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1. Introduction

ABSTRACT

Background: The ESTABLISH trial found using volumetric intravascular ultrasound that atorvastatin ther-
apy started early and continued for 6 months significantly reduced plaque volume in patients with
acute coronary syndrome (ACS). However, the benefits of early statin administration on long-term out-
comes remain unclear. We therefore examined whether the early initiation of statin in patients with ACS
improves long-term prognosis.
Methods and results: The Extended-ESTABLISH trial included 180 patients with ACS who underwent emer-
gency percutaneous coronary intervention (PCI). These patients were randomized here to groups given
either early intensive lipid-lowering therapy (n=90; atorvastatin 20 mg/day) or standard care (control,
n=90) within 48 h of events. Baseline characteristics between the two groups did not significantly dif-
fer at the time of ACS onset. Six months after PCI, all patients were treated with statins to achieve an
LDL-C value of <100 mg/dL. We compared the first occurrence of major adverse cardiac and cerebrovas-
cular events (MACCE). Prognostic data were fully documented during the entire follow-up period (mean,
1538 £ 707 days). Cumulative event-free survival was significantly higher in the atorvastatin, than in the
control group (p=0.041; log-rank test). Furthermore, by adjusting for validated prognosticators, early
statin administration was identified as a good predictor of MACCE (HR 0.46, 95%CI 0.23-0.86; p=0.015).
Conclusions: In-hospital initiation of statin therapy immediately after ACS conferred long-term benefits
and 6 months of intensive lipid-lowering therapy improved long-term clinical outcomes after PCI in
patients with ACS.

© 2009 Elsevier Ireland Ltd. All rights reserved.

has only recently been recognized [7-10]. Furthermore, whether
statin administration from the acute phase of ACS improves the

Acute coronary syndrome (ACS) is associated with high rates
of morbidity and mortality [1,2]. The early period after ACS onset
represents a critical stage with a high-risk for recurrent events
and death due to vessel occlusions from vulnerable coronary
plaques [3]. Therefore, strategies to stabilize vulnerable coro-
nary plaques during this period are arguably paramount. Evidence
from several large, randomized control trials have unequivocally
shown that statins reduce coronary morbidity and mortality [4-6].
Although the benefits of statin therapy in patients with stable
coronary disease are obvious, the possibility that starting such
therapy immediately after ACS might also have a positive impact
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short-term prognosis [11,12] or influences the long-term progno-
sis (about 4 years) remains unclear. The prolonged effects of early
intensive statin administration among patients in the chronic phase
of ACS are also unknown.

The ESTABLISH trial (demonstration of the beneficial effect on
atherosclerotic lesions by serial volumetric intravascular ultra-
sound analysis during half a year after coronary event) found that
early atorvastatin therapy resulted in statistically significant coro-
nary plaque regression in patients with ACS over a period of 6
months [13]. The limitations of the ESTABLISH study were the small
sample size (n=70) and unknown long-term outcomes. Therefore,
we decided to extend the study of the recruited patients and applied
the same protocol as the ESTABLISH trial to verify the effect of ator-
vastatin or changes in coronary plaque on the long-term clinical
outcomes of patients with ACS (the Extended-ESTABLISH trial). We
determined whether the early initiation of statin therapy during
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ACS improves long-term prognosis, and whether the clinical benefit
of early intensive statin therapy is prolonged.

2. Methods
2.1. Study design

The ESTABLISH trial was a prospective open-label, randomized,
single-center study of patients with ACS for whom percutaneous
coronary intervention (PCI) under IVUS guidance had been suc-
cessful (n=70) [13]. The Extended-ESTABLISH trial extended the
recruitment period of the ESTABLISH trial to evaluate associations
among clinical prognosis, coronary plaque change and early inten-
sive statin treatment. Accordingly, we added 110 patients with ACS
until July 2005, bringing the total number of such patients to 180 in
the present study. The present study follows up the effect of early
statin initiation and is a prospective observational follow-up cohort
study regardless of whether the patients underwent complete IVUS
twice. Our institutional review board approved the study protocol
and written informed consent was obtained from each patient to
participate.

