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ABSTRACT

Background: Contrast-induced nephropathy (CIN) is associated with increased morbidity, and the need for short-term
hemodialysis. Although several preventive measures have been used, the best approach to prevent CIN is still controversial.
Objectives: This study is intended to evaluate the protective effect of carvedilol/ medium dose statin compared to the
recommended high dose atorvastatin on the development CIN in patients undergoing elective cardiac catheterization
(CO).

Patients and Methods: A total of 144 patients planned for CC were randomly assigned to:

* Group (A): 49 patients received atorvastatin as single high dose 80 mg 12 hours before CC and another 40 mg of
atorvastatin 2 hours before PCI.

* Group (B): 48 patients were prescribed carvedilol 12.5 mg twice daily for seven days before CC and continued for 24
hours post CC, plus 40 mg atorvastatin 12 hours before CC.

* Group (C): 47 patients received 40 mg atorvastatin 12 hours before CC.

Results: The baseline characteristics of the 3 groups were comparable. CIN incidence was the lowest in group A, but
was not significantly different (p=0.420). CIN developed in 4(8.2%), 6(12.2%), and 8(17%) patients in groups A, B, and
C respectively. Median change in CrCl 48 hours, and serum NGAL 4 hours post CC was significantly lower in group A
compared to group C (p=0.0330, p=0.0348 respectively).

Conclusion: The present study revealed that, combined carvedilol/statin regimen was comparable to single high dose
atorvastatin in CIN prevention. However, short high dose of atorvastatin might be preferable in terms of kidney function
preservation.
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INTRODUCTION

Diagnostic and invasive cardiac catheterization
(CC) have been widely used in myocardial infarction
(MI) patients.! Those patients are at increased risk of
complications related to contrast media (CM) usage during
CC procedure.” Contrast induced nephropathy (CIN),
is one of the complications and one of the major causes
behind hospital-acquired acute kidney injury.?!

Pathogenesis of CIN is not clear but most studies
suggested that, vasoconstriction of renal vessels, oxidative
stress, free radical formation, and endothelial dysfunction
are thought to be the major causes.” Length and amount
of exposure to CM were found to be related to the degree
of renal tubular cell death.!
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CIN is defined as an increase in serum creatinine > 25%
or > 0.5 mg/dL above the baseline value after systemic
administration of iodinated contrast media following the
exclusion of other factors that may induce nephropathy,
such as nephrotoxins, hypotension, urinary obstruction,
or atheromatous emboli.®’! Serum creatinine rises after
48 hours, peaks in 3-5 days and returns to normal in 21
days, in the absence of other causes of renal failure.[ This
might lead to dialysis, prolongation of hospitalization, and
increase in morbidity and mortality.™

As serum creatinine rising in response to nephropathy
might be delayed and also GFR might fall at any time
within 3-5 days of CIN development,® recent studies
proved that, the biomarker neutrophil gelatinase-associated
lipocalin (NGAL) might be an alternative to creatinine in
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the early evaluation of acute kidney damage after exposure
to CM.P " NGAL sharply rises in blood and urine within 2
to 4 hours from kidney injury as a compensatory response
to defend against oxidative stress-mediated kidney toxicity,
which may lessen the degree of damage on ongoing insult
and mediate tissue protection.”

The best approach to prevent or reverse CIN is still
controversial. The benefits of different strategies including
intravenous hydration either with isotonic saline or sodium
bicarbonate, statins, N- acetyl cysteine (NAC), iloprost,
alprostadil, prostaglandin, theophylline, ascorbic acid,
and tocopherol have been considered.”? Despite all the
previously mentioned interventions, hydration either orally
or intravenously with isotonic saline is still believed to be
the most efficient treatment for prevention of CIN.B! Statins
have proven efficacy to protect against CIN in patients at
risk for development of CIN after CM exposure.l''! The
reported significant decrease in CIN incidence among
patients using statins makes it a highly recommended
intervention in protection from CIN, especially short high
dose atorvastatin which was recommended by European
Society of Cardiology (ESC) for all patients with moderate
to high risk for CIN.*'? High doses statins were defined
as 20/40 mg rosuvastatin or 80 mg atorvastatin or 80 mg
simvastatin.?’]

