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Background. Stent implantations via percutaneous coronary intervention (PCI) are complicated by 

cardiac biomarkers (creatine kinase-myocardial isoenzyme [CK-MB] and troponin) augmented 

release in 5-40% of patients (1-5). Most of the times this complication is benign and asymptomatic, 

however several studies had already shown as even a small post-PCI cardiac enzymes increase 

could be associated to an augmented risk in cardiac events during the follow-up (1-6). Particularly, 

had been observed that CK-MB values exceeding normal limits (ULN) of 3, 5, and 8 times are 

associated to a long-term mortality increase, with a relative risk of 1.84 (3), 2.2 (7) and 5.91 (1) 

respectively. The American College of Cardiology and the American Heart Association consider 

CK-MB three times growing value as clinical relevant (6, 8). 

Different factors are implicated in peri-procedural acute myocardial infarction onset: a) 

embolization b) prolonged spasm and dissection of the treated vessel c) vessel perforation d) 

secondary branches occlusion (4). Much more frequently, though, the peri-procedural damage is 

diagnosticated only in the hours following the uncomplicated intervention throughout the 

determination of cellular necrosis enzymes. In these instances, which represent the absolute 

majority (50-75%), the physiopathological process leading to the damage is given by 

microcirculation obstructive alterations (structural and partly functional) caused by 

atheromatous and thrombotic fragments embolization, neuro-hormonal activation and by 

inflammatory and oxidative stress injuries. 
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Actually, recommendations for periprocedural AMI prevention are: 1) dual antiplatelet therapy 

pretreatment (aspirin e thienopyridine) 2) heparin administration at the beginning of the procedure 

in order to obtain an activated coagulation time (ACT) >300 seconds; otherwise routine using of 

glycoprotein IIbIIIa inhibitors is not recommended. Despite the use of such strategies, there is still a 

5-40% risk (dependent on the type of population treated) of developing a peri-procedural infarction 

(6, 8). 

Statin and hydrossymetylglutaryl-coenzyme reductase (HMG-CoA reductase) inhibitors, in addition 

to their well-known cholesterol lowering property, own pleiotropic effects able to modify 

inflammatory response, plaque stability, endothelial function and thrombogenesis (9-12). Moreover, 

statin limit the activation of monolithic and macrophage system, reducing proteolytic enzymes 

release (metalloproteases). These drugs interact also with the T lymphocytic component, inhibiting 

its cytotoxic effect, reducing the Th-1 pro-inflammatory population and reinforcing Th-2 anti-

inflammatory sub classes. Statin reduce synthesis and secretion of pro-inflammatory cytokines (IL-

6, IL-8, TNF-alfa, CD40 ligand), reducing reactive protein C levels (CRP); where CRP exerts its 

effect on atherosclerosis progression, endothelial dysfunction and thrombosis. Hence statin are able 

to attenuate inflammation effects even through CRP modulation (13). Statin influence on pro-

thrombotic factors had been evaluated for tissue factor (TF), platelet aggregation, fibrinogen, 

plasmatic viscosity, fibrinolytic factors (11-16). Platelet taken from high-level cholesterol patients 

were found to be more responsive to the stimulation with pro-aggregating substances. Cholesterol 

enrichment of the plasmatic membranes and high production of tromboxan A2 represented two 

hypothetical mechanisms behind the association between hyper-aggregability and 

hypercholesterolemia. At the endothelial level, statin improve healing processes, flown-dependent 

dilation, increase nitric oxide and adenosine bioavailability, limit the expression of surface proteins 

binding inflammatory cell receptors, platelet and coagulation factors.    

Statin influence thrombosis by inhibiting platelet aggregation, coagulation factors, rheological and 

fibrinolytic factors (11-16); platelet aggregation is contrasted modifying the percentage of 

cholesterol contained within the plasmatic membrane, modulating membrane fluidity. Clinical 

studies had shown an association between hyperlipidemia and thrombogenicity (10). Statin reduce 

coagulation process acting on different level of the cascade, such as via tissue factor and thrombin 

activation (14) and promoting fibrinolysis through the alteration of fibrinogen tissue activator and 

the inhibition of plasminogen activator (16). 
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In the light of the physiophatological mechanisms involved in peri-procedural AMI and of the 

hypocolesterolemic-independent effects of statin, retrospective studies had shown as pre-procedure 

statin therapy reduces non-Q wave myocardial infarction incidence and improve long-term 

outcomes (17-18). Randomized studies have confirmed statin positive effect on peri-procedural 

AMI: in Briguori et al. study (19) 451 patients had been hospitalized for an elective PCI; all patients 

were not assuming statin. Patients were randomized in 2 treatment groups: Statin Group, patients 

receiving HMG-CoA reductase inhibitor at least 3 days before procedure (in media 17±8 days prior 

the procedure) and Control Group, patients who did not receive any statin before the procedure. 

