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In 1987, the National Institute of Drug Abuse estimated that 30 million Americans 
had experimented with cocaine at least once; 5 million used it regularly; and 1 
million were addicted to it [1]. Its illicit use, particularly in higher doses, has led 
to a marked proliferation in the number of cocaine-related cardiovascular deaths 
and complications, including myocardial ischemia and infarction. In this Grand 
Rounds I plan to review our current understanding of the clinical characteristics, 
possible mechanisms, and optimal treatment of cocaine-related myocardial ischemia 
and infarction. 

PHARMACOLOGY OF COCAINE 

Cocaine (benzoylmethylecgonine) is an alkaloid extracted from the leaves of the 
Erythroxylon coca plant. It is prepared by dissolving the alkaloid in hydrochloric 
acid to form a water-soluble salt (cocaine hydrochloride), which decomposes 
chemically when heated, melts at 195° C, and is available in a crystalline, powder, 
or granular form. 
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"Freebase" is the alkaloid cocaine that is heat-stable and melts at 98° C, thus 
allowing it to be smoked. It is more potent and addicting than cocaine and is 
commonly known as "crack" because of the popping sound made when it is heated. 
The freebase form is insoluble in water and soluble in ether, acetone, or alcohol. It 
is prepared by extracting cocaine with an alkaline solution, adding a solvent, 
separating out the solvent-cocaine layer, and then evaporating the solvent, which 
leaves behind relatively pure cocaine crystals. 

Cocaine is well absorbed through almost all mucous membranes and has been used 
intranasally (snorting), orally, sublingually, intra vaginally, and rectally. Mucosal 
administration results in a slower onset of action, later peak effect, and longer 
duration than intramuscular, subcutaneous, or intravenous administration. 
However, high serum cocaine concentrations can occur with any route of 
administration. When the freebase form is smoked, the effects are obvious in 
seconds, peak quickly (i.e., within 1 to 3 minutes), and last only 15 to 30 minutes. 
When snorted, cocaine's onset of action occurs at 5 to 10 minutes, peaks at 15 to 30 
minutes, and lasts 45 to 60 minutes. 

Cocaine is detoxified by plasma and liver cholinesterases to benzoyl and ecgonine 
methyl ester, which are water-soluble and excreted in the urine. As will be 
discussed later, these metabolites, similar to the parent compound, exert an effect 
on vascular smooth muscle to cause vasoconstriction. As would be expected, 
subjects deficient in cholinesterase activity are highly sensitive to even small 
amounts of cocaine. Depending on the route of administration and endogenous 
cholinesterase activity, metabolites may be found in the urine up to 24 to 36 hours 
later. 

When applied locally, cocaine acts as an anesthetic due to its ability to interfere 
with membrane sodium permeability during depolarization, thereby blocking the 
initiation and transmission of electrical signals. When administered systemically, 
its effects are mediated through alterations in synaptic transmission. Cocaine 
blocks the presynaptic reuptake of norepinephrine and dopamine, producing an 



excess of these neurotransmitters at the postsynaptic receptor site. In short, it acts 
as a powerful sympathomimetic agent [2]. 

CLINICAL CHARACTERISTICS OF 
COCAINE-RELATED MYOCARDIAL ISCHEMIA AND INFARCTION 

Subjects with cocaine-related myocardial ischemia or infarction usually present 
with typical retrosternal chest pain and characteristic electrocardiographic 
abnormalities. Despite their typical presentation, certain clinical characteristics 
may distinguish them from patients with ischemia or infarction due to other 
causes: 

1. Young age (mean, 33 (range, 19 to 47] years) 

2. Male gender 

3. Cigarette smoker, but no other risk factors for atherosclerosis 

4. Chronic or first-time cocaine user 

5. Symptom onset minutes or even several hours after cocaine use 

6. Associated with all routes of administration 

7. May occur with small or large doses 

8. Often associated with concomitant use of cigarettes and/ or ethanol 

PATHOPHYSIOLOGY OF COCAINE-RELATED 
MYOCARDIAL ISCHEMIA AND INFARCTION 

Any of 3 pathophysiologic mechanisms may be operative in subjects with cocaine
related myocardial ischemia and infarction: 

