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Efficacy of High-Dose Atorvastatin Loading Before
Primary Percutaneous Coronary Intervention in
ST-Segment Elevation Myocardial Infarction
The STATIN STEMI Trial

Jung-Sun Kim, MD, PHD,* Jaedeok Kim, MD,* Donghoon Choi, MD, PHD,*
Chan Joo Lee, MD,* Sang Hak Lee, MD, PHD,* Young-Guk Ko, MD,*
Myeong-Ki Hong, MD, PHD,* Byoung-Keuk Kim, MD, PHD,† Seong Jin Oh, MD,†
Dong Woon Jeon, MD,† Joo-Young Yang, MD, PHD,† Jung Rae Cho, MD,‡
Nam-Ho Lee, MD, PHD,‡ Yun-Hyeong Cho, MD,§ Deok-Kyu Cho, MD,§
Yangsoo Jang, MD, PHD*

Seoul, Koyang, and Goyang, Korea

Objectives This study sought to determine the efficacy of high-dose atorvastatin in patients with
ST-segment elevation myocardial infarction (STEMI) undergoing primary percutaneous coronary
intervention (PCI).

Background Previous randomized trials have demonstrated that statin pre-treatment reduced major
adverse cardiac events (MACEs) in patients with stable angina pectoris and acute coronary syndrome.
However, no randomized studies have been carried out with STEMI patients in a primary PCI setting.

Methods A total 171 patients with STEMI were randomized to 80-mg atorvastatin (n ! 86) or
10-mg atorvastatin (n ! 85) arms for pre-treatment before PCI. All patients were prescribed clopi-
dogrel (600 mg) before PCI. After PCI, both groups were treated with atorvastatin (10 mg). The pri-
mary end point was 30-day incidence of MACE including death, nonfatal MI, and target vessel revas-
cularization. Secondary end points included corrected thrombolysis in myocardial infarction frame
count, myocardial blush grade, and ST-segment resolution at 90 min after PCI.

Results MACE occurred in 5 (5.8%) and 9 (10.6%) patients in the 80-mg and 10-mg atorvastatin
pre-treatment arms, respectively (p ! 0.26). Corrected thrombolysis in myocardial infarction frame
count was lower in the 80-mg atorvastatin arm (26.9 " 12.3 vs. 34.1 " 19.0, p ! 0.01). Myocardial
blush grade and ST-segment resolution were also higher in the 80-mg atorvastatin arm (2.2 " 0.8
vs. 1.9 " 0.8, p ! 0.02 and 61.8 " 26.2 vs. 50.6 " 25.8%, p ! 0.01).

Conclusions High-dose atorvastatin pre-treatment before PCI did not show a significant reduction
of MACEs compared with low-dose atorvastatin but did show improved immediate coronary flow
after primary PCI. High-dose atorvastatin may produce an optimal result for STEMI patients undergo-
ing PCI by improving microvascular myocardial perfusion. (Efficacy of High-Dose AtorvaSTATIN Load-
ing Before Primary Percutaneous Coronary Intervention in ST-Elevation Myocardial Infarction [STATIN
STEMI]; NCT00808717). (J Am Coll Cardiol Intv 2010;3:332–9) © 2010 by the American College of
Cardiology Foundation
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The beneficial effect of high loading dose of rosuvastatin before
percutaneous coronary intervention in patients

with acute coronary syndrome!
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Abstract

Background: Statin therapy prior to percutaneous coronary intervention (PCI) is associated with reduced mortality and periprocedural
myocardial injury after PCI. We studied whether single high dose statin loading is beneficial on the outcome of patients with acute coronary
syndrome (ACS) underwent PCI.
Methods: Consecutive 445 patients with ACS who underwent PCI were randomly assigned to either the group of no statin treatment before
PCI (Control group: n=220, 63±11 years, male 62%) or the group of 40 mg rosuvastatin loading before PCI (Rosuvastatin group: n=225,
64±10 years, male 60%). Incidence of periprocedural myocardial injury was assessed by analysis of creatinine kinase-MB (CK-MB) and
cardiac troponin T before PCI, at 6 h and the next morning after PCI.
Result: There were no significant differences in clinical characteristics between the two groups. After PCI, incidence of periprocedural
myocardial injury was higher in control than in rosuvastatin group (11.4% versus 5.8%, p=0.035). Mean preprocedural CK-MB and high
sensitivity C-reactive protein were similar between the two groups, whereas after PCI, peak values of both markers were elevated
significantly higher in control than in rosuvastatin group. Multivariate analysis revealed that no prior use of statin (OR=2.2; 95% CI=1.1–
4.6; p=0.029), procedural complication (OR=3.1; 95% CI=1.4–6.9; p=0.007) and multi-vessel disease (OR=2.6; 95% CI=1.0–6.6;
p=0.039) were the independent predictors for periprocedural myocardial infarction.
Conclusion: Single high dose of rosuvastatin prior to PCI reduces periprocedural myocardial injury in patients with ACS.
© 2008 Elsevier Ireland Ltd. All rights reserved.

Keywords: Angioplasty; Myocardial infarction; Stent; Statins; Complication

1. Introduction

The role of statins in patients undergoing percutaneous
coronary intervention (PCI) has been clarified. Some reports
suggested that statin therapy prior to PCI is associated with

reduced mortality and the reduction of periprocedural myo-
cardial injury after PCI in patients with or without acute
myocardial infarction (MI) [1–3]. Moreover, recently reported
ARMYDA (Atorvartatin for Reduction of MYocardial Da-
mage during Angioplasty) trial showed that pretreatment with
atorvastatin 40 mg/day before PCI in angina patients was as-
sociated with 81% risk reduction of periprocedural MI [4].

However, most of these studies were retrospective ana-
lysis of patients who underwent chronic statin administration.
In real clinical situation, most patients have not been pre-
scribed statins before PCI, especially in emergency setting.

International Journal of Cardiology 137 (2009) 246–251
www.elsevier.com/locate/ijcard
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EDITORIAL COMMENT

Recapturing the Magic
Revisiting the Pleiotropic Effects of
Statins in Percutaneous Coronary
Revascularization*

Stephen G. Ellis, MD, Saif Anwaruddin, MD

Cleveland, Ohio

Attenuation of injury and inflammation associated with
percutaneous coronary intervention (PCI) is an important
concept in cardiovascular medicine. Vascular injury and
inflammation occurring in the context of PCI leading to
periprocedural infarction is likely the result of either jailing
of side-branch vessels or embolization of particulate matter
into the microcirculation. Numerous studies have demon-
strated an association between elevated inflammatory states
and adverse events following PCI (1,2). It is perhaps no
surprise, then, that attempts to suppress inflammation have
led to favorable outcomes (3). One might ponder why
treatments focusing on this idea have not more quickly
gained traction.

See page 558

The 3-hydroxy-3-methylglutaryl-coenzyme A reductase
inhibitors (statins) were shown to reduce infarct size in
numerous animal models of both coronary and cerebral
ischemia in the early to mid-1990s. In the context of PCI,
these were followed by observational studies published in
the earlier part of this decade suggesting both a reduction in
periprocedural myocardial infarction (4) and a survival
benefit (5,6). Di Sciascio et al. (7,8) followed with random-
ized trials confirming a reduction in periprocedural myocar-
dial infarction for patients both with stable and unstable
angina.

The premise for the acute benefit of statin therapy
initiated shortly before PCI is based primarily on effects
independent of lipid lowering. Statins alter numerous path-
ways involved in injury and inflammation including those
affecting cytokine production and adhesion molecule ex-
pression (9,10). Lipid-lowering independent effects of statin
therapy, or pleiotropic effects, have gained increasing atten-

tion given potential benefits of statins on endothelial func-
tion, heart failure, and Alzheimer’s disease.

Although the pleiotropic effects of statins are often
defined as any lipid-lowering independent effects of statins,
we will address these effects specifically as those leading to
a reduction in isoprenoid (farnesyl pyrophosphate and
geranyl-geranyl pyrophosphate) formation by inhibiting the
metabolism of mevalonic acid into cholesterol. The binding
of isoprenoids to G proteins such as Rho and Ras leads to
activation of nuclear transcription factors involved in pro-
inflammatory actions and in the down-regulation of endo-
thelial nitric oxide synthetase. The importance of this
pathway is confirmed by the abrogation of infarct size
reduction by N!-nitro-L-arginine methylester (11). Statins
attenuate reperfusion injury via their effect on the phos-
phatidyl inositol 3-kinase (PI3K) and the serine/threonine
kinase (Akt) pathway (12,13). The Akt pathway is inhibited
by the actions of the G protein Rho-A. Protection from
reperfusion-induced cell death is blocked by the PI3K
inhibitor wortmannin (14).

However advantageous the pleiotropic effects of statin
therapy may be, it has been suggested that over the long
term, there is an attenuation of these benefits, particularly
those associated with the PI3K/Akt pathway (15). It is
believed that the antiapoptotic effects of the PI3K/Akt
cascade can be oncogenic (16) and are inhibited by the
effects of phosphatase and tensin homolog deleted on
chromosome 10 (PTEN). Mensah et al. (17) previously
demonstrated in an animal model that cardioprotection
against ischemia/reperfusion injury with atorvastatin was
lost over a period of time and was likely mediated by
increasing PTEN activity. Furthermore, they suggested that
this benefit could be “recaptured” by the dosing of high
levels of atorvastatin acutely. The accompanying editorial
(18) called upon future clinical studies to determine whether
this idea of acute statin treatment on top of chronic therapy
would be clinically meaningful.

The investigators of the ARMYDA-RECAPTURE
(Atorvastatin for Reduction of Myocardial Damage During
Angioplasty) trial have previously addressed the issue of
periprocedural benefits of statin use in both patients with
chronic stable angina and with non–ST-segment elevation
acute coronary syndrome. In this 383-patient study by Di
Sciascio et al. (19) appearing in this issue of the Journal, the
authors test the hypothesis of whether acute reloading of
atorvastatin in those chronically on statin therapy would
improve cardioprotection in the setting of PCI. An acute
load of 80 mg of atorvastatin 12 h before angiography and
40 mg in the 2 h before the procedure versus placebo
resulted in a reduction in major adverse cardiac events at 30
days (3.7% vs. 9.4%, p ! 0.037) that was primarily driven by
a reduction in periprocedural myocardial infarction. Al-
though no mortality benefit was observed in this study, it
was possibly due to the combination of a small study
population and short follow-up period. Many of the studies

*Editorials published in the Journal of the American College of Cardiology reflect the
views of the authors and do not necessarily represent the views of JACC or the
American College of Cardiology.

From the Section of Interventional Cardiology, Department of Cardiovascular
Medicine, Cleveland Clinic, Cleveland, Ohio.
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© 2009 by the American College of Cardiology Foundation ISSN 0735-1097/09/$36.00
Published by Elsevier Inc. doi:10.1016/j.jacc.2009.04.070
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of cardiac-biomarker elevations after PCI, and 
these studies have been systematically reviewed 
in a previous publication.2 The general conclu-
sion from the retrospective analyses was that a 
CK-MB elevation higher than 5 times the upper 
limit of normal was independently associated with 

an increased risk of in-hospital adverse cardiac 
events, whereas lower levels did not appear to 
influence in-hospital outcomes significantly (Ta-
ble 2).21,26,40-43 Data indicating a relationship be-
tween the CK-MB level and long-term survival were 
less consistent. The results of several studies sug-

Figure!1.!Mechanisms!Underlying!Periprocedural!Myocardial!Infarction.

Cardiac-biomarker elevation before percutaneous coronary intervention (PCI) is primarily due to spontaneous rupture of vulnerable 
plaques, epicardial thrombosis, and subsequent myocardial injury. In the absence of abrupt, PCI-related epicardial-artery closure, peri-
procedural myocardial infarction is related to either side-branch occlusion or iatrogenic plaque rupture by balloons and stents, which 
promotes microvascular injury owing to distal embolization, the release of vasoactive peptides, or both.