The incidence of peri-procedural infarction with CK-MB and troponin I values 5 times beyond the 

normal limit were 15.6% for the Control Group and 8% for the Statin Group (P=0.012 and P=0.043 

respectively).  

In the ARMYDA study (20) 135 patients electively hospitalized for stable chronic angina and not 

assuming statin were randomized on patients taking atorvastatin (40 mg/die) during the 7 days prior 

PCI vs patients taking placebo. Pre-treatment with statin reduced peri-procedural myocardial 

damage: both the number of peri-procedural AMI cases and peak values reached by CK-MB (12% 

vs 35%, P=0.001, 2.9±3.0 vs 7.5±1.8 ng/mL, p=0.007 respectively), troponin I (20% vs 48%, 

P=0.0004, 0.09±0.2 vs 0.47±1.3 ng/mL, p=0.0008) and myoglobin (22 vs 51%, P=0.0005, 58±36 vs 

81±49 ng/mL, p=0.0002), in fact, had proven to be significant lower in patients group treated with 

atorvastatin. In both the studies above-mentioned atorvastatin was administrated at least 3 days 

before the procedure, which represents a relevant problem for the normal clinical practice of 

patients not assuming atorvastatin. Mensah et al. (21) used an experimental model to demonstrate 

that the assumption of atorvastatin (20 mg/kg die) within 3 days before the procedure reduced 

infarction extension; conversely cardioprotective effect was lower if the assumption occurred 1-2 

weeks before. For chronic statin assumption patients, instead, cardioprotective effect can be 

preserved even taking atorvastatin (40 mg /Kg) 3-4 hours pre-procedure. According to the authors, 

the difference between acute and chronic administration can be explained in relation to the 

phosphokinase B (PKB) phosphorylation status within PKB/Akt pathway (22-23). Statin acute 

administration, in fact, appears to induce PKB/Akt complex phosphorylation, increasing nitric oxide 

and adenosine bioavailability and promoting endothelial progenitor cells proliferation. On the 

contrary, chronic atorvastatin administration in mice has shown to up-regulate PTEN phosphatase 

expression, consequently inducing PKB/Akt complex inhibition. Effectiveness of high-dose 

atorvastatin administration the day before the procedure in reducing peri-procedural AMI risk is 
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still unknown at the moment.   

 

Aim of the research 

To evaluate the efficacy of acute high-dose atorvastatin (80 mg) administration the day before the 

procedure in preventing peri-procedural AMI.  

 

Expected outcomes 

To evaluate the reduction of the incidence of peri-procedural AMI in patients treated with high-dose 

of atorvastatin the day before the procedure.  

 

Study design 

Monocentric, randomized, open study not placebo controlled. About 700 patients would have been 

be enrolled.   

 

Enrollment: All consecutive patients not assuming statin and hospitalized for an elective PCI on de 

novo lesions in coronary native vessels were randomize in 2 groups: 1) Atorvastatin Group: patients 

pre-treated with atorvastatin; 2) Control Group: patients not pre-treated with atorvastatin. 

Atorvastatin Group patients were treated with 80 mg dose atorvastatin the day before the procedure 

and 20 mg/die in the following days. Control Group patients did not assume any statin neither 

before the procedure nor during the hospitalization. 

Nevertheless, all patients were discharged with atorvastatin 20 mg/die. Randomization 1:1 has been 

performed according to a numerical allocation system randomly created by a computer.   

 

Randomization: each patient who met inclusion and exclusion criteria and who had signed informed 

consent was randomized in one of the 2 groups of treatment: 1) Atorvastatin Group and 2) Control 

Group. 

 

Method of administration and planned dosage: 

• Atorvastatin Group treated with 80 mg of atorvastatin the day prior the procedure 

and with 20 mg/die during the following days. 

