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duction in mortality was seen in the  L -carnitine arm on 
day 5 (secondary end-point) from randomization 
(HR = 0.61, 95% CI 0.37–0.98, p = 0.041).  Conclusions:  In 
CEDIM 2 trial  L -carnitine therapy led to a reduction in 
early mortality (secondary end-point) without affecting 
the risk of death and heart failure at 6 months in patients 
with anterior AMI, leading to a non-signifi cant fi nding 
with respect to the primary end-point. 

 Copyright © 2006 S. Karger AG, Basel 

 Introduction 

 Therapeutic strategies aimed at salvaging ischemic 
myocardium, limiting infarct size and consequent pro-
gressive left ventricular dilatation not only preserve glob-
al LV function, but also decrease post-acute myocardial 
infarction (AMI) mortality and heart failure develop-
ment. These important results are nowadays achieved by 
thrombolysis or primary transluminal coronary angio-
plasty, and by beta-blockade and angiotensin-converting 
enzyme inhibition  [1–4] . However, despite improve-
ments in both recanalization and therapies that reduce 
left ventricular load, AMI mortality still remains high. 

 Key Words 
 Acute myocardial infarction  �  Myocardial infarction, 
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 Abstract 
  Background:  Administration of  L -carnitine in patients 
with anterior acute myocardial infarction (AMI) prevents 
left ventricular remodeling. Current study was aimed to 
assess the effect of  L -carnitine administration on mortal-
ity and heart failure in patients with anterior AMI.  Meth-

ods:  CEDIM 2 trial was a randomized, double-blind, mul-
ticenter, placebo-controlled trial planned to enroll 4,000 
patients with acute anterior AMI. The trial was interrupt-
ed after the enrolment of 2,330 patients because of the 
lower than expected enrolment rate. The primary end 
point was a composite of death and heart failure at 
6 months; 5-day mortality was the secondary end point. 
 Results:  During the 6-month follow-up, the primary end-
point was not signifi cantly different between the  L -car-
nitine and placebo group (9.2 vs. 10.5%, p = 0.27). A re-
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Therefore, efforts are currently made to pursue addition-
al strategies aimed at further increasing myocardial sal-
vage, decreasing left ventricular deterioration and im-
proving survival. 

 Metabolic protection of ischemic myocardium may 
exert a benefi cial functional effect limiting the deleterious 
effects of both ischemia and reperfusion and represents a 
potential basis for additional clinical benefi t in patients 
suffering from AMI  [5–8] . 

 Carnitine is a physiologic compound that is essential 
in producing energy at mitochondrial level; it reduces 
ischemia-induced increase in long-fatty acid concentra-
tion and limits its deleterious functional effect  [9] . It has 
been demonstrated that both the ischemic and infarcted 
myocardium carnitine depletion rapidly occurs  [10]  and 
that its exogenous administration has the potential for 
benefi cially affecting both mechanical and electrical myo-
cardial properties  [11–16] . Furthermore, in a randomized 
multicenter trial (CEDIM trial)  [17]  it has been shown 
that  L -carnitine administration limits LV remodeling in 
patients with anterior AMI with a signifi cant reduction 
in the left ventricular volume increase throughout the fi rst 
year after the acute event. Because of the benefi cial effects 
of  L -carnitine administration on both electrical and myo-
cardial properties in AMI, and of its potential in limiting 
progressive LV remodeling, it was hypothesized that its 
administration could improve clinical status and surviv-
al in patients with anterior AMI. To verify this hypo-
thesis, the CEDIM 2 multicenter trial was undertaken. 

 Methods 

 This was a randomized, double-blind, multicenter, placebo-
controlled trial. One hundred fi fty-three hospitals participated in 
the trial. Local Ethical Committees approved the study protocol, 
and each patient provided informed consent to participate. 

 Patients 
 To be eligible, patients had to have continuous typical chest pain 

for at least 30 min unrelieved by s.l. or i.v. nitrates, onset of symp-
toms of AMI within 12 h before randomization, and persistent ST 
segment elevation of 0.2 mV or more in two or more contiguous 
precordial leads. Exclusion criteria on admission included: age 
 1 80 years, valvular heart disease, hypertrophic cardiomyopathy, 
congenital heart disease, clinically severe renal or hepatic disorders, 
severe comorbidity likely to limit the patient’s life expectancy, geo-
graphic or other factors making study participation impractical, 
participation in other concomitant trials, alcoholism, pregnancy or 
lactation, unwillingness to provide informed consent. 

 Study Design 
 Patients were randomly assigned to receive  L -carnitine or pla-

cebo when arriving at the Cardiology Unit.  L -Carnitine was admin-

istered in the following manner: 9 g per day, by continuous intra-
venous infusion, for the 5 initial days, and then 4 g per day orally 
for the next 6 months. The study treatment was added to the stan-
dard therapeutic strategies adopted at each Institution. Random-
ization lists were generated using permuted blocks of variable 
length in a random sequence so that treatment was balanced with-
in each center. Clinical center was the only stratifi cation factor. 
Eligible patients were centrally randomized. 

 Randomization was carried out over the telephone lines by 
means of a dedicated computer system working 24 h per day, 7 days 
per week. The initial assessment included a medical history, gen-
eral physical and cardiovascular examination and recording details 
of the qualifying AMI. The clinical follow-up visits took place at 
1st, 2nd, 4th, and 6th month after enrolment into the trial. 

 End Points and Outcome Events 
 The primary end-point of the study was the combined occur-

rence of death and heart failure at 6 months. The end-point of heart 
failure was not collected until 4 days after enrolment. Heart failure 
was defi ned by the presence of: (1) dyspnea, pulmonary rales, evi-
dence of pulmonary congestion at the chest X-ray, plus one of the 
following criteria: (2) echocardiographic evidence of LV systolic 
dysfunction as defi ned by a LV ejection fraction of  ̂  0.40 (Simp-
son’s method) or a wall motion index  ̂  1.2  [18] , or (3) the need to 
initiate treatment with digitalis, diuretics, and/or angiotensin-con-
verting enzyme inhibitors or to increase the dosage of these drugs 
if already prescribed because of history of heart failure. The end-
point of heart failure was adjudicated by a committee of three car-
diologists, who were blinded to treatment assignment. A blinded 
core laboratory confi rmed chest X-ray and echocardiographic cri-
teria for the diagnosis of heart failure. Discrepancies were solved 
by consensus. The effect of treatment with  L -carnitine on 5-day 
mortality was the secondary end-point of the study. Vital status was 
ascertained in all but two patients. 