The New England Journal of Medicine 
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Myocardial Infarction Due to Percutaneous 
Coronary Intervention

Abhiram Prasad, M.D., and Joerg Herrmann, M.D.
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Approximately 1.5 million patients undergo percutaneous coro-
nary intervention (PCI) in the United States every year.1 Depending on local 
practices and the diagnostic criteria used, 5 to 30% of these patients (75,000 

to 450,000) have evidence of a periprocedural myocardial infarction.2,3 At the higher 
estimate, the incidence of these events is similar to the annual rate of major spon-
taneous myocardial infarction.1 Thus, many cardiologists and internists are likely 
to encounter patients with coronary artery disease who have sustained a periproce-
dural myocardial infarction. However, the clinical significance of these events and 
their management remain a matter of considerable controversy and uncertainty 
(Table 1).4-6 Questions that often arise include the following: Do we need to routinely 
screen patients for periprocedural myocardial infarction? Which patients should be 
observed in the hospital for a prolonged period after periprocedural myocardial 
infarction? What are the therapeutic implications, and what should we tell patients 
who sustained a periprocedural myocardial infarction despite an otherwise suc-
cessful procedure? Is a periprocedural myocardial infarction prognostically equiva-
lent to a spontaneous myocardial infarction? Is periprocedural myocardial infarc-
tion a valid end point in clinical trials? The aim of this review is to address these 
questions and to provide a current perspective on this issue.

Defini tions a nd Pr edic t or s of PCI-R el ated 
M yonecrosis

Current PCI guidelines give a class I recommendation for the measurement of car-
diac biomarkers (the MB fraction of creatine kinase [CK-MB], cardiac troponin, or 
both) in patients who have signs or symptoms suggestive of myocardial infarction 
during or after PCI and for those who have undergone complicated procedures.7 In 
addition, a class IIa recommendation is given for routine measurements of cardiac 
biomarkers 8 to 12 hours after the procedure. In either case, “a new CK-MB or tro-
ponin I or T rise greater than 5 times the upper limit of normal would constitute a 
clinically significant periprocedural MI [myocardial infarction].”7 The more recent 
consensus document on the universal definition of myocardial infarction specifi-
cally classifies cardiac-biomarker levels that are more than 3 times the upper refer-
ence limit as indicative of a periprocedural myocardial infarction and recommends 
measurement of cardiac troponin as the preferred biomarker.8 Given the availabil-
ity of high-sensitivity cardiac troponin assays, this guideline establishes the thresh-
old for a diagnosis of periprocedural myocardial infarction at very low levels of 
myonecrosis.

The predictors of periprocedural myocardial infarction can be broadly catego-
rized as patient-, lesion-, and procedure-related risk factors.2 The major risk factors, 
in terms of both frequency and potency, are complex lesions (e.g., the presence of 
thrombus, stenosis of a saphenous-vein graft, or a type C lesion), complex procedures 
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Downloaded from nejm.org at ASL CONSORTIA ITALY on February 10, 2011. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 

© 2011, Francesco Abbadessa



!"#$%&'(")* +4*5&/6&.'78,'7998%

a;+'+%0,%*C''+)#3J%)"%,"30!%,*0+)#0b*%
.(,0,%T"'%!+b)0)B%(%.0"?('c+'%
#;'+,;"3!%T"'%#;+%!0(B)",0,%"T%2+'0G
2'"*+!C'(3%?J"*('!0(3%0)T('*#0")$%
I+)!0)B%TC'#;+'%!(#(<%()!%.J%('.0#'('J%
*")5+)#0")<%0#%0,%,CBB+,#+!%#"%!+,0B)(#+%
0)*'+(,+,%/*.&'"2#%'"2.&&'"$/&!'#;+%
WW#;%2+'*+)#03+%4de%(,%:;<=.&)#"&('
/>*0#.($#)'$%?#.0"$*%'V#J2+%Y(X$%

@.*-*%$%'

occlusion, the sensitivity of the myocytes to ischemia, pre-
conditioning, and/or, finally, individual demand for myocar-
dial oxygen and nutrients. Myocardial infarctions are usually
classified by size: microscopic (focal necrosis), small [!10%
of the left ventricular (LV) myocardium], moderate (10–30%
of the LV myocardium), and large ("30% of the LV
myocardium), and by location. The pathological identifica-
tion of myocardial necrosis is made without reference to
morphological changes in the coronary arterial tree or to the
clinical history.1

Myocardial infarction can be defined pathologically as
acute, healing, or healed. Acute myocardial infarction is
characterized by the presence of polymorphonuclear leuko-
cytes. If the time interval between the onset of the infarction
and death is quite brief, e.g. 6 h, minimal or no poly-
morphonuclear leukocytes may be seen. The presence of
mononuclear cells and fibroblasts, and the absence of poly-
morphonuclear leukocytes characterize healing infarction.
Healed infarction is manifested as scar tissue without cellular
infiltration. The entire process leading to a healed infarction
usually takes at least 5–6 weeks. Reperfusion may alter the
macroscopic and microscopic appearance of the necrotic zone
by producing myocytes with contraction bands and large
quantities of extravasated erythrocytes. Myocardial infarc-
tions can be classified temporally from clinical and other
features, as well as according to the pathological appearance,
as evolving (!6 h), acute (6 h–7 days), healing (7–28 days),
and healed (29 days and beyond). It should be emphasized
that the clinical and electrocardiographic timing of the onset
of an acute infarction may not correspond exactly with the
pathological timing. For example, the ECG may still demon-
strate evolving ST-T changes and cardiac biomarkers may
still be elevated (implying a recent infarct) at a time when
pathologically the infarction is in the healing phase.1

Patients who suffer sudden cardiac death with or without
ECG changes suggestive of ischemia represent a challenging
diagnostic group. Since these individuals die before patho-
logical changes can develop in the myocardium, it is difficult
to say with certainty whether these patients succumbed to a
myocardial infarction or to an ischemic event that led to a
fatal arrhythmia. The mode of death in these cases is sudden,
but the etiology remains uncertain unless the individual
reported previous symptoms of ischemic heart disease prior
to the cardiac arrest. Some patients with or without a history
of coronary disease may develop clinical evidence of ische-
mia, including prolonged and profound chest pain, diaphore-
sis and/or shortness of breath, and sudden collapse. These
individuals may die before blood samples for biomarkers can
be obtained, or these individuals may be in the lag phase
before cardiac biomarkers can be identified in the blood.
These patients may have suffered an evolving, fatal, acute
myocardial infarction. If these patients present with presum-
ably new ECG changes, for example ST elevation, and often
with symptoms of ischemia, they should be classified as
having had a fatal myocardial infarction even if cardiac
biomarker evidence of infarction is lacking. Also, patients
with evidence of fresh thrombus by coronary angiography (if
performed) and/or at autopsy should be classified as having
undergone sudden death as a result of myocardial infarction.

Clinical Classification of
Myocardial Infarction

Clinically the various types of myocardial infarction can be
classified as shown in Table 1.

On occasion, patients may manifest more than one type of
myocardial infarction simultaneously or sequentially. It
should also be noted that the term myocardial infarction does
not include myocardial cell death associated with mechanical
injury from coronary artery bypass grafting (CABG), for
example ventricular venting, or manipulation of the heart; nor
does it include myocardial necrosis due to miscellaneous
causes, e.g. renal failure, heart failure, cardioversion, electro-
physiological ablation, sepsis, myocarditis, cardiac toxins, or
infiltrative diseases.

Biomarker Evaluation
Myocardial cell death can be recognized by the appearance in
the blood of different proteins released into the circulation
from the damaged myocytes: myoglobin, cardiac troponin T
and I, CK, LDH, as well as many others.3 Myocardial
infarction is diagnosed when blood levels of sensitive and
specific biomarkers such as cardiac troponin or CKMB are
increased in the clinical setting of acute myocardial ische-
mia.1 Although elevations in these biomarkers reflect myo-
cardial necrosis, they do not indicate its mechanism.3,4 Thus,
an elevated value of cardiac troponin in the absence of
clinical evidence of ischemia should prompt a search for
other etiologies of myocardial necrosis, such as myocarditis,
aortic dissection, pulmonary embolism, congestive heart fail-
ure, renal failure, and other examples indicated in Table 2.

The preferred biomarker for myocardial necrosis is cardiac
troponin (I or T), which has nearly absolute myocardial tissue
specificity as well as high clinical sensitivity, thereby reflect-
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CLINICAL RESEARCH Interventional Cardiology

With the “Universal Definition,” Measurement
of Creatine Kinase-Myocardial Band Rather
Than Troponin Allows More Accurate Diagnosis
of Periprocedural Necrosis and Infarction
After Coronary Intervention

Chris C. S. Lim, MBBS,*†‡ William J. van Gaal, MBBS, MSC, MD,†‡ Luca Testa, MD,!
Florim Cuculi, MD,* Jayanth R. Arnold, MD,* Theodoros Karamitsos, MD,¶
Jane M. Francis, DCR(R), DNM,¶ Steffen E. Petersen, MD,* Janet E. Digby, PHD,*
Stephen Westaby, PHD,* Charalambos Antoniades, MD, PHD,* Rajesh K. Kharbanda, PHD,*
Louise M. Burrell, MD,‡§ Stefan Neubauer, MD,¶ Adrian P. Banning, MD*

Oxford, United Kingdom; Victoria, Australia; and Milan, Italy

Objectives We aimed to assess the differential implications of creatine kinase-myocardial band (CK-MB) and troponin mea-
surement with the universal definition of periprocedural injury after percutaneous coronary intervention.

Background Differentiation between definitions of periprocedural necrosis and periprocedural infarction has practical, socio-
logical, and research implications. Troponin is the recommended biomarker, but there has been debate about
the recommended diagnostic thresholds.

Methods Thirty-two patients undergoing multivessel percutaneous coronary intervention and late gadolinium enhance-
ment (LGE) cardiac magnetic resonance (CMR) imaging in a prospective study had cardiac troponin I, CK-MB,
and inflammatory markers (C-reactive protein, serum amyloid A, myeloperoxidase, tumor necrosis factor alpha)
measured at baseline, 1 h, 6 h, 12 h, and 24 h after the procedure. Three “periprocedural injury” groups were
defined with the universal definition: G1: no injury (biomarker !99th percentile); G2: periprocedural necrosis
(1 to 3 " 99th percentile); G3: myocardial infarction (MI) type 4a (#3 " 99th percentile). Differences in inflam-
matory profiles were analyzed.

Results With CK-MB there were 17, 10, and 5 patients in groups 1, 2, and 3, respectively. Patients with CK-MB–defined
MI type 4a closely approximated patients with new CMR-LGE injury. Groups defined with CK-MB showed progres-
sively increasing percentage change in C-reactive protein and serum amyloid A, reflecting increasing inflamma-
tory response (p ! 0.05). Using cardiac troponin I resulted in 26 patients defined as MI type 4a, but only a small
minority had evidence of abnormality on CMR-LGE, and only 3 patients were defined as necrosis. No differences
in inflammatory response were evident when groups were defined with troponin.

Conclusions Measuring CK-MB is more clinically relevant for diagnosing MI type 4a, when applying the universal definition.
Current troponin thresholds are oversensitive with the arbitrary limit of 3 " 99th percentile failing to discrimi-
nate between periprocedural necrosis and MI type 4a. (Myocardial Injury following Coronary Artery bypass Sur-
gery versus Angioplasty: a randomised controlled trial using biochemical markers and cardiovascular magnetic
resonance imaging; ISRCTN25699844) (J Am Coll Cardiol 2011;57:653–61) © 2011 by the American College
of Cardiology Foundation

From the *Oxford Heart Centre, John Radcliffe Hospital, Oxford, United Kingdom;
†Department of Cardiology, The Northern Hospital, Victoria, Australia; ‡Depart-
ment of Medicine, University of Melbourne, Victoria, Australia; §Departments of
Medicine and Cardiology, Austin Health, Victoria, Australia; !Department of
Interventional Cardiology, Sant’Ambrogio Clinical Institute, Milan, Italy; and the

¶University of Oxford Centre for Clinical Magnetic Resonance Research, Depart-
ment of Cardiovascular Medicine, John Radcliffe Hospital, Oxford, United Kingdom.
This work was partially supported by an unrestricted research donation from Boston
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A
pproximately 1.5 million patients undergo percutaneous coro-

nary 
interv

ention (PCI) in
 the United Sta

tes e
very

 yea
r.1  Depending on local 

pract
ices

 and the diagnostic 
crite

ria u
sed, 5 t

o 30% of these p
atien

ts (7
5,000 

to 4
50,0

00) 
have 

evid
ence o

f a p
erip

rocedu
ral m

yocard
ial i

nfarc
tion

.2,3  At the higher 

estim
ate, 

the in
cidence o

f these 
even

ts is
 sim

ilar 
to the an

nual ra
te o

f major sp
on-

taneous m
yocard

ial i
nfarc

tion.1  Thus, m
any ca

rdiologists 
and intern

ists 
are 

likel
y 

to encounter p
atien

ts w
ith coronary a

rter
y disea

se w
ho have 

sustain
ed a perip

roce-

dural m
yocard

ial i
nfarc

tion. However
, the cli

nical 
significa

nce o
f these 

even
ts an

d 

their m
anagement rem

ain a m
atte

r of co
nsiderab

le co
ntrovers

y an
d uncert

ainty 

(Table
 1).

