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HE deaths of several celebrities in recent years
in association with the nontherapeutic use of
cocaine have focused widespread attention on

the problem of cocaine abuse. In 1999, an estimated
25 million Americans admitted that they had used
cocaine at least once; 3.7 million had used it within
the previous year; and 1.5 million were current users.
During the same year, cocaine was mentioned in 30
percent of all drug-related visits to emergency de-
partments.

 

1

 

 Cocaine is the most commonly used illicit
drug among subjects seeking care in hospital emergen-
cy departments or drug-treatment centers. In addition,
it is the most frequent cause of drug-related deaths re-
ported by medical examiners.

 

1

 

Cocaine use rose to epidemic levels in the early and
mid-1980s, after which it declined in prevalence. How-
ever, between 1994 and 1998, the number of new
cocaine users per year increased 82 percent, from
514,000 to 934,000. Several factors account for this
recent increase in cocaine use, including the ease of its
administration, the increased availability and purity of
the drug, reduced cost, and the misperception that
the recreational use of cocaine is safe. In a recent sur-
vey conducted by the Department of Health and Hu-
man Services, only 50 percent of young people ex-
pressed the belief that monthly cocaine ingestion
carries a great risk of harm.

 

2

 

 In fact, as cocaine abuse
has become widespread, the number of cocaine-relat-
ed cardiovascular events, including angina pectoris,
myocardial infarction, cardiomyopathy, and sudden
death from cardiac causes, has increased dramatically.

 

PHARMACOLOGY AND MECHANISMS

OF ACTION

 

Cocaine (benzoylmethylecgonine) is an alkaloid ex-
tracted from the leaf of the 

 

Erythroxylon coca

 

 bush,
which grows primarily in South America. It is available
in two forms: the hydrochloride salt and the “free
base.” Cocaine hydrochloride is prepared by dissolving
the alkaloid in hydrochloric acid to form a water-solu-
ble powder or granule that decomposes when heated.
It can be taken orally, intravenously, or intranasally,

T

 

the slang terms for which are “chewing,” “mainlining,”
and “snorting,” respectively. The free-base form is
manufactured by processing the cocaine with ammo-
nia or sodium bicarbonate (baking soda) to remove
the hydrochloride. This form is heat-stable and melts
at 98°C, which allows it to be smoked. It is known as
“crack” because of the popping sound it makes when
heated.

Since cocaine hydrochloride is well absorbed
through all mucous membranes, abusers may achieve
a high blood concentration by means of intranasal,
sublingual, intravaginal, or rectal administration (Ta-
ble 1). As compared with the intravenous injection of
cocaine, the mucosal administration of the drug results
in a slower onset of action, a later peak effect, and a
longer duration of action. Euphoria occurs within sec-
onds after crack cocaine is smoked and is short-lived.
Crack cocaine is considered to be the most potent and
addictive form of the drug.

Cocaine is metabolized by plasma and liver cho-
linesterases to water-soluble metabolites (primarily
benzoylecgonine and ecgonine methyl ester), which
are excreted in the urine.

 

3

 

 The serum half-life of co-
caine is 45 to 90 minutes; only 1 percent of the parent
drug can be recovered in the urine after it is ingested.
Thus, cocaine can be detected in blood or urine for
only several hours after its use. However, its metabo-
lites are detectable in blood or urine for 24 to 36 hours
after ingestion, thereby providing a useful indicator of
recent drug ingestion. Hair analysis provides an ex-
tremely sensitive marker of cocaine use in the preced-
ing weeks or months, depending on the length of the
hair analyzed.

 

4

 

 Interestingly, the results of studies that
have used hair analysis suggest that the prevalence of
cocaine use may be three to five times as high as that
estimated by standard surveys and interviews with pa-
tients.

 

5,6

 

When applied locally, cocaine acts as an anesthetic
because of its ability to inhibit membrane permeability
to sodium during depolarization, thereby blocking the
initiation and transmission of electrical signals. When
given systemically, its effects are mediated through al-
terations in synaptic transmission. Cocaine blocks the
presynaptic reuptake of norepinephrine and dopamine,
producing an excess of these neurotransmitters at the
site of the postsynaptic receptor (Fig. 1). In short, co-
caine acts as a powerful sympathomimetic agent.

 

COCAINE-RELATED MYOCARDIAL 

ISCHEMIA AND INFARCTION

 

In 1982, Coleman et al.

 

7

 

 reported an association
between cocaine use and myocardial ischemia and in-
farction. Subsequently, many reports have document-
ed cocaine-related myocardial ischemic events.

 

8-10

 

 The
risk of acute myocardial infarction is increased by a
factor of 24 during the 60 minutes after the use of
cocaine in persons who are otherwise at relatively low
risk.

 

11

 

 The occurrence of myocardial infarction after
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cocaine use is unrelated to the amount ingested, the
route of administration, and the frequency of use; it
has been reported with doses ranging from 200 to
2000 mg, after ingestion by all routes, and in habit-
ual as well as first-time users.

Persons presenting to the emergency department
with nontraumatic chest pain should be questioned
about cocaine use, since such pain is the most com-
mon symptom in cocaine users.

 

12

 

 Of patients who
come to the emergency department with nontraumat-
ic chest pain, 14 to 25 percent in urban hospitals and

7 percent in suburban hospitals have detectable levels
of cocaine or cocaine metabolites in their urine.

 

13

 

Approximately 6 percent of patients who come to
the emergency department with cocaine-associated
chest pain have enzymatic evidence of myocardial in-
farction.

 

14

 

 Patients with cocaine-related myocardial in-
farction cannot be distinguished from those without
this condition on the basis of such clinical variables as
the time of onset of pain, the location of the pain, its
quality or duration, the presence or absence of a his-
tory of chest pain or myocardial infarction, and the
presence or absence of traditional risk factors for ath-
erosclerosis.

 

14

 

 Most patients with cocaine-related my-
ocardial infarction are young, nonwhite, male cigarette
smokers without other risk factors for atherosclerosis
who have a history of repeated use of cocaine.

 

11,14-16

 

About half the patients with cocaine-related myocar-
dial infarction have no evidence of atherosclerotic cor-
onary artery disease on subsequent angiography.

 

8,17

 

Therefore, when patients with no or few risk factors
for atherosclerosis, especially those who are young or
have a history of substance abuse, present with acute
myocardial infarction, urine and blood samples should
be analyzed for cocaine and its metabolites.
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Figure 1.

 

 The Mechanism by Which Cocaine Alters Sympathetic Tone.
Cocaine blocks the reuptake of norepinephrine by the preganglionic neuron (red X), resulting in excess amounts of this
neurotransmitter at receptor sites on the postganglionic neuron.
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The accurate identification of patients with cocaine-
related myocardial infarction may be difficult for at
least two reasons. First, the electrocardiogram may be
abnormal in many patients with chest pain after co-
caine use, even in the absence of myocardial infarction.
The electrocardiogram is reportedly abnormal in 56 to
84 percent of patients with cocaine-related chest pain,
and as many as 43 percent of cocaine abusers without
myocardial infarction meet the electrocardiographic
criterion for the initiation of reperfusion therapy (ST-
segment elevation of at least 0.1 mV in two or more
contiguous leads).

 

14,18

 

 The sensitivity of the electro-
cardiogram for detecting myocardial infarction is re-
ported to be 36 percent, its specificity 90 percent, its
positive predictive value 18 percent, and its negative
predictive value 96 percent.

 

14

 

 The high failure rate of
the electrocardiogram in identifying patients with co-
caine-related myocardial infarction results, at least in
part, from a high incidence of early repolarization
abnormalities in young persons in the general pop-
ulation.

The second reason why it is difficult to identify co-
caine-related myocardial infarction is that serum cre-
atine kinase concentrations are not a reliable indicator
of myocardial injury, since they are elevated in about
half of cocaine users who do not have myocardial in-
farction. This elevation of serum creatine kinase is pre-
sumably due to rhabdomyolysis.

 

18,19

 

 Accordingly, se-
rum troponin concentrations, which are more sensitive
and specific for the detection of myocardial infarction,
should be measured in patients in whom cocaine-relat-
ed myocardial infarction is suspected.

Cardiovascular complications resulting from co-
caine-related myocardial infarction are relatively un-
common, with ventricular arrhythmias occurring in
4 to 17 percent of patients hospitalized with cocaine-
related myocardial infarction, congestive heart failure
in 5 to 7 percent, and death in less than 2 percent.

 

15

 

This low incidence of complications is due, at least in
part, to the young age of most patients with this con-
dition. Most complications occur within 12 hours
after the initial presentation at the hospital. In those
who have been discharged from the hospital, contin-
ued cocaine use and recurrent chest pain are common,
and occasionally a patient has recurrent nonfatal my-
ocardial infarction or dies.

 

16

 

The pathogenesis of cocaine-related myocardial is-
chemia and infarction is probably multifactorial and
includes one or more of the following elements: an in-
creased myocardial oxygen demand in the face of a lim-
ited or fixed supply, marked vasoconstriction of the
coronary arteries, and enhanced platelet aggregation
and thrombus formation (Fig. 2). Cocaine induces an
increase in the three major determinants of the myo-
cardial oxygen demand: the heart rate, the systemic ar-
terial pressure, and left ventricular contractility. At the
same time, the ingestion of even small amounts of the
drug causes vasoconstriction of the epicardial coronary

arteries

 

20 

 

— so-called inappropriate vasoconstriction,
in that the myocardial oxygen supply decreases even as
the demand increases. Although cocaine induces vas-
oconstriction in both normal and diseased segments of
the coronary arteries, its effects are more pronounced
in the diseased