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A bs tr ac t

Background

Experimental evidence suggests that cyclosporine, which inhibits the opening of mito-
chondrial permeability-transition pores, attenuates lethal myocardial injury that oc-
curs at the time of reperfusion. In this pilot trial, we sought to determine whether 
the administration of cyclosporine at the time of percutaneous coronary interven-
tion (PCI) would limit the size of the infarct during acute myocardial infarction.

Methods

We randomly assigned 58 patients who presented with acute ST-elevation myocardial 
infarction to receive either an intravenous bolus of 2.5 mg of cyclosporine per kilo-
gram of body weight (cyclosporine group) or normal saline (control group) imme-
diately before undergoing PCI. Infarct size was assessed in all patients by measuring 
the release of creatine kinase and troponin I and in a subgroup of 27 patients by 
performing magnetic resonance imaging (MRI) on day 5 after infarction.

Results

The cyclosporine and control groups were similar with respect to ischemia time, the 
size of the area at risk, and the ejection fraction before PCI. The release of creatine 
kinase was significantly reduced in the cyclosporine group as compared with the 
control group (P = 0.04). The release of troponin I was not significantly reduced 
(P = 0.15). On day 5, the absolute mass of the area of hyperenhancement (i.e., infarcted 
tissue) on MRI was significantly reduced in the cyclosporine group as compared 
with the control group, with a median of 37 g (interquartile range, 21 to 51) versus 
46 g (interquartile range, 20 to 65; P = 0.04). No adverse effects of cyclosporine ad-
ministration were detected.

Conclusions

In our small, pilot trial, administration of cyclosporine at the time of reperfusion was 
associated with a smaller infarct by some measures than that seen with placebo. 
These data are preliminary and require confirmation in a larger clinical trial.
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Myocardial infarction is a dis-
abling disease that is common in the 
United States, with more than 1.5 mil-

lion new cases diagnosed each year.1,2 Infarct size 
is a major determinant of mortality in myocardial 
infarction.3,4 Limitation of infarct size has there-
fore been an important objective of strategies to 
improve outcomes. Currently, the most effective 
way to limit infarct size is to reperfuse the jeop-
ardized myocardium as soon as possible with the 
use of coronary angioplasty or thrombolysis and 
to prevent reocclusion of the coronary artery with 
the use of antiplatelet therapy.

Although reperfusion is undoubtedly beneficial, 
it has detrimental effects, including myocardial 
stunning, ventricular arrhythmias, and microvas-
cular dysfunction.5-7 Accumulating evidence sug-
gests that reperfusion may also cause irreversible 
myocardial injury, possibly through a form of mi-
tochondrial dysfunction that has been designated 
permeability transition.8-12 The opening of a non-
specific high-conductance channel (called the mi-
tochondrial permeability-transition pore) in the 
inner mitochondrial membrane results in the col-
lapse of the membrane potential, the uncoupling 
of the respiratory chain, the efflux of cytochrome 
c and other proapoptotic factors, and the hydro-
lysis rather than synthesis of ATP; these metabolic 
alterations may lead to cardiomyocyte death.13,14 
Calcium overload and excessive production of re-
active oxygen species in the early minutes of re-
f low trigger the opening of the mitochondrial 
permeability-transition pore.10,12,14 Griffiths and 
Halestrap found that in the isolated rat heart, the 
permeability-transition pore remains closed during 
ischemia but opens at the time of reperfusion.15

In addition to its well-known immunosuppres-
sive properties, cyclosporine is a potent inhibitor 
of mitochondrial permeability transition, and sev-
eral reports indicate that it can limit ischemia− 
reperfusion injury under experimental condi
tions.8,15-21 The objective of the present study was 
to determine whether the administration of cy-
closporine at the onset of reperfusion reduces the 
infarct size in patients with ongoing acute myo-
cardial infarction.

Me thods

Trial

This study was a prospective, multicenter, random-
ized, single-blind, controlled trial. The trial was 
designed, the data were collected and analyzed, 

and the manuscript was written solely by the au-
thors. Cyclosporine for the trial was purchased 
with institutional grant support; the manufacturer 
had no role in the study. The trial was performed 
in accordance with the Declaration of Helsinki 
(revised version, 1996), the European Guidelines 
for Good Clinical Practice (version 11, July 1990), 
and French laws. In accordance with French law, 
the study protocol was approved by the ethics 
committee of the institution of the principal in-
vestigator (Dr. Ovize) acting on behalf of all the 
institutions involved in this trial. All subjects 
gave written informed consent before being in-
cluded in the study.