 Sample Size 
 It was estimated that 4,000 patients had to be enrolled and fol-

lowed up for 6 months in order to have at least 90% power to detect 
a 20% relative reduction, from 20 to 16%, in the frequency of the 
primary end-point with  L -carnitine as compared with placebo (al-
pha = 0.05; two-sided). 

 Statistical Analysis 
 All the analyses were based on the intention-to-treat principle. 

The primary analysis was based on the comparison, by means of 
the univariate log-rank test, of the Kaplan-Meier 6-month estimates 
of the combined incidence of death from any cause or cardiac fail-
ure. Most of the secondary analyses were conducted similarly, with 
different end points and/or at different times. In a set of secondary 
analyses, a multivariate Cox regression analysis was used to model 
the incidence of the combined end point and all-cause mortality as 
a function of a set of independent variables, with the aim of elimi-
nating possible imbalance between the two arms and assessing the 
presence of interactions between treatment and any of the prognos-
tic variables considered. The following variables were included in 
the model: treatment assigned at randomization, age (in 5 groups: 
 ! 50, 50–60, 60–65, 65–70,  1 70), history of hypertension, history 
of diabetes, heart rate, systolic and diastolic blood pressure, and 
Killip class (2 classes: 1 vs.  1 1), and hours between onset of symp-
toms and admission (in 3 groups: within 3 h, 4–6 h,  1 6 h). The 
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presence of signifi cant interactions between treatment and prog-
nostic factors was assessed by including in the model the appropri-
ate interaction terms. All p values were two-sided. Because no evi-
dence of interaction was found between treatment and any of the 
variables considered, and the results of multivariate analyses close-
ly refl ected those of the univariate ones, only the latter analyses are 
presented. 

 Interim Analysis 
 No interim analysis had been planned. However, in July 2002, 

when less than 2,300 patients had been randomized and the enroll-
ment of patients into the study was proceeding very slowly, the 
Steering Committee considered the possibility of an early closure 
of the study. In order to base this decision on objective information, 
it was decided to conduct an interim analysis in order to estimate 
the probability that the study, if continued to its planned sample 
size, would show a signifi cant difference in favor of the experimen-
tal arm, conditional on the results available at the time of the anal-
ysis. In contrast to standard interim analyses, this technique, com-
monly referred to as ‘conditional power’  [19] , does not require any 
correction of the signifi cance level, because it leads to early termi-
nation of the study, only if the results are to be considered negative. 
Because of this aim, in order not to jeopardize the collection of in-
formation in a blinded fashion for patients who had not yet termi-
nated their follow-up, analysis was limited to the 2,047 patients 
enrolled before July 31, 2001. 

 By August 31, 2002, 206 events had been recorded, 107 in the 
placebo group and 99 in the carnitine group, for a cumulative 6-
month incidence of 10.5 and 9.7%, respectively (p = 0.54). Al-
though the observed 8% relative reduction in the incidence of the 
primary end point did not allow to defi nitely rejecting the hypoth-
esis that  L -carnitine is truly associated with the target 20% reduc-
tion, conditional power analyses indicated that the study had little 
probability to provide statistically signifi cant evidence of an effect 
of  L -carnitine, even if its fi nal sample size was substantially in-
creased. Indeed, to attain a power close to 80% the fi nal sample size 
had to increase to more than 5,600 patients. The Steering Commit-
tee decided to terminate the study because interim results failed to 
provide evidence for a more than marginal effect of  L -carnitine on 
the combined end point; given the fading rate of patients’ random-
ization into the study, the enrolment of 3,000 more patients within 
a reasonable time period was considered unrealistic. Treatment 
codes were unblinded once the Steering Committee decided that 
patient’s enrollment had to be terminated (see below in the Results 
section), on December 15, 2002, when 2,330 patients had been en-
rolled. Subsequently, in May 2003, survival data were updated, for 
those patients with follow-up data shorter than 6 months, by con-
tacting the treating physician or the Municipality of residence. 
SPSS 9.0 statistical package was used for   all statistical proce-
dures. 

 Results 

 Between June 24, 1997 and December 15, 2002, 2,330 
patients were enrolled by 153 participating centers, 1,168 
in the experimental arm and 1,162 in the placebo arm. 
One center randomized only 1 patient, assigned to pla-

cebo, and then refused any further collaboration, includ-
ing the provision of baseline and follow-up data on this 
patient, excluded from all analyses. The two groups of 
patients were well matched with regard to baseline char-
acteristics. Demographic and clinical characteristics of 
the study population by treatment arm are shown in  ta-
ble 1 . Participants were mainly men (78%) with a mean 
age of 61 years. Before their index events, 8.8% had a 
myocardial infarction and 10.5% had previously under-
gone coronary revascularization by either coronary artery 
bypass surgery (8.8%) or percutaneous coronary angio-
plasty (1.7%). Sixteen percent had diabetes, 44% were 
current smokers, 41.1% had a history of hypertension and 
34% of hypercholesterolemia; 14.9% were in Killip class 
 6 2. The mean time from the onset of symptoms to study 
treatment administration was 5.3 h in both groups. The 
in-hospital treatments are reported in  table 2 . Notably, 
77.4% of the patients received thrombolytic treatment 
and 79 and 68% were being treated with angiotensin-
 converting enzyme inhibitors and beta-blockers, respec-
tively. 

 During the 6-month follow-up, the primary end-point, 
as defi ned by the number of patients who died plus the 
number of surviving patients with heart failure, was not 
signifi cantly different between  L -carnitine and placebo 
group (p = 0.27). The cumulative incidence curves are 
shown in  fi gure 1 . 