2.2. Patient population

Patients were eligible for inclusion if they had ACS with signif-
icant stenosis on initial coronary angiograms and underwent PCI.
Acute coronary syndrome was defined as high-risk unstable angina,
non-ST-elevated myocardial infarction (MI) or ST-elevated MI. An
increase (<2-fold) in serum creatine phosphokinase and troponin
T positivity indicated a diagnosis of MI. Exclusion criteria com-
prised failed PCI, diseased bypass graft, recommended for CABG,
cardiogenic shock, and already under the administration of lipid-
lowering drugs (statins, clofibrate, probucol or analogs, nicotinic
acid, or other prohibited drugs) at the time of enrollment.

2.3. Treatment strategies

Patients were randomized within 48 h of ACS onset to receive
either intensive lipid-lowering therapy (atorvastatin 20 mg p.o.
daily) immediately after the PCI procedure or standard care
(lipid-lowering diet). A cholesterol absorption inhibitor was also
prescribed if a high (>150mg/dL) value of low-density lipopro-
tein cholesterol (LDL-C) persisted as an outpatient after PCI and
intravascular ultrasound (IVUS). The patients were randomized
using the minimization method controlling for culprit vessels, base-
line total cholesterol level, and diabetes mellitus. We used the
minimization method as a dynamic allocation way to minimize
imbalances among important factors in both groups. In addition,
patients underwent standard PCI with or without stent implanta-
tion followed by post-PCI management. Intravenous heparin and
oral aspirin (162 mg) were administered during the procedures.
After PCI, All patients received aspirin (100 mg/day) and ticlopidine
(2 x 100 mg/day) for >3 weeks, and cilostazol (100 mg twice daily)
for 4 days. After an IVUS examination at 6 months after ACS in the
Extended-ESTABLISH trial, structured treatment was discontinued
for all patients in both groups. Thereafter, their attending physi-
cians administered all of them with statins to achieve an LDL-C
value of <100 mg/dL as much as possible [14].

2.4. Clinical endpoints

The primary endpoint was the first occurrence of major adverse
cardiac and cerebrovascular events (MACCE); that is, all-cause
death, recurrent ACS and stroke. Recurrent ACS was defined as
AMI and unstable angina requiring emergency hospitalization for
either PCI or coronary artery bypass grafting. Stroke was diagnosed

based on the presence of a neurologic deficit that was confirmed
by computed tomography or magnetic resonance imaging.

Outcome data were collected by serial contact with the patients
or their families until August 31, 2008. The medical records of
patients who died or who were treated at our hospital were ana-
lyzed. Other institutions that admitted patients provided details
and causes of death.

2.5. Statistical analysis

Continuous variables are expressed as means +SD. Data from
two independent groups were compared using a t-test or the
Wilcoxon rank-sum test and intra-group data were analyzed using
a paired t-test or the Wilcoxon signed-rank test. Categorical data
were tabulated as frequencies and percentages and compared using
the x2 test or Fisher’s exact test. Event-free survival probabilities
for MACCE were estimated using the Kaplan-Meier method and
group differences were assessed using a log-rank test. Unadjusted
hazard ratios for variables, namely early statin therapy, age, gender,
body mass index, hypertension, diabetes, smoking, prior coronary
artery disease and baseline LDL-C values, were calculated using the
Cox proportional hazards model. We also computed adjusted haz-
ard ratios with the multivariate Cox hazard model including all the
above variables. This model did not identify significant interaction
between early statin administration and the important variables
described above for MACCE. A two-sided p-value of <0.05 was con-
sidered significant. All data were analyzed using JMP version 7.0 for
Windows (SAS Institute, Cary, NC).

