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Effect of High Dose Rosuvastatin Loading before Percutaneous
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Department of Cardiovascular Medicine, Regional Cardiocerebrovascular Center, Wonkwang University Hospital, Iksan, Korea

Background and Objectives: Contrast-induced nephropathy (CIN) is associated with increased morbidity and mortality. This observational,
non-randomized study evaluated the effect of rosuvastatin loading before percutaneous coronary intervention (PCl) on the incidence of
CIN in patients with acute coronary syndrome (ACS).

Subjects and Methods: A total of 824 patients who underwent PCl for ACS were studied (408 patients in the statin group=40 mg rosuv-
astatin loading before PCl; 416 patients of control group=no statin pretreatment). Serum creatinine concentrations were measured before
and 24 and 48 hours after PCl. The primary endpoint was development of CIN defined as an increase in serum creatinine concentration of
>0.5 mg/dL or >25% above baseline within 72 hours after PCI.

Results: The incidence of CIN was significantly lower in the statin group than that in the control group (18.8% vs. 13.5%, p=0.040). The
maximum percent changes in serum creatinine and estimated glomerular filtration rate in the statin group within 48 hours were signifi-
cantly lower than those in the control group (5.8422.59% vs. 2.43124.49%, p=0.038; -11.44+14.00 vs. -9.51+13.89, p=0.048, respective-
ly). The effect of rosuvastatin on preventing CIN was greater in the subgroups of patients with diabetes, high-dose contrast medium, multi-
vessel stents, high baseline C-reactive protein, and myocardial infarction. A multivariate analysis revealed that rosuvastatin loading was
independently associated with a decreased risk for CIN (odds ratio, 0.64; 95% confidence interval, 0.43-0.95, p=0.026).

Conclusion: High-dose rosuvastatin loading before PCl was associated with a significantly lower incidence of CIN in patients with ACS.
(Korean Circ J 2014;44(5):301-306)
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Introduction

With an increasing number of patients undergoing coronary an-
giography and percutaneous coronary intervention (PCl), the preva-
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lence of contrast-induced nephropathy (CIN) is also increasing. Pa-
tients with acute coronary syndrome (ACS) have a three-fold higher
risk of developing CIN, and CIN is associated with prolonged hospi-
talization, increased costs, and increased short- and long-term mor-
bidity and mortality.” Although the underlying mechanism of CIN
is not fully understood, the pathophysiology may be related to direct
renal tubular toxicity, vasoconstriction, and high oxidative stress.??

Several studies have suggested that statins may reduce the inci-
dence of CIN through their beneficial effects on endothelial func-
tion, nitric oxide production, and oxidative stress."™ However, the re-
sults of clinical studies are inconsistent.”

Therefore, we conducted an observational study involving consec-
utive patients with ACS who underwent PCI. The purpose of this
study was to evaluate the effect of pretreatment with rosuvastatin
loading before PCl on the incidence of CIN in patients with ACS.
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Subjects and Methods

Study population

We analyzed a single center, consecutive ACS and PCl cohort from
December 2009 to December 2012. During the study period, 1037
consecutive patients were recruited and followed-up during their
clinical course to document patient characteristics, acute therapy,
PCl data, and hospital outcomes. Exclusion criteria were current
statin treatment, high-risk features warranting emergency coronary
angiography (within 2 hours), acute renal failure or end-stage re-
nal disease requiring dialysis, serum creatinine >3 mg/dL, contrast
medium administration within the past 10 days, or lack of laboratory
data including serum creatinine. As a result, 824 patients were an-
alyzed: 408 patients received 40 mg rosuvastatin loading before PCI
(statin group) and 416 patients did not receive the statin pretreat-
ment (control group). Rosuvastatin loading was performed at the
on-call physician's discretion. All patients gave informed consent for
processing of their anonymous data, according to a protocol ap-
proved by the Institutional Review Board of Wonkwang University
Hospital.