4-6  Quest
ions th

at of
ten aris

e includ
e th

e fol
lowing: D

o we need 
to ro

utin
ely 

scre
en patien

ts fo
r perip

rocedural m
yocard

ial i
nfarc

tion? Which patien
ts sh

ould be 

observ
ed in the hospital 

for a 
prolonged perio

d aft
er p

erip
rocedural m

yocard
ial 

infarc
tion? What ar

e th
e th

erap
eutic i

mplicat
ions, an

d what sh
ould we tel

l patien
ts 

who sustain
ed a p

erip
rocedural m

yocard
ial i

nfarc
tion despite a

n otherw
ise s

uc-

cess
ful procedure? I

s a p
erip

rocedural m
yocard

ial i
nfarc

tion prognostica
lly e

quiva-

lent to a sp
ontaneous m

yocard
ial i

nfarc
tion? Is 

perip
rocedural m

yocard
ial i

nfarc
-

tion a va
lid end point in clin

ical 
trial

s? T
he aim

 of this re
view

 is t
o address

 these 

questio
ns an

d to provide a c
urren

t persp
ectiv

e on this is
sue.

Definitions a nd Pr edic t or s of PCI-R el ated 

Myonecrosis

Curren
t PCI guidelin

es g
ive a

 clas
s I r

ecommendatio
n for the m

easu
rem

ent of car
-

diac b
iomarke

rs (t
he M

B frac
tion of cre

atin
e kinase 

[CK-MB], ca
rdiac t

roponin, or 

both) in patien
ts w

ho have 
signs or sym

ptoms su
ggestiv

e of myocard
ial i

nfarc
tion 

during or aft
er P

CI an
d for those w

ho have 
undergone co

mplicat
ed procedures.

7  In 

addition, a c
lass

 IIa 
reco

mmendatio
n is g

iven
 for routine measu

rem
ents of car

diac 

biomarke
rs 8

 to 12 hours af
ter t

he procedure. I
n eith

er ca
se, “

a new CK-MB or tro
-

ponin I or T rise
 great

er th
an 5 ti

mes th
e upper li

mit of normal w
ould constitu

te a 

clin
icall

y sig
nifica

nt perip
rocedural M

I [m
yocard

ial i
nfarc

tion].”
7  The m

ore re
cent 

consensus document on the univers
al d

efin
ition of myocard

ial i
nfarc

tion specif
i-

cally
 clas

sifie
s ca

rdiac-b
iomarke

r lev
els t

hat ar
e more th

an 3 ti
mes th

e upper re
fer-

ence li
mit as

 indicati
ve o

f a p
erip

rocedural m
yocard

ial i
nfarc

tion and reco
mmends 

measu
rem

ent of car
diac t

roponin as t
he prefe

rred
 biomarke

r.8  Given
 the av

ailab
il-

ity o
f high-sen

sitiv
ity c

ardiac t
roponin assa

ys, t
his guidelin

e est
ablishes th

e th
resh

-

old for a 
diagnosis o

f perip
rocedural m

yocard
ial i

nfarc
tion at 

very
 low leve

ls o
f 

myonecro
sis.

The predictors o
f perip

rocedural m
yocard

ial i
nfarc

tion can
 be broadly ca

tego-

rized
 as p

atien
t-, le

sion
-, an

d procedu
re-re

lated
 risk

 fact
ors.

2  The m
ajor 

risk 
facto

rs, 

in term
s of both freq

uency a
nd potency, a

re co
mplex l

esio
ns (e.

g., t
he prese

nce o
f 

throm
bus,

 sten
osis 

of a 
saph

enous-
vein

 graft,
 or a

 typ
e C lesi

on), 
com

plex
 pro

cedures 
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Treatment Strategy to Stabilize Patients 
with Acute Coronary Syndrome

PCI - stent
!Culprit / culprits

Intensive statin
!Vulnerable, stable
!Time to benefit

!weeks
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with Acute Coronary Syndrome

PCI - stent
!Culprit / culprits

Intensive statin
!Vulnerable, stable
!Time to benefit

!weeks
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ACS, acute coronary syndrome. 
Rioufol G, et al. Circulation 2002;106:804-808. (with permission) 
 

Frequency of multiple active plaque ruptures beyond the culprit lesion 
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The advent of the cell biological era of 
atherosclerosis supplanted the simplistic 
concept of the atheroma as a passive 
deposition of lipid debris on the artery wall. 
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STATE-OF-THE-ART PAPER

Inflammation in Atherosclerosis
From Pathophysiology to Practice

Peter Libby, MD,* Paul M Ridker, MD, MPH,*† Göran K. Hansson, MD, PHD,‡
for the Leducq Transatlantic Network on Atherothrombosis

Boston, Massachusetts; and Stockholm, Sweden

Until recently, most envisaged atherosclerosis as a bland arterial collection of cholesterol, complicated by smooth
muscle cell accumulation. According to that concept, endothelial denuding injury led to platelet aggregation and re-
lease of platelet factors which would trigger the proliferation of smooth muscle cells in the arterial intima. These cells
would then elaborate an extracellular matrix that would entrap lipoproteins, forming the nidus of the atherosclerotic
plaque. Beyond the vascular smooth muscle cells long recognized in atherosclerotic lesions, subsequent investiga-
tions identified immune cells and mediators at work in atheromata, implicating inflammation in this disease. Multiple
independent pathways of evidence now pinpoint inflammation as a key regulatory process that links multiple risk
factors for atherosclerosis and its complications with altered arterial biology. Knowledge has burgeoned regarding the
operation of both innate and adaptive arms of immunity in atherogenesis, their interplay, and the balance of stimula-
tory and inhibitory pathways that regulate their participation in atheroma formation and complication. This revolution
in our thinking about the pathophysiology of atherosclerosis has now begun to provide clinical insight and practical
tools that may aid patient management. This review provides an update of the role of inflammation in atherogenesis
and highlights how translation of these advances in basic science promises to change clinical practice. (J Am Coll
Cardiol 2009;54:2129–38) © 2009 by the American College of Cardiology Foundation

Just 3 decades ago the prevailing viewpoint envisaged athero-
sclerosis as a bland proliferative process (1). According to that
concept, endothelial denuding injury led to platelet aggregation
and release of platelet-derived growth factor that would trigger
the proliferation of smooth muscle cells in the arterial intima,
and form the nidus of the atherosclerotic plaque. This cellular
model of atherosclerosis updated Virchow’s concepts of ath-
erosclerosis as a response to injury formulated in the mid-19th

century. The advent of the cell biological era of atherosclerosis
supplanted the simplistic concept of the atheroma as a passive
deposition of lipid debris on the artery wall. Beyond the
vascular smooth muscle cells long recognized in atherosclerotic
lesions, subsequent work identified immune cells and media-
tors at work in atheromata, implicating inflammatory mecha-
nisms in disease development (2). The advent of gene-
targeting technology enabled the testing of the roles of specific
molecules in the development of experimental atherosclerosis
in mice. Such data demonstrated a critical role for hypercho-
lesterolemia and also supported the participation of immune
mechanisms in the pathogenesis of atherosclerosis (3).

Multiple independent pathways of evidence now pinpoint
inflammation as a key regulatory process that links multiple
risk factors for atherosclerosis and its complications with
altered arterial biology. This revolution in our thinking about
the pathophysiology of atherosclerosis has begun to provide
clinical insight and practical tools that may aid patient man-
agement. This review provides an update of the role of
inflammation in atherogenesis and highlights how translation
of these advances in basic science promises to change clinical
practice.

Innate and Adaptive Immunity: Twin Arms of the
Immune Response Involved in Atherosclerosis

Through evolution, the inflammatory response has grown in
complexity and has provided host defenses against infection

From the *Division of Cardiovascular Medicine, Department of Medicine, and the
†Division of Cardiovascular Medicine, Division of Preventive Medicine, Department
of Medicine, Brigham and Women’s Hospital, Harvard Medical School, Boston,
Massachusetts; and the ‡Center for Molecular Medicine, Department of Medicine,
Karolinska University Hospital, Karolinska Institutet, Stockholm, Sweden. This work
was supported by grants from the Fondation Leducq (to Drs. Libby, Ridker, and
Hansson), the Swedish Research Council (to Dr. Hansson), the Swedish Heart-Lung
Foundation (to Dr. Hansson), and the Donald W. Reynolds Foundation (to Drs.
Libby and Ridker). Dr. Libby is an unpaid consultant to AstraZeneca. Dr. Ridker has
received research funding support from multiple not-for-profit entities including the
National Heart, Lung, and Blood Institute, the National Cancer Institute, the
American Heart Association, the Doris Duke Charitable Foundation, the Leducq
Foundation, the Donald W. Reynolds Foundation, and the James and Polly
Annenberg La Vea Charitable Trusts; he has also received investigator-initiated
research support from multiple for-profit entities including AstraZeneca, Novartis,
Pharmacia, Roche, Sanofi-Aventis, and Abbott, as well as nonfinancial research
support from Amgen. In addition, he is listed as a coinventor on patents held by the
Brigham and Women’s Hospital that relate to the use of inflammatory biomarkers in
cardiovascular disease that have been licensed to Siemens and AstraZeneca, and has
served as a research consultant to Schering-Plough, Sanofi-Aventis, AstraZeneca, Isis,
Dade, Merck, Novartis, and Vascular Biogenics.
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Atherosclerosis: traditional model 

Atheroma accumulation leads to luminal narrowing from 
the onset of the disease process 

Gradual luminal narrowing 
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Atherosclerosis is more than 
luminal narrowing 

• 99% of atherosclerotic disease is in vessel wall 

• Does not narrow the lumen 

• Hidden from angiographic view 

Steven Nissen 

European Atherosclerosis Society  april 2004 meeting, Seville, Spain 
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Vulnerable plaque 
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Sviluppo strutturale della placca: 

Rimodellamento 

Seymour Glagov et al, N Engl J Med 1987; 316:1371-5. 

Seymour Glagov 
pathologist 
Chicago 

“Compensatory enlargement of human atherosclerotic coronary artery” 
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Angiographic limits 

Our preoccupation with coronary luminology. 
The dissociation between clinical and angiographic findings 

in ischemic heart disease. 

Eric J. Topol, Steven E.Nissen 

Circulation. 1995; 92:2333-2342. 

