P < .001, respectively)
(Figure 4B). Changes in GFR at the beginning and
at the end of the study were considered. Also,
there was a significant decrease in the mean GFR

changes in the Hyd group compared to Hyd +
Ator and Hyd + Nico groups (P < .001 for both,
Figure 4C).

According to the results of our study, there was
a significantly lower incidence of CIN among CKD
patients who were required to have angiography,
and who were given atorvastatin and nicorandil
in addition to hydration than among those who
only received hydration. In addition, atorvastatin
was more effective than nicorandil in preventing
severe CIN, but no statistically significant difference
was noticed.

Contrast-induced acute kidney injury is a serious
issue in patients with cardiovascular disorders, and
it is even more perilous in those with concomitant
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Figure 3. Individual values and mean of (A): BUN level, (B): BUN level differences between group at end of study, and (C): BUN level
changes in Hyd. group (blue color), Hyd. + Ator group (red color), Hyd. + Nico (green color) group pre-intervention and after 48 hours
angiography-intervention (Abbreviations: BUN, blood urea nitrogen; Hyd, hydration; Ator, atorvastatin; Nico, nicorandil; pre-int., pre-

intervention; After-int., after-intervention)

CKD.?% Although the cause of CIN is uncertain,
it is believed that destruction of epithelial cells
of the renal tubules as well as inadequate blood
supply to the deeper parts of the outer medulla,
may contribute to its emergence.!??! According to
research renal ischemia is significantly affected by
both vasoconstricting agents such as endothelium
and adenosine) and vasodilating agents (such as
nitric oxide and prostaglandin E2). It has been
shown that the infusion of contrast agents can
contribute to kidney ischemia, due to adenosine
and a decreased NO synthase activity.?!"?> The
secretion of endothelin and prostaglandins by
endothelial cells could be the cause of limited
blood flow and oxygen deprivation in the kidney,
apart from infusion of contrast media only 2* Other
variables that could be associated with CIN are the
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secretion of proinflammatory cytokines, imbalance
between oxidant and antioxidant markers, and
necrosis, obstruction of the renal tubules by
protein.?* Inspecting various pathophysiologic
mechanisms of CIN, experiments utilizing
hydration, statins, N-acetylcysteine, sodium
bicarbonate, acetylcysteine, iloprost, trimetazidine,
and nicorandil have been conducted to prevent it;
however, they have yielded inconsistent results!®2°

Nicorandil is a medication used to treat heart
failure and angina due to its Nitric Oxide donor
and ATP-sensitive potassium (K,tp) channel-
activating properties.?® Nicorandil is administered
as a preventative measure in patients with slow or
absent coronary blood flow because of its ability
to modify cardiac sympathetic nerve activity as
well as microvascular circulation.?” K ,p channels
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Figure 4. Individual values and mean of (A): GFR level, (B): GFR differences between group at end of study, and (C): GFR changes
in Hyd. group (blue color), Hyd. + Ator group (red color), Hyd. + Nico (green color) group’s pre-intervention and after 48 hours
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are widely distributed in a variety of tissues,
including the kidneys that serve as sensors for the
availability of oxygen and glucose in the metabolic
changes in cells. Opening of K,rp channels in the
kidney amplifies renal blood flow and decreases
the injury induced by hypoxia.?® Shimizu et al.
found that nicorandil may protect the kidney from
ischemia-reperfusion trauma through diminishing
the expression of K-ATP subunit KIR 6.2 in an animal
study.?” Studies have indicated that Nicorandil can
reduce urinary protein production, resulting in a
reduction of kidney injury?® Numerous studies
have been conducted to determine the role of
nicorandil in preventing CIN, but more research is
still needed to determine its advantageous impact.
Some studies have reported beneficial effects of
nicorandil on CIN, while others have not observed

any effect.!>303! This research demonstrated that
a three-day administration of nicorandil along
with hydration was effective in preventing CIN in
individuals with kidney dysfunction, as compared
to the control group who received hydration only.
Nicorandil administration notably prevented
the rise in serum Cr and BUN concentrations as
well as diminishing GFR values, after a two-day
angiographic intervention.

It has been reported that the generation of
reactive oxygen species (ROS) is a concern in the
pathogenesis of CIN, as it activates the p38 and
Jun N-terminal kinase (JNK) % pathways.%23
Several investigations have confirmed that
using antioxidants can decrease CIN damage
by neutralizing ROS.!® Other studies have
demonstrated that statins, which inhibit 3-hydroxy-
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3-methyl-glutaryl-CoA reductase, are effective in
suppressing the proliferation of smooth muscle
cells, inhibiting platelet aggregation, improving
endothelial function, reducing inflammation, and
modulating the oxidants/antioxidant balance.
Numerous studies have researched the prophylactic
effects of atorvastatin against CIN, but the findings
demand more reliability and are not conclusive;
they need more certainty due to the conflicting
results.?% Although some research indicated that
atorvastatin had no effect on CIN prevention, other
studies have demonstrated positive outcomes.?*%”
The results of the current study demonstrated that
taking atorvastatin and proper hydration for three
days before receiving contrast media markedly
prevented CIN. Indeed, atorvastatin effectively
prevented a substantial increase in serum Cr and
BUN levels and a decrease in GFR levels. This
finding is consistent with the results of previous
studies.!®

In this study the preventive effects of nicorandil
and atorvastatin on the development of CIN in CKD
patients following angiography were investigated
for the first time. Although both nicorandil and
atorvastatin significantly prevented CIN, no
significant difference was observed between the
two groups. Although the benefits of atorvastatin
compared to nicorandil were somewhat evident,
no significant difference was observed between the
two drugs. The efficacy of atorvastatin has been
reported to be time dependent. In vitro studies
in contrast media (CM) treatment of kidney cells
have shown that incubation for more than 12 hours
with atorvastatin increased survival and decreased
death signals.!®

Firstly, the results of this study may only be
applicable to patients who met the inclusion and
exclusion criteria, and patients with moderate to
severe kidney dysfunction. Because this study
included atorvastatin and nicorandil in addition to
hydration, the findings could be attributed not just
to the effects of these two medications, but also to
the impact of hydration, which can be addressed
in conjunction with these drugs. Finally, some
studies have shown that the beneficial effects of
statins in combination with other drugs such as
N- acetylcysteine are very evident, which requires
further studies.
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Contrast-induced nephropathy is a major problem
in patients undergoing angiography, especially
patients with kidney dysfunction. This study
showed that nicorandil, and atorvastatin, could
prevent CIN. Both agents prevented the increase in
Cr and BUN levels, and the decrease in GFR levels.
There was no significant difference between the
two medications in terms of beneficial protective
effects on CIN. Using statins for a longer period
looks more advantageous; however, further research
is required to confirm their beneficial effects.

This study was performed in accordance with
the Declaration of Helsinki and was approved
by the ethics committee of Ardabil University
of Medical Sciences (IR.ARUMS.REC.1399.013).
It was registered in the Iranian Registration of
Clinical Trials (IRCT20150808023559N22). Written
informed consent was secured from all the study
participants.
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