• Control Group did not assume any statin neither before the procedure nor during the 

hospitalization. These patients were discharged with atorvastatin 20 mg/die. 
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Sample estimation. We considered a peri-procedural AMI incidence (CKMB >3 times compared 

to ULN) of 18% for the Control Group (19-20) and of 10% for the Atorvastatin Group. Therefore, 

322 patients would have been necessary for each group in order to demonstrate a statistically 

significant difference (α = 0.80; p<0.05). To cover possible and predictable loss of data 700 patients 

(350 for each group) would have been enrolled. 

 

Myocardial enzymes dosage. CK-MB (mass concentration) and troponin I (cTnI) values were 

evaluated before the procedure and 6 and 12 hours after. Additional blood sampling were performed 

in case of myocardial ischemia. CK-MB mass upper limit of normal values are £3.5 (range 0.6-3.5) 

ng/ml, cTnI upper limit of normal values are £0.10 (range 0.00-0.10) ng/ml. CK-MB and/or cTnI 

elevated basal level were considered as study enrollment exclusion criteria.  

 

Percutaneous myocardial revascularization procedure. PCI with stent implantation have been 

performed according to standard techniques. All patients were treated with heparin (70 UI/kg) at the 

beginning of the procedure, in order to get an ACT >300 seconds. The type of stent to be implanted 

and the implantation technique (with/without pre and/or post-dilatation) were chosen by the operator, 

as well as the use of directional or rotational atherectomy and that of glycoprotein IIbIIIa inhibitors. 

The final stenosis <20% procedures were considered successful. Intra-procedural complications taken 

into account were: vessel acute occlusion, acute thrombosis, prolonged spasm, flow/no-flow limiting 

dissection, slow/no-flow, distal embolization, secondary branches impairment, temporary/permanent 

occlusion, vessel break. We experienced 3 adverse events: 3 target vessel revascularizations (2 on 

target lesion); these events were expected, not associated to the experimental treatment. Any AMI 

occurred. 
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Patients enrollment method.  

All consecutive patients not assuming statin and hospitalized for an elective PCI on de novo lesions in 

native coronary vessels were enrolled according to the following criteria: 

 

Inclusion criteria 

1) age ³18 years 

2) any ongoing treatment with statin 

3) de novo stenosis in a native vessel 

    

Exclusion criteria  

1) pregnant women  

2) acute pulmonary edema 

3) AMI and/or acute coronary syndrome  

4) elevated basal values of cardiac enzymes (CKMB and/or troponin) 

5) recent (£2 days) acute coronary syndrome and/or AMI  

6) patients enrolled in other ongoing studies 

7) ongoing treatment with statin 

8) dialysis treatment for chronic kidney disease  

9) history of statin intolerance  

10) aspirin and/or thienopyridine (ticlopidine or clopidogrel) 

11) glycoprotein IIbIIIa inhibitors ongoing treatment 

 

Side effects evaluation.  

Side effects risk associated to a single high-dose (80 mg) of atorvastatin is extremely low. 

Literature data showed good tolerability and absence of significant side effects even in case of 

long-term assumption (24-28). Side effects incidence, in fact, was shown to be comparable with 

10 mg/die dose (24). Nausea and intestinal disorders occurr rarely. As with all statin, there might 

be an increase in CK serum levels. In extremely rare cases (0.04%) muscle damage occur 

(rabdomyolysis), in most of the cases side effects are transitory and are resolved with the 

withdrawal of the drug.   
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Endpoints reached 
 
Primary Endpoint: increase of CK-MB value beyond the upper limit of normality (>3) in association 

or not with the identification of ST and T waves alteration in ECG. 

 
Secondary Endpoint: 1) Increase of troponin I value beyond the upper limit of normality (>3) 2) 

endpoint which gathers all the in-hospital events including myocardial infarction, new 

revascularization, death 

 

Eleven statin-naive patients were randomly assigned the day before the elective PCI to receive 

atorvastatin 80 mg (atorvastatin group; n=7) or no statin treatment (control group; n=4). Creatine 

kinase myocardial isoenzyme (CK-MB) (upper limit of normal [ULN] 3.5 ng/ml) and cardiac troponin 

I (ULN 0.10 ng/ml) were assessed before and 6 and 12 h after the intervention. Periprocedural MI was 

defined as a CK-MB elevation >3 x ULN alone or associated with chest pain or ST-segment or T-wave 

abnormalities. 