•  Luminology:  % diameter stenosis 

•  oculo-stenotic reflex 

•  Coronary cosmetology 
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Valutazione funzionale 
FFR 

NZf%
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Angiographic underestimation of disease 

Steven E. Nissen, MD; Paul Yock, MD.   Circulation. 2001;103:604  
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Anatomical treatment 
in stable obstruttive CAD 

! 1957 - M. Sones: coronary 
angiography 

! 1968 - R. Favaloro: bypass 
surgery 

! 1977 - A. Gruentzig: PTCA 
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Non lipidic 
effects 

Lipidic 
effects 
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Nobel Medicina 1985 

Richard Goldstein and Michael Brown 
14 ottobre 1985, MIT Cambridge, Massachusetts, USA 
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Imaging 
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Basale 

Dopo 18 mesi di 
trattamento 

American Heart Association, Scientific sessions, Orlando; Nov. 2003 
Nissen SE et al. JAMA 2004;291:1071-1080 

Area lume 
9.8 mm2 

Area  EEM 
17.1 mm2 

Area  ateroma 
7.4 mm2 

Area lume 
7.7 mm2 

Area  EEM 
20.7 mm2 

Area  ateroma 
13.0 mm2 

Vena 

collaterale 

Vena 

collaterale 

Reversal trial 
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Nissen, S. E. et al. JAMA 2006;295:1556-1565 

Asteroid trial 
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Table 2 Intravascular ultrasound progression/regression studies

Study Design Year Treatment n FU Primary endpoint Results (mean+++++SD)

Statin trials

GAIN58 RCT 2001 Atorvastatin 48 12 months Plaque volume 2.5+24.9 mm3

Control 51 11.8+31 mm3

ESTABLISH84 RCT 2004 Atorvastatin 24 6 months % Change in plaque volume 13.1+12.8%
Control 24 8.7+14.9%

REVERSAL59 RCT 2004 Atorvastatin 253 18 months % Change in plaque volume 4.1+29.6%
Pravastatin 249 5.4+20.1%

Jensen et al.85 Non-RCT 2004 Simvastatin 40 12 months % Change in plaque volume 6.30%

Petronio et al.86 RCT 2005 Simvastatin 36 12 months Plaque volume 22.5+3.0 mm3/mm
Control 35 1.0+3.0 mm3/mm

Nishioka et al.87 Non-RCT 2004 Pravastatin, atorvastatin, simvastatin, and
fluvastatin

22 6 months Plaque Volume 30.9+15.6 mm3

Control 26 35.5+12.7 mm3

Tani et al.88 RCT 2005 Pravastatin 52 6 months % Change in plaque volume 214.4+23%
Control 23 1.1+4.6%

ASTEROID89 Non-RCT 2006 Rosuvastatin 349 24 months Change in PAV 20.98+3.15%

Takashima et al.90 Non-RCT 2007 Pitavastatin 41 6 months % Change in plaque volume 210.6+9.4%
Control 41 8.1+14.0%

COSMOS91 Non-RCT 2009 Rosuvastatin 126 18 months Change in PAV 25.1+14.1%

JAPAN-ACS92 RCT 2009 Atorvastatin 127 8–12
months

% Change in plaque volume 218.1+14.2%

Pitavastatin 125 216.9+13.9%

Hirayama Non-RCT 2009 Atorvastatin 28 28 weeks % Change in plaque volume 29.4+10.3%
80 weeks 218.9+14.1%

ACAT (acyl-coenzyme A:cholesterol acyltransferase) inhibitor trials

A-PLUS93 RCT 2004 Avasimibe 50 mg 108 24 months Change in PAV 0.7+0.4%
Avasimibe 250 mg 98 0.8+0.4%
Avasimibe 750 mg 117 1.0+0.3%
Placebo 109 0.4+0.4%

ACTIVATE64 RCT 2006 pactimibe 206 18 months Change in PAV 0.69+0.25%
Placebo 202 20.59+0.25%

Increasing high-density lipoprotein therapies

ApoA-I Milano94 RCT 2003 ApoA-I Milano 15 mg/kg 21 5 weeks Change in PAV 21.29+3.5%
ApoA-I Milano 45 mg/kg 15 20.73+2.8%

Placebo 11 0.14+3.09%

ERASE62 RCT 2007 CSL-111 (reconstituted HDL infusion) 89 4 weeks % change in plaque volume 23.41 (IQR, 26.55 to 2.25)
Placebo 47 21.62 (IQR, 25.95 to 1.94)

CART-295 RCT 2008 Succinobucol (AGI-1067) 183 12 months Absolute change in plaque volume 23.4+14.5 mm3

Placebo 49 20.6+13.4 mm3

Other therapies

H
.M
.G

arcia-G
arcia

et
al.
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The most common type 
A.  Rupture-prone 

B.  Ruptured 

C.  Erosion-prone 

D.  Eroded 

E.  Ip-Hemorrhage 

F.  Calcified nodule 

G.  stenotic 
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A bs tr ac t

Background
Atherosclerotic plaques that lead to acute coronary syndromes often occur at sites 
of angiographically mild coronary-artery stenosis. Lesion-related risk factors for 
such events are poorly understood.

Methods
In a prospective study, 697 patients with acute coronary syndromes underwent 
three-vessel coronary angiography and gray-scale and radiofrequency intravascular 
ultrasonographic imaging after percutaneous coronary intervention. Subsequent 
major adverse cardiovascular events (death from cardiac causes, cardiac arrest, 
myocardial infarction, or rehospitalization due to unstable or progressive angina) 
were adjudicated to be related to either originally treated (culprit) lesions or un-
treated (nonculprit) lesions. The median follow-up period was 3.4 years.

Results
The 3-year cumulative rate of major adverse cardiovascular events was 20.4%. Events 
were adjudicated to be related to culprit lesions in 12.9% of patients and to noncul-
prit lesions in 11.6%. Most nonculprit lesions responsible for follow-up events were 
angiographically mild at baseline (mean [±SD] diameter stenosis, 32.3±20.6%). 
However, on multivariate analysis, nonculprit lesions associated with recurrent 
events were more likely than those not associated with recurrent events to be char-
acterized by a plaque burden of 70% or greater (hazard ratio, 5.03; 95% confidence 
interval [CI], 2.51 to 10.11; P<0.001) or a minimal luminal area of 4.0 mm2 or less 
(hazard ratio, 3.21; 95% CI, 1.61 to 6.42; P = 0.001) or to be classified on the basis 
of radiofrequency intravascular ultrasonography as thin-cap fibroatheromas (haz-
ard ratio, 3.35; 95% CI, 1.77 to 6.36; P<0.001).

Conclusions
In patients who presented with an acute coronary syndrome and underwent percu-
taneous coronary intervention, major adverse cardiovascular events occurring dur-
ing follow-up were equally attributable to recurrence at the site of culprit lesions 
and to nonculprit lesions. Although nonculprit lesions that were responsible for 
unanticipated events were frequently angiographically mild, most were thin-cap 
fibroatheromas or were characterized by a large plaque burden, a small luminal area, 
or some combination of these characteristics, as determined by gray-scale and ra-
diofrequency intravascular ultrasonography. (Funded by Abbott Vascular and Volcano; 
ClinicalTrials.gov number, NCT00180466.)

The New England Journal of Medicine 
Downloaded from nejm.org at ASL CONSORTIA ITALY on January 21, 2011. For personal use only. No other uses without permission. 
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ing as on-off switches for a myriad of protein kinases.
Depletion of FPP and GPP leads to aberrations in a variety
of cellular functions and is believed to be an important
mechanism of statin pleiotropicity (13).

The pleiotropic effects of statins are profound. Statins
augment endothelial function (by up-regulating endothelial
nitric oxide synthase), stabilize vulnerable plaque (by de-
creasing matrix metalloproteinase activity), reduce adhesion
molecules (vascular cell adhesion molecule-1, intercellular
adhesion molecule-1, and E-selectin), and decrease circu-
lating biomarkers (e.g., C-reactive protein [CRP]) (13,14).
Therefore, before endothelial injury during coronary proce-
dures, statin treatment likely mitigates the inflammatory

cascade by decreasing vascular reactivity and stabilizing
plaque, both at the site of intervention and at other
“vulnerable” lesions. These biological effects are thought to
be the basis of periprocedural statin myoprotection.

Should statins routinely be implemented in patients
undergoing coronary procedures? The answer appears to be
“yes.” In their analyses of 4,805 patients in this issue of the
Journal, Winchester et al. (15) show that statin treatment
before coronary procedures decreases rates of post-
procedural MI, all-cause mortality, and post-coronary artery
bypass graft atrial fibrillation. Their findings are timely and
highly relevant in the quest to reduce procedural cardiac
complications. However, a number of questions remain.

Figure 1 Biochemical Basis for the Nonlipid Effects of Statins

Nonlipid lowering (pleiotropic) effects of statins may be mediated by Rho and/or Ras proteins,
which are attenuated via inhibition of 3-hydroxy-3-methylglutaryl (HMG) coenzyme A reductase by statin treatment. LDL ! low-density lipoprotein.

1111JACC Vol. 56, No. 14, 2010 Eagle and Chopra
September 28, 2010:1110–2 Statins Before Coronary Procedures
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The Potential Relevance of the Multiple
Lipid-Independent (Pleiotropic) Effects of Statins
in the Management of Acute Coronary Syndromes
Kausik K. Ray, MRCP, MD, Christopher P. Cannon, MD, FACC
Boston, Massachusetts

Emerging data suggest that acute presentations of coronary artery disease may involve a
complex interplay between the vessel wall, inflammatory cells, and the coagulation cascade.
Although a culprit thrombotic lesion may be treated effectively by antithrombotic therapy and
revascularization, this will have little effect on the global processes that determine recurrent
events at non-culprit sites. Thus, additional systemic treatment is required to modulate the
adverse biological features that are the hallmark of acute coronary syndromes (ACS). Statins
possess multiple beneficial effects that are independent of low-density-lipoprotein cholesterol
(LDL-C) lowering and that have favorable effects on inflammation, the endothelium, and the
coagulation cascade. In the Pravastatin or Atorvastatin Evaluation and Infection Therapy–
Thrombolysis In Myocardial Infarction 22 (PROVE IT-TIMI 22) trial, differences were seen
based on achieved LDL-C that could be further discriminated by the achieved C-reactive
protein level. Studies of non-vascular disease such as multiple sclerosis have shown that statins
reduce inflammation, supporting the presence of lipid-independent effects of statins. This
review focuses on the potential importance of these effects in the management of
ACS. (J Am Coll Cardiol 2005;46:1425–33) © 2005 by the American College of
Cardiology Foundation

Acute coronary syndromes (ACS) are increasingly recog-
nized to be secondary to a diffuse process involving the
entire coronary vasculature (1). Although multiple vulnera-
ble or ruptured plaques may be present at a given point in
time, only a few of these ultimately lead to an acute
presentation. It is now suggested that a complex interplay
between the pathological vascular triad of inflammation,
endothelial dysfunction/activation, and thrombosis exists
(Fig. 1) that individually or collectively determines an
individual’s propensity to develop an ACS. Statins inhibit
the enzyme 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase, which is central not only to cho-
lesterol metabolism (via the liver) but which also plays a key
role in cell signaling in many vascular cells. Inhibition of
HMG-CoA reductase in vascular cells by statins rapidly
modulates a number of cellular responses implicated in ACS
in a dose-dependent manner.

LIPID-DEPENDENT EFFECTS OF STATINS

Low-density lipoprotein-C (LDL-C) is intrinsically linked
to atherothrombosis and is oxidized by free radicals to
oxidized LDL-C (ox-LDL-C), which in turn has a number

of deleterious effects. Hence, reductions in the circulating
LDL-C pool will likely reduce the amount of the LDL-C
substrate available for oxidation and therefore potentially
have beneficial early effects (2). Non-statin therapies that
lower LDL-C, such as ileal bypass or use of bile acid
sequestrants, require five to seven years to show a clinical
effect, in contrast to the earlier benefits observed in statin
trials (3). Although statins reduce LDL-C and markers of
inflammation such as C-reactive protein (CRP), the corre-
lation coefficient between LDL-C and CRP is weak (ap-
proximately 0.13) (4), suggesting that the reductions in
CRP cannot be explained by reductions in LDL-C alone.
Additionally, patients receiving statins have lower event
rates than that predicted by their achieved LDL-C, raising
the possibility of distinct mechanisms beyond cholesterol
reduction (cholesterol-independent effects). Moreover,
these lipid-independent effects may be particularly relevant
to the early benefit in ACS. In the A to Z trial, an intensive
statin regimen was associated with a 60-mg/dl LDL-C
difference at four months, but no clinical benefit was seen
(and no CRP difference was shown at one month). In
contrast, the Pravastatin or Atorvastatin Evaluation and
Infection Therapy–Thrombolysis In Myocardial Infarction
22 (PROVE IT-TIMI 22) trial had less LDL-C difference
(32 mg/dl) but a greater CRP difference and early benefit
(5). These data suggest strongly that the early benefits of
statins in ACS are mediated by a lipid-independent process.
The LDL-C–dependent benefits of statins are summarized
in Table 1.
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resulting in a reduction in the release of proteolytic enzymes
(matrix metalloproteinases) (51). Statins also have many favor-
able effects on T-lymphocytes, which include reducing their
cytotoxicity (52). T-helper cell subclasses that promote inflam-
mation (Th-1 subclass) are inhibited by statins. In contrast,
T-helper subclasses that promote anti-inflammatory effects
(Th-2 subclass) are stimulated by statins (53), resulting in a net
“switching” of cytokine production among T-cells from the
production of pro-inflammatory cytokines such as interferon-
gamma to the production of anti-inflammatory cytokines such
as IL-4 or IL-10 (54). The net result of these effects would be
to promote plaque stabilization (Table 3). Statins diminish the
proinflammatory activity of monocytes (55) and their ability to
bind to the vessel wall. The latter is mediated by a reduction in
the expression of endothelial adhesion molecules such as
ICAM-1 on the endothelial surface and their counter ligand
(CD11a/CD18) on the monocyte (56), which are dependent
on the Rho/Rho kinase pathways. Hence, statins modify the
immune response in ACS via reductions in inflammatory cell
number, adhesion, and activation at potentially vulnerable sites
along the wall.

