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Effect of statins pretreatment on periprocedural myocardial
infarction in patients undergoing percutaneous coronary
intervention: a meta-analysis

FENG ZHANG, LILI DONG & JUNBO GE

Shanghai Institute of Cardiovascular Diseases, Zhongshan Hospital, Fudan University, Shanghai 200032, China

Abstract

Background. Periprocedural myocardial injury remains the most common complication associated with percutaneous coro-
nary intervention (PCI). Previous studies have demonstrated that even a small elevation of cardiac enzymes is associated
with higher risk of mortality during follow-up.

Objective. We performed a meta-analysis based on all currently available randomized controlled trials (RCT) to evaluate
the beneficial effects of hydroxymethylglutaryl-CoA reductase inhibitors (statins) given before PCI on preventing peripro-
cedural myocardial infarction (MI).

Methods. The published literature was scanned by formal searches of electronic databases (PubMed, EMBASE, and the
Cochrane Central Register of Controlled Trials) and conference proceedings up through August 2009. RCT's were eligible
for inclusion if they compared preprocedural statins versus placebo treatment in patients not taking statins previously but
scheduled for PCI and had the data of periprocedural MI reported by the trial investigators.

Results. Prespecified criteria were met by 6 RCTs involving 2,088 patients. During the periprocedural period, 81 of 1,051
patients (7.7%) in the statins pretreatment group developed periprocedural MI, significantly less than 147 of 1,037 (14.2%)
patients assigned to the control group (OR 0.51, 95% CI 0.38-0.67; P < 0.001). During 1-month follow-up, only 4 deaths,
7 non-periprocedural Q-wave MIs, and 4 revascularizations occurred in all 2,088 enrolled patients. The composite of death,
MI, or target vessel revascularization at 1 month, essentially driven by periprocedural MI, was reported in 8.0% in the
statins pretreatment group and 15.3% in the control group (OR 0.48, 95% CI 0.36-0.64; P < 0.001).

Conclusions. This meta-analysis supports the effectiveness of statins pretreatment on reducing the rate of periprocedural
MI in patients undergoing PCI.

Key words: Coronary artery disease, hydroxymethylglutaryl-CoA reductase inhibitor, percutaneous coronary intervention, statins

risk of mortality during follow-up (3). Recently, the

Introduction results of several randomized controlled trials (RCT)

Periprocedural myocardial injury, assessed by eleva-
tion of cardiac biomarkers, remains the most com-
mon complication associated with percutaneous
coronary intervention (PCI) (1). It has been reported
to occur in up to 69% of patients undergoing PCI
(1) and should be labeled as myocardial infarction
(MI) according to the new criteria (2). Although
most patients remain asymptomatic with no changes
in cardiac function, even a small elevation of creatine
kinase (CK)-MB isoenzyme is associated with higher

evaluating the beneficial effects of hydroxymethyl-
glutaryl-CoA reductase inhibitors (statins) given
before coronary intervention on preventing myocar-
dial injury have been reported (4-11). Meta-analyses
of randomized trials have the potential to increase
the power and improve the precision of treatment
effects and safety (12). Therefore, we performed a
meta-analysis based on all currently available RCT's
to confirm the hypothesis that statins may lower the
risk of periprocedural myocardial injury.

Correspondence: Junbo Ge, MD, FESC, FACC, FSCAI, Professor of Medicine/Cardiology, Shanghai Institute of Cardiovascular Diseases, Zhongshan
Hospital, Fudan University, 180 Fenglin Road, Shanghai 200032, China. Fax: +86-21-64223006. E-mail: ge.junbo2@zs-hospital.sh.cn

(Received 2 Fune 2009; accepted 3 November 2009)

ISSN 0785-3890 print/ISSN 1365-2060 online © 2010 Informa UK Ltd.

DOI: 10.3109/07853890903463976



172 E Zhang et al.

Key messages

e Periprocedural myocardial injury, assessed
by elevation of cardiac biomarkers, is asso-
ciated with higher risk of mortality during
follow-up.

e We performed a meta-analysis based on all
currently available randomized controlled
trials to confirm that statins may lower the
risk of periprocedural myocardial injury.