Table 1. Baseline characteristics

Placebo
(n = 161)

L-carnitine
(n = 1,168)

Age, years 61.480.31 61.180.32
Male sex (%) 913 (78.6) 919 (78.7)
History of diabetes (%) 197 (16.9) 189 (16.2)
History of hypertension (%) 480 (41.4) 479 (41)
Smoking (%) 497 (42.8) 537 (46)
History of hypercholesterolemia (%) 395 (34) 397 (34)
Prior myocardial infarction (%) 110 (9.5) 93 (8)
Prior percutaneous coronary 

intervention (%) 23 (2.0) 12 (1.5)
Prior coronary bypass surgery (%) 110 (9.5) 93 (8.1)
Killip class (%)

I 987 (85) 993 (85)
II 139 (12) 128 (11)
III/IV 35 (3) 47 (4)

Time from onset of symptoms to study 
treatment, h 5.380.1 5.2680.11

None of the differences between groups were signifi cant.
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 When the effect of the experimental treatment was 
evaluated separately in patients in Killip class I at admis-
sion (n = 1,980) and in patients in Killip class  1 1 (n = 
349), the effect appeared to be concentrated in the larger 
group of patients in class 1 (HR = 0.83, 95% CI 0.6–
1.13, p = 0.20), whereas no effect was seen in patients in 
class  1 1 (HR = 1, 95% CI 0.63–1.59, p = 0.99). 

 At multivariate analysis, the following variables were 
signifi cant predictors of outcome (6-month incidence of 

the primary end point: History of diabetes (p  !  0.001), of 
hypercholesterolemia (p = 0.005), of MI (p = 0.001), of 
bypass (p = 0.001) age (p  !  0.001) and Killip class at ad-
mission (p  !  0.001). Multivariate HR for treatment was 
0.87 (95% CI: 0.67–1.13, p = 0.31). 

 Analyses of Mortality 
 At 6 months, 142 patients had died, 75 in the placebo 

group and 67 in the  L -carnitine group, with a cumulative 
6-month mortality rate of 6.5 and 5.7%, respectively, for 
a non-signifi cant 12% reduction in mortality (p = 0.48). 
However, the difference in mortality was concentrated in 
the early period following randomization ( table 3 ). 

 The secondary end-point of trial, reduction in mortal-
ity at 5 days from randomization, was signifi cantly re-

Table 2. In-hospital treatments

Placebo
(n = 1,161)

L-carnitine
(n = 1,168)

Thrombolysis (%) 893 (76.9) 911 (78.0)
Aspirin (%) 1,058 (91) 1,065 (91.2)
Other antiplatelet agents 200 (17.2) 222 (19)
Angiotensin-converting enzyme 

inhibitors (%) 917 (78.9) 920 (78.8)
Beta-blockers (%) 799 (68.8) 786 (67.3)
Heparin (%) 779 (67) 769 (65.8)
Nitrates (%) 1,009 (86.8) 1,015 (86.9)
Digitalis (%) 74 (6.4) 60 (5.1)
Diuretics (%) 424 (36.5) 417 (35.7)
Calcium-antagonists (%) 91 (7.8) 88 (7.5)
Percutaneous coronary intervention (%) 138 (11.9) 127 (10.9)
Coronary bypass surgery (%) 6 (0.5) 6 (0.5)
Statin (%) 900 (77.5) 899 (76.9)

None of the differences between groups were signifi cant.
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  Fig. 1.  Kaplan-Meier curve showing cumu-
lative incidence of combined death and 
heart failure during 6-month follow-up in 
 L -carnitine and control group. 

Table 3. Cumulative mortality at various time from randomiza-
tion

Days Placebo L-carnitine Hazard ratio
(95% CI)

p

n % n %

0–5 44 3.8 27 2.3 0.61 (0.37–0.98) 0.041
0–7 46 4.0 31 2.7 0.66 (0.42–1.05) 0.083
0–15 50 4.3 42 3.6 0.83 (0.54–1.26) 0.396
0–30 59 5.1 47 4 0.78 (0.53–1.16) 0.234
0–60 66 5.7 55 4.7 0.82 (0.56–1.18) 0.305
0–90 68 5.9 59 5.1 0.85 (0.60–1.22) 0.412
0–180 75 6.5 67 5.7 0.88 (0.63–1.24) 0.489
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duced in the  L -carnitine arm (HR = 0.61, 95% CI 0.37–
0.98, p = 0.041) ( table 3 ). The difference in mortality 
decrease in the following period with mortality rate
from day 7 to day 180 was similar in the two groups
( table 3 ). 

 The rates of adverse events did not differ between pa-
tients assigned to  L -carnitine or placebo. In none of the 
patients treatment was interrupted because of adverse 
events. The overwhelming majority of the reported seri-
ous adverse events were related to disease progression or 
complications. The rates of adverse events unrelated to 
the underlying disease did not differ between the patient 
groups. 

 Discussion 

 Both experimental and clinical studies have clearly 
shown that during prolonged and total myocardial isch-
emia necrosis progressively involves the full thickness of 
myocardium  [20–21]  and   that the extent of myocardial 
salvage and residual LV function represent the most pow-
erful determinants of survival after AMI  [22] . 

 However, despite considerable progresses in both 
pharmacological and interventional therapies, mortality 
after AMI still remains high. This is the result not only of 
the organizational diffi culties in reducing the time inter-
val from beginning of transmural myocardial ischemia 
and infarct-related artery recanalization (and consequent 
myocardial salvage), but also of the deleterious effects of 
the reperfusion damage consequent to infarct-related ar-
tery recanalization, that at least in part abolish the ben-
efi cial effect of acute blood supply to the ischemic myo-
cardium  [23] . 

 In this scenario it would be extremely useful to adopt 
therapeutic strategy capable of achieving the following 
goals: (1) time interval reduction between onset of chest 
pain and ‘needle’ or ‘balloon’, (2) protection of myocar-
dium through the prolonged ischemia before reperfusion 
occurs, (3) protection of myocardium from the ‘reperfu-
sion damage’. The last two results can be achieved by 
therapeutic strategies aimed at ‘protecting’ the myocar-
dium during both the ischemia and reperfusion phase 
 [24] . These two last goals can be achieved by appropriate 
metabolic interventions; in fact, both experimental and 
clinical studies have demonstrated the benefi cial func-
tional and clinical effect of a therapy based on solid met-
abolic fundamentals  [23] . 