Beta-blockers are one the of recommended medication
by the American Heart Association and American College
of Cardiology (AHA/ACC) and European Society of
Cardiology (ESC) in the treatment of ischemic heart
diseases even in patients who did not experience ML.!!34
Carvedilol a member of beta-blockers family was
found to have beneficial effect in CIN prevention.!'>!¢
Theoretically, it has this potential effect to protect from
CIN due to its vasodilatory effect on renal blood vessels
and its antioxidant activity.!'”

Up-to-date, there is no study that evaluated the possible
reno-protective effect of combined beta-blocker with
statin prior to CC in comparison to short high dose statins.
Thus, the aim of this study is to compare the efficacy of
carvedilol combined with moderate dose statin to short-
term high dose atorvastatin in reducing the risk of CIN
after cardiac catheterization in patients with moderate to
high risk to CIN.

PATIENTS AND METHODS

A 2.1. Study population

This study was conducted in the National Heart Institute
(NHI), Giza, Egypt, during the period between February
2016 and May 2017. The study protocol was approved by
the Ethics Committee of the Faculty of Pharmacy, Cairo
University, and scientific committee of the NHI. The study
was conducted according to the Declaration of Helsinki
principles.'®! Written informed consent was obtained from
all the study participants (Clinicaltrials.gov Registration:
NCT03867994).

All patients who were scheduled for elective CC
were screened for eligibility to be included in the study.
Patients aged between 18 and 65 years with serum
creatinine < 1.5 mg/dL, on moderate dose of atorvastatin
40 mg or equivalent, with moderate to high risk of CIN
(Mehran score > 6)!') were included. Patients were
excluded if they were suffering from ST-segment elevation
myocardial infraction (STEMI), and needed immediate
cardiac catheterization,”” those with elevated liver
enzymes aspartate aminotransferase (AST), and alanine
aminotransferase (ALT) three times the upper limit of
normal),!’®) or with active infection, patients allergic to
or have contraindication to contrast media, carvedilol,
or atorvastatin. Patients vitamins, minerals, or any
medication with antioxidant properties 7 days prior to CC,
hemodynamically unstable patients (defined as abnormal
or unstable blood pressure, especially hypotension (blood
pressure less than 90/60 mm Hg),?! patients who required
dialysis, pregnancy, patients used carvedilol in the past
three months, or those who used nephrotoxic agent in the
past 48 hours or exposure to contrast agent in the past 7
days were also excluded.

All recruited patients were evaluated for the risk of
CIN using Mehran risk score.??! All risk variables were
assessed and the score was at least 6 in all patients before
they were included in the study except for the variable of
volume of contrast media, whose points were added to the
risk score after the CC procedure.

2.2. Study design

In this randomized, prospective, parallel controlled
study, all recruited patients were randomly assigned to one
of three groups:

. Group (A) included 49 patients who received high
dose statin (80 mg atorvastatin) 12 hours before CC and 40
mg just 2 hours before CC.[*

. Group (B) included 48 patients who received
12.5 mg carvedilol twice daily for 7 days before CC and
continued for 24 hours after the CC, plus the moderate
dose (40 mg) atorvastatin 12 hours before the CC.1**!

. Group (C) included 47 patients who received
moderate dose (40 mg) atorvastatin 12 hours before CC as
control group.

All recruited patients were hydrated with intravenous
(IV) 0.9% sodium chloride (NaCl) at a rate of 0.5-1
mL/kg/hour for 4-6 hours before and 4-6 hours after CC.[*
The type of dye used for all study participants was nonionic
low-osmolar contrast dye (iopromide).