Percutaneous coronary intervention

Aspirin (300 mg/day) and clopidogrel (300 mg/day) were loaded
in all patients before the procedure. An intravenous bolus of 5000
U unfractionated heparin was given, and additional heparin boluses
were given to maintain activated clotting time >300 seconds dur-
ing the procedure. Coronary angiography and stent implantation
were performed using standard interventional techniques. Platelet
glycoprotein llb/llla inhibitors were administered according to op-
erator preference. Aspirin (100 mg/day), clopidogrel (75 mg/day), and
statins were prescribed to all patients after the procedure.

Hydration therapy (0.9% sodium chloride, 1 mL/kg/h) was per-
formed during the pre- and post-PCl periods at the physician's dis-
cretion. Hydration rate was reduced to 0.5 mL/kg/h for patients with
a left ventricular ejection fraction (EF) <40%.

Data collection and analyses

Blood samples were taken to measure serum creatinine concen-
trations before rosuvastatin loading and at 24 and 48 hours after
contrast media administration. Additional samples were obtained if
a patient showed signs or symptoms of CIN. The peak post-proce-
dural serum creatinine value was used for the primary endpoint eval-
uation. Renal function was measured using estimated glomerular
filtration rate (€GFR), calculated with the Modification of Diet in Re-
nal Disease formula, in all patients.” Levels of high-sensitivity C-re-
active protein (hsCRP) and lipid profiles were also measured using
commercial kits.
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The primary endpoint was development of CIN, defined as an in-
crease in serum creatinine concentration =0.5 mg/dL or >25%
above baseline within 72 hours after contrast agent administration.”
Additional endpoints included maximal increases in serum creatinine
levels and maximal decreases in eGFR within 48 hours after the
procedure.

Statistical analysis

Based on a previous study, the incidence of CIN was approximate-
ly 15% in the control group.” Sample size was selected to demon-
strate an incidence reduction of 2% in the statin group. Accordingly,
a minimal sample size of 135 patients was required in each group
to provide 80% power with a two-sided alpha of 0.05.

All measurements are represented as means*standard deviations
or absolute numbers (percentages). The inter-group analysis was
performed using the independent t-test and X* test, which were
conducted using SPSS 19.0 for Windows (SPSS Inc., Chicago, IL,
USA). A multivariate logistic regression model was constructed to
predict the development of CIN. The following variables, selected
according to a significant univariate analysis (p<0.1), were inserted
into the logistic regression analysis; rosuvastatin loading, age, dia-
betes, levels of hemoglobin and hsCRP, contrast volume, myocardial
infarction presentation, baseline eGFR, and EF. The efficacy of rosu-
vastatin was also evaluated in pre-specified subgroups (age, gen-
der, EF, diabetes, contrast dose, multivessel stent, myocardial infarc-
tion presentation, and baseline hsCRP and eGFR levels). The first or
third tertile of the continuous variables was used as a cut-off point
in the logistic regression analysis. The adjust effect was controlled
for the same prognostic and confounding factors, but the specific
variable related to each individual subgroup was excluded from the
model for that subgroup. Statistical significance was set at p<0.05.

Results

Baseline characteristics

The baseline clinical characteristics of the patients in the control
and statin groups are shown in Table 1. Risk factors, baseline labo-
ratory findings, and angiographic and procedural data were similar
between the groups. However, the control group showed lower EF
(51.4%12.9% vs. 54.4111.9%, p=0.001), higher levels of low density
lipoprotein-cholesterol (118.3+37.0 mg/dL vs. 109.4%35.0 mg/dL,
p=0.001), and a lower incidence of myocardial infarction (42.1% vs.
51.7%, p=0.006) than those in the statin group.