 Rational and Results of CEDIM 1 and 2 Trials 
 During AMI, plasma free fatty acid levels rapidly in-

crease and exert a relevant toxic effect to the ischemic 
myocardium causing increase in membrane damage and 
consequent cell swelling and microvascular compression, 
arrhythmias, metabolic ineffi ciency with consequent myo-
cardial function deterioration  [25] . Carnitine is the main 
factor that determines the turnover of the fatty acids in 
the mitochondria. During prolonged ischemia carnitine 
depletion rapidly occurs  [25]  and its exogenous adminis-
tration may exert an important benefi cial mechanical ef-
fect by several mechanisms: infarct size reduction within 
the risk area  [26] , improved functional recovery of post-
ischemic dysfunctioning myocardium  [27]  and, lastly, 
limitation of the deleterious phenomenon of post-MI LV 
remodeling  [28] . Based on these data, we performed the 
CEDIM 1 trial whose aim was that of verifying the effects 
of acute and chronic  L -carnitine administration on LV 
remodeling in patients with fi rst, anterior AMI  [17] . In 
this multicenter trial, progressive increase (3, 6 and 12 
months observation) in both end-diastolic and end-sys-
tolic volumes was signifi cantly attenuated in patients 
treated with  L -carnitine in comparison to those treated 
with placebo in adjunction to standard treatment. Since 
end-systolic volume increase is a major powerful predictor 
of survival after AMI  [22] , and therapeutic strategies 
aimed at attenuating LV remodeling are effective in re-
ducing mortality after anterior AMI, the CEDIM 2 trial 
was designed and performed in order to verify the clinical 
benefi t of  L -carnitine treatment after AMI. In CEDIM 2 
trial a non-signifi cant 14% reduction in the incidence of 
the primary end point, i.e. the combined occurrence at 6 
months of death and heart failure, was observed in the  L -
carnitine arm. In the light of unsatisfactory probability 
that the study would provide statistically signifi cant evi-
dence (partly because of the lower than foreseen cumula-
tive incidence of end points and of the slow rate of enrol-
ment) it was decided to interrupt patients’ accrual before 
the target sample size of 4,000 patients. The effect of  L -
carnitine on secondary prespecifi ed end point was of in-
terest and, in our opinion, deserves attention. In fact, in 
patients treated with intravenous  L -carnitine mortality 
was reduced in the fi rst 5 days: 27 deaths in the carnitine 
arm vs. 44 in the placebo arm (HR = 0.61, 95% CI 0.37–
0.98, p = 0.041). The mortality reduction was mostly con-
centrated in the very acute phase of MI and was diluted 
thereafter since mortality from day 7 through follow-up 
was similar in the two groups of patients. Such an effect 
on early mortality induced us to reanalyze the results of 
the CEDIM 1 trial that was designed and performed to 
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investigate the effects of  L -carnitine on post-MI LV re-
modeling. Interestingly, the time course and entity of the 
reduction of mortality shown by the CEDIM 2 trial close-
ly mirrored those of the CEDIM 1 trial. If the results of 
the two studies are pooled, using standard meta-analytic 
techniques ( fi g. 2 ), the suggestion of an effect of  L -carni-
tine on early mortality is reinforced. 

 Metabolic Treatment of Acute Myocardial Infarction: 
Mechanisms of Action and Clinical Implications 
 The results of CEDIM 2 trial closely resemble those of 

the GIK study  [8]  performed in patients undergoing pri-
mary PTCA. As in CEDIM 2, the reduction in mortality 
observed in the GIK study in primary PTCA was concen-
trated in the fi rst 5 days. The benefi cial functional, and 
consequently clinical, effects of metabolic treatment are 
likely due to the attenuation of regional and global LV 
deterioration caused by the extent of irreversible myocar-
dial damage provoked by prolonged myocardial ischemia. 
Benefi cial effects of metabolic intervention in AMI are 
very likely not limited to the protection of the ischemic 
myocardium in the very acute phase of ischemia and re-
perfusion, but also involve protection of the acutely over-
loaded non-infarcted region of the ventricle. In an elegant 
experimental model of myocardial infarction caused by 
permanent ligation of the left anterior descending coro-
nary artery and 50% stenosis of the circumfl ex coronary 
artery (a model resembling AMI in multivessel coronary 

artery disease), metabolic treatment with GIK was effec-
tive in abolishing functional deterioration of viable myo-
cardium in the remote region, and also in preventing de-
terioration of global LV function, thus avoiding the devel-
opment of progressive LV power failure  [29] . 

 Limitations of the CEDIM 2 Trial 
 The most important shortcoming of the CEDIM 2 tri-

al is represented by the fact that the reduction in early 
mortality did not represent the primary end point of the 
study; thus, a new trial, specifi cally addressed at evaluat-
ing the effect of  L -carnitine on early mortality after acute 
myocardial infarction, should be designed and performed 
to further support the CEDIM 2 results as well as the 
CEDIM 1-CEDIM 2 pooled analysis and to exclude the 
possibility of a chance fi nding. Furthermore, in CEDIM 
2 trial the administration of  L -carnitine was prolonged 
for 6 months; the results of the study clearly indicated 
that the benefi t was concentrated in the very early phase, 
thus suggesting that  L -carnitine administration is partic-
ularly effective in the fi rst week after anterior AMI. 

 Conclusions 

 As was the case for other treatments subsequently 
demonstrated as effective, there is initial stuttering evi-
dence that metabolic therapy may improve survival in 
AMI. In CEDIM 2 trial  L -carnitine therapy led to a re-
duction in early mortality without affecting the risk of 
death and heart failure at 6 months in patients with an-
terior AMI. Further studies should be designed and per-
formed to further support the CEDIM 2 results as well as 
the CEDIM 1-CEDIM 2 pooled analysis in the perspec-
tive of a ‘new’ therapeutic strategy for AMI based on the 
administration of  L -carnitine as soon as possible after the 
acute event. 
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 Appendix 

 CEDIM 2 Study Organization 
  Steering Committee:  Sabino Iliceto,  Padova ; Paolo Rizzon 

(Chairman), Bari; Giu seppe Tarantini,  Padova;    Domenico Scruti-
nio,  Cassano Murge.  