3. Results

All 180 patients who participated in the Extended-ESTABLISH
trial between November 2001 and July 2005 were followed up. Con-
sequently, the Extended-ESTABLISH trial was completed because
sufficient IVUS data were collected. Ninety patients each were ran-
domly assigned to receive either atorvastatin (atorvastatin group)
or standard care (control group) (Fig. 1A). Demographic and clin-
ical characteristics at ACS onset were similar between the two
groups (Table 1). All patients were implanted with bare metal stents
to treat ACS. The mean values for total cholesterol, LDL-C, high-
density lipoprotein cholesterol (HDL-C) and triglyceride among all
of the patients were 184.5, 117.6, 42.0 and 102.0 mg/dL, respec-
tively. The LDL-C values in the atorvastatin and control groups
at follow-up decreased to mean values of 72.2436.7 (median,

Table 1
Baseline characteristics at ACS occurrence.
Atorvastatin Control p value
(n=89) (n=89)
Age (y) 62.3+10.4 62.8+10.4 0.714
Male, n (%) 79(88.8) 70(78.6) 0.103
Body mass index (kg/m?) 242 +35 24.1+£3.2 0.781
Hypertension, n (%) 57(64.0) 52(58.4) 0.491
Diabetes, n (%) 33(37.1) 33(37.1) 0.953
Smoker, n (%) 59(66.3) 54(60.7) 0.483
Prior CAD, n (%) 11(12.4) 10(11.2) 0.867
Family history of CAD, n (%) 24(27.0) 29(32.6) 0.477
Classification of ACS 0.338
AMI, n (%) 52(58.4) 58(65.2)
Unstable angina, n (%) 37(41.6) 31(34.8)
Maximum CPK (IU/L) 1662.5+2274.7 1440.2 +1661.8 0.864
Use of ACE inhibitor, n (%) 34(38.2) 42 (47.2) 0.139
Use of AT1 antagonist, n (%) 43(48.3) 39(43.8) 0.443
Use of 3-blocker, n (%) 44(49.4) 48(53.9) 0.528

CAD, coronary artery disease; ACS, acute coronary syndrome; AMI, acute myocar-
dial infarction; CPK, creatine phosphokinase; ACE, angiotensin converting enzyme;
AT1, angiotensin receptor type 1. Values are means =+ SD. p <0.05 was considered to
indicate statistical significance.
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Fig. 1. (A) Summary of follow-up study of Extended-ESTABLISH trial. (B) Kaplan-Meier estimates of incidence of MACCE. Cumulative event-free survival is significantly

higher in atorvastatin, than control group (log-rank test, p=0.041).

68.8mg/dL; p<0.001) and 111.2+38.2 (median, 119.6 mg/dL;
p=0.930), respectively, and the percent changes from baseline
were —33.84+38.2% and 5.8 +37.1%, respectively (p=0.001). The
ratio of LDL-C/HDL-C was significantly lower in the atorvastatin
group than in the control group (1.7+0.8 vs 2.6 +1.1; p<0.001).
Mean high-sensitivity-CRP (hs-CRP) values in the atorvastatin and
controls fell to 1.3+1.8 and 1.8 +£3.0mg/L (p=0.889) (Table 2).
None of the patients in the atorvastatin group was withdrawn
from the study due to the development of adverse events. The
statin was changed to another type such as pitavastatin, pravas-
tatin, simvastatin and fluvastatin, or the dose of atorvastatin was
reduced depending on the lipid profiles of some patients in the
atorvastatin group at 6 months after ACS onset. On the other hand,
statins (including atorvastatin, pitavastatin, pravastatin, simvas-
tatin and fluvastatin) were started in all patients in the control
group from 6 months after ACS onset. Subsequently, all patients
in both groups were treated and the dose and type of statin was
appropriately changed for optimal lipid management. One year
after ACS onset, statins were administered to both groups at the
same frequency (91.1% vs 89.3%; p=0.727). At that time, the mean
LDL-C values in the atorvastatin (early statin) and the control (late
statin) groups were 85.5 +22.8 and 96.1 & 20.3 mg/dL, respectively
(p=0.025).