Incidence of contrast-induced nephropathy

Contrast-induced nephropathy occurred in 133 patients (16.1%).
The incidence of CIN was significantly lower in the statin group than
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Table 1. Baseline characteristics
Characteristics Control (n=416) Statin (n=408) p
Age (years) 63.6112.5 64.3111.7 0.415
Male (%) 286 (68.8) 254 (62.3) 0.050
Hypertension (%) 229 (55.0) 244 (59.8) 0.167
Diabetes mellitus (%) 120 (28.8) 118 (28.9) 0.981
Current smoker (%) 162 (38.9) 128 (31.4) 0.023
MI presentation (%) 175 (42.1) 211 (51.7) 0.006
Previous PCI (%) 31(7.5) 30(7.4) 0.957
Ejection fraction (%) 51.4£129 54.4+11.9 0.001
Baseline laboratory variables
Serum creatinine (mg/dL) 099+0.44 0.94+0.40 0.109
eGFR (mL/min/1.73 m?) 79.2+234 81.2423.1 0217
Cystatin C (mg/L) 0.76+0.34 0.74%0.29 0.467
Hemoglobin (g/dL) 13.6£2.1 135120 0.350
hsCRP (mg/L) 11.1£34.3 9.1+24.2 0.351
Triglyceride (mg/dL) 159.7+£122.0 155.4+104.1 0.582
HDL-C (mg/dL) 419110.0 43.2110.2 0.063
LDL-C (mg/dL) 118.3+37.0 109.4+350 0.001
Angiography and intervention variables
Multivessel disease (o) 205 (49.3) 205 (50.2) 0.782
ACC/AHA B2/C lesion (%) 302 (72.6) 287 (70.3) 0.474
Glycoprotein Ib/llla inhibitor (%) 94 (22.6) 76 (18.6) 0.159
Contrast agent lodixanol (%) 120 (28.8) 98 (24.0) 0.116
Contrast agent lomeprol (%) 296 (71.2) 310 (76.0)
Contrast volume (mL) 226.5+86.4 216.5%76.0 0.080

MI: myocardial infarction, PCl: percutaneous coronary intervention, eGFR: estimated glomerular filtration rate, hsCRP: high-sensitivity C-reactive protein,
HDL: high density lipoprotein-cholesterol, LDL-C: low density lipoprotein-cholesterol, ACC/AHA: American College of Cardiology/American Heart Association
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Fig. 1. Incidence of contrast-induced nephropathy. The incidence of the
primary endpoint was significantly lower in the rosuvastatin group than that
in the control group (13.5% vs. 18.8%, p=0.040). OR: odds ratio, Cl: confi-
dence interval.

that in the control group (18.8% vs. 13.5%, p=0.040) (Fig. 1). The
incidence of increased serum creatinine concentrations =0.5 mg/dL
and an increase =25% above baseline within 72 hours was also
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lower in the statin group (8.2% vs. 4.7%, p=0.040; 18.5% vs. 13.5%,
p=0.049, respectively) than those in the control group. When the
patients were divided into three groups according to baseline hsCRP
<1.0 mg/L, 1.0-3.0 mg/L, and >3.0 mg/L, the incidence rates of CIN
were 10.7%, 16.1%, and 21.6%, respectively (p=0.002).

The maximal percent changes in serum creatinine concentration
and eGFR in the statin group within 48 hours were significantly low-
er than those in the control group (5.84+22.59% vs. 2.43+24.49%,
p=0.038; -11.44+14.00 vs. -9.51+13.89, p=0.048, respectively) (Fig. 2).

Multivariate analysis

The multivariate analysis revealed that rosuvastatin loading was
independently associated with a decreased risk for CIN (odds ratio,
0.64; 95% confidence interval, 0.43-0.95, p=0.026) (Table 2). The
independent predictors of CIN included low EF, diabetes, age, and a
decreased baseline eGFR.

The benefit of rosuvastatin loading therapy was not different
according to age, gender, EF, or hemoglobin level. However, the effect
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Fig. 2. Incidence of an additional endpoint according to treatment group.