  Validation Committee:  Giuseppin Biasco,  Bari ; Gianfranco 
 Ignone,  Brindisi ; Domenico Scrutinio,  Cassano Murge.  

  Statistical Committee : Paolo Bruzzi, Luca Boni,  Genova.  

 Collaborating Clinical Centers Are Listed by Town in 
Alphabetical Order 
 T. Langialonga, G. Ciociola, Divisione di Cardiologia, Ospedale 

Generale Regionale ‘F. Miulli’,  Acquaviva delle Fonti (BA ). R. Fer-
reira, S. Baptista, Department of Cardiology, Hospital ‘Fernando 
Fonseca’,  Amadora (Portogallo) . G. Perna, N. Costantini, I a  Divi-
sione di Cardiologia, Ospedale Cardiologico ‘G.M. Lancisi’,  An-
cona . A. Zuppiroli, R. Vergassola, R. Idini, Divisione di Cardiolo-
gia, Ospedale ‘S. Maria Annunziata’,  Antella (FI) . L. Bolognesi, 
A. Burali, P. Angioli, Unità Operativa di Cardiologia, Ospedale 
‘S. Donato’,  Arezzo . L. Moretti, S. Amabili, Reparto di Cardiologia, 
Ospedale ‘Mazzoni’,  Ascoli Piceno . F. Gaita, M. Alciati, Divisione 
di Cardiologia, Ospedale Civile,  Asti . G. Rosati, G. Amoroso, Di-
visione di Cardiologia, Azienda Ospedaliera ‘G. Moscati’,  Avellino . 
E. Laconi, UTIC, Nuovo Ospedale Civile,  Avezzano (AQ) . G. Brin-
dicci, V. Donadeo, Divisione di Cardiologia e UTIC, Ospedale 
‘S. Paolo’,  Bari . I. De Luca, D. Traversa, Divisione di Cardiologia, 
Ospedale Policlinico Consorziale,  Bari . P. Rizzon, M. Marano, 
Sezione di Malattie dell’Apparato Cardiovascolare, Ospedale Poli-
clinico Consorziale,  Bari . G. Catania, A. Bridda, Divisione di Car-
diologia, Presidio Ospedaliero,  Belluno . G. Rognoni, F. Forni, Di-
visione di Cardiologia, Ospedale ‘Infermi’,  Borgosesia (VC) . G. 
Ignone, N. Camassa, Unità Operativa di Cardiologia, Azienda Os-
pedaliera Di Summa, Ospedale ‘Terrino’,  Brindisi . C. Macarie, M. 
Rotareasa, Department of Cardiology, Fundeni Hospital,  Bucarest 
(Romania) . L. Meloni, G. Siragusa, Istituto di Cardiologia, Osped-
ale ‘S. Giovanni di Dio’,  Cagliari . C. Lai, P. Bonomo, C. Mossa, 
Divisione di Cardiologia e UTIC, Ospedale ‘SS. Trinità’,  Cagliari . 
A. Sanna, G. Scorcu, A. Pani, Divisione di Cardiologia, Ospedale 
San Michele ‘G. Brotzu’,  Cagliari . R. Aste, Servizio di Cardiologia 
e UTIC, Ospedale ‘Sirai’,  Carbonia (CA) . A. Pucci, M. Accarino, 
Unità Operativa di Cardiologia, Ospedale Provinciale,  Carrara . 
M. Ivaldi, G. Gozzellino, Divisione di Cardiologia, Ospedale 
‘S. Spirito’,  Casale Monferrato (AL) . C. Bonifazi, M. Parrinello, 
Divisione di Cardiologia, Ospedale Oglio Po,  Casalmaggiore (CR). 
 G. Corsini, S. Melorio, Divisione di Cardiologia, Unità Coronarica, 
Ospedale Civile,  Caserta . G. Somma, G. De Caro, Servizio di Car-
diologia, ‘Ospedale S. Leonardo’,  Castellammare di Stabia (NA) . 
D. Lombardo, R. Russo, UTIC, Ospedale ‘Cannizzaro’,  Catania . 
S. Mangiameli, Servizio di Cardiologia, Ospedale ‘Garibaldi’,  Ca-
tania . A. Circo, A. La Rosa, Divisione di Cardiologia, Ospedale 
‘Vittorio Emanuele’,  Catania . V. Calcaterra, A. Attanà, Divisione 
di Cardiologia, Azienda Ospedaliera ‘Pugliese-Ciaccio’,  Catanzaro . 
F. Chiesa, E. Venturini, Unità Operativa di Cardiologia, Ospedale 
Civile,  Cecina (LI) . M. Cannone, N. Leone, W. Giordano, Repar-
to di Cardiologia e UTIC, Ospedale ‘Tommaso Russo’,  Cerignola 
(FG) . F. Tartagni, S. Gherardi, Divisione di Cardiologia, Ospedale 
Generale Provinciale ‘M. Bufalini’,  Cesena (FO) . C. Gentilini, Di-
visione di Cardiologia, Ospedale Civile ‘M. Mellini’,  Chiari (BS) . 
M.I. Popovici, A. Grosu, Department of Cardiology, Research In-