Methods
Data sources and selection criteria

To identify relevant trials, the electronic databases
(PubMed, EMBASE, and the Cochrane Central
Register of Controlled Trials) were searched using
the following key words: randomized trial, statins,
hydroxymethylglutaryl-CoA reductase inhibitor,
pravastatin, atorvastatin, fluvastatin, simvastatin,
lovastatin, cerivastatin, rosuvastatin, percutaneous
coronary intervention, coronary artery disease. In
addition, we scanned conference proceedings from
the American College of Cardiology, American
Heart Association, and European Society of Cardi-
ology. The search was restricted to articles indexed
as a clinical trial involving human subjects. Relevant
reviews and editorials from major medical journals
published within the last year were identified and
assessed for possible information on trials of interest.
Internet-based sources of information on the results
of clinical trials in cardiology were also searched. The
last search was performed in August 2009.

To be selected for this meta-analysis, studies
comparing preprocedural statins versus placebo
treatment in patients undergoing PCI had to be ran-
domized and have their results of periprocedural MI
reported by the trial investigators. All studies meet-
ing the requirements, regardless of the language or
form of publication, were considered to be eligible for
this meta-analysis. When there were multiple reports
from the same trial, we used the most complete and/
or recently reported data. Of the 751 potentially rel-
evant articles initially screened, a total of 10 trials that
compared preprocedural statins therapy with placebo
in patients not taking statins previously but scheduled
for PCI were initially identified (4-11,13,14). Two
studies (10,11) were then excluded because the MI
event was not defined and no data were available on
periprocedural MI. In another two trials (13,14), the
cardiac enzymes were not routinely examined after
the procedure. As the PCl-associated myocardial
injury was mainly diagnosed by the postprocedural
elevation of cardiac biomarkers, no exact data on

Abbreviations

CI confidence interval

CK creatine kinase

MI myocardial infarction

PCI percutaneous coronary intervention
RCT randomized controlled trials

OR odds ratios

TVR target vessel revascularization

ULN upper limit of normal

periprocedural MI were available in these two trials.
Thus, these two studies were also excluded. Finally,
a total of six trials were included in this meta-analysis
(4-9). A flow diagram depicting the overall search
strategy is demonstrated in Figure 1.

Study outcomes and dara abstraction

The primary end-point or outcome was peripro-
cedural MI. Different cardiac markers and values
were used by individual studies to define peripro-
cedural MI: a postprocedural increase of CK-MB
>2 times above the upper limit of normal (ULN)
(4), a CK-MB elevation >5 times ULN alone or
associated with chest pain or ST-segment or T-wave
abnormalities (5), a postprocedural increase of
CK-MB >2 times above the ULN in patients with
normal base-line levels of CK-MB or a subsequent
increase of more than 2-fold in CK-MB from base-
line value in patients with elevated baseline levels of
CK-MB (6,7), and a postprocedural CK-MB eleva-
tion >3 times ULN alone or associated with chest
pain or ST-segment or T-wave abnormalities (8,9).
We accepted these individual protocol definitions of
periprocedural MI and did not attempt to retrospec-
tively recategorize them. Other clinical outcomes of
interest were: 1-month mortality, non-periprocedural
MI, target vessel revascularization (TVR), by-pass
surgery or repeat PCI of the target vessel, and the
composite of death, MI, or TVR.

Two investigators (Z.F., D.L.) independently
performed data abstraction. In addition to pertinent
data on the outcomes of interest, we gathered infor-
mation on trial names, first author, year of publica-
tion, and number of patients enrolled. Disagreements
were resolved by consensus. The main characteristics
of these trials are displayed in Table I.