 

In both groups no periprocedural MI was detected, as defined by CK-MB elevation >3 x ULN. Median 

Tn-I peak after PCI was 0.15 ng/ml (interquartile range 0.04 to 0.56 ng/ml) in the atorvastatin group 

and 0.17 ng/ml (interquartile range 0.06 to 0.22 ng/l) in the control group (p=0.172). The incidence of 

cardiac troponin I elevation >3 x ULN was 42.9% in the atorvastatin group and 75% in the control 

group (odds ratio: 0.25; 95% confidence interval: 0.26 to 60.32; p=0.317). 

 

Considering the early interruption of the study discussed in the following paragraph we cannot drive 

any conclusions based on the preliminary study results .   

 

 

Study closing 

In view of the difficulties in enrolling a number of patients able to cover the sample size 

established by the protocol (few patients meeting inclusion/exclusion criteria), study PI decided 

to interrupt prematurely the study. This decision was communicated to local EC.  

 



 8 

 
 
Bibliography 
 
 

1. Brener SJ, Ellis SG, Schneider J, Topol EJ. Frequency and long-term impact of myonecrosis 
after coronary stenting. Eur Heart J. 2002;23:869-76. 

2. Cavallini C, Savonitto S, Violini R, Arraiz G, Plebani M, Olivari Z, Rubartelli P, Battaglia 
S, Niccoli L, Steffenino G, Ardissino D. Impact of the elevation of biochemical markers of 
myocardial damage on long-term mortality after percutaneous coronary intervention: results 
of the CK-MB and PCI study. Eur Heart J. 2005;26:1494-8. 

3. Ghazzal Z, Ashfaq S, Morris DC, Douglas JS, Marshall JJ, King SB, 3rd, Weintraub WS. 
Prognostic implication of creatine kinase release after elective percutaneous coronary 
intervention in the pre-IIb/IIIa antagonist era. Am Heart J. 2003;145:1006-12. 

4. Herrmann J. Peri-procedural myocardial injury: 2005 update. Eur Heart J. 2005;26:2493-
519. 

5. Stankovic G, Chieffo A, Iakovou I, Orlic D, Corvaja N, Sangiorgi G, Airoldi F, Colombo A. 
Creatine kinase-myocardial band isoenzyme elevation after percutaneous coronary 
interventions using sirolimus-eluting stents. Am J Cardiol. 2004;93:1397-401, A9. 

6. Myocardial infarction redefined--a consensus document of The Joint European Society of 
Cardiology/American College of Cardiology Committee for the redefinition of myocardial 
infarction. Eur Heart J. 2000;21:1502-13. 

7. Stone GW, Mehran R, Dangas G, Lansky AJ, Kornowski R, Leon MB. Differential impact 
on survival of electrocardiographic Q-wave versus enzymatic myocardial infarction after 
percutaneous intervention: a device-specific analysis of 7147 patients.. Circulation. 2001; 
7;104:642-7.. 

8. Smith SC, Jr., Dove JT, Jacobs AK, Kennedy JW, Kereiakes D, Kern MJ, Kuntz RE, Popma 
JJ, Schaff HV, Williams DO, Gibbons RJ, Alpert JP, Eagle KA, Faxon DP, Fuster V, 
Gardner TJ, Gregoratos G, Russell RO. ACC/AHA guidelines of percutaneous coronary 
interventions (revision of the 1993 PTCA guidelines)--executive summary. A report of the 
American College of Cardiology/American Heart Association Task Force on Practice 
Guidelines (committee to revise the 1993 guidelines for percutaneous transluminal coronary 
angioplasty). J Am Coll Cardiol. 2001;37:2215-39. 

9. Sposito AC, Chapman MJ. Statin therapy in acute coronary syndromes: mechanistic insight 
into clinical benefit. Arterioscler Thromb Vasc Biol. 2002;22:1524-34. 

10. Ray KK, Cannon CP. The potential relevance of the multiple lipid-independent (pleiotropic) 
effects of statins in the management of acute coronary syndromes. J Am Coll Cardiol. 
2005;46:1425-33. 

11. Rosenson RS, Tangney CC. Antiatherothrombotic properties of statins: implications for 
cardiovascular event reduction. Jama. 1998;279:1643-50. 

12. Kearney D, Fitzgerald D. The anti-thrombotic effects of statins. J Am Coll Cardiol. 
1999;33:1305-7. 

13. Libby P. What have we learned about the biology of atherosclerosis? The role of 
inflammation. Am J Cardiol. 2001;88:3J-6J. 