Study Population

Men and women, 18 years of age or older, who 
presented within 12 hours after the onset of chest 
pain, who had ST-segment elevation of more than 
0.1 mV in two contiguous leads, and for whom 
the clinical decision was made to treat with percu-
taneous coronary intervention (PCI) were eligible 
for enrollment. Patients were eligible for the study 
whether they were undergoing primary PCI or res-
cue PCI. Occlusion of the culprit coronary artery 
(Thrombolysis in Myocardial Infarction [TIMI] 
flow grade 0) at the time of admission was also a 
criterion for inclusion.22

Patients with cardiac arrest, ventricular fibril-
lation, cardiogenic shock, stent thrombosis, previ-
ous acute myocardial infarction, or angina with-
in 48 hours before infarction were not included in 
the study. Patients with occlusion of the left main 
or left circumflex coronary artery or with evidence 
of coronary collaterals to the region at risk on 
initial coronary angiography (at the time of ad-
mission) were excluded.23 Patients with known 
hypersensitivity to cyclosporine, known renal fail-
ure or a serum creatinine level of 120 μmol per 
liter (1.36 mg per deciliter) or more at admission, 
liver failure, or uncontrolled hypertension and 
women who were pregnant or who were of child-
bearing age and were not using contraception were 
not included. Finally, patients who had any disor-
der that is associated with immunologic dysfunc-
tion (e.g., cancer, lymphoma, a positive serologic 
test for the human immunodeficiency virus, or 
hepatitis) more recently than 6 months before pre-
sentation were excluded.

Angiography and PCI

Left ventricular and coronary angiography was per-
formed with the use of standard techniques, just 
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before revascularization. The size of the area at 
risk, a major determinant of infarct size,24 was 
estimated for each patient by measuring the cir-
cumferential extent of abnormally contracting seg-
ments, according to the method of Feild et al.25 
Revascularization was performed with the use of 
direct stenting.26

Experimental Protocol

After coronary angiography was performed but 
before the stent was implanted, patients who met 
the enrollment criteria were randomly assigned to 
either the control group or the cyclosporine group. 
Randomization was performed with the use of 
a computer-generated randomization sequence. 
Numbered, sealed envelopes that contained the 
study group assignment were distributed to each 
catheterization laboratory and were opened after 
informed consent had been obtained.

Less than 10 minutes before direct stenting, the 
patients in the cyclosporine group received an in-
travenous bolus injection of 2.5 mg of cyclosporine 
(Sandimmune, Novartis) per kilogram of body 
weight. Cyclosporine was dissolved in normal sa-
line (final concentration, 25 mg per milliliter) and 
was injected through a catheter that was posi-
tioned within an antecubital vein. The patients in 
the control group received an equivalent volume 
of normal saline. The dose of cyclosporine was 
chosen arbitrarily, based on experimental data of 
Argaud et al.,17,27 as well as on our experience in 
the treatment of heart-transplant recipients, for 
whom this dose would be a typical loading dose.

Infarct Size

The primary end point was the size of the infarct 
as assessed by measurements of cardiac biomark-
ers. Blood samples were obtained at admission 
and repeatedly over the next 3 days. The area un-
der the curve (AUC) (expressed in arbitrary units) 
for creatine kinase and troponin I release (Beck-
man kit) was measured in each patient by com-
puterized planimetry (Image J1.32j).26,28,29

The principal secondary end point was the size 
of the infarct as measured by the area of delayed 
hyperenhancement that was seen on cardiac mag-
netic resonance imaging (MRI), assessed on day 5 
after infarction.30-33 Because MRI facilities were 
available in only one of the three study centers, 
this estimation of infarct size could be performed 
in only a subgroup of patients. Imaging was per-
formed on a 1.5-T whole-body MRI scanner (Mag-

netom Avanto, Siemens). For the late-enhancement 
analysis, 0.2 mmol of gadolinium–tetrazacyclodo-
decanetetraacetic acid (DOTA) per kilogram was 
injected at a rate of 4 ml per second and was 
flushed with 15 ml of saline. Delayed hyperen-
hancement was evaluated 10 minutes after the 
injection of gadolinium–DOTA with the use of a 
three-dimensional inversion-recovery gradient− 
echo sequence. The images were analyzed in short-
axis slices covering the entire left ventricle. 
Myocardial infarction was identified by delayed 
hyperenhancement within the myocardium, de-
fined quantitatively by an intensity of the myo-
cardial postcontrast signal that was more than 2 
SD above that in a reference region of remote, 
noninfarcted myocardium within the same slice. 
For all slices, the absolute mass of the infarcted 
area was calculated according to the following 
formula: infarct mass (in grams of tissue) = ∑ 
(hyperenhanced area [in square centimeters]) ×  
slice thickness (in centimeters) × myocardial spe-
cific density (1.05 g per cubic centimeter).