stitute of Preventive and Clinical Medicine,  Chisinau (Moldova) . 
F. Pinneri, A. Bonzano, Divisione di Cardiologia, Ospedale Civile, 
 Chivasso (TO) . P. Maiolino, M. Rossi, Divisione di Cardiologia, 
Ospedale Civile,  Cittadella (PD) . M. Di Gennaro, S. Calcagno, Di-
visione di Cardiologia, Ospedale ‘S. Paolo’,  Civitavecchia (RM) . C. 
Guasconi, Divisione di Cardiologia, Ospedale Civico,  Codogno 
(LO) . P. Delise, G. Dei Tos, Divisione di Cardiologia, Ospedale 
Civile,  Conegliano Veneto (TV) . G. De Rinaldis, A. Spedicato, Di-
visione di Cardiologia e UTIC, Ospedale ‘S. Giuseppe da Coper-
tino’,  Copertino (LE) . S. Pirelli, P. Pedroni, Divisione di Cardio-
logia, Istituti Ospitalieri,  Cremona . G. Zampaglione, G. Arena, F. 
Raschillà, Divisione di Cardiologia, Ospedale Civile ‘S. Giovanni 
di Dio’,  Crotone . E. Uslenghi, G. Ugliengo, Divisione di Cardiolo-
gia, Ospedale ‘S. Croce e Carle’,  Cuneo . V. Ziacchi, G. Gelmini, 
Divisione di Cardiologia, Ospedale Civile,  Desenzano del Garda 
(BS) . E.M. Bianchi, M. D’Aulerio, F. Nessi, Divisione di Cardio-
logia, Ospedale ‘S. Biagio’,  Domodossola (NO) . C. Vasco, C. Batta-
glia, Servizio di Cardiologia e UTIC, Azienda Ospedaliera ‘Um-
berto I’,  Enna . F. Corbara, G. Conti, Divisione di Cardiologia, 
Ospedale Civile,  Este (PD) . F. Jacopi, L. Caravita, Servizio di Car-
diologia, Ospedale per gli Infermi,  Faenza (RA) . G. Ilari, A. Ca-
verni, Divisione di Cardiologia, Ospedale ‘S. Croce’,  Fano (PS) . P. 
Capone, P. Paoloni, Divisione di Cardiologia e UTIC, Ospedale 
Civile,  Fermo (AP) . M. Santoro, N. Picchione, P. Stroder, Unità 
Operativa di Cardiologia, Nuovo Ospedale ‘S. Giovanni di Dio’, 
 Firenze . M. Di Biase, C. D’Antuono, L. Di Tullio, UTIC, Ospeda-
li Riuniti,  Foggia . L. Meniconi, R. Liberati, Divisione di Cardio-
logia, Ospedale Civile,  Foligno (PG) . P. Tancredi, E. Batosi, A. 
Treglia, Divisione di Cardiologia, Ospedale Dono Svizzero,  For-
mia (LT) . G. Giorgi, F. Comito, Divisione di Cardiologia, Ospe-
dale ‘S. Sebastiano Martire’,  Frascati (RM) . A. Zipoli, M. Sansoni, 
Unità Operativa di Cardiologia, Ospedale ‘S. Pietro Igneo’,  Fucec-
chio (FI) . R. Canziani, V. Denna, Divisione di Cardiologia e UTIC, 
Ospedale ‘S. Antonio Abbate’,  Gallarate (VA) . A. Barsotti, G. Be-
zante, Dipartimento di Medicina Interna, Ospedale S. Martino 
Università degli Studi,  Genova . V.A. Seu, Divisione di Cardiologia, 
Ospedale Civile,  Genova Sampierdarena . N. Jones, Divisione di 
Cardiologia, Ospedale ‘L. Borrella’  Giussano (MI) . F. Faggioli, Di-
visione di Cardiologia, Presidio Ospedaliero,  Gorizia . G. Bruno, C. 
Dodi, Divisione di Cardiologia e UTIC, Ospedale Civile,  Guastal-
la (RE) . G. Musso, C. Rapetto, Divisione di Cardiologia, Ospedale 
Civile,  Imperia . G. Castellani, C. Corridoni, Sezione di Cardiologia 
e UTIC, Ospedale ‘S. Salvatore’,  L’Aquila . P.G. Gelfo, D. Coletta, 
Divisione di Cardiologia   e UTIC ,  Ospedale ‘S. Maria Goretti’,  La-
tina . G. Magini, M. Raugi, Unità Operativa di Cardiologia, Osped-
ale Civile,  Livorno . M. Sanguinetti, R. Mantovani, Divisione di 
Cardiologia, Presidio Ospedaliero,  Lugo (RA) . P. Morgagni, L. Pac-
caloni, Reparto di Cardiologia, Ospedale Civile,  Macerata . L. Veg-
lia, G. Troito, Unità Operativa di Cardiologia, Ospedale ‘Madonna 
delle Grazie’,  Matera . M. Lombardo, F. Foti, Divisione di Cardio-
logia, Ospedale ‘Predabissi’,  Melegnano (MI) . V. Capuano, R. As-
coli, Divisione di Cardiologia, Presidio Ospedaliero ‘Curteri’,  Mer-
cato S .  Severino (SA) . F. Arrigo, M. Giannetto, UTIC, Policlinico 
Universitario,  Messina . R. Grassi, G. Micari, Servizio di Cardio-
logia, Ospedale ‘R. Margherita’,  Messina . P. Pascotto, M. Miche-
letto, Divisione di Cardiologia, Ospedale Civile,  Mirano (VE) . 
R.G. Zennaro, G. Alfano, M. Tesorieri, Sezione di Cardiologia, 
Ospedale Civile ‘S. Agostino’,  Modena . O. Silvestri, L. Marsico, 
Divisione di Cardiologia, Ospedale ‘A. Cardarelli’,  Napoli . M. Chi-
ariello, M.A. Losi, Cattedra di Cardiologia, Nuovo Policlinico Fe-
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derico II, Università degli Studi,  Napoli . M. Giasi, F. Arenga, 
UTIC, Ospedale ‘S. Giovanni Bosco’,  Napoli . B. Tuccillo, L. Irace, 
Divisione di Cardiologia e UTIC, Ospedale Loreto Mare,  Napoli . 
N. Mininni, P. Morra, Divisione di Cardiologia, Ospedale ‘V. Mo-
naldi’,  Napoli . G. Congiu, F. Soro, G. Motta, Divisione di Cardio-
logia, Ospedale ‘S. Francesco’,  Nuoro . A. Battaglia, N. Sanfi lippo, 
Divisione di Cardiologia, Ospedale ‘Villa Sofi a’,  Palermo . A. Rai-
neri, A. Rotolo, Cattedra di Cardiologia, Azienda Ospedaliera Uni-
versitaria, Policlinico ‘Paolo Giaccone’,  Palermo . R. Ortuso, M. De 
Vecchis, Divisione di Cardiologia, Ospedale Civile,  Palmi (RC) . 
D. Ardissino, W. Serra, Divisione di Cardiologia, Ospedali Riuni-
ti,  Parma . I. Lo Cascio, A. Radici, Divisione di Cardiologia, Os-
pedale ‘Barone Romeo Patti’,  Patti (ME) . K. Savino, M. Sardone, 
Cardiologia Intensiva e Fisiopatologia Cardiovascolare, Università 
e Azienda Ospedaliera di Perugia,  Perugia . A. Capucci, D. Aschieri, 
Divisione di Cardiologia, Ospedale Civile ‘G. da Saliceto’,  Piacen-
za . F. Chiarella, M. Lombardi, F. Reforzo, Divisione di Cardiolo-
gia, ‘Ospedale S. Corona’,  Pietra Ligure (SV) . M. De Tommasi, E. 
Cabani, Unità Operativa Cardiovascolare II, Ospedale ‘S. Chiara’, 
 Pisa . M. Mariani, G. Mengozzi, M. Coluccio, Dipartimento di Car-
diologia, Angiologia e Pneumologia, Ospedale Cisanello/Univer-
sità degli Studi,  Pisa . R.M. Polimeni, V. Lacquaniti, Divisione di 
Cardiologia, Ospedale Civile ‘S. Maria degli Ungheresi’,  Polistena 
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 Pozzuoli (NA) . V. Spadola, G. Rizza, Divisione di Cardiologia, 
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ducci, E. Loiacono, Divisione di Cardiologia II, Ospedale ‘S. Maria 
Nuova’,  Reggio Emilia . A. De Santis, L. Eleuteri, A. Mené, Divi-
sione di Cardiologia, Ospedale Generale Provinciale ‘S. Camillo de 
Lellis’,  Rieti . M.R. Conte, E. Iazzolino, Divisione di Cardiologia, 
Ospedale Nuovo degli Infermi,  Rivoli (TO) . F.S. Vajola, E. Natale, 
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nunziata’,  Savigliano (CN) . V. Indelicato, S. Cacioppo, Servizio di 
Cardiologia, Ospedale Civile,  Sciacca (AG) . E. De Lorenzi, M. Fal-
co, Divisione di Cardiologia, Ospedale ‘Ignazio Veris delli Ponti’, 
 Scorrano (LE) . S. Giustiniani, Divisione di Cardiologia, Ospedale 
Civile,  Sondrio . B. Kobulia, B. Jintcharadze, Institute of Clinical 
and Experimental Cardiology,  Tbilisi (Georgia) . F. Iacovoni, P. 
Desiati, UTIC, Ospedale Civile ‘G. Mazzini’,  Teramo . R. Ciam-
p ricotti, Department of Cardiology, Hospital De Honte,  Terneuzen 
(Olanda) . R. Bevilacqua, E. Richiardi, N. Gandolfo, Divisione di 
Cardiologia e UTIC, Ospedale Mauriziano ‘Umberto I’,  Torino . 
G.P. Trevi, S. Bergerone, Istituto di Medicina e Chirurgia Cardio-
vascolare, Ospedale Molinette/Università degli Studi,  Torino . M. 
Minelli, P. Noussan, Divisione di Cardiologia e UTIC, Ospedale 
‘G. Bosco’,  Torino . R. Trinchero, E. Cecchi, M. Tidu, Divisione di 
Cardiologia, Ospedale ‘Maria Vittoria’,  Torino . G. Braschi, R. 
Lombardo, G. Biondo, Divisione di Cardiologia, Ospedale Civile, 
 Trapani . L. Donnangelo, P. Aragona, Divisione di Cardiologia, 
Presidio Ospedaliero ‘G. Chidichimo’,  Trebisacce (CS) . A. Pitì, G. 
Belotti, Reparto di Cardiologia, Azienda Ospedaliera Treviglio, 
 Treviglio (BG) . P. Stritoni, A. Cavarzerani, Divisione di Cardiolo-
gia, Ospedale Civile,  Treviso . A. Galati, G. Piccinni, Servizio di 
Cardiologia e UTIC, Ospedale ‘Card. G. Panico’,  Tricase (LE) . W. 
Ruzyllo, A. Konopka, Department of Coronary Artery Disease, 
Nationale Institute of Cardiology,  Varsavia (Polonia) . L. Cere-
muzynski, A. Budaj, W. Wasek, Department of Cardiology, Gro-
chowski Hospital,  Varsavia (Polonia) . S. Barbuzzi, L.D. Damone, 
Divisione di Cardiologia e UTIC, Ospedale ‘S. Francesco’,  Venosa 
(PZ) . R. Voglini, Divisione di Cardiologia, Presidio Ospedaliero, 
 Vigevano (PV) . F. Chiofalo, Divisione di Cardiologia, Ospedale 
Civile,  Voghera (PV).      