14. Notarbartolo A, Davi G, Averna M, Barbagallo CM, Ganci A, Giammarresi C, La Placa FP, 
Patrono C. Inhibition of thromboxane biosynthesis and platelet function by simvastatin in 
type IIa hypercholesterolemia. Arterioscler Thromb Vasc Biol. 1995;15:247-51. 

15. Dangas G, Smith DA, Unger AH, Shao JH, Meraj P, Fier C, Cohen AM, Fallon JT, 



 9 

Badimon JJ, Ambrose JA. Pravastatin: an antithrombotic effect independent of the 
cholesterol-lowering effect. Thromb Haemost. 2000;83:688-92. 

16. Bourcier T, Libby P. HMG CoA reductase inhibitors reduce plasminogen activator 
inhibitor-1 expression by human vascular smooth muscle and endothelial cells. Arterioscler 
Thromb Vasc Biol. 2000;20:556-62 

17. Herrmann J, Lerman A, Baumgart D, Volbracht L, Schulz R, von Birgelen C, Haude M, 
Heusch G, Erbel R. Preprocedural statin medication reduces the extent of periprocedural 
non-Q-wave myocardial infarction. Circulation. 2002;106:2180-3. 

18. Chang SM, Yazbek N, Lakkis NM. Use of statins prior to percutaneous coronary 
intervention reduces myonecrosis and improves clinical outcome. Catheter Cardiovasc 
Interv. 2004;62:193-7. 

19. Briguori C, Colombo A, Airoldi F, Violante A, Focaccio A, Balestrieri P, Paolo Elia P, 
Golia B, Lepore S, Riviezzo G, Scarpato P, Librera M, Bonizzoni E, Ricciardelli B. Statin 
administration before percutaneous coronary intervention: impact on periprocedural 
myocardial infarction. Eur Heart J. 2004;25:1822-8. 

20. Pasceri V, Patti G, Nusca A, Pristipino C, Richichi G, Di Sciascio G. Randomized trial of 
atorvastatin for reduction of myocardial damage during coronary intervention: results from 
the ARMYDA (Atorvastatin for Reduction of MYocardial Damage during Angioplasty) 
study. Circulation. 2004;110:674-8. 

21. Mensah K, Mocanu MM, Yellon DM. Failure to protect the myocardium against 
ischemia/reperfusion injury after chronic atorvastatin treatment is recaptured by acute 
atorvastatin treatment: a potential role for phosphatase and tensin homolog deleted on 
chromosome ten? J Am Coll Cardiol. 2005;45:1287-91. 

22. Sanada S, Asanuma H, Minamino T, Node K, Takashima S, Okuda H, Shinozaki Y, Ogai A, 
Fujita M, Hirata A, Kim J, Asano Y, Mori H, Tomoike H, Kitamura S, Hori M, Kitakaze M. 
Optimal windows of statin use for immediate infarct limitation: 5'-nucleotidase as another 
downstream molecule of phosphatidylinositol 3-kinase. Circulation. 2004;110:2143-9. 

23. Chan AW, Bhatt DL, Chew DP, Quinn MJ, Moliterno DJ, Topol EJ, Ellis SG. Early and 
sustained survival benefit associated with statin therapy at the time of percutaneous coronary 
intervention. Circulation. 2002;105:691-6. 

24. Newman C, Tsai J, Szarek M, et al. Comparative Safety of atorvastatin 80 mg versus 10 mg 
derived from analysis of 49 completed trials in 14236 patients. Am J Cardiol 2006; 97: 61-7 

25. Cannon CP, Braunwald E, McCabe CH, et al. Pravastatin or Atorvastatin evaluation and 
infection therapy-thrombolysis in Myocardial infarction 22 Investigators. Comparison of 
intensive and moderate lipid lowering with statins after acute coronary syndromes. N Engl J 
Med 2004; 350: 1495-504 

26. Schwartz GG, Olsson AG, Ganz EP, et al. Myocardial ischemia reduction with aggressive 
cholesterol lowering (MIRACL) study investigators. JAMA 2001; 285: 1711-18 

27. Waters DD, LaROsa JC, Barter P, et al. Effects of high-dose atorvastatin on cerebrovascular 
events in patients with stable coronary disease in the TNT (Treating to New Targets) Study. 
J Am Coll Cardiol 2006; 48: 1793-9 

28. Pedersen TR, Faergeman O, Kastelein JJP, et al. High-dose atorvastatin vs usual dose 
simvastatin for secondary prevention after myocardial infarction. JAMA 2005; 294: 2437-45 

 
 
 