Relevant demographic data, comorbidities and
medication history were recorded for all study participants.
All the patients were screened for the following parameters
to determine the primary endpoint (CIN) and secondary
endpoints (kidney function and serum NGAL):

. Serum creatinine (Cr) baseline (before initiating
the hydration) and 48 hours after the CC procedure to
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evaluate the incidence of CIN (defined as absolute rise in
the baseline serum creatinine concentration by 0.5 mg/dL
after 48 hours from CC).

. Blood urea nitrogen (BUN) was measured before
and 48 hours post-CC.

. Creatinine clearance (CrCl) was calculated
using Cockcroft-Gault equation® on admission, and re-
calculated 48 hours post CC using Cockcroft-Gault for all
patients except for patients who showed > 0.5 mg/dL rise
in SCR where Jelliffe and Jelliffe equation for unstable
kidney function was used.!**

. Serum NGAL baseline was measured before the
initiation of hydration, and 4 hours after CC procedure.
NGAL was assayed by enzyme-linked immunosorbent
assay ELISA (Glory Science Co., Ltd, CHINA).

3.Statistical analysis

G power software was used to determine sample size,
a minimum sample size of 34 patients in each group
was recommended according to literature based on the
incidence of CIN,*”! the power of the test was set at 0.8
and alpha of 0.05.

Statistical analysis was carried out using IBM© SPSS©
Statistics version 22 (IBM© Corp., Armonk, NY,USA), and

GraphPad Prism software (version 5.0; GraphPad Software,
Inc., San Diego, CA, United States). Numerical data were
presented as mean and standard deviation (SD) and median
and inter-quartile range (IQR), while categorical data were
described as frequency and percentage.’” Chi-square test
was used for comparison of nominal variables. Quantitative
data were tested for normality using Shapiro-Wilk test.
If the data was normally distributed one-way ANOVA
followed by Tukey’s test were used for comparison.
For data that did not pass normality test Kruskal-Wallis
followed by Dunn’s test were used for comparisons.>”
Univariate analysis was performed to predict if any of
study variables predicted CIN development.©®!! Univariate
analysis was performed by using Student t-test for normally
distributed data or Mann-Whitney U test for data which
did not pass normality test and Chi-square test for nominal
variables.®! For within group comparisons Wilcoxon test
was used.P!! Correlation between numerical variables was
tested by Spearman-rho method.®? A p-value < 0.05 was
considered significant.)

RESULTS

Out of 1800 screened patients, a total of 173 patients
were eligible and consented to take part in the study
(Figure 1).
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Fig.1: Patients selection and recruitment flow diagram.
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The three groups were comparable with respect to between the three groups p=0.030 (Table 1). However,
their demographic data, clinical baseline data, and all pre- univariate analysis for CIN development had been
operative medication history except for the number of performed and revealed that furosemide did not influence
patients on furosemide which was significantly different the development of CIN (p=0.488).

Table 1: Demographic and clinical characteristics of the recruited patients in the three study groups