Statins reduce the production and release of cytokines
involved in the inflammatory cascade (IL-6, IL-8, tumor
necrosis factor-alpha, and CD40 ligand) (57), and thus
reduce CRP independently of their effects on LDL-C.
C-reactive protein has a number of direct pathological

effects on atherosclerosis progression (4), endothelial dys-
function (58), and thrombosis (59). Hence, by lowering
CRP, statins potentially negate many of the pathological
effects of inflammation.

Cholesterol rafts are cholesterol-rich regions of the cell
membrane where many receptors involved in cell signaling
preferentially accumulate. A novel and increasingly recog-
nized effect of statins is their ability to deplete the lipid

Figure 4. Inflammatory changes in acute coronary syndrome. CRP ! C-reactive protein; IFN ! interferon; IL ! interleukin; MCP ! monocyte
chemoattractant protein; MMP ! matrix metalloproteinases; MPO ! myeloperoxidase; TNF ! tumor necrosis factor. Illustration by Rob Flewell.

Table 3. Inflammatory Changes Implicated in ACS and the
Effect of Statins on Components of Inflammation

Changes
Implicated

in ACS
Effect of
Statins

Changes within the plaque
Inflammatory cells infilltrate plaque 1 2
Inflammatory cells activated 1 2

Systemic effects
T-cell activation 1 2
Monocyte activation 1 2
Neutrophil activation 1 2

Cytokine production
Inflammatory cytokine production 1 2
Anti-inflammatory cytokine production 2 1

Non-specific markers of inflammation
CRP 1 2

Ischemia/reperfusion injury 1 2

Abbreviations as in Table 1.

1430 Ray and Cannon JACC Vol. 46, No. 8, 2005
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VIEWPOINT AND COMMENTARY

Statins in Acute Coronary Syndromes

Do the Guideline Recommendations Match the Evidence?

Ryan P. Morrissey, MD,* George A. Diamond, MD,*‡ Sanjay Kaul, MD*†§

Los Angeles, California

On the basis of the evidence obtained from observational studies, randomized controlled trials and their

meta-analyses, current guidelines recommend initiating high-dose statin therapy pre-discharge regardless of

the baseline low-density lipoprotein (LDL) level in patients with acute coronary syndromes (ACS). Careful review

of the evidence indicates that early initiation of high-dose statin therapy reduces recurrent ischemia and may

reduce revascularization, but does not confer benefit in terms of hard clinical outcomes such as death or myo-

cardial infarction in any of the randomized controlled trials, and may be associated with increased liver and

muscle-related adverse outcomes leading to increased withdrawal and suboptimal long-term adherence. A mor-

tality benefit is apparent in pooled analyses of randomized controlled trials only at long-term (24-month) but not

short-term (4-month) follow-up. The critical role of the timing of initiation of therapy (early vs. late) on the

benefit-risk
profile of statin treatment has not been syste

matically assessed. It is unclear whether the clinical

benefits are attributable to lipid-lowering or lipid-lowering–independent effects. Finally, an optimal LDL threshold

for initiating treatment or target LDL level for treatment in ACS remains yet to be defined. On the basis of these

observations, and despite a compelling pathophysiologic rationale, the justification for current Class I, Level of

Evidence: A recommendation for statin therapy in patients with ACS remains open to question. (J Am Coll Car-

diol 2009;54:1425–33) © 2009 by the American College of Cardiology Foundation

“There are no facts, only interpretations.”

—Friedrich Nietzsche (1)

Each year, nearly 1.5 million people living in the U.S. suffer

an acute coronary syndrome (ACS) (2). The administration

of aspirin, beta-blockers, and angiotensin-converting en-

zyme inhibitors in patients during ACS has been shown to

be beneficial (3–5). The evidence supporting the use of

statins, however, is less clear (6).

Statins clearly reduce cardiovascular mortality and mor-

bidity in primary and secondary prevention of coronary

heart disease (CHD) (7). A majority of the secondary

prevention trials have been limited to the timeframe imme-

diately (3 to 6 months) following an index acute coronary

event (7). Consequently, over the past decade, a number of

investigations have specifically evaluated the role of statins

during the course of ACS. Based on the results of these

investigations, early intensive statin therapy has become

formally endorsed as a treatment guideline (3,4) and a

performance measure (5) in patients with ACS. We herein

review the evidence base in support of these policy

recommendations.

Efficacy of Statin Therapy

Statins exhibit a number of biologic effects that may be

relevant in the setting of acute ischemic events (8). They

act rapidly to improve vascular endothelial function

(8 –10), attenuate vascular inflammation (8,11), stabilize

plaques (12), correct prothrombotic tendencies (8,12),

and influence myocardial protection and remodeling (13).

These effects may be related to low-density lipoprotein

(LDL) reduction or to a variety of LDL-independent

mechanisms—the so-called pleiotropic effects. The rela-

tive importance of these 2 mechanisms continues to be

hotly debated.

A meta-regression analysis found that the nonstatin (diet,

bile acid sequestrants, and ileal bypass surgery) and statin

interventions in stable patients appear to reduce CHD risk

in a similar manner, consistent with the 1-to-1 relationship

with the degree of LDL cholesterol lowering (14). This is

true for the ACS trials as well. For example, despite

significant reductions in inflammatory markers, a 31%

greater reduction in LDL with atorvastatin 80 mg over

pravastatin 40 mg was associated with an additional 18%

reduction in CHD events in the PROVE-IT (Pravastatin or

Atorvastatin Evaluation and Infection Therapy) trial (15).

Similarly, a 14% greater reduction in LDL was associated

with a 12% better outcome in the aggressive statin treatment

arm in the A to Z (Aggrastat to Zocor) trial (16). A

meta-analysis of placebo-controlled trials found that statin
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Early Statin Therapy in Acute Coronary Syndromes

The Successfu
l Cycle of Evidence, Guidelines, and Implementation

David D. Waters, MD, Ivy Ku, MD

San Francisco
, California

That statins should be prescri
bed for patients before hospital disch

arge after an episode of acute coronary syn
-

drome (ACS) is a Level of Evidence: 1A recommendation of the America
n College of Cardiology/A

merica
n Heart

Asso
ciation Joint Task Force. This level of recommendation is based upon 2 clin

ical tria
ls: the MIRACL (Myocar-

dial Isch
emia Reductio

n with
Aggressiv

e Cholesterol Lowering) and PROVE-IT (Pravastatin
or Atorvastatin

Evalua-

tion and Infectio
n Therapy) tria

ls. In the MIRACL tria
l, 3,086 patients with

unstable angina or non–Q-wave myo-

cardial infarctio
n were randomized within 4 days of the event to atorvastatin

80 mg/day or to placebo and

followed for 16 weeks. The prim
ary composite

end point occu
rred in 14.8% of atorvastatin

patients and 17.4%

of placebo patients, a 16% relative
risk

reductio
n (p ! 0.048). In the PROVE-IT tria

l, 4,162 patients hospitalize
d

with
an ACS within the preceding 10 days were randomized to atorvastatin

80 mg/day or pravastatin
40 mg/

day and were followed for a mean of 24 months. The prim
ary event rate was 22.4% in the atorvastatin

group

and 26.3% in the pravastatin
group, a 16% relative

risk
reductio

n (p ! 0.005). A stro
ng trend toward a reduc-

tion in total mortality
was seen in the atorvastatin

group (2.2% vs.
3.2%, p ! 0.07). Using a composite

end point

of death, myocardial infarctio
n, and rehospitaliza

tion for ACS, the diffe
rence between the treatment groups is

already statisti
cally significant at 30 days and remains so throughout the follow-up period. Comprehensive

treat-

ment programs in ACS patients that include initiation of statins before hospital disch
arge have been shown to

improve outcomes such as recurrent myocardial infarctio
n and total mortality

at 1 year. Guidelines prove their

utilit
y when their implementation improves outcomes across a broad population at risk

, such as in this

instance.
(J Am Coll Cardiol 2009;54:1434–7) © 2009 by the America

n College of Cardiology Foundation

Delay always breed
s danger; and to protract

a great design is often
to ruin it.

—Don Quixote, Miguel de Cervantes (1)

Guidelines abound. From 1984 to September 2008, the

American College of Cardiology/American Heart Associa-

tion Joint Task Force
issu

ed 53 guidelines including 7,196

recommendations (2). Of the 16 current guidelines report-

ing levels of evidence, only 11% are classifi
ed as Level of

Evidence: A; that is, a recommendation based on evidence

from randomized trials or meta-analyses (2).

In this issu
e of the Journal, Morriss

ey et al. (3) criti
cize

the Level of Evidence: 1A recommendation that statins

should be prescrib
ed for patients before hospital disch

arge

after an episode of acute coronary syndrome (ACS). We

disagree with their conclusions and with their interpretation

of the facts.
Their choice, to attack this recommendation

from among so many easier targets, seems quixotic.

The Context

In more than a dozen large randomized controlled clin
ical

trials involving more than 100,000 patients, statins have

consiste
ntly reduced the risk

of cardiovascular events, across

a broad spectru
m of patients at risk

. In 3 trials of patients

with
stable coronary heart disease (CHD), statins reduced

not only cardiovascular end points but also
total mortality

(4–6). More aggressive low-density
lipoprotein cholesterol

(LDL-C) lowering with
higher doses of more potent

statins, compared with lower doses or less potent statins, has

been shown to provide incremental risk
reductio

n in pa-

tients with
stable CHD (7,8).

Survivors of ACS will have stable CHD within 6 to 12

months and will benefit from long-term
statin

treatment.

Morriss
ey et al. (3) agree that these patients should be

treated long-term, but disagree that treatment should begin

in hospital. The evidence clearly indicates that compliance

with
treatment is higher and long-term

outcomes better

when statins are begun before hospital disch
arge (9–11).

The Standard

Coronary heart disease has evolved dramatically over the

past 40 years, and clin
ical trials of CHD have evolved as

well. From 1966 to 1969 the Coronary Drug Project
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It's hard to say much
about their paper without
sounding uncharitable.

Here we have two
professional societies

looking at the same evidence and
coming up with different
recommendations.

ACUTE CORONARY SYNDROMES

Early statin therapy in ACS: What's the level of evidence?
SEPTEMBER 28, 2009 | Lisa Nainggolan

Los Angeles and San Francisco, CA - A group of California cardiologists is questioning the strength of the
evidence informing current US guidelines recommending the use of high-dose statin therapy early in the
course of acute coronary syndrome (ACS) [1].

In a viewpoint and commentary article in the October 6, 2009 issue of the Journal of the American College
of Cardiology, Dr Ryan P Morrissey (Cedars Sinai Medical Center, Los Angeles, CA) and colleagues say the
current evidence is insufficient to support the class IA recommendation that is given to this indication by
the ACC/AHA joint task force, a recommendation that has recently been elevated to a performance
measure.

Senior author of the paper, Dr Sanjay Kaul (Cedars Sinai Medical Center), told heartwire that giving early
intensive statin therapy in ACS before hospital discharge and regardless of the baseline level of LDL has
been formally endorsed as a treatment guideline, "but there's never been any high-quality randomized
evidence informing that recommendation." And therein lies the rub, he says, because since this advice is
already given the highest recommendation, "there's no motivation for any one individual, sponsor, or
professional body to pursue that kind of research, so that's a disservice."