Statistical analysis

All analyses were performed based on the intention-
to-treat principle. Odds ratios (OR) with 95% con-
fidence intervals (CI) were computed as summary
statistics. The pooled OR was calculated with the
Mantel-Haenszel method for fixed effects and the
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Figure 1. Flow diagram depicting the selection of studies included in the meta-analysis.

DerSimonian and Laird method for random effects
(15,16).To assess heterogeneity across trials, we used
Cochran’s test and means of I? statistic (17). A fun-
nel plot as well as the adjusted rank correlation test,
according to the method of Begg and Mazumdar (18),
was used to assess publication bias with respect to the
primary outcome of interest, periprocedural MI. A
sensitivity analysis was performed by comparing the
treatment effects obtained with each trial removed
consecutively from the analysis with the overall treat-
ment effects. Results were considered statistically
significant at two-sided P < 0.05. Statistical analyses
were performed with the Revman 5 freeware package
program (The Cochrane Collaboration, Oxford,
England) and the Stata version 9 statistical package
(Stata Corp., College Station, Texas, USA).

Results

A total of 6 RCTs were finally included in this meta-
analysis, involving 2,088 patients (1,051 in the statins
pretreatment group and 1,037 in the control group)
(4-9). The study drug was atorvastatin with differ-
ent dose and period before intervention (40 mg/d
starting 7 days before the planned intervention (4),
80 mg loading dose given a mean of 12 h before
coronary angiography with a further 40 mg dose
approximately 2 h before the procedure (6), 80 mg/
day for 2 days prior to the index procedure (8), or
a single 80 mg loading dose within 24 hours (9)) in
four studies. In another trial (7), a single rosuvasta-
tin 40 mg loading was performed for 16 * 5 hours
(range 7-25) prior to the index procedure. And in
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Table I. Characteristics of randomized controlled trials included in the meta-analysis.

Hypercholesterolemia,

Age, mean (SD),

n (%) GPI, 1 (%)

DM, 7 (%)

Male, n (%)

Patients, n

Primary end-point

Control  Statins Control Statins  Control Statins Control Statins Control

Control Statins

Statins

Trial, published date

Author

19 (25) periprocedural

67 (87) 64 (82) 15(19) 21 (27) 32 (42) 32 (41) 12 (16)

65 (10) 64 (10)

77

76

PasceriV, ARMYDA, 2004

myocardial infarction
large non-Q-wave

et al. (4)

Briguori C, ARMYDA, 2004

122 (54)

104 (46)

43 (19) NA NA

57 (25)

194 (86) 197 (88)

63 (7) 62 (9)

225

myocardial infarction

18 (21) 30-day MACE

et al. (5)

Patti G,

67 (79) 25 (29) 28 (33) 27 (31) 28 (33)  v23 (27)

64 (11) 67 (10) 68 (79)

85

86

ARMYDA-ACS, 2007

et al. (6)

Yun KH,

65 (30) NA NA 14 (6) 18 (8)  periprocedural

75 (33)

136 (60) 137 (62)

64 (10) 63 (11)

220

225

ARMYDA-ACS, 2008

myocardial infarction
periprocedural

et al. (7)

Veselka J,

79 (79) 26 (26) 25 (25) 40 (40) 33 (33) 0 (0) 0 (0)

68 (11) 64 (10) 54 (54)

100

100

ARMYDA-ACS, 2009

myocardial infarction

46 (14) periprocedural

et al. (8)

Briguori C, NAPLES II, 2009

43 (13)

121 37) NA NA

266 (78) 263 (80) 130 (39)

330 64 (9) 65 (10)

338

myocardial infarction

et al. (9)

DM = diabetes mellitus; MACE = major adverse cardiac events; GPI = glycoprotein IIb/IIla inhibitor.