Parameter Group A N=49 Group B N=48 Group CN=47 P value
Age (years), median (IQR)” 55.26+6.239 54.50+9.265 57.56+7.781 0.13
Gender (Number of males (%))* 18(36.7) 28(58.3) 25(53.2) 0.08
Average weight (kg) + SD¥ 89.24+18.15 89.25+16.20 93.06+18.08 0.47
Average height (cm) + SD¥ 167.1+8.202 165.8+8.277 168.2+8.248 0.37
Body mass index BMI (kg/m2), median (IQR)* 31.51(27.83-35.05) 32.16(29.09-34.44) 32.7(29.3-35.92) 0.46
Mehran score, median (IQR)” 7(7-9) 7(6-9) 8(6-9) 0.35
Number of hypertensive patients (%)* 49(100) 48(100) 47(100) 1
Number of anemic patients (%)* 14(28.6) 18(37.5) 8(17) 0.08
Number of diabetic patients (%)* 41(83.7) 39(81.3) 31(66) 0.08
Number of patients with heart failure class I and II (%)* 15(30.6) 15(31.3) 20(72.6) 0.5
Number of patients with heart failure class III, and IV (%)* 15(30.6) 9(18.8) 8(17) 0.22
Ejection fraction%, median (IQR)~” 37(75.5) 38(79.2) 32(68.1) 0.45
Systolic blood pressure (mmHg), median (IQR)~” 130(120-150) 130(120-150) 140) 130-150) 0.24
Diastolic blood pressure (mmHg), median (IQR)” 80(70-90) 80(70-90) 90(80-90) 0.33
Number of patients undergoing angiography only (%)* 37(75.5) 38(79.2) 31(66) 0.32
Number of patients undergoing PCI (%)°¢ 12(24.5) 10(20.8) 16(34) 0.32
Volume of contrast media (mL), median (IQR)~* 80(70-110) 80(62.5-100) 100) 70-50) 0.42
Volume of fluid administered before CC (mL), median (IQR)” 240(172-360) 240(160-360) 231(172.360) 0.80
Volume of fluid administered after CC (mL), median (IQR)” 240(160-360) 231(172.5-360) 240(172-360) 0.79
Patient medication history

Number of patients on antiplatelets (%)* 48(100) 48(98) 47(100) 0.38
Number of patients on oral nitrates (%)* 45(91.8) 43(89.6) 43(91.5) 0.92
Number of patients on trimitazidine (%)°¢ 21(42.9) 24(50) 23(48.9) 0.75
Number of patients on statins (%)°* 49(100) 48(100) 47(100) 1
Number of patients on ACEIs (%)¢ 38(77.6) 37(77.1) 33(70.2) 0.65
Number of patients on ARBs (%)°¢ 3(6.1) 2(4.2) 5(10.6) 0.45
Number of patients on CCBs (%)¢ 5(10.2) 10(20.8) 3(6.4) 0.09
Number of patients on furosemide (%)°* 14(28.6) 20(41.7) 8(17) 0.030
Number of patients on spironolactone (%)¢ 8(16.3) 12(25.5) 17(35.4) 0.1
Number of patients on anti-diabetics (%)°¢ 41(83.1) 39(81.3) 31(66) 0.08
Number of patients on bisprolol (%)° 14(28.6) 7(14.9) 0.11

Data are presented as mean + standard deviation, median, and interquartile range [25"—75" percentile], frequency and percent.
*P-values <0.05 were considered significant.

Anemia defined as hemoglobin <13g/dL for men and <12g/dL for women.>”!

Heart failure are classified according to New York Heart Association.!

ACETIs: angiotensin converting enzyme inhibitor.

ARBs: angiotensin receptor blockers.

CCBs: calcium channel blocker.

Type of statistical test: co Kruskal-Wallis test followed by Dunn’s test, € Chi-square test, ¥ one-way ANOVA followed by Tukey’s.
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Both the incidence of CIN and median of SCr elevation
were not significantly different between the three groups
(»p > 0.05). Although the three groups were comparable
with respect to CrCl at baseline, and 48 hours post
intervention. The median change in CrCl was significantly
lower in the group A which showed the lowest decline in
kidney function (median change: -6.8 mL/min) compared
to the group C (median change: -15.6 mL/min). Baseline

serum NGAL was comparable between the three groups.
At 4 hours post CC, group B had significantly lower level
(23.7 ng/L) of serum NGAL when compared to group
C (38.17 ng/L). However, the median change in serum
NGAL, showed the least rise in the group receiving high
dose atorvastatin (3.6499 pg/L) in comparison group C
(10.60 pg/L) (Table 2, Figure 2).