But in a counterpoint article in the same issue [2], Drs David D Waters
(San Francisco General Hospital, CA) and Ivy Ku (UCSF) argue that
guidelines "prove their utility when their implementation improves
outcomes across a broad population at risk, such as in this instance."
Commenting on the paper by Morrissey et al, they say: "We disagree
with their conclusions and with their interpretation of the facts."

Waters told heartwire: "Statins are the biggest pharmacologic advance we've ever had in cardiology to treat
coronary disease. After an acute coronary event, the risk of another event, another MI, hospitalization for
unstable angina, or cardiac death is highest in the first six months, and these drugs have been shown in
two trials—MIRACL and PROVE-IT—to reduce events at that time." Waters says Morrissey et al are
"nitpicking. It's hard to say much about their paper without sounding uncharitable."

Strengths and limitations to the evidence

The basic thrust of the argument by the Cedars Sinai doctors is that the current evidence from randomized
trials—while indicating that early initiation of high-dose statin therapy in ACS does reduce recurrent
ischemia and may reduce revascularization—does not indicate benefit in terms of hard clinical outcomes
such as death or MI and may be associated with increased liver and muscle-related adverse outcomes.

"Our message should not be that patients should not be treated with statins," Kaul stressed to heartwire.
"Our message is that statins are useful and effective drugs, but you have to recognize that there are
strengths and limitations to the evidence."

Kaul says that "from a practical perspective, the evidence is sufficient for clinical practice," but "there are
many things we do in clinical practice that are not well-informed by high-quality evidence. . . . That does
not necessarily invalidate them. But strictly speaking, from a technical perspective, the evidence does not
support a class IA recommendation for this indication. Even though we tend to conflate the two, 'general
agreement' should not have the same currency as 'evidence.' Guidelines should dictate the 'standard of
care,' not be driven by them."

As substance for his argument, he points out that the European
guidelines on this "are somewhat more faithful to the evidence. They
say to start early, within one to four days of ACS admission, but this is
given a class IB rather than a class IA recommendation, and they put
their target treatment level at <100 mg/dL. For the more aggressive
treatment target of 70 mg/dL, they have a class IIA, level B
recommendation," he notes, adding, "This is more in line with the

evidence than the American guidelines. So here we have two professional societies looking at the same
evidence and coming up with different recommendations—it's open to interpretation and it becomes more
of an opinion."

Kaul also objects to the fact that the recommendations to begin high-dose statin therapy early in the course
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about their paper without
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Here we have two
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looking at the same evidence and
coming up with different
recommendations.

ACUTE CORONARY SYNDROMES

Early statin therapy in ACS: What's the level of evidence?
SEPTEMBER 28, 2009 | Lisa Nainggolan

Los Angeles and San Francisco, CA - A group of California cardiologists is questioning the strength of the
evidence informing current US guidelines recommending the use of high-dose statin therapy early in the
course of acute coronary syndrome (ACS) [1].

In a viewpoint and commentary article in the October 6, 2009 issue of the Journal of the American College
of Cardiology, Dr Ryan P Morrissey (Cedars Sinai Medical Center, Los Angeles, CA) and colleagues say the
current evidence is insufficient to support the class IA recommendation that is given to this indication by
the ACC/AHA joint task force, a recommendation that has recently been elevated to a performance
measure.

Senior author of the paper, Dr Sanjay Kaul (Cedars Sinai Medical Center), told heartwire that giving early
intensive statin therapy in ACS before hospital discharge and regardless of the baseline level of LDL has
been formally endorsed as a treatment guideline, "but there's never been any high-quality randomized
evidence informing that recommendation." And therein lies the rub, he says, because since this advice is
already given the highest recommendation, "there's no motivation for any one individual, sponsor, or
professional body to pursue that kind of research, so that's a disservice."

But in a counterpoint article in the same issue [2], Drs David D Waters
(San Francisco General Hospital, CA) and Ivy Ku (UCSF) argue that
guidelines "prove their utility when their implementation improves
outcomes across a broad population at risk, such as in this instance."
Commenting on the paper by Morrissey et al, they say: "We disagree
with their conclusions and with their interpretation of the facts."

Waters told heartwire: "Statins are the biggest pharmacologic advance we've ever had in cardiology to treat
coronary disease. After an acute coronary event, the risk of another event, another MI, hospitalization for
unstable angina, or cardiac death is highest in the first six months, and these drugs have been shown in
two trials—MIRACL and PROVE-IT—to reduce events at that time." Waters says Morrissey et al are
"nitpicking. It's hard to say much about their paper without sounding uncharitable."

Strengths and limitations to the evidence

The basic thrust of the argument by the Cedars Sinai doctors is that the current evidence from randomized
trials—while indicating that early initiation of high-dose statin therapy in ACS does reduce recurrent
ischemia and may reduce revascularization—does not indicate benefit in terms of hard clinical outcomes
such as death or MI and may be associated with increased liver and muscle-related adverse outcomes.

"Our message should not be that patients should not be treated with statins," Kaul stressed to heartwire.
"Our message is that statins are useful and effective drugs, but you have to recognize that there are
strengths and limitations to the evidence."

Kaul says that "from a practical perspective, the evidence is sufficient for clinical practice," but "there are
many things we do in clinical practice that are not well-informed by high-quality evidence. . . . That does
not necessarily invalidate them. But strictly speaking, from a technical perspective, the evidence does not
support a class IA recommendation for this indication. Even though we tend to conflate the two, 'general
agreement' should not have the same currency as 'evidence.' Guidelines should dictate the 'standard of
care,' not be driven by them."

As substance for his argument, he points out that the European
guidelines on this "are somewhat more faithful to the evidence. They
say to start early, within one to four days of ACS admission, but this is
given a class IB rather than a class IA recommendation, and they put
their target treatment level at <100 mg/dL. For the more aggressive
treatment target of 70 mg/dL, they have a class IIA, level B
recommendation," he notes, adding, "This is more in line with the

evidence than the American guidelines. So here we have two professional societies looking at the same
evidence and coming up with different recommendations—it's open to interpretation and it becomes more
of an opinion."

Kaul also objects to the fact that the recommendations to begin high-dose statin therapy early in the course
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Previous randomized studies have shown that long-term
therapy with statins improves prognosis in subjects with
hypercholesteremia and in patients with stable coronary
artery disease (10,11); data on the effects of statins in the
setting of acute coronary syndromes are more limited.
Observational studies on patients with acute myocardial
infarction have suggested that statin initiation within 24 h is
associated with a significantly lower occurrence of early
complications, a reduced infarct size, and better in-hospital
survival (12,13). Nonrandomized studies on early use of
statins in patients with a variety of acute coronary syn-
dromes have shown conflicting results; a number of them
(14,15) have shown a lower occurrence of cardiovascular
events, but a recent post-hoc analysis on 12,365 patients has
indicated no benefit in terms of death, myocardial infarc-
tion, or recurrent ischemia at 90 days (16). Indeed, a recent
meta-analysis evaluating the outcomes for up to 4 months of
patients from 12 randomized trials that compared early

(!14 days) statin therapy with placebo or usual care after an
acute coronary syndrome showed that statins do not de-
crease the incidence of death, myocardial infarction, or
stroke, with a trend toward a reduction of unstable angina
(17). However, this meta-analysis has included studies
enrolling mostly patients treated with a conservative strat-
egy, without early coronary intervention.

The ARMYDA trial (1) was a randomized study show-
ing the clinical benefit of pretreatment with statins in
patients undergoing PCI; however, this study enrolled only
patients with stable angina, and the protocol used (1-week
pretreatment with atorvastatin) could not be applied to
unstable patients requiring an early invasive strategy. There-
fore, the ARMYDA study group has designed the
ARMYDA-ACS trial to assess whether an acute loading
with high-dose atorvastatin improves clinical outcome in
patients with acute coronary syndromes (unstable angina or
non–ST-segment elevation myocardial infarction) treated

Figure 2 ARMYDA-ACS Survival Curves

Actuarial curves of 30-day major adverse cardiac event (MACE)-free
survival in the 2 arms. PCI " percutaneous coronary intervention.

Figure 3 ARMYDA-ACS: Cardiac Marker Elevations

Incidence of postprocedural increase of creatine kinase-MB and
troponin-I 1 to 3 times and #3 times above the upper limits of normal.

Procedural Features in the Atorvastatin and PlaceboGroups

Table 2 Procedural Features in the
Atorvastatin and Placebo Groups

Variable
Atorvastatin

(n ! 86)
Placebo
(n ! 85) p Value

Vessel treated

Left main — 1 (1) 0.97

Left anterior descending 51 (50) 54 (49) 0.94

Left circumflex 31 (30) 28 (25) 0.56

Right coronary artery 20 (19) 26 (24) 0.56

Saphenous vein grafts 1 (1) 1 (1) 0.51

Restenotic lesions 1 (1) 2 (2) 0.99

Lesion type B2/C 73 (85) 71 (84) 0.97

Multivessel intervention 17 (20) 25 (29) 0.20

Type of intervention

Balloon only 1 (1) 1 (1) 0.48

Stent 85 (99) 84 (99) 0.48

Bifurcations with kissing balloon 8 (9) 8 (9) 0.81

No. of stents per patient 1.4 $ 0.6 1.5 $ 0.9 0.40

Stent diameter (mm) 3.1 $ 0.4 3.1 $ 0.3 0.90

Total stent length (mm) 16.7 $ 5.7 16.9 $ 5.5 0.82

Use of drug-eluting stents 55 (64) 47 (55) 0.32

Direct stenting 41 (48) 36 (42) 0.59

No. of predilatations 2.1 $ 1.4 2.2 $ 1.7 0.68

Stent deployment pressure (atm) 11.2 $ 4.1 11.6 $ 2.7 0.44

Duration of stent deployment (s) 16 $ 7 16 $ 5 1

Total ischemia #120 s 17 (20) 17 (20) 0.88

Use of postdilatation 12 (14) 22 (26) 0.08

Values are given as number of patients (%) or mean $ SD.

Individual and Combined Outcome Measures of thePrimary End Point at 30 Days in the Atorvastatinand Placebo Groups

Table 3
Individual and Combined Outcome Measures of the
Primary End Point at 30 Days in the Atorvastatin
and Placebo Groups

Atorvastatin
(n ! 86)

Placebo
(n ! 85) p Value

Death — —

Myocardial infarction 4 (5) 13 (15) 0.04

Target vessel revascularization — 1 (2) 1

Total MACE 4 (5) 14 (17) 0.01

Values are given as number of patients (%).
MACE " major adverse cardiac events.

1276 Patti et al. JACC Vol. 49, No. 12, 2007
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Efficacy of Atorvastatin Reload in
Patients on Chronic Statin Therapy
Undergoing Percutaneous Coronary Intervention
Results of the ARMYDA-RECAPTURE (Atorvastatin for
Reduction of Myocardial Damage During Angioplasty) Randomized Trial

Germano Di Sciascio, MD,* Giuseppe Patti, MD,* Vincenzo Pasceri, MD,†
Achille Gaspardone, MD,‡ Giuseppe Colonna, MD,§ Antonio Montinaro, MD§

Rome and Lecce, Italy

Objectives This study was designed to investigate whether an acute atorvastatin reload before percutaneous coronary inter-
vention (PCI) protects patients receiving chronic statin therapy from periprocedural myocardial damage.

Background Previous ARMYDA (Atorvastatin for Reduction of Myocardial Damage During Angioplasty) studies demonstrated
that short-term pre-treatment with atorvastatin reduces myocardial infarction during PCI in statin-naïve patients
with both stable angina and acute coronary syndromes.

Methods A total of 383 patients (age 66 ! 10 years, 305 men) with stable angina (53%) or non–ST-segment elevation
acute coronary syndromes (47%) and chronic statin therapy (55% atorvastatin) undergoing PCI were randomized
to atorvastatin reload (80 mg 12 h before intervention, with a further 40-mg pre-procedural dose [n " 192]) or
placebo (n " 191). All patients received long-term atorvastatin treatment thereafter (40 mg/day). The primary
end point was 30-day incidence of major adverse cardiac events (cardiac death, myocardial infarction, or un-
planned revascularization).