the remaining trial (5), the study drug was a mul-
titude of different statins (atorvastatin, pravastatin,
simvastatin, and fluvastatin) at variable doses, given
for variable times before the procedure (between 3
and 31 days) according to the physician’s discretion.
In all studies, patients without contraindications were
pretreated with aspirin (100 mg/d) and clopidogrel
(a loading dose of 300 to 600 mg) or ticlopidine (250
mg twice a day at least 3 days) before the procedure.
All patients continued ticlopidine 250 mg twice a day
or clopidogrel 75 mg/d for at least 1 month (6 months
for patients treated with drug-eluting stents). The use
of platelet IIb/IIIa antagonist was comparable between
patients assigned to either statins pretreatment group
or control group (19% versus 22%, OR 0.81, 95%
CI 0.64-1.03, P = 0.11; P = 0.34 for heterogeneity).
In all trials included, the blood samples were taken
before and at 624 hours after the procedure to assay
CK-MB; additional determinations were performed if
any patient developed postprocedural symptoms sug-
gestive of myocardial ischemia.

During the periprocedural period, 81 of 1,051
patients (7.7%) in the statins pretreatment group
developed periprocedural MI, significantly fewer
than 147 of 1,037 (14.2%) patients assigned to the
control group (OR 0.51, 95% CI 0.38-0.67; P <
0.001) by the fixed-effect model (Figure 2). There
was no significant heterogeneity between trials (P =
0.55). No evidence of publication bias with respect
to periprocedural MI was found using the Begg fun-
nel plot and rank correlation test (P = 0.45). Omis-
sion of individual trials from the analysis did not
have any relevant influence on the overall results.

In contrast, patients pretreated with statins and
placebo did not differ significantly with respect to
other outcomes of interest. Only 4 deaths (1 in the
statins pretreatment group and 3 in the control),
7 non-periprocedural Q-wave MIs (2 in the sta-
tins pretreatment group and 5 in the control), and
4 TVRs (all in the control) occurred in all 2,088
enrolled patients at 30-day follow-up. Thus, the
composite of death, MI, or TVR at 1 month, essen-
tially driven by periprocedural MI, was reported
in 84 patients (8.0%) in the statins pretreatment
group and 159 (15.3%) in the control group (OR
0.48; 95% CI 0.36-0.64; P < 0.001; P = 0.40 for
heterogeneity).

Discussion

The present meta-analysis of RCTs demonstrates
the myocardioprotective effects of preprocedural
statins therapy in patients undergoing PCI. Patients
who received statins pretreatment before interven-
tion had a 49% reduction in the odds of postproce-
dural MI compared with placebo.
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Stud Statins Control Odds Ratio Odds Ratio
y (n/N) (n/N) (95% Cl)

i

ARMYDA 476 1477 —_— 0.25 (0.08, 0.80)
1

Briguori C, et al. 18/226 35/225 —qf— 0.47 (0.26, 0.86)
1

ARMYDA-ACS 4/86 13/85 —-—i— 0.27 (0.08, 0.87)
1

Yun KH, et al. 13/225 21/220 —- 0.58 (0.28, 1.19)
1
1

Veselka J, et al. 10/100 12/100 o 0.81(0.33, 1.98)
1

NAPLES II 32/338 52/330 -'p- 0.56 (0.35, 0.89)
i
1
i

Overall 81/1051 147/1037 !

Fixed Effects é 0.51 (0.38, 0.67)

Random Effects ¢ 0.51 (0.38, 0.68)
H

Test for heterogeneity: chi-squared = 4.01 (d.f. =5)P=0.548 !

Test for overall effect: z=4.67 P <0.001 (fixed effects) i
1
1

T
0.01

Favor statins

1
1 100
Favor control

Figure 2. Odds ratios of periprocedural myocardial infarction associated with statins pretreatment versus placebo in patients undergoing
percutaneous coronary intervention. The size of the data marker is proportional to the weight of the individual studies, measured as the

inverse of the variance in the study by the Mantel-Haenszel procedure.