Table 2: Renal biochemical and clinical parameters for recruited patients in the three groups during the study period

Group A N=49 Group B N=48 Group C N=47 P value
Patients who developed CIN N (%)¢ 4 (8.2%) 6 (12.2%) 8 (17%) 0.42
SCr on admission (mg/dL), median (IQR)” 1(0.7-1.25) 0.9(0.6-1.2) 0.8(0.67-1) 0.23
SCr after 48 hours (mg/dL), median (IQR)” 1.2(0.9-1.4) 1.05(0.8-1.375) 1.1(0.9-1.36) 0.64
The median change in SCr (mg/dL), (IQR)” 0.2(0.1-0.3) 0.175(0.1-0.3) 0.3) 0.1-0.4) 0.15
e-GFR (mL/min) on admission, median (IQR)” 67.9(49.9-90.5) 73.05(59.58-95.38) 80.3(57.5-109.1) 0.12
e-GFR (mL/min) 48 hours post procedure, median (IQR)”  67.9(41.7 -80.70) 64.2(50.33-77.98) 64.5(51.7-93.5) 0.65
The median change in e-GFR (mL/min), (IQR)~” -6.8)-13.50-0.2)  -7.15(-17.88--0.55)  -15.6(-26.30- -3.4)" 0.03"
Serum NGAL on admission (ng/L), median (IQR)” 26.65(14.58-41.55) 17.53(10.03-27.36)  29.23(10.94-48.09) 0.06
Serum NGAL after 4 hours (pg/L), median (IQR)” 31.24(13.44-46.56)  23.7(15.83-45.25)  38.17(26.81-65.73)° 0.03"
The median change in serum NGAL (ug/L), (IQR)” 3.86(-4.647-10.94)  7.979(0.4469-13.73)  10.01(0.78-23.02)" 0.04"
BUN (mg/dL) on admission, median (IQR)” 32(24.5-42.5) 30(24.25-38.25) 28(23.25-40.25) 0.46
BUN (mg/dL) 48 hours post procedure, median (IQR)” 37(30-46) 37(29.25-45) 36.35(27.75-45.75) 0.844
The median change in BUN (mg/dl), (IQR)” 5(-4-12) 5(2.25-12.75) 5(-1.250-10) 0.69

Data presented as frequency and percent or median and interquartile range [25%—75" percentile], * P-values <0.05 were considered significant.

CIN: contrast induce nephropathy, NGAL: neutrophil gelatinous associated lipocaline, SCr: serum creatinine, e-GFR: estimated glomerular

filtration rate, BUN: blood urea nitrogen.

+ Control group is significantly different from atorvastatin group.

$ Control group is significantly different from carvedilol group.
Type of statistical test: oKruskal-Wallis test, € Chi




CARVEDILOL AND ATORVASTATIN FOR CIN PREVENTION

>
wn
0
=

%
E
—_—
(=
=
m
5
=
o
=
=
=1
a
=
=
m
=
Lo
E
= 48 hours post
Fr Basline o™
“ EXOSUTE
S NGAL
e 0,000
.
L} :
— 0.1X7%
= ' -
L i

-El- &0 e 00000
= I - i
o
2 a0
da
(=]
=
]
g 20
=
E
5
—
a HBasline 4 hours from
« €Al

EEpaan e

Crei( miimin)

BUN concentration (mgidL)

§

8

8

=i
L=]

Basline 48 hours post
Lo ¥ |
ERpEOEUnE
BUN
P 0024
P=0, 0201
.
e 0,000
& i EA Control

Bl High dose Atormastatin

OO Casvedilol

Baslime

AR howurs post
CM
X P

Fig. 2: Comparison of kidney function markers (A) SCr (B) Crcl (D) BUN, and (C) NGAL as acute kidney injury marker within each group
before and after CC using the median values and Wilcoxon test, *P<(.05 was considered significant. A: Serum creatinine before and after
CC in each group, B: Creatinine clearance before and after CC in each group, C: Serum NGAL before and after CC in each group and D:
Blood urea nitrogen before and after CC in each group. CC: cardiac catheterization; Scr: serum creatinine, Crcl: creatinine clearance, NGAL:

neutrophil gelatinous associated lipocaline ,BUN: blood urea nitrogen.