 References 

  1 Armstrong PW, Collen D: Fibrinolysis for 
acute myocardial infarction. Current status 
and new horizons for pharmacological reperfu-
sion. Part I. Circulation 2001;   103;   2862–
2866. 

  2 Armstrong PW, Collen D: Fibrinolysis for 
acute myocardial infarction. Current status 
and new horizons for pharmacological reperfu-
sion. Part II. Circulation 2001;   103;   2987–
2992. 

  3 Topol EJ: Current status and future prospects 
for acute myocardial infarction therapy. Circu-
lation 2003;   108(suppl 1):III6–III13. 

  4 Boersma E, Mercado N, Poldermans D, Gar-
dien M, Vos J, Simoons ML: Acute myocar-
dial infarction. Lancet 2003;   361:   847–858. 

  5 Opie LH: Proof that glucose-insulin-potassium 
provides metabolic protection of ischemic 
myocardium? Lancet 1999;   353:   768–769. 

  6 Apstein CS: Increased glycolytic substrate pro-
tection improves ischemic cardiac dysfunction 
and reduces injury. Am Heart J 2000;   139:
S107–S114. 

  7 Fath-Ordoubadi F, Beatt KJ: Glucose-insulin-
potassium therapy for treatment of acute myo-
cardial infarction. Circulation 1997;   96:   1152–
1156. 

  8 van der Horst IC, Zijlstra F, van’t Hof AWJ, 
Doggen CJ, de Boer MJ, Suryapranata H, 
 Hoorntje JC, Dambrik JHE, Gans RJB, Bilo 
HJG; and Zwolle Infarct Study Group: Glu-
cose- insulin-potassium infusion in patients 
treated with primary angioplasty for acute 
myocardial infarction. The glucose-insulin-po-
tassium study: a randomized trial. J Am Coll 
Cardiol 2003;   42:   784–791. 