Other End Points

The whole-blood concentration of cyclosporine was 
measured at 1 and 20 minutes and at 3 and 12 
hours after injection with the use of a radioim-
munoassay kit (DiaSorin). Blood pressure and se-
rum concentrations of creatinine and potassium 
were measured on admission and 24, 48, and 72 
hours after PCI. Serum concentrations of biliru-
bin, γ-glutamyltransferase, and alkaline phospha
tase, as well as white-cell counts, were measured 
on admission and 24 hours after PCI.

We recorded the cumulative incidence of ma-
jor adverse events that occurred within the first 
48 hours after reperfusion, including death, heart 
failure, acute myocardial infarction, stroke, recur-
rent ischemia, the need for repeat revascular-
ization, renal or hepatic insufficiency, vascular 
complications, and bleeding. We also specifically 
assessed infarct-related adverse events, including 
heart failure and ventricular fibrillation. In addi-
tion, 3 months after acute myocardial infarction, 
cardiac events were recorded, and global left ven-
tricular function was assessed by echocardiogra-
phy (Vivid 7 systems; GE Vingmed).

Statistical Analysis

To calculate the target sample size for the present 
trial, we used the available database of the study 
of myocardial postconditioning by Staat et al.26 
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We hypothesized that cyclosporine would reduce 
the AUC for creatine kinase release by 30%. For a 
statistical power of 80% and a probability of a 
type I error of 0.05 using a two-sided test, we cal-
culated that the sample size should be 62 sub-
jects (31 per group).

All analyses were performed by independent 
experts who were unaware of the treatment-group 
assignments. Between-group comparisons of AUCs 
for serum creatine kinase or troponin I release, 
the time of ischemia, the area at risk, and the 

infarct size as assessed by MRI were performed 
with the use of the Wilcoxon rank-sum test. We 
performed an analysis of covariance to test for 
equality of the slopes of the regression of infarct 
size on the area at risk in the cyclosporine and 
control groups. A comparison of the incidence of 
cumulative adverse clinical events between the 
groups was performed by means of Fisher’s ex-
act test. All values are expressed as medians and 
interquartile ranges. All reported P values are two-
sided.

Table 1. Baseline Characteristics of the Study Population.*

Characteristic Cyclosporine Group 
(N  = 30)

Control Group 
(N = 28) P Value

Age (yr) 58±2 57±2 0.54

Sex (M/F) 25/5 21/7 0.32

Body-mass index† 26±1 27±1 0.62

Hypertension (no.) 15 13 0.50

Smoking (no.) 17 16 0.59

Dyslipidemia (no.) 14 12 0.49

Diabetes (no.) 4 4 0.60

History of coronary artery disease (no.) 4 4 0.60

Angiographic findings

Infarct-related artery (no.) 0.48

Left anterior descending coronary artery 13 11

Right coronary artery 14 14

Left circumflex coronary artery 3 3 

Left ventricular ejection fraction (%) 50±2 49±3 0.88

Abnormally contracting segments (%) 37±2 35±3 0.44

Ischemia time (min) 292±37 302±28 0.70

Percutaneous coronary intervention

Stenting of culprit lesion (no.) 30 28 1.00

Postprocedure TIMI flow grade 2.7±0.2 2.7±0.1 0.87

TIMI flow grade <2 (no.) 3 1 0.61

Treatment before PCI (no.)

Intravenous nitrates 18 17 0.58

Morphine 13 13 0.78

Thrombolytic agents (failed) 5 8 0.22

Treatment at time of PCI (no.)

Heparin 30 28 0.78

Aspirin or clopidogrel 29 24 0.30

Glycoprotein IIb/IIIa inhibitor 11 10 0.99

*	Plus–minus values are means ±SD. PCI denotes percutaneous coronary intervention, and TIMI Thrombolysis in Myocar
dial Infarction.

†	The body-mass index is the weight in kilograms divided by the square of the height in meters.
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