
C ocaine is an alkaloid produced by
the leaves of the Erythroxylum coca
bush. It may be taken orally, nasal-

ly, or intravenously.1,2 In countries with a
high level of cocaine use there have been
many reports of patients, mainly young peo-
ple, who suffered acute myocardial infarc-
tion after taking the drug on either an acute
or a chronic basis.3,4 The concomitant use
of alcohol (ethanol) increases the risk of
sudden death in these patients.5 The inci-
dence of ventricular arrhythmias in patients
who are cocaine users and are hospitalised
for myocardial infarction is relatively low
(4-17%),6 despite the fact that cocaine has
been found to have an arrhythmogenic ac-
tion.7

Case presentation

A man aged 37 years, with a history of smok-
ing and chronic occasional cocaine use, pre-
sented to our department complaining of
constant retrosternal constrictive pain, re-
flecting to the left side, that had started 60
min before his arrival at the hospital. The

pain was accompanied by extreme perspira-
tion and nausea. The patient reported sniff-
ing cocaine and drinking a large quantity of
alcohol 30 min before the pain started. Dur-
ing the clinical examination he appeared
sickly, blood pressure was 120/80 mmHg bi-
laterally, heart rate was 60/min, and heart
sounds were diminished, regular, with an
additional fourth sound and without mur-
murs. The patient’s jugular veins showed di-
lation, while lung examination was normal.

The admission ECG, with simultaneous
recording of right and posterior leads,
showed ST elevation >1 mm in leads II, III,
aVF, and V4R, as well as ST depression in
leads I, aVL, V1 and V2 (Figure 1).

The patient was admitted to the coro-
nary care unit. Since the ST elevations per-
sisted for >15 min, he was given tenec-
teplase, as well as aspirin, intravenous he-
parin, pethidine for the pain, diazepam,
atorvastatin and lisinopril. Nitrates were
avoided in the initial phase because of the
right ventricular involvement, while in view
of the recent history of cocaine use beta-
blockers were not given. The patient’s pain
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receded rapidly and the ST elevations on the ECG de-
creased. Within 30 min of the initiation of thrombolysis
the patient suffered an episode of ventricular fibrilla-
tion, which was cardioverted with a non-synchronised
360 J shock from a monophasic defibrillator. Subse-
quently, the patient remained free of symptoms. His
electrocardiographic (appearance of q waves in leads
II, III, aVF, Figure 2) and biochemical (peak total CK
1116 IU/L, CK-MB 155.2 IU/L, troponin T 2.17 ng/ml)
findings were typical of an inferior wall infarction. The
two-dimensional echocardiogram prior to the patient’s

discharge showed hypokinesis of the basilar and middle
sections of the inferior wall.

In view of the reported cocaine use, a urine sam-
ple was taken during the first 24 hours of hospitalisa-
tion so that it could be sent for toxicological analysis
in the forensics laboratory of the Aristotelian Univer-
sity of Thessaloniki. Ethical considerations required
the patient’s permission for this analysis; since he re-
fused, the sample was not sent.

Coronary angiography, performed 8 days after
the initial event in “Cianus Stavros”, a private institu-
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Figure 1. The patient’s 12-lead ECG on ad-
mission, with simultaneous recording of
right and posterior leads. ST elevation can
be seen on the inferior and right leads.

Figure 2. The patient’s ECG before discharge from the hospital, showing q waves on the inferior leads.



tion in Thessaloniki, showed normal coronary arteries
(Figure 3). The patient was advised to stop smoking
and to refrain from using cocaine and alcohol. He was
put on a discharge regimen of aspirin, statin and sub-
lingual isosorbide dinitrate to be taken in the case of
angina.

Discussion

Cocaine, as stated above, is an alkaloid produced by the
leaves of the Erythroxylum coca bush. It is available in
two forms, as a hydrochloric salt and as free base. It
may be taken orally, nasally, or intravenously, but it is
well-absorbed by all the body’s mucous membranes.1 Its
half life ranges from 45 to 90 min and for this reason it
is detectable in the user’s blood for only a few hours af-
ter it is taken. Its metabolites, however, can be detected

in the blood and urine for 24-36 hours, allowing a larger
time window for identifying users.2 In developed coun-
tries such as the USA and Australia, an increase in co-
caine use has been observed in the general population
during the last decade.8,9 This has led to an increase in
the number of patients who are treated for cardiac
complications related to cocaine use. 