3.1. Clinical events and multivariate analysis

Prognostic data were fully documented during the entire follow-
up period (mean duration, 1538 & 707 days, 4.2 + 1.9 years), during
which MACCE developed in 16 (death, n=4; ACS, n=10; stroke=2)
patients in the atorvastatin group and 27 (death, n=6; ACS,n=18;
stroke, n=3) in the control group. Cumulative event-free survival
was significantly higher in the atorvastatin, than in the control
group (p=0.041; log-rank test; Fig. 1B). However, cumulative inci-
dence rates of MACCE did not significantly differ between the
atorvastatin and control groups at 6 months as well as at 1 year
after ACS onset (7.8% vs 11.1%; p=0.445, 7.8% vs 15.6%; p=0.104,
respectively).

Both the unadjusted and multivariate Cox proportional hazards
models revealed that early statin treatment was a significant pre-
dictor for MACCE (hazard ratio: 0.53; 95%CI 0.28-0.97; p=0.040
and hazard ratio: 0.46; 95%CI 0.23-0.86; p=0.015, respectively;
Table 3). We also conducted a sub-group analysis separate from
the presence of hypertension and diabetes, class of ACS, baseline
median LDL-C (118 mg/dL) and hs-CRP (3.0 mg/L) values for non-
fatal cardiovascular events (recurrent ACS and stroke). As a result,
a high baseline LDL-C value amplified the beneficial effect of early
statin therapy on non-fatal cardiovascular events (Fig. 2).

Table 2
Blood parameters of patients at baseline and follow-up at 6 months.
Baseline Follow-up
Atorvastatin (n=_89) Control (n=89) p value Atorvastatin (n=85) Control (n=84) p value
Total cholesterol (mg/dL) 183.1+36.6 191.1+38.7 0.174 148.1+32.1 190.6 +30.1 <0.001
Reduction in TC (%) 28.1+£32.1° —2.6+253 <0.0001
HDL-C (mg/dL) 45.8+13.0 434+12.2 0.107 48.1+13.2 479+17.6 0.567
Triglyceride (mg/dL) 110.2+67.7 127.3+59.7 0.247 130.5+96.8 139.24+97.1 0.261
LDL-C (mg/dL) 1153+33.6 122.3+36.3 0.114 72.2+36.7" 111.2+38.2 <0.0001
Reduction in LDL-C (%) 33.8+38.2" 5.8+37.1 <0.0001
LDL/HDL ratio 2.8+1.1 29+1.2 0.476 1.7+0.8 26+1.0 <0.001
Lipoprotein(a) (mg/dL) 21.9+16.2 23.3+15.8 0.316 23.24+20.6 26.0+19.3 0.228
Apolipoprotein A1 (mg/dL) 113.0+21.3 108.0+21.1 0.355 126.3+23.5 122.7+21.6 0.438
Apolipoprotein B (mg/dL 86.3+19.6 93.7+21.2 0.067 68.9+20.1" 96.1+19.3 <0.001
Apolipoprotein E (mg/dL) 3.84+0.84 3.88+0.95 0.945 3.324+0.93 437+1.25 <0.001
HbA1C (%) 59+14 6.0+ 1.5 0.938 5.6+0.8 56+1.0 0.429
Insulin (nU/mL) 12.2+10.2 11.0+£9.9 0.374 7.7+43" 6.7+4.5 0.113
hs-CRP (mg/L) 9.5+17.8 8.5+18.3 0.244 13+1.87 1.8+3.0" 0.889

TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein. Values are means & SD. p <0.05 was considered

statistically significant.
" p<0.05 (baseline versus follow-up).
" p<0.01 (baseline versus follow-up).
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Table 3
Results of Cox proportional hazards regression analysis.

Variables Proportional hazards model

Unadjusted model Adjusted model?

HR 95%CI p value HR 95%CI p value
Early statin therapy—yes 0.53 0.28-0.97 0.040 0.46 0.23-0.86 0.015
Age (1 year increase) 1.02 0.99-1.06 0.097 1.04 1.01-1.07 0.033
Male—yes 1.34 0.61-3.53 0.497 1.53 0.63-4.30 0.358
Body mass index (1—increase) 0.97 0.89-1.07 0.577 0.98 0.88-1.09 0.721
Hypertension—present 1.62 0.86-3.23 0.135 1.58 0.81-3.22 0.179
Diabetes—present 1.40 0.76-2.55 0.275 1.00 0.51-1.90 0.997
Smoking—present 1.72 0.88-3.68 0.116 1.82 0.90-4.01 0.095
Prior CAD—present 2.21 0.99-4.42 0.052 2.04 0.88-4.32 0.089
Baseline LDL-C—high (>median) 0.91 0.49-1.66 0.764 0.90 0.47-1.72 0.759