DISCUSSION

There was no significant difference in the incidence
of CIN among the three groups. The definition used
to describe CIN in this study was a 0.5 mg/dL absolute
increase in serum creatinine,?! since it was better correlated
to mortality rate after 6 months.[!

Wide ranges of CIN incidence had been reported, from
7% in patients with low or no risk for CIN development to
reach 25% in patients with high risk for CIN.P The overall
incidence of CIN development in the present study was
12.5%, which is considered relatively high incidence. This
can be attributed to the high risk profile of the recruited
patients: 77% of the patients had diabetes mellitus,
83(57.6%) patients had heart failure, 40(27.7%) patients

had anemia, all patients had hypertension. On the basis of
the risk score introduce by Mehran ez a/.,*? the incidence
of CIN development in patients with medium to high risk
ranged between 14.1 and 26.1%.

The present study reported that, 7 preoperative days
of carvedilol combined with moderate dose atorvastatin
showed comparable results to short-term high dose
of atorvastatin in the primary outcome which was the
protection against CIN development. Otherwise, short-
term high dose atorvastatin regimen was superior over
conventional moderate dose atorvastatin in other outcomes
as preserving CrCl 48 hours post CC and preventing serum
NGAL rising 4 hours post CM exposure.
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Statins have a proven efficacy to protect against CIN
regardless of LDL cholesterol level of the patients,!'"'? and
therefore, are considered one of the main CIN preventative
measures according to the European Society of Cardiology
CIN prevention guidelines.!

A meta-analysis by Su et al, analyzed 150 clinical
trials evaluating 12 different interventions, comparing
their protective effect against the development of CIN. The
interventions included all of the following medications
in combination with hydration: N-acetylcysteine (NAC),
theophylline (aminophylline), fenoldopam, iloprost,
alprostadil, prostaglandin El, statins, statins plus NAC,
bicarbonate sodium, bicarbonate sodium plus NAC,
ascorbic acid (vitamin C), tocopherol (vitamin E), a-lipoic
acid, atrial natriuretic peptide, B-type natriuretic peptide,
and carperitide. The meta-analysis revealed that, high-dose
statins plus hydration with or without NAC was the most
preferable strategy to prevent CIN in patients undergoing
CCBl,

Fanetal., concluded in their meta-analysis on 19 clinical
trials that, all statins showed the same incidence of reducing
CIN.PY Another meta-analysis by Liu et al., analyzed nine
randomized clinical trials showed that, patients using high
dose (80 mg) atorvastatin had significantly lower incidence
of CIN after coronary angiography.’” Even a single high
loading dose of atorvastatin administered within 24 hours
prior CM exposure have proven its effect in reducing the
rate of CIN.F

The results of the present study are also in line with the
results of a multicenter study which evaluated 625 patients
on chronic statins undergoing CABG. Patients were
divided into two groups; one group was on regular statin
therapy while the other one withheld statins 24 hours prior
to CABG. Their results revealed that, preoperative statins
had the ability to prevent kidney injury evidenced by the
ability to inhibit plasma NGAL, and also other biomarkers
of AKI as urine IL-8, urine NGAL, and urine KIM-1.5%

Beta-blockers are among the most commonly
prescribed anti-ischemic medication classes in coronary
artery diseases specially prior to CC.*4% Several studies
proved the nephroprotective effect of beta-blockers
against oxidative stress mediated by CM in human and
animal models of CI-AKLI'54%41) Carvedilol, metoprolol,
and nebivolol were the most studied beta-blockers in the
prevention of CIN.[ ]