In Greece, according to data from the National
Centre for the Study of the Use of Drugs and Alcohol,
8.6% of the population in the 12-64 year age bracket re-
port using an illegal substance, such as cocaine, one or
more times in their lives. In 2003, 20% of school stu-
dents aged 17 years reported using an illegal substance,
mainly cannabis. The rate of cocaine use in this group
of young people was just 1.5%. In 2004, 256 narcotics-
related deaths were confirmed by the Coroner’s depart-
ment. Of those deaths, 98.7% were related with heroin
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Figure 3. Coronary angiography. A: Right anterior oblique projection, showing the anterior descending
and circumflex arteries (branches of the left coronary artery) without critical lesions. B: Left anterior
oblique projection, showing normal main coronary trunk. C: Right coronary arteries without critical le-
sions, in lateral projection. D: Left ventriculography without wall hypokinesis. 
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use and only 1.3% with the use of other substances.10

Unfortunately, there are no official data specifically
for cocaine. In European countries the number of co-
caine users is increasing.11

The most common cardiovascular complication
related to the use of cocaine is acute myocardial in-
farction.3,4,12,13 These patients are usually young men,
and the only risk factor they have for coronary artery
disease is smoking, features that also applied to the
patient presented here. Cocaine appears to cause
acute myocardial infarction in patients with or with-
out pre-existing coronary artery disease. Approxi-
mately 33-50% of patients with an infarction caused
by cocaine have normal vessels on angiography.10,14,15

The risk of acute myocardial infarction increases by 24-
31 times during the first 60 min after cocaine use.16

More rarely, symptoms appear several hours after the
drug use, when the cocaine concentrations are very
low, probably because of an increase in its main me-
tabolites in the blood. The long-term risk of infarc-
tion throughout the life of cocaine users is 6% greater
than in non-users.13

There are many mechanisms that have been pos-
tulated to play a part in the occurrence of ischaemia
and infarction in patients who use cocaine. First of
all, cocaine appears to contribute to platelet activa-
tion; it increases the accumulation of platelets and
enhances their thromboxane production.17,18 These
actions, in combination with an observed increase in
plasminogen activator inhibitor,19 probably contri-
bute to thrombus formation in the coronary arteries.
This possibility is supported by the finding of platelet-
rich thrombi in post mortem studies of patients whose
cause of death was acute myocardial infarction after
cocaine use.20 In addition, there are in vitro studies
showing that cocaine accelerates the development of
atheromatosis by causing structural anomalies in the
vascular endothelium. These lesions increase the en-
dothelium’s permeability to low density lipoproteins
and lead to the expression of adhesion molecules and
the migration of leukocytes into the endothelium, all
of which are associated with the process of athero-
matosis.21,22

Another factor that appears to play an important
role in ischaemia is the disturbance of the myocardial
oxygen supply/demand relationship that is caused by
cocaine use. Cocaine increases heart rate, left ventric-
ular contractility and systemic blood pressure, result-
ing in an increase in myocardial oxygen demand. This
happens because of cocaine’s powerful sympatho-
mimetic action via changes in stimulus transmission
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at the presynaptic level. Cocaine inhibits the reabsorp-
tion of norepinephrine and dopamine by the presynap-
tic neuron, producing an excess of these neurotransmit-
ters at the site of the postsynaptic receptor,1,2 In pa-
tients with a substrate of coronary artery disease, this
increase in oxygen demand can lead to myocardial is-
chaemia. At the same time as increasing oxygen de-
mand, cocaine reduces oxygen supply to the myo-
cardium by causing paradoxical vasoconstriction in
the epicardial coronary arteries.2,12 So far, we know of
two mechanisms that cause this vasoconstriction: first,
the stimulation of the alpha-adrenergic receptors,12

and second, the increased production of endothelin
(which has a vasoconstrictive effect) by the endotheli-
um.23

It is important to note that the combined use of
cocaine and ethanol increases the probability of sud-
den death in comparison with each substance sepa-
rately, probably because of an additive or synergistic
effect of ethanol on the occurrence of cardiovascular
complications from cocaine use.5 A possible explana-
tion of this is the production of a specific metabolite
by the liver during the combined use of the two sub-
stances, the so-called cocaethylene. This metabolite,
like cocaine, inhibits the reabsorption of dopamine by
the presynaptic neuron and consequently boosts the
toxic effect of cocaine on the cardiovascular system.24

Indeed, animal studies suggest that cocaethylene is
more lethal than cocaine itself.25

There is little evidence available concerning the
arrhythmogenic effect of cocaine. Theoretically, co-
caine could have arrhythmogenic properties via mul-
tiple mechanisms. More specifically, because of its
sympathomimetic properties, it could increase my-
ocardial excitability and lower the threshold for the
occurrence of ventricular fibrillation.7,26 In addition,
because of its ability to block Na+ channels at a cellu-
lar level, it could inhibit stimulus production and
transmission, resulting in a prolongation of the QRS
and QT intervals (similarly to the action of class I an-
tiarrhythmic drugs).27 This arrhythmogenic action of
cocaine may arise from or be enhanced in pathologi-
cal conditions such as myocardial ischaemia.28 It is
not clear whether or not the occurrence of lethal ar-
rhythmias following cocaine use definitely requires
the existence of a pathological myocardial substrate.
Experimental studies in animals have shown that co-
caine causes ventricular arrhythmias only in the pres-
ence of myocardial ischaemia.7 In humans, the major-
ity of lethal arrhythmias and sudden deaths associat-
ed with cocaine use have been observed in patients



with myocardial ischaemia or other pathological
structural heart disease. On the other hand, the long-
term use of cocaine is associated with an increase in
left ventricular mass, which could form a suitable sub-
strate for the development of arrhythmias.29 In pa-
tients who are hospitalised for infarction following
cocaine use, ventricular arrhythmias occur in a rela-
tively small percentage that ranges from 4-17%. The
young age of these patients probably acts as a buffer
against severe arrhythmias.2

In the case of our patient, the pain started within
an hour from cocaine use, at which time the levels of
the substance are at their highest and the risk of acute
myocardial infarction is greatly elevated. Given the
non-pathological angiographic findings, the mecha-
nisms most likely to have led to the occurrence of is-
chaemia and infarction were vasoconstriction, the
thrombogenic properties of cocaine, and the high lev-
els of cocaethylene due to the concomitant alcohol
consumption. The patient’s ventricular fibrillation
was attributed in this case to an increase in myocar-
dial excitability resulting from the cocaine use, which,
in combination with the myocardial ischaemia, creat-
ed suitable conditions for the arrhythmia to occur.

As regards the therapeutic approach to a patient
with myocardial infarction after cocaine use, it must
be stressed that beta-blockers, such as propranolol,
should be avoided, because of the risk of exacerbating
the cocaine-induced vasoconstriction related to al-
pha-receptor stimulation.30 This vasoconstrictive ac-
tion of cocaine may be countered by the administra-
tion of an alpha-adrenergic receptor antagonist such
as phentolamine.31 The use of medications that block
both alpha and beta receptors, such as labetalol,
seems to be effective in treating the hypertensive re-
sponse associated with cocaine use, although they do
not have a significant effect on coronary artery vaso-
constriction.32 In its latest guidelines (2005) for the
treatment of patients with acute coronary syndromes
after cocaine use, the American Heart Association
suggests as first-line medications nitrates, since in car-
diac catheterisation studies they reversed cocaine-re-
lated vasoconstriction, and benzodiazepines, since
they reduce heart rate and blood pressure in these pa-
tients. Phentolamine follows as second-line treat-
ment.30 Regarding thrombolysis in this category of
patients, it seems to entail an increased complication
rate, especially when there is severe hypertension.
For this reason, it should be employed carefully and
cardiac catheterisation with intracoronary administra-
tion of thrombolytic or vasodilator medication should
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be preferred whenever possible.30 Finally, as far as the
treatment of ventricular tachycardia or fibrillation
caused by cocaine use is concerned, the suggested
treatment depends on the patient’s haemodynamic
condition. Thus, in haemodynamic instability the treat-
ment of choice is electrical cardioversion according to
standard protocols, whereas if the patient is haemo-
dynamically stable lidocaine or sodium bicarbonate
should be given.28,30,33

In our case we avoided beta-blockers for the rea-
sons mentioned above. Nitrates, although absolutely in-
dicated in patients with acute myocardial infarction fol-
lowing cocaine use, were not given to our patient be-
cause of the right ventricular involvement. The persis-
tence of ST elevations for >15 min after the adminis-
tration of pethidine, aspirin and diazepam led us to the
decision to give thrombolytic medication through a pe-
ripheral vein, since the patient had been normotensive
since his admission and it would have taken >90 min to
transfer him to a hospital with a catheterisation labora-
tory. The patient’s ventricular fibrillation was treated
successfully with electrical cardioversion. Although
there are no clear guidelines for the long-term treat-
ment of these patients after an acute coronary syn-
drome, we decided on aspirin, statin, and sublingual ni-
trates when needed. In spite of the known beneficial ef-
fects of beta-blockers after acute myocardial infarction,
none was given since we could not be sure that the pa-
tient would not use cocaine again, in which case the
consequences could have been catastrophic.

Conclusions

In patients with an acute coronary syndrome or chest
pain, cocaine use should be investigated rigorously,
especially by cardiologists, when the patient is young
and does not have multiple risk factors for coronary
artery disease. The identification of these patients is
of significance not only for statistical and epidemio-
logical purposes, but also because their treatment dif-
fers in specific ways from the treatment of major
coronary events in the general population. The physi-
cian should be aware of this in order to avoid undesir-
able consequences for the patient.
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