Table 2. Predictive factors for contrast-induced nephropathy after percutaneous coronary intervention according to a multivariate analysis

Variables Odds ratio 95% confidence interval p

Ejection fraction <50% 231 1.47-3.63 <0.001
Diabetes 1.76 1.15-2.69 0.009
Baseline eGFR <60 mL/min/1.73 m? 230 1.29-4.13 0.005
Rosuvastatin loading 0.64 0.43-0.95 0.026
Baseline hsCRP >3mg/L 1.79 1.07-3.00 0.027
Age >65 years 1.63 1.02-2.59 0.040
MI presentation 1.22 0.78-1.90 0.391
Hemoglobin <12.0 g/dL 1.14 0.73-1.77 0.556
Contrast dose >200 mL 1.07 0.72-1.60 0.731

The median value for continuous variables was used as a cut-off point to define the two subgroups in the logistic regression analysis. eGFR: estimated glo-
merular filtration rate, hsCRP: high-sensitivity C-reactive protein, MI: myocardial infarction

of rosuvastatin on preventing CIN was augmented in the subgroups
of patients with diabetes, high contrast doses, multivessel stents,
high baseline hsCRP levels, and myocardial infarction. In contrast,
the effect of the statin was attenuated in the subgroup with a low
baseline eGFR (Fig. 3).

Discussion

We demonstrated that rosuvastatin loading before PCl was asso-
ciated with a significantly lower incidence of CIN in patients with
ACS. This result is of clinical significance because CIN is an indepen-
dent risk for adverse short- and long-term outcomes.

The benefits of statins in cardiovascular diseases can be explained
not only by their lipid-lowering potential but also by non-lipid-re-
lated mechanisms or so-called pleiotropic effects.? The pleiotropic
effects encompass non-lipid-related mechanisms that modify en-
dothelial function, inflammatory responses, and thrombus forma-
tion.? Given their pleiotropic effects, statins could reduce acute iat-
rogenic renal injury, following iodinated contrast medium admi-
nistration.” However, the results of studies and meta-analyses of

http://dx.doi.org/10.4070/kc}.2014.44.5.301

short-term high-dose statin administration before contrast injec-
tion have been disappointing.”"o™

Although the pathogenesis of CIN is unclear, inflammation plays
an important role. In our results, the incidence of CIN increased
strikingly with increasing baseline hsCRP level. Therefore, a potent
statin with potent anti-inflammatory effects may be more benefi-
cial than one with less potent anti-inflammatory effects. However,
the results of lipophilic statin use on preventing CIN are inconsis-
tent. Xinwei et al."? reported that high-dose simvastatin (80 mg)
was more effective than low-dose simvastatin (20 mg) in protect-
ing against renal dysfunction after PCI. Similarly, Quintavalle et al.”
reported that high-dose atorvastatin (80 mg) administered within
24 hours before contrast injection was effective for reducing the in-
cidence of CIN. However, other studies using simvastatin and atorv-
astatin failed to demonstrate a beneficial effect on preventing CIN.#™

Two prospective trials showed the protective effects of rosuvas-
tatin on CIN. Leoncini et al." reported that high-dose rosuvastatin
(40 mg) administered before PCl prevented CIN in patients with
|.15]

non-ST-segment elevation ACS. Han et al.™ also reported that a
5-day rosuvastatin treatment significantly reduced the risk of CIN

www.e-kcj.org
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Control (n/N)  Statin (n/N) OR 95% CI OR 95% CI p