CAD, coronary artery disease; LDL-C, low-density lipoprotein cholesterol. Values of p <0.05 were considered statistically significant.
2 Multivariate Cox hazard model included the following variables: early statin therapy, age, gender, body mass index, hypertension, diabetes, smoking, prior coronary

artery disease and baseline LDL-C value.

Baseline ACS and Stroke / Hazard ratio Hazard ratio pvalue
Characteristics Number (95%CI)
Hypertension
Yes 24/109 & 0.49(0.10-1.88) 0.306
No 9/69 e e 0.51(0.21-1.14) 0.103
Diabetes
Yes 17/69 . B ma 0.55(0.19 - 1.44) 0225
No 16/109 & 0.54(0.18 — 1.46) 0.226
Class of ACS
AMI 157103 —_—;— 0.34(0.09-1.01) 0.051
Unstable angina 18/75 = 0.70(0.27-1.79)  0.459
LDL-C
=118 mg/dL 18/88 el — 0.21(0.05-0.64) 0.004
<118 mg/dL 15/90 & 1.06(0.38-3.17) 0.901
hs-CRP
=3.0mglL 17/86 & 0.43(0.15-1.11) 0.082
<3.0mglL 16/92 = 0.77(0.27-2.07) 0.608
0 0.5 1.0 20 3.0
Favors Favors
Early statin Late statin

Fig. 2. Estimates of hazards ratios for recurrent ACS and stroke in groups given statin early (atorvastatin group) and late (control group).

4. Discussion

The present study demonstrated that starting statin therapy
within 48h of ACS onset followed by intensive lipid-lowering
therapy for 6 months was associated with reduced incidence of
long-term cardiovascular events in patients with ACS after PCI. The
results also showed that a high baseline LDL-C value amplified the
beneficial effect of early statin therapy on non-fatal cardiovascular
events.

The present findings were consistent with those of several clin-
ical studies that have shown benefits of statin therapy with respect
to cardiovascular events among patients with ACS. Among ran-
domized trials of statin therapy versus control ACS patients, the
landmark MIRACL trial (for the Myocardial Ischemia Reduction
with Aggressive Cholesterol Lowering study) showed that early
atorvastatin administration resulted in a significantly (16%) lower
rate of major cardiac events at 4 months of follow-up [15]. How-
ever, patients for whom coronary revascularization therapy was
planned within 24-96 h of ACS onset were excluded from the MIR-
ACL trial. The omission of this large subpopulation of patients was a
critical limitation for clinical practice because early revasculariza-
tion is an important therapeutic strategy for treating ACS. We thus
designed the present study to more closely resemble actual prac-
tice. Revascularization reduced the risk of future ischemic events,

whereas medical treatment including statins reduced mortality and
morbidity among patients with cardiovascular disease [16-18]. The
present study extends and strengthens the benefits of statins with
respect to long-term outcomes among ACS patients after revas-
cularization. We believe that this is the first long-term follow-up
study of ACS patients after revascularization.

Recent advances in basic sciences have established a fundamen-
tal role for inflammation in mediating all stages of atherosclerosis,
from initiation through progression to plaque formation and ulti-
mately plaque rupture and subsequent thrombotic complications
leading to ACS [19,20]. Therefore, we postulated that the process
of plaque rupture is in fact an acute inflammatory response or
reaction. Some clinical studies have shown that groups of patients
with ACS accompanied by significant inflammation have a poor
prognosis [21,22]. Thus, to control systemic inflammation from
the early stage of ACS occurrence is important. We consider that
the anti-inflammatory properties of statins play an important role
in the long-term benefits conferred upon hospital inpatients by
administration soon after ACS. We also consider that CRP is an
important marker of inflammation in atherosclerotic disease. Fur-
thermore, several studies have suggested that hs-CRP levels upon
admission can predict early and late outcomes in patients with
ACS [22-24]. However, hs-CRP values did not significantly differ
between the atorvastatin and control groups at 6 months. In addi-
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tion, our data did not show a prognostic significance of hs-CRP in
unadjusted and adjusted Cox proportional hazard models (HR 0.96;
95%C10.78-1.11; p=0.698 and HR 1.01; 95%C10.81-1.17; p=0.955,
respectively).