A number of studies have indicated a correlation
between postprocedural cardiac enzyme elevation
and future major adverse cardiac events (MACE).
Although periprocedural myocardial injury remains
clinically silent in the majority of patients, a com-
parative analysis has demonstrated that the relative
increase in 6-month mortality with each increase
in postprocedural peak CK-MB level is similar for
spontaneous and PCI-related myonecrosis (19).
Likewise, a comprehensive meta-analysis of seven
studies, pooling data from 23,230 patients, showed
a 1.5, 1.8, and 3.1 times higher risk of long-term
mortality for patients with postprocedural CK-MB
elevation of 1-3 times ULN, 3-5 times ULN, and
>5 times ULN, respectively (3). As any increase
of CK-MB above normal limits is associated with
increased risk of long-term mortality, therapies that
decrease the incidence of periprocedural myocardial
injury should beneficially affect clinical outcomes in
these patients.

Several observational studies have shown that
statins administration prior to PCI may be associ-
ated with a significant decrease in periprocedural MI
and a trend toward a reduction in MACE for up to
12 months (20-26). However, the conclusions of
these studies were weakened by the limitations of
non-randomized study designs. Likewise, a previous

meta-analysis was mainly based on non-randomized
studies and failed to include all currently available
randomized trials (27). In contrast, our meta-analysis
of all available RCTs, which has the potential to
increase the power and improve the precision of treat-
ment effects and safety, demonstrated that pretreat-
mentwith statins decreases the incidence of myocardial
injury during coronary intervention compared with
placebo. Indeed, statins significantly reduced release
of all markers of myocardial damage after coronary
intervention, including myoglobin, troponin I, and
CK-MB in those enrolled studies (4-11).

The mechanism underlying the beneficial effects
of statins pretreatment in reducing myonecrosis in
patients undergoing PCI is not well elucidated, but
unlikely attributable to cholesterol-lowering effects
which require a longer duration of treatment (28). In
m-vivo and n-vitro studies, statins have demonstrated
various lipid-independent pleiotropic effects, such as
improvement of endothelial function, vasodilation
of coronary microvessels, and direct antithrombotic
effect (29-31). These effects may start acutely after
drug administration and before their lipid-lowering
effects. In addition, the anti-inflammatory effect of
statins may play an important role in reducing myo-
cardial necrosis, as the benefit seems to be more pro-
nounced in patients with a high C-reactive protein
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level at base-line (7,23).This is further supported by
experimental evidence showing protective activity of
statins on a model of ischemia/reperfusion via effects
on microcirculation and cell adhesion and platelet
function (32,33), and by clinical data indicating that
statins could significantly decrease levels of CRP and
enhance the decline in inflammation (34-37).

A limitation of our meta-analysis is that the
enrolled individual trials varied considerably in study
design, with different durations, doses, and types of
statins used. However, the purpose of our study was
to assess whether statins pretreatment is useful in
preventing periprocedural myocardial injury, but not
to test a predefined dosage of a specific statin, or a
specific delay between statins administration and the
procedure. Additionally, different values of cardiac
enzymes were used to define periprocedural MI in
individual studies because all of these studies were
designed before the publication of the new universal
definition of myocardial infarction (2). We accepted
these individual protocol definitions of periproce-
dural MI and did not attempt to retrospectively
recategorize them. The study follow-up was of rela-
tively short duration and not sufficient to assess the
long-term benefits of statins pretreatment, especially
with respect to the reduction of mortality, because
no data of more than 1 month’s follow-up were
available in all trials included in the present meta-
analysis. By pooling three non-randomized trials,
a previous meta-analysis has suggested that statins
pretreatment before PCI was associated with a trend
toward a reduction in MACE for up to 12 months
(27). Further RCTs with long-term follow-up data
will certainly provide important additional informa-
tion. Another limitation of the present meta-analysis
is that it is not based on individual patient data and
the time-to-event analyses could not be performed.
Finally, this meta-analysis is based only on six trials,
and therefore the findings should be interpreted with
some caution.

In conclusion, this meta-analysis of RCTs sup-
ports the effectiveness of statins pretreatment on
reducing the rate of periprocedural MI in patients
undergoing PCI. Further studies are needed to iden-
tify the optimal statin type, dose, and time of onset
before percutaneous revascularization.
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