Results The primary end point occurred in 3.7% of patients treated with atorvastatin reload and in 9.4% in the placebo
arm (p " 0.037); this difference was mostly driven by reduction in periprocedural myocardial infarction. There
was lower incidence of post-procedural creatine kinase-myocardial band and troponin-I elevation greater than
the upper limit of normal in the atorvastatin arm (13% vs. 24%, p " 0.017, and 37% vs. 49%, p " 0.021, re-
spectively). Multivariable analysis identified atorvastatin reload as a predictor of decreased risk of 30-day inci-
dence of major adverse cardiac events (odds ratio: 0.50, 95% confidence interval: 0.20 to 0.80; p " 0.039),
mainly in patients with acute coronary syndromes (82% relative risk reduction; p " 0.027).

Conclusions The ARMYDA-RECAPTURE trial suggests that reloading with high-dose atorvastatin improves the clinical outcome
of patients on chronic statin therapy undergoing PCI. These findings may support a strategy of routine reload
with high-dose atorvastatin early before intervention even in the background of chronic therapy. (J Am Coll Car-
diol 2009;54:558–65) © 2009 by the American College of Cardiology Foundation

In the context of the current applications of statin therapy in
a variety of clinical syndromes (1–5), the ARMYDA (Ator-
vastatin for Reduction of Myocardial Damage During
Angioplasty) trial (6) demonstrated a significant reduction
of periprocedural myocardial infarction (MI) after a short-
term pre-treatment with atorvastatin in statin-naïve patients

with chronic stable angina undergoing percutaneous coro-
nary intervention (PCI). This myocardial protection was
confirmed by the ARMYDA-ACS (Atorvastatin for Re-

See page 566

duction of Myocardial Damage During Angioplasty–Acute
Coronary Syndromes) trial (7), in which a pre-treatment
strategy of high-dose atorvastatin given 12 h pre-PCI in
statin-naïve patients with acute coronary syndromes (ACS)
reduced 30-day incidence of cardiac events. However, given
the large proportion of patients undergoing PCI while on
chronic statin therapy, it is unclear whether an acute statin
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Manuscript received March 13, 2009; revised manuscript received May 1, 2009,
accepted May 4, 2009.

Journal of the American College of Cardiology Vol. 54, No. 6, 2009
© 2009 by the American College of Cardiology Foundation ISSN 0735-1097/09/$36.00
Published by Elsevier Inc. doi:10.1016/j.jacc.2009.05.028

 by on December 28, 2010 content.onlinejacc.orgDownloaded from 

protection by atorvastatin reload was also expressed by
significantly lower proportion of patients with post-
procedural increase of cardiac markers (CK-MB and tropo-
nin-I); according to our data, 17 patients should be reloaded
with atorvastatin in order to prevent 1 adverse event
(number needed to treat).

In the original ARMYDA (6) and in the ARMYDA-
ACS (7) trials only statin-naïve patients were enrolled. In
the former study, patients with chronic stable angina were
randomized to receive 7-day pre-treatment before PCI with
atorvastatin 40 mg/day or placebo, and a significant 81%
risk reduction of periprocedural MI was observed in the
statin arm. The ARMYDA-ACS trial more recently en-
rolled patients with unstable angina or non–ST-segment
elevation ACS, in whom a scheme of atorvastatin administra-
tion similar to the ARMYDA-RECAPTURE trial led to 88%
risk reduction of cardiac events at 1 month versus placebo, as
well as to a 3-fold reduction of periprocedural MI.

Possible mechanisms of atorvastatin cardioprotection
have been investigated in the ARMYDA-CAMs (Atorva-
statin for Reduction of Myocardial Damage During Angio-
plasty–Cell Adhesion Molecules) study (15), a planned
subanalysis demonstrating that procedural protection in the

atorvastatin arm was paralleled by reduction of PCI-induced
endothelial activation, as expressed by significant attenua-
tion in the increase of intercellular cell adhesion molecule-1
and E-selectin levels at 24 h after intervention. Other
explanations include atorvastatin-induced early increase of
endothelial progenitors cells differentiation and subsequent
augmentation of circulating endothelial progenitors cells,
with attendant cardioprotective effects (16). Those acute
effects of short-term treatment may support a lipid-lowering
independent mechanism of action; this is in accordance also
with animal studies that have shown a reduction of infarct
size when an acute statin load is given before ischemia (17)
or before reperfusion (18). Interestingly, whereas in the
animal model this cardioprotection may wane with time, it
can be restored with an acute high dose atorvastatin given
immediately before ischemia/reperfusion (19,20); this phe-
nomenon may have potential clinical relevance.

Thus, the primary benefit derived from atorvastatin
reload in the ARMYDA-RECAPTURE trial appears to be
again a reduction in periprocedural MI, largely localized to
those patients who presented with ACS. Indeed, the relative
magnitude of benefit afforded patients with ACS (MACE
RRR of 82%; p ! 0.027), compared with stable angina

Atorvastatin Placebo
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Figure 2 Secondary End Points

Incidence of major adverse cardiac events at 30 days according to clinical presentation (stable angina vs. acute coronary syndrome). ACS ! acute coronary syndrome.

Figure 3 Odds Ratio for 30-Day Major Adverse Cardiac Events

Results of multivariable analysis showing 50% major adverse cardiac events risk reduction at
30 days with atorvastatin (p ! 0.039). Log axis has been used to present the odds ratios. LVEF ! left ventricular ejection fraction.
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peak value of all markers were elevated significantly higher in
control group. That is, CK-MB changed from 28±30 to 35±
27 IU/L in control group (p=0.005 by paired t-test), from 27±
27 to 30±25 IU/L in rosuvastatin group (p=0.051). Troponin
T changed from 0.2±0.6 to 0.5±1.0 ng/mL in control group
(pb0.001), from 0.2±0.7 to 0.3±0.5 ng/mL in rosuvastatin
group (p=0.050). After rosuvastatin 40 mg loading, hsCRP
levels were less elevated than in patients without rosuva-
statin loading from 4.8±8.5 mg/dL to 16.2±28.1 mg/dL on
the next morning after PCI (pb0.001).Whereas, hsCRP levels
were changed from 4.7±8.9 to 9.4±12.6 mg/dL in patients
with rosuvastatin loading (pb0.001) (p=0.001 compared
to control group). After medication, LDL cholesterol le-
vels were more reduced in rosuvastatin group than in con-
trol group. LDL cholesterol changed from 122±38 mg/dL
to 104±28 mg/dL in rosuvastatin group (pb0.001), from
124±40 mg/dL to 117±33 mg/dL in control group (pb0.001)
(p=0.001 compared to rosuvastatin group). Multivariate
analysis revealed that no prior use of statin (OR=2.2; 95%
CI=1.1–4.6; p=0.029), procedural complication (OR=3.1;
95% CI=1.4–6.9; p=0.007) and multi-vessel disease
(OR=2.6; 95% CI=1.0–6.6; p=0.039) were the independent
predictors for periprocedural MI (Table 4).

3.3. Adverse cardiovascular events

The patients who were received rosuvastatin loading prior
to PCI had a lower incidence of 30 day MACE compared to
the patients who have not taken statin before PCI (15.9% vs.
6.7%, p=0.002). The different outcomes mainly resulted
from the higher incidence of perioprocedural MI in control
group (Table 5).

There are no serious side effects on rosuvastatin loading.
Myalgia without elevation of muscle enzyme occurred in
only 1 patients. Any other side effects were not developed
during study period.

4. Discussion

In this study, we showed that high dose of rosuvastatin
loading therapy before PCI for the patients with ACS is
associated with the reduction of periprocedural myonecrosis
and inflammatory response.

Relatively low-level release of cardiac enzymes after PCI
occurred in about 25% of the patients treatedwith stent [8–10].
It was demonstrated that periprocedural myocardial injury is
associated with a worse long-term clinical outcomes [11–13].
Ellis et al. [14] reported that CK-MB elevation to any level

Fig. 2. Incidence of periprocedural myocardial injury, defined by post-
procedural increase of creatine kinase-MBN2 times above the upper limit of
normal, in the control group and high dose rosuvastatin loading group.

Fig. 3. Incidence of troponin T (TnT) elevation in control group and
rosuvastatin loading group.

Table 4
Multivariate analysis for prediction of periproceural myocardial infarction.

OR 95% CI p

Procedural complication 3.1 1.4–6.9 0.007
No use of statin 2.2 1.1–4.6 0.029
Multi-vessel disease 2.6 1.0–6.6 0.039
Stent lengthN33 mm 0.7 0.3–1.6 0.365
AgeN65 years 1.3 0.6–2.6 0.502
ACC/AHA B2/C lesion 1.2 0.5–3.1 0.719

ACC/AHA: American College of Cardiology/American Heart Association
lesion classification.

Table 5
Major adverse cardiac events in the control and rosuvastatin loading group.

Control
(n=220)

Rosuvastatin
(n=225)

p value

In-hospital events
Death 2 (0.9) 0 (0.0) 0.244
Q wave infarction 5 (2.3) 1 (0.4) 0.119
Non-Q wave infarction a 21 (9.5) 13 (5.8) 0.135
Revascularization 2 (0.9) 0 (0.0) 0.244
Ischemic stroke 2 (0.9) 1 (0.4) 0.620
Total 32 (14.5) 15 (6.7) 0.007

Cumulative 30 day MACE
Death 3 (1.4) 0 (0.0) 0.120
Myocardial infarction 26 (11.8) 14 (6.2) 0.039
Revascularization 3 (1.4) 0 (0.0) 0.120
Ischemic stroke 3 (1.4) 1 (0.4) 0.368
Total 35 (15.9) 15 (6.7) 0.002

MACE: major adverse cardiac events.
a Defined as post-procedural increase of CK-MB over 2 times higher the

normal upper limit.
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potential confounding variables were determined by logistic regression analysis. A
multivariable logistic regression model was constructed using the following variables,
selected according to the corresponding signi!cant univariate analysis; rosuvastatin
loading, complex lesion, periprocedural MI, baseline troponin and peak troponin levels.
For continuous variables, the median value was used as a cut-off point to de!ne the two
subgroups in logistic regression analysis. Event-free survival analysis was performed
using the Kaplan–Meier method with log-rank test group comparison. Statistical
signi!cance was set at pb0.05 (2-tailed).

3. Results

3.1. Baseline characteristics

Baseline clinical and procedural characteristics of all randomized
patients are shown in Table 1. There were no signi!cant differences
between the two groups. Rosuvastatin loading was performed for
16±5 h (range 7–25 h) prior to the index procedure. We used drug-
eluting stents in most cases (96.2%), and over 32% of the patients
underwent multi-vessel stenting. Procedural success was achieved in
all patients. Angiographic complications during the procedure occurred
in 28 patients (12.7%) in the control group and 24 patients (10.7%) in
the rosuvastatin group (p=0.499). Periprocedural MI was observed in
11.4% and 5.8% of patients in the control and rosuvastatin groups,
respectively (p=0.035).

Medication use was similar between treatment groups at the time
of the intervention and during the 12-month follow-up (Table 2).
Most of the patients (86.1%) continued rosuvastatin 10 mg after PCI.
Mean dose of statin was similar between two groups (10.7±4.0 mg
vs. 10.7±3.4 mg, p=0.894). Only 1.1% of the patients discontinued
statin treatment during the follow-up period.

3.2. Primary end point

MACE occurred in 15.1% of all patients during the 11±3 months of
the follow-up period (Table 3). The composite primary end point of
death, non-fatal MI, non-fatal stroke, and revascularization occurred
in 20.5% and 9.8% of the patients in the control and rosuvastatin
groups, respectively (p=0.002). The incidence of MACE at 1 month
and between 1 and 12 months was signi!cantly greater in the control
group compared with the rosuvastatin group (Table 3). This
difference resulted mainly from a higher incidence of revasculariza-
tion in the control group, but hard end points (death, MI) were also
more developed in the control group than in the rosuvastatin group.