  9 Opie LH: Role of carnitine in fatty acid me-
tabolism of normal and ischemic myocardium. 
Am Heart J 1979;   97:   375–388. 

 10 Spagnoli LG, Corsi M, Villaschi S, Palmieri G, 
Maccari F: Myocardial carnitine defi ciency in 
acute myocardial infarction. Lancet 1982;   1:  
 1419–1420. 

 11 Fujiwara M, Nakano T, Tamato S, Yamada Y, 
Fukai M, Takada K, Ashida H, Shimada T, 
Ishihara T, Seki I: Effects of  L -carnitine in pa-
tients with ischemic heart disease. Am J Car-
diol 1991;   21:   493–504. 

 12 Lopaschuk G: Regulation of carbohydrate me-
tabolism in ischemia and reperfusion. Am 
Heart J 2000;   139:S115–S119. 

 13 Lango R, Smolenski RT, Narkiewicz M, 
Suchorzewska J, Lysiak-Szydlowska W: Infl u-
ence of  L -carnitine and its derivatives on myo-
cardial metabolism and function in ischemic 
heart disease and during cardiopulmonary by-
pass. Cardiovasc Res 2001;   51:   21–29. 

D
ow

nl
oa

de
d 

by
: 

U
C

S
F

 L
ib

ra
ry

 &
 C

K
M

   
   

   
   

   
   

   
   

   
   

   
   

 
16

9.
23

0.
24

3.
25

2 
- 

3/
26

/2
01

5 
2:

49
:1

7 
A

M



  L -Carnitine in Acute Myocardial 
Infarction 

 Cardiology 2006;106:215–223 223

 14 Arsenian MA: Carnitine and its derivatives in 
cardiovascular disease. Prog Cardiovasc Dis 
1997;   40:   265–286. 

 15 Rodgers RL, Christie ME, Tremblay GC, Bab-
son JR, Daniels T: Insulin-like effects of a 
physiologic concentration of carnitine on car-
diac metabolism. Mol Cell Biochem 2001;   226:  
 97–105. 

 16 Cui J, Das DK, Bertelli A, Tosaki A: Effects of 
 L -carnitine and its derivatives on postischemic 
cardiac function, ventricular fi brillation and 
necrotic and apoptotic cardiomyocyte death in 
isolated rat hearts. Mol Cell Biochem 2003;  
 254:   227–234. 

 17 Iliceto S, Scrutinio D, Bruzzi P, D’Ambrosio 
G, Boni L, Di Biase M, Biasco G, Hugenholtz 
PG, Rizzon P: Effects of  L -carnitine adminis-
tration on left ventricular remodeling after 
acute anterior myocardial infarction: the  L -
Carnitine Ecocardiografi a Digitalizzata Infar-
to Miocardico (CEDIM) trial. J Am Coll Car-
diol 1995;   26:   380–387. 

 18 Kober L, Torp-Pedersen C: Clinical character-
istics and mortality of patients screened for en-
try into the Trandolapril Cardiac Evaluation 
(TRACE) study. Am J Cardiol 1995;   76:   1–5. 

 19 Andersen PK: Conditional power calculations 
as an aid in the decision whether to continue a 
clinical trial. Control Clin Trials 1987;   8:   67–
74. 

 20 Reimer KA, Heide RSV, Richard VJ: Reperfu-
sion in acute myocardial infarction: effect of 
timing and modulating factors in experimental 
models. Am J Cardiol 1993;   72:   13G–21G. 

 21 Raitt MH, Maynard C, Wagner GS, Wagner 
GS, Cerqueira MD, Selvester RH, Wever WD: 
Relation between symptom duration before 
thrombolytic therapy and fi nal infarct size. 
Circulation 1996;   93:   48–53. 

 22 White HD, Norris RM, Brown MA, Brandt 
PWT, Whitlock RML, Wild CJ: Left ventricu-
lar end-systolic volume as the major determi-
nant of survival after recovery from myocar-
dial infarction. Circulation 1987;   76:   44–51. 

 23 Lee L, Horowitz J, Frenneaux M: Metabolic 
manipulation in ischaemic heart disease, a 
novel approach to treatment. Eur Heart J 2004;  
 25:   634–641. 

 24 Reffelmann T, Hale SL, Li G, Kloner RA: Re-
lationship between no refl ow and infarct size 
as infl uenced by the duration of ischemia and 
reperfusion. Am J Physiol Heart Circ Physiol 
2002;   282:H766–H772. 

 25 Carvajal K, Moreno-Sanchez R: Heart meta-
bolic disturbances in cardiovascular disease. 
Arch Med Res 2003;   34:   89–99. 

 26 Ura K, Hironaka Y Sakurai I: Effect of carni-
tine on size limitation of experimental myocar-
dial infarct. Am J Cardiovasc Pathol 1990;   3:  
 131–142. 

 27 Liedtke AJ, Demaison L, Nellis SH: Effects of 
L-propionyl- L -carnitine on mechanical recov-
ery during refl ow in intact hearts. Am J Physi-
ol 1988;   255:H169–H176. 

 28 Micheletti R, Di Paola E, Schiavone A, English 
E, Benati P, Capoasso JM, Anversa P, Bianchi 
G: Propionyl- L -carnitine limits chronic ven-
tricular dilatation after myocardial infarction 
in rats. Am J Physiol 1993;   264:H1111–
H1117. 

 29 Beyersdorf F, Acar C, Buckberg GD, Parting-
ton MT, Okamoto F, Allen BS, Young HH, 
Bugyi HI: Studies on prolonged acute regional 
ischemia. V. Metabolic support of remote 
myocardium during left ventricular power fail-
ure. J Thorac Cardiovasc Surg 1989;   98:   567–
579.   

D
ow

nl
oa

de
d 

by
: 

U
C

S
F

 L
ib

ra
ry

 &
 C

K
M

   
   

   
   

   
   

   
   

   
   

   
   

 
16

9.
23

0.
24

3.
25

2 
- 

3/
26

/2
01

5 
2:

49
:1

7 
A

M