Although metoprolol is still one of the most commonly
prescribed beta-blockers by physicians,*! it does not
possess vasodilatory properties like carvedilol and
nebivolol.*¥ In randomized controlled trials, metoprolol
did not prove to add any value over standard hydration

regimen with IV 0.9% NaCl towards CIN prevention or
even inhibiting serum creatinine peak rise two and five
days post CM exposure.[*! Also, carvedilol and nebivolol
had proven to be superior to metoprolol in the prevention
of CIN.I'S#) However, the overall effect of nebivolol
towards CIN prevention in humans was not found to be
statistically significant when discussed in a meta-analysis
by Thamcharoen.*” The meta-ananlysis evaluated
three clinical trials, and it reported that, pre-procedure
administration of nebivolol was not superior over control
group. Same incidence of CIN was reported when nebivolol
was compared to carvedilol and metoprolol. also, it was
reported that, nebivolol was superior over metoprolol in
reducing incidence of CIN.

Carvedilol defensive properties over different condition
affecting the kidney is well-recognized.!'>!%4¢ Yasar et al.,
proved that, carvedilol possessed reno-protective effect
in ureteral obstruction in rats by preventing oxidative
stress induced by obstruction ischemia.l*’! Another study
by Akindele et al., showed the same reno-protective
effect of carvedilol in preventing nephrotoxicity mediated
by oxidative stress of doxorubicin.*®! In addition to its
antioxidant properties, nitric oxide (NO) releasing play a
major role in reno-protective effect of carvedilol.[**]

Ozaydin et al.,l'® observed that, carvedilol synergized
the beneficial effect of NAC in preventing AKI that resulted
from oxidative stress and inflammation occurring during
cardiac surgery in humans, in addition to the decreased
incidence of CIN and peak serum creatinine rising after 5
days of procedure. Also, human trials showed promising
results of carvedilol in the prevention of CIN,!"*!'“) and this
was confirmed by the results of the present study.

The combination therapy of carvedilol and atorvastatin,
which is widely used in patients with ischemic heart disease
who are suspected to undergo CC, was proven to decrease
mortality rate after M1, and after abdominal aortic aneurism
surgery.*) One study had evaluated the combination of
carvedilol and atorvastatin in the protection of cyclosporine
induced nephrotoxicity in animals, and revealed that, the
combination reduced the nephrotoxicity of chronic use of
cyclosporine and preserve kidney function when compared
to each of them alone.l*

In the present study, the combination of carvedilol
to moderate dose atorvastatin showed comparable result
to single high dose atorvastatin the prevention of CIN
development, which could suggest the beneficial effect of
the combination.
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CONCLUSION

The incidence of CIN was not significantly different
between carvedilol combined with moderate dose statin and
single high dose atorvastatin, suggesting the non-inferiority
of combined carvedilol/moderate dose atorvastatin to
high dose atorvastatin in CIN protection. However, only
short high dose of atorvastatin was found to be superior
to moderate dose atorvastatin in terms of kidney function
preservation by having the lowest decrease in CrCl, and
unaltered serum NGAL level after exposure to CM.

STUDY LIMITATIONS

Some of included patients were not naive beta-blocker
which is considered as one of our study limitations, although
they were on beta-blocker but they were on bisprolol
and there is no evidence in the literature supporting the
protective effect of bisprolol against CIN development.

Although measuring serum NGAL 4 hours post CC is
a reliable test to estimation degree of the ongoing kidney
insult, it was recommended to measure it at other time
points as 12 hours and 24 hours after CC for confirmation.
This was difficult to achieve due to the nature of the study
which was self-funded. For the same reason investigators
were unable assess kidney injury acute biomarker such as
KIM-1, IL-18 to confirm the results.

RECOMMENDATIONS

Further trials on larger sample size might confirm
the protective effect of carvedilol against CIN and
the best regimen to be used before CC. In addition, a
longer observation period will allow long-term outcome
assessment.

Ifbeta-blockers are recommended before CC, carvedilol
in a dose of 12.5 mg given twice daily for 7 days before CC
might add a clinical value in the prevention of CIN.
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