The Kaplan–Meier curves showed that the incidence of death and
non-fatal MI was signi!cantly greater in the control group than in the
rosuvastatin group (hazard ratio, 3.71; p=0.021) (Fig. 2). In terms of
the combined MACE, a signi!cantly better event-free survival at

Fig. 2. The incidence of (A) death or non-fatal myocardial infarction (MI); and (B) death, non-fatal MI, stroke, or revascularization in patients with acute coronary syndrome who
received no rosuvastatin treatment (control group) or high dose rosuvastatin loading (rosuvastatin group) before percutaneous coronary intervention. HR: hazard ratio.

Fig. 3. The change in low density lipoprotein-cholesterol level over time in patients
with acute coronary syndrome who received no rosuvastatin treatment (control group)
or high dose (40 mg) rosuvastatin loading (rosuvastatin group) before percutaneous
coronary intervention (PCI).

Fig. 4. The change in high-sensitivity C-reactive protein level over time in patients with
acute coronary syndrome who received no rosuvastatin treatment (control group) or
high dose (40 mg) rosuvastatin loading (rosuvastatin group) before percutaneous
coronary intervention (PCI).
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Evidence of Pre-Procedural Statin Therapy
A Meta-Analysis of Randomized Trials

David E. Winchester, MD,* Xuerong Wen, MPH,† Lola Xie, BS,‡ Anthony A. Bavry, MD, MPH*

Gainesville, Florida

Objectives The purpose of this study was to summarize the evidence of pre-procedural statin therapy to reduce periproce-
dure cardiovascular events.

Background Invasive procedures can result in adverse cardiovascular events, such as myocardial infarction (MI) and death.
We hypothesized that statins might improve clinical outcomes when used before invasive procedures.

Methods We searched the MEDLINE, Cochrane, and clinicaltrials.gov databases from inception to February 2010 for ran-
domized, controlled trials that examined statin therapy before invasive procedures. Invasive procedures were
defined as percutaneous coronary intervention, coronary artery bypass grafting (CABG), and noncardiac surgery.
We required that studies initiated statins before the procedure and reported clinical outcomes. A DerSimonian-
Laird model was used to construct random-effects summary risk ratios.

Results Eight percent of the screened trials (21 of 270) met our selection criteria, which included 4,805 patients. The
use of pre-procedural statins significantly reduced post-procedural MI (risk ratio [RR]: 0.57, 95% confidence
interval [CI]: 0.46 to 0.70, p ! 0.0001). This benefit was seen after both percutaneous coronary intervention
(p ! 0.0001) and noncardiac surgical procedures (p " 0.004), but not CABG (p " 0.40). All-cause mortality
was nonsignificantly reduced by statin therapy (RR: 0.66, 95% CI: 0.37 to 1.17, p " 0.15). Pre-procedural
statins also reduced post-CABG atrial fibrillation (RR: 0.54, 95% CI: 0.43 to 0.68, p ! 0.0001).

Conclusions Statins administered before invasive procedures significantly reduce the hazard of post-procedural MI. Addition-
ally, statins reduce the risk of atrial fibrillation after CABG. The routine use of statins before invasive procedures
should be considered. (J Am Coll Cardiol 2010;56:1099–109) © 2010 by the American College of Cardiology
Foundation

Invasive procedures carry an inherent risk of adverse cardio-
vascular events including myocardial infarction (MI) and
death. These events are not uncommon, and when they
occur, they are associated with poor clinical outcomes after
both percutaneous and surgical procedures (1–4).

To reduce the risk of adverse events associated with
invasive procedures, various interventions have been inves-
tigated. For example, beta-blockers have been recom-
mended in high-risk patients undergoing noncardiac sur-
gery (5). However, an updated systematic analysis indicates
that although this approach may decrease MI, it comes at a
cost of increased nonfatal strokes, with no effect on mortal-
ity (6). Similarly, pre-operative cardiac stress testing fol-
lowed by possible coronary revascularization remains con-

troversial as this approach has not been shown to decrease
the incidence of periprocedural adverse events (7,8).

See page 1110

Statins have been demonstrated to be beneficial when
started during an acute coronary syndrome (ACS) (9–11);
however, in most of these trials, the statin was started after
percutaneous coronary intervention (PCI). Recent publica-
tion of randomized trials specifically exploring the role of
statin therapy given before invasive procedures, including
PCI and surgery, have added to the available evidence of
this important clinical question (12,13). Accordingly, we
sought to perform a comprehensive meta-analysis to evalu-
ate whether statins administered before invasive procedures
might reduce adverse cardiovascular events.

Methods

Selection criteria. We selected studies of patients under-
going an invasive procedure with randomization to statin
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therapy versus control, in which
control could be: 1) placebo; 2)
usual care; or 3) lower dose statin
therapy. Invasive procedures were
defined as PCI, coronary artery
bypass grafting (CABG), or non-
cardiac surgical procedures includ-
ing vascular surgery. We required
that study medications were initi-
ated before the procedure and that
clinical outcome data were reliably
reported. To maximize search sen-
sitivity, we used the term percuta-
neous transluminal coronary an-
gioplasty; however, to focus on

contemporary practice, we excluded trials that did not routinely
use stents. We excluded studies that examined organ trans-
plantation. Select data from previous meta-analyses that in-
cluded patient level data were used. In studies with more than
2 intervention groups or 2 ! 2 factorial designs, we used the
highest dose statin group versus the lowest dose control group
or placebo, if available. We excluded trials of multiple inter-
ventions in which the statin intervention could not be isolated
and compared with a placebo or standard care group.
Literature review. A computerized literature search of the
MEDLINE database was conducted without language re-
striction from inception until February 2010 for randomized
clinical trials using the search strategy shown in Figure 1.
We also searched the Cochrane database and Clinicaltrials.
gov using the MeSH terms and keywords listed in Figure 1,

which did not identify any additional studies beyond
MEDLINE.
Outcomes and definitions. The primary outcome was
post-procedural nonfatal MI. In PCI trials, a post-
procedural event was defined as an elevation of the creatine
kinase-myocardial band (CK-MB) assay more than 2 to 3
times the upper limit of normal within 12 to 24 h after the
procedure. In surgical trials, post-operative MI was defined
as a Q-wave MI during hospitalization.

Secondary outcomes were all-cause mortality, revascular-
ization, and atrial fibrillation. Revascularization was defined
as ischemic symptoms that resulted in a repeat revascular-
ization procedure. New-onset post-operative atrial fibrilla-
tion was confirmed by 12-lead electrocardiogram and was
persistent for several minutes. When multiple time in-
stances of atrial fibrillation were reported, we preferentially
used the earlier outcome.
Data extraction. Data were independently extracted by 3
authors (D.E.W., L.X., A.A.B.). Any discrepancies were
resolved by consensus of the authors. When necessary for
data or article clarification, personal communication was
made with select study authors. Baseline patient character-
istics were extracted as well as data about each trial’s
intervention, previous statin treatment, and duration of
follow-up. For all clinical outcomes, we tabulated the
number of events that occurred in each arm of each trial. For
non-English articles, we used Google Translator (Google,
Inc., Mountain View, California) when possible and re-
search associates who are native speakers of foreign lan-
guages otherwise.

Abbreviations
and Acronyms

ACS ! acute coronary
syndrome

CABG ! coronary artery
bypass grafting

CI ! confidence interval

CK-MB ! creatine kinase-
myocardial band

MI ! myocardial infarction

PCI ! percutaneous
coronary intervention

RR ! risk ratio

Figure 1 Study Selection Flow Diagram

Summary of how the systematic search was conducted and eligible studies were identified. CABG " coronary artery bypass grafting;
PCI " percutaneous coronary intervention; PTCA " percutaneous transluminal coronary angioplasty.
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QUARTERLY FOCUS ISSUE: PREVENTION/OUTCOMES Editorial Comment

Statins Before Coronary Procedures
A New Indication for an Old Friend*

Kim A. Eagle, MD,† Vineet Chopra, MD‡

Ann Arbor, Michigan

Myocardial infarction (MI), defined as an increase in
markers of myonecrosis !2 to 3 times the upper limit of
normal, is frequent after coronary procedures and increases
mortality (1,2). Several strategies to prevent this outcome
have evolved, such as the administration of glycoprotein
IIb/IIIa inhibitors during percutaneous coronary interven-
tions (PCIs) (3). Accumulating evidence suggests that
3-hydroxy-3-methylglutaryl coenzyme A reductase inhibi-
tors (statins) are also of value in preventing post-procedural
complications.

See page 1099

The study of periprocedural statins to prevent cardiac
complications is a tale of progressive scientific inquiry. In
2002, Herrmann et al. (4) found that patients who received
statins 7 days before PCIs had a lower incidence of MI
compared with statin nonusers. In 2004, pre-operative
statin therapy was independently associated with a reduction
in 30-day all-cause mortality and stroke in a cohort of 1,663
patients undergoing primary coronary bypass graft surgery
(5). A subsequent retrospective cohort study found that
statin treatment at the time of PCI was associated with
reduced 30- and 60-day mortality, suggesting that lowering
coronary events around the time of intervention improved
survival (6). The ARMYDA (Atorvastatin for Reduction of
Myocardial Damage During Angioplasty) trial was the first
randomized, prospective study to test whether statin treat-
ment decreased myocardial injury and improved outcomes
after coronary angioplasty. In a cohort of 153 statin-naïve
patients with chronic stable angina, 40 mg atorvastatin 7
days before PCI reduced post-procedural MI and improved
the 30-day composite outcome of death, MI, or the need for
repeat revascularization (5% vs. 18%; p " 0.025). Multivar-
iate logistic regression showed that atorvastatin pre-
treatment was independently associated with a reduction in
periprocedural creatine kinase-myocardial band elevation
(odds ratio: 0.19, 95% confidence interval: 0.05 to 0.57) (7).

The ARMYDA–ACS (Atorvastatin for Reduction of Myo-
cardial Damage During Angioplasty–Acute Coronary Syn-
dromes) trial studied this effect in those with unstable
coronary syndromes, finding that 80 mg atorvastatin given
12 h before coronary angioplasty decreased the primary
composite outcome of death, MI, or revascularization (5%
vs. 17%, p " 0.01) (8). The incidence of post-procedural
MI was 5% among statin users compared with 15% in those
on placebo (p " 0.04). In 2007, a meta-analysis concluded
that the risk of periprocedural myocardial necrosis in those
pre-treated with statins was substantially lowered (odds
ratio: 0.45, 95% confidence interval: 0.33 to 0.62) (9). More
recently, failure to administer pre-operative statins was
found to be a predictor of mortality among those undergo-
ing high-risk coronary bypass grafting (10).

Does previous “statin status” affect clinical outcome? In
statin-naïve patients, the Italian NAPLES (Novel Ap-
proaches for Preventing or Limiting Events) II trial dem-
onstrated that a single pre-procedural 80-mg loading dose
of atorvastatin significantly decreased periprocedural MI
(9.5% vs. 15.8%, p " 0.014) (11). Among those on long-
term statin treatment undergoing early PCI for stable
angina, the ARMYDA–RECAPTURE study found that
acute atorvastatin loading (80 mg 12 h before PCI) reduced
the 30-day incidence of cardiac events from 9.4% to 3.7%
(p " 0.037), principally due to a reduction in MI (12).

How do periprocedural statins protect myocardium? In
stable clinical situations, it is thought that statins mediate
their primary benefit via low-density lipoprotein reduction.
However, in acute situations (such as acute coronary syn-
dromes or coronary interventions), pure low-density li-
poprotein reduction cannot explain cardiac protection.

Statins act via inhibiting 3-hydroxy-3-methylglutaryl co-
enzyme A reductase. In doing so, they prevent the forma-
tion of the cholesterol precursor mevalonate and produce
important downstream nonlipid pleiotropic effects. Meval-
onate depletion limits isoprenoid production and decreases
the formation of Ras and Rho proteins, molecules involved
in intracellular signaling pathways (Fig. 1). Specifically, 2
important isoprenoid intermediaries are affected: farnesyl
pyrophosphate (FPP) and geranylgeranyl pyrophosphate
(GPP). Both FPP and GPP act as intracellular lipid
attachments for the modification of important proteins
(guanosine triphosphate-binding molecules), thus function-

*Editorials published in the Journal of the American College of Cardiology reflect the
views of the authors and do not necessarily represent the views of JACC or the
American College of Cardiology.
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