The reduction in MACCE conferred by early statin treatment
was already apparent at 6 months after starting therapy, although
this benefit was not statistically significant. The early separation
of clinical event curves also revealed a continued long-term bene-
fit of early statin therapy. Our findings suggest that patients with
ACS who receive early and intensive lipid-lowering for 6 months
continue to derive benefit in the chronic phase even if the inten-
sity of lipid-lowering therapy is reduced after 6 months. We also
thought that an important reason to start statin therapy during
the early phase of ACS is to ensure that patients receive this criti-
cal component of secondary prevention and to improve long-term
compliance by taking advantage of a moment when the attending
physician and patients are most motivated. Thus, we would like to
emphasize the significance of the early initiation of intensive lipid-
lowering therapy with statins and at least 6 months of continued
administration for patients with ACS.

The influence of the pre-treatment LDL-C value on the clinical
benefits of statin therapy remains controversial [4,25-28]. Our data
showed that the benefits of atorvastatin over controls deteriorated
from higher to lower baseline LDL-C values. Definitive explanations
for the reduced benefit of intensive statin therapy in patients with
lower baseline LDL-C have not been elucidated. Since the relation-
ship between LDL-C levels and cardiovascular events was linear, the
benefit of aggressive LDL-C reduction should be greater in patients
with higher baseline LDL-C. However, the greater reduction in LDL-
C induced by atorvastatin in patients with higher baseline values
might have partially contributed to the difference in the benefit.
The absolute difference in LDL-C achieved at 6 months with con-
trol versus atorvastatin significantly increased from the group with
alower to a higher LDL-C value. We also consider that patients with
ACS and low baseline LDL-C should be managed more strictly for
other coronary risk factors such as diabetes, hypertension and neg-
ative lifestyle habits. The benefit of lipid therapy in these groups
of patients is still underestimated, although it is generally a confir-
mative strategy. More careful intervention, such as multifactorial
treatment, might be required because other risks for cardiovascular
events would be considerably influenced.

Several limitations are associated with the present study. Firstly,
the study population comprised only Japanese patients, whereas
the principal data regarding statin treatment for ACS were gener-
ated from large-scale studies in European and American countries.
We considered that 20 mg/day of atorvastatin would be sufficient
to intensively lower lipid values among this Asian population. The
administration of 80 mg/day of atorvastatin decreased the mean
LDL-C value to 72 mg/dL in the MIRACL study of ACS among mostly
European and North American patients [15]. Our values after statin
treatment support the findings of that study. Therefore, the LDL-
C results and the other effects of statins might differ from those
of other populations. However, we believe that the significance of
early statin treatment for ACS provides valuable information about
long-term outcomes, regardless of race. Secondly, the scale of this
study cohort was small and the advantages conferred by this study
design will be difficult to replicate. Considerable positive evidence
about statin treatment for coronary artery disease has recently been
publicized, and finding untreated patients for future comparisons
with statin-treated patients with ACS will therefore be challenging.
We feel that this factor outweighs the issue of the study cohort size.

5. Conclusions

The findings of this clinical follow-up study of the Extended-
ESTABLISH trial suggest that the incidence of MACCE is decreased

by the early, rather than the late initiation of statin treatment for
ACS. Moreover, 6 months of intensive lipid-lowering therapy for
patients with ACS improved long-term clinical outcomes after PCI
even when the intensity of the therapy was reduced thereafter. We
postulate that early statin therapy is warranted for all patients with
ACS even under the current guidelines, as the likely outcome can
be predicted primarily from lipid profiles.
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