Diabetes (+) 23/120 25/118 —— 1.13 (0.60, 2.14) 0.698
Diabetes (-) 55/296 30/290 —— 151(0.31,0.82) 0.005
High contrast dose 41/185 14/160 ————l— 0.34 (0.18, 0.64) 0.001
Low contrast dose 37/231 41/248 R 1.04 (0.64, 1.69) 0.879
Multi-vessel stent 25/114 12/109 0.44(0.12,0.93) 0.031
Single vessel stent 53/302 43/299 —— 0.79 (0.51, 1.22) 0.290
hsCRP <1.0 mg/L 12/132 18/149 —— 1.37 (0.64, 2.97) 0.419
hsCRP 1.0-3.0 mg/L 26/93 13/110 0.42 (0.20,0.87) 0.019
hsCRP >3.0 mg/L 39/149 20/124 — 0.54 (0.29, 0.99) 0.046
MI presentation 31/175 171 —— 0.41(0.22,0.76) 0.005
UAP presentation 471241 38/197 —— 099 (0.61, 1.59) 0986
eGFR 30-60 11/68 12/59 b 1.32 (0.54,3.27) 0.544
eGFR 61-90 27/198 14/193 i 0.50 (0.25,0.98) 0.042
eGFR >90 37/138 25/143 — 0.58 (0.33, 1.03) 0061

: : : : :

0.2 03 0.5 1 2 5

Rosuvastatin better

Control better

Fig. 3. Odds ratios (OR) for the occurrence of contrast-induced nephropathy in specific risk subgroups. Cl: confidence interval, hsCRP: high-sensitivity C-
reactive protein, MI: myocardial infarction, UAP: unstable angina pectoris, eGFR: estimated glomerular filtration rate.

in patients with diabetes and chronic kidney disease undergoing
contrast medium injection. Our results confirm and extend these data
on the beneficial effect of rosuvastatin.

Rosuvastatin is a potent hydrophilic statin with acute pleiotrophic
effects.'® Rosuvastatin loading therapy before PCl shows several
beneficial effects, including reduced periprocedural myonecrosis,
improved clinical outcome, and reduced infarct size.””'® This statin
also has beneficial clinical effects in patients with eGFR <60 mL/
min/1.73 m2% Short-term treatment with rosuvastatin may im-
prove eGFR, independent of lipid changes, suggesting a pleiotropic
mechanism of action that provides beneficial renal effects.?” Fur-
thermore, rosuvastatin has particularly potent inhibitory activity
against 3-hydroxy-3-methylglutaryl-coenzyme A reductase, reduc-
ing renal tubular protein reabsorption and preventing lipid accumu-

2 |n the present study, high-dose rosuvas-

lation in renal tubules.
tatin loading reduced the incidence of CIN by 36%, with an absolute
reduction of 5.3%. However, the effect of the statin was attenuated
in the subgroup with a low baseline eGFR, particularly in patients
with eGFR <60 mL/min/1.73 m” who showed poorer outcomes than
those with a higher eGFR. Therefore, use of high-dose rosuvastatin
in patients with chronic kidney disease should be considered.

In our results, the benefit of a statin on CIN prevention was dis-
tinct in patients with evidence of high inflammatory status such as
myocardial infarction or high baseline hsCRP levels. Statins decrease
the inflammatory response during PCl, as reflected by decreased
hsCRP levels."*” As inflammation is a pathogenic factor of kidney
injury, decreasing systemic inflammation and hsCRP levels might

www.e-kgej.org

be part of the mechanism explaining the reduced CIN incidence af-
ter rosuvastatin loading. However, we could not conclude this be-
cause hsCRP was not measured serially after PCI. Further study is
needed to clarify the mechanism.

Our study had several limitations. This study was not randomized,
and the sample size was small. We may have underestimated the in-
cidence of CIN because we did not check routine serum creatinine
72 hours after PCl. Moreover, routine hydration could not be carried
out. These discrepancies should be considered in future investiga-
tions. We did not address other important variables related to CIN,
such as hydration volume, urine output, hemodynamic parameters,
and nephrotoxic medications. This is a major limitation of our study.

In conclusion, high-dose rosuvastatin loading before PCl was
associated with a significantly lower incidence of CIN in patients
with ACS. The protective effect of this statin seems be prominent in
patients with high inflammatory status.
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