1. Increased myocardial oxygen demand in the setting of limited or 
fixed supply 

2. Dynamic coronary arterial vasoconstriction (i.e., vasospasm) 

3. Enhanced platelet aggregation and thrombogenicity 

A. Influence of Cocaine on Myocardial Oxygen Supply and Demand: In 1989, we 
set about to assess cocaine's influence on myocardial oxygen supply and demand in 
patients with chest pain referred for elective cardiac catheterization. In 45 such 
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subjects, we measured (a) heart rate and systolic arterial pressure, from which we 
calculated a so-called "rate-pressure product," a reasonable estimate of myocardial 
oxygen demand [3,4]; and (b) coronary sinus blood flow and epicardial coronary 
arterial diameter (with computer-assisted coronary arteriography) before and 15 
minutes after intranasal saline (n = 16) or cocaine, 2 mg/kg (n = 29). This dose of 
cocaine was employed because of its proven safety, since it is about half the usual 
dose given as a local anesthetic for a variety of otorhinolaryngologic procedures. 
As the data displayed in Table 1 demonstrate, intranasal saline caused no change 
in rate-pressure product, coronary sinus blood flow, or coronary arterial 
dimensions. In contrast, cocaine increased rate-pressure product (from 10,600 ± 
2400 at baseline to 11,900 ± 2800 15 minutes after cocaine) and simultaneously 
decreased coronary sinus blood flow and coronary arterial diameter. In short, 
cocaine induced so-called "inappropriate" coronary vasoconstriction, in that 
myocardial oxygen demand rose, whereas supply fell [5]. 

Table 1 
Hemodynamic and Arteriographic Responses to 

Intranasal Saline or Cocaine 

V,\RIABLE GROUP I IN = 16) GROUP 2 (N = 29) 

APTER AnER 

BASE LINE INTRANASAl SALINE BASE LINE INTRANASAL COCAINE 

Hean rate (beats/min) 71:!:10 70:!:10 76±12 78:!:13t 
Systolic anerial pressure (mm Hg) 134±22 133:!:17 141:!:24 152:!:27t 
Hean rate-anerial pressure 9.5:!:2.2 9.3:!: 1.8 10.6:!:2.4 11.9:!:2.8t 

product ( x 103) 

Mean anerial pressure (mm Hg) 94:!:11 94:!:10 101:!: 15 IIO:!:I6t 
Coronary-sinus blood How (ml!min) 131 :!:51 131:!:51 149:!:59 124±53t 
Coronary vascular resistance 0.81 :!:0.29 0.83:!:0.34 0.79:!:0.36 1.05:!:0.49t 

(mm Hglmllmin) 
Transcardiac oxygen-content 10.6:!: 1.7 10.6:!:1.9 10.2:!: 1.8 11.1:!: 1.6t 

difference (mlidl) 
Coronary-anery diameter (mm) 

Left anterior descending 
Proximal 3.01 :!:0.95 3.02:!: 1.07 2.96:!:0.67 2.67:!:0.66t 
Middle 1.96:!:0.26 1.97:!:0.24 2.11:!:0.47 1.90:!:0.41 t 
Distal 1.58:!:0.31 1.61:!:0.33 1.59:!:0.41 1.40:!:0.38t 

Left circumflex 
Proximal 3.23:!:0 .70 3.26:!:0.71 2.86:!:0.81 2.63:!:0.78t 
Middle 2.46:!:0.53 2.45:!:0.52 2.23:!:0.43 2.02:!:0.42t 
Distal 1.64:!:0.49 1.67:!:0.49 1.69:!:0.29 1.49:!:0.27t 

•Plus- minus values are means !:SO. 

tP<O.OI for the comparis'on wilh 1hc corresponding base-line value. 

From Reference # 5 

B. Mechanism of Cocaine-Induced Coronary Vasoconstriction: We hypothesized 
that cocaine-related coronary vasoconstriction might be mediated via alpha
adrenergic stimulation. Epicardial coronary arteries are known to have both alpha 
and beta adrenergic receptors. Stimulation of alpha receptors causes contraction of 
vascular smooth muscle, whereas stimulation of beta receptors induces the opposite. 
Any maneuver, therefore, that "tips the balance" in the direction of alpha 
stimulation might lead to vasoconstriction; this could be accomplished via (a) alpha 
stimulation with an alpha adrenergic agonist, such as phenylephrine, or (b) beta 
blockade with a beta adrenergic blocker, such as propranolol. In turn, any 
maneuver that "tips the balance" in the opposite direction -- toward beta 
stimulation -- might lead to vasodilatation; this could be accomplished with (a) 
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alpha blockade with an alpha adrenergic blocker, such as phentolamine or 
phenoxybenzamine, or (b) beta stimulation with a beta adrenergic agonist, such as 
isoproterenol. 

In a series of experiments in subjects referred for elective cardiac catheterization, 
we showed that cocaine-induced coronary vasoconstriction, in fact, can be (a) 
reversed with phentolamine (an alpha adrenergic blocker) [5] (Table 2) and (b) 
potentiated with propranolol (a beta adrenergic blocker) [6]. 

Table 2 
Hemodynamic and Arteriographic Responses to Intranasal Cocaine 

Followed by Intracoronary Saline or Phentolamine 

V4.RIABLE 

Heart rate (beats/min) 
Systolic arterial pressure (mm Hg) 
Heart rate-arterial pressure 

product ( X 103) 

Mean arterial pressure (mm Hg) 
Coronary-sinus blood flow (mVmin) 
Coronary vascular resistance 

(mm Hglmllmin) 
Transcardiac oxygen-content 

difference (mVdl) 
Coronary-artery diameter (mm) 

Left anterior descending 
Proximal 
Middle 
Distal 

Left circumflex 
Proximal 
Middle 
Distal 

BASE LINE 

83:!:14 
139:!:23 

11.3± 1. 8 

96± 14t 
147±7It 

0.78±0 .33t 

10.7±0.5 

3.30±0.74t 
l.99±0.25t 
1.47±0.29 

2.65±0.58t 
2.00±0.34 
1.56±0.3 1 

GROUP 2A (N ~ 6) 

AFTER 

INTRANASAL COCAINE 

83:!: 15 
149:!:25 

12.3±2 .6 

106± 14 
13 1 :!:64 

0.97±0.43 

11.1±0.7 

3.10±0.63 
1.82±0.28 
1.29:!:0.27 

2.26±0.45 
1.66±0.37 
1.39±0.12 

GROUP 28 ~~ = 13t 

AFTER INTRACORONARY AFTF.R 

SALINE BASE LINE l f'IITRANASAL COCAINE 

84:!:15 74:!: 12t 77:!: 12t 
144:!:21 145:!:25 153±31 t 

11.9:!: 1.5 10.6:!:2.3t 11.8±3 .0 

102:!: 10 103:!: !6 11 0±20t 
130±59 157±60 129±62t 

0.92±0.34 0.74±0.3 1 1.03±0.53t 

11 .2±0.6 9.9± 1.8 10.6± 1.8t 

3. 10±0.63 2.63±0.39 2.38±0.40t 
1. 81 ±0.26 2. 14±0.47 1.86±0.36t 
1. 26±0.35 1.50±0.46 1.28±0.30 

2.26±0.40 2.63±0.96 2.44±0.90t 
1.77 ± 0.40 2.24±0.47t 1.99± 0.42t 
1.36±0. 17 1.70±0.32 1.58±0. 27t 

... FTER INTR ... CORONAIY 

PHENTOLAMINE 

88:!: 14t 
138±27 

12. 1 :!:3.0 

103:!: 19 
173±83 

0.74±0 .46 

9.4± 1.5 

2.63±0.44 
2.04±0.35 
1.49±0.30 

2.68±0.96 
2.33±0.43t 
1.76±0.25 

•Plus-minus values are means :tSD. tP<0.05 for the comparison with lhe other values in the same patients. 

From Reference # 5 

In summary, cocaine increases myocardial oxygen demand and simultaneously 
decreases oxygen supply. This "inappropriate" coronary vasoconstriction appears to 
be mediated via alpha adrenergic stimulation, since it is reversed with an alpha 
adrenergic blocker and potentiated with a beta adrenergic blocker. 

C. Influence of Cocaine on Nondiseased and Diseased Coronary Arteries: Previous 
studies have suggested that exercise [7,8], cigarette smoking [9], and exposure to 
cold [10] induce a decrease in coronary blood flow in subjects with atherosclerotic 
coronary artery disease. In the case of exercise, coronary arterial segments 
narrowed by atherosclerosis are particularly sensitive to exercise-induced 
sympathetic stimulation, so that vasoconstriction is more marked in diseased than 
in nondiseased segments [7,8]. Although intranasal cocaine induces vasoconstriction 
in both diseased and nondiseased coronary arterial segments, its effect is 
particularly marked in the former: 



Decrease in Coronary Arterial Area with Cocaine 

Diseased Segments 29 ± 23% 

Adjacent Nondiseased Segments 13 ± 8% • 

• p < 0.05 in comparison to Diseased Segments 

from Reference # II 

We and others [12] hypothesize that nondiseased coronary arterial segments have a 
normal or only minimally deranged endothelium, with sufficient production of 
endothelium-derived relaxing factor to counter (partially or completely) the 
vasoconstrictive effect of intense alpha adrenergic stimulation. In contrast, 
diseased arterial segments with more endothelial dysfunction have greatly impaired 
(or absent) production of endothelium-derived relaxing factor. In the setting of 
intense alpha adrenergic stimulation, these segments manifest marked 
vasoconstriction. 

"TIME COURSE" OF 
COCAINE-INDUCED CORONARY VASOCONSTRICTION 
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Although some subjects with cocaine-associated angina pectoris and myocardial 
infarction are symptomatic within minutes of drug ingestion, others do not 
experience symptoms for several hours [13,14], at a time when the blood 
concentration of cocaine is low or even undetectable. The cause of such delayed 
cocaine-associated myocardial ischemia or infarction is not well understood, but 
recent data from our laboratory may provide insight into the possible mechanism. 
In subjects referred for cardiac catheterization, we measured (a) coronary arterial 
diameter and (b) blood concentrations of cocaine and its major metabolites 
(benzoylecgonine and ecgonine methyl ester) 30, 60, and 90 minutes after intranasal 
cocaine, 2 mg/kg. In feline cerebral arteries in vitro, benzoylecgonine is a more 
potent vasoconstrictor than cocaine [15]. As the data in Figure I demonstrate, 
coronary arterial diameter fell at 30 minutes, returned toward baseline at 60 
minutes, and fell again at 90 minutes. This second "wave" of vasoconstriction 
occurred at a time when the blood concentration of cocaine was falling and was 
lower than it had been at 60 minutes. At the same time, the blood concentration of 
benzoylecgonine and ecgonine methyl ester was measurable at 30 minutes and 
continued to rise, so that it reached its highest concentration at 90 minutes [16]. 
Therefore, we hypothesize that angina pectoris and myocardial infarction that 
occur hours after cocaine inhalation may be due to the coronary vasoconstrictive 
influence of cocaine's major metabolites, benzoylecgonine and ecgonine methyl 
ester. 
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Figure 1: Coronary arterial diameter (in mm) (left panel) and the blood 
concentrations of cocaine, benzoylecgonine, and ecgonine methyl ester (right panel) 
before (BL, baseline) and 30, 60, and 90 minutes after intranasal cocaine. 
Recurrent coronary vasoconstriction occurred at 90 minutes, at a time when the 
blood cocaine concentration was falling and the concentration of its metabolites 
was rising. From Reference # 16. 
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POTENTIATION OF COCAINE-INDUCED 
CORONARY VASOCONSTRICTION BY 

SIMULTANEOUS ABUSE OF OTHER SUBSTANCES 

As cocaine abuse has escalated, the number of subjects with cocaine-associated 
catastrophic events, such as myocardial infarction and sudden death, has increased 
dramatically. In an attempt to explore the pathophysiologic mechanism(s) possibly 
responsible for this precipitous rise in events, we hypothesized that subjects who 
abuse cocaine often abuse other substances simultaneously and that such 
concomitant abuse may potentiate cocaine's coronary vasoconstrictive influence. 
Two concomitantly abused substances immediately came to mind: cigarette smoking 
and ethanol. 

A. Cocaine + Cigarette Smoking: Previous studies from our laboratory have shown 
that cigarette smoking causes "inappropriate" coronary vasoconstriction, in that 
myocardial oxygen demand rises as supply falls [17]. Other reports have noted that 
many subjects with cocaine-associated myocardial infarction are cigarette smokers 
who admit to smoking while using cocaine (18]. In 42 smokers referred for cardiac 
catheterization, we measured (a) heart rate-systolic arterial pressure product and 
(b) coronary arterial diameter before and after (a) intranasal cocaine, 2 mgjkg; (b) 
smoking I cigarette; or (c) both intranasal cocaine and 1 cigarette. The 
combination of cocaine and smoking caused a dramatic increase in rate-pressure 
product and a substantial decrease in the diameter of coronary arterial segments 
narrowed by atherosclerosis (Figure 2, below). The increase in rate-pressure 
product and decrease in diameter of diseased coronary arterial segments were 
greater than that caused by either cocaine or smoking alone [19]. 
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Therefore, we hypothesize that in an occasional subject, a large amount of cocaine 
in combination with cigarette smoking may induce a marked increase in 
myocardial oxygen demand and a concomitant marked decrease in coronary 
arterial dimensions, culminating in myocardial ischemia, infarction, or even sudden 
cardiac death. 

B. Cocaine + Ethanol: The results of a recent survey suggest that 9 million 
individuals in the United States abuse cocaine and ethanol simultaneously [20]. 
Among those with polysubstance abuse seen in emergency departments, this 
combination is the most common, and it is the second most common combination in 
subjects dying of substance abuse, accounting for over 1000 deaths per year [21,22]. 
Recent studies have shown that the concomitant use of cocaine and ethanol may be 
associated with increased morbidity and mortality in comparison to either alone: 
Rose et al [23] showed that their simultaneous use increased the risk of drug
induced sudden death IS-fold, and Escobedo et al [24] reported that deaths due to 
drug overdose involving the use of ethanol were associated with cocaine blood 
concentrations that were lower than those measured in subjects dying of cocaine 
overdose alone (900 versus 2800 ng/ml, respectively), suggesting an additive or 
synergistic effect of ethanol on cocaine-induced mortality. 

The mechanism by which a cocaine-ethanol combination may be particularly 
deleterious to the cardiovascular system is unknown. First, a cocaine-ethanol 
combination may markedly increase the determinants of myocardial oxygen 
demand, leading to a supply:demand imbalance in the setting of atherosclerotic 
coronary artery disease. In human volunteers, a cocaine-ethanol combination 
produces a greater increase in heart rate than either substance alone [25,26]. As a 
result, the unfavorable effects of such a combination on myocardial oxygen 
demand may augment cocaine's cardiovascular toxicity. Second, concomitant 
cocaine-ethanol ingestion may lead to the production of a metabolite which induces 
intense coronary vasoconstr ict ion, leading to myocardia l ischemia, infa rct ion, 
and/or sudden death. Subjects who abuse cocaine in temporal proximity to ethanol 
ingestion are known to produce cocaethylene, a unique metabolite whose synthesis 
is accomplished via hepatic transesterification [27,28]. At postmorten examination, 
this compound is often detected in subjects who have died from cocaine-ethanol 
toxicity [27,29]. In experimental animals, it is more lethal than cocaine [30]. 
Similar to cocaine, it blocks dopamine reuptake at the synaptic cleft [27], and this 
may potentiate cocaine's systemic toxicity. Whether cocaethylene induces coronary 
vasoconstriction in man is unknown. 

In a recently completed study, we assessed the effects of intranasal cocaine, 
intravenous ethanol, or their combination on rate-pressure product and epicaridal 
coronary arterial dimensions in patients referred for cardiac catheterization [31). 
We hypothesized that a cocaine-ethanol combination would lead to (a) the 
production of cocaethylene and (b) marked coronary vasoconstriction. In response 
to intranasal cocaine and intravenous ethanol, (a) cocaethylene (as well as cocaine's 
other major metabolites) was measurable in blood, (b) rate-pressure product rose 
modestly (by about 15%), and (c) coronary arterial diameter increased by 12 to 13% 
(Figure 3). In short, intravenous ethanol -- at least in the amount infused in this 
study -- does not potentiate the coronary vasoconstrictor effect of intranasal 
cocaine; rather, it appears to counteract it, since a cocaine-ethanol combination 
caused coronary vasodilation. 
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Figure 3: Percent change in coronary arterial diameter in response to intravenous 
saline (solid bars), intranasal cocaine (stippled bars), intravenous ethanol (cross
hatched bars), or a cocaine-ethanol combination (open bars) at 30, 60, and 90 
minutes after drug administration. A cocaine-ethanol combination induced 
coronary vasodilatation similar in magnitude to that produced by ethanol alone. 
From Reference# 31. 

MANAGEMENT OF COCAINE-RELATED 
MYOCARDIAL ISCHEMIA AND INFARCTION 

As previously noted, beta adrenergic blockade may potentiate the coronary 
vasoconstrictor influence of cocaine [6]. Therefore, beta blockers should not be 
given to the patients with cocaine-related chest pain. Labetalol is neither 
beneficial nor detrimental as far as the heart is concerned: it exerts no effect on 
coronary arterial dimensions following intranasal cocaine (Figure 4) [32]. Both 
nitroglycerin [33] and verapamil [34] reverse cocaine-induced coronary 
vasoconstriction, and the other calcium antagonists probably do the same (Figure 
5). Therefore, for the patient presenting to the Emergency Room with cocaine
associated chest pain, the treatment of choice is sublingual -- and, if necessary, 
intravenous -- nitroglycerin. 
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Figure 4: Influence of intravenous 
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saline or labetalol on cocaine-induced 
coronary arterial vasoconstriction. --
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Figure 5: Coronary artery area (in mm2) at baseline, after intranasal cocaine, and 
after sublingual nitroglycerin (NTG) in nondiseased (left panel) and diseased (right 
panel) coronary arterial segments. In both, NTG reversed cocaine-induced 
coronary vasoconstriction. From Ref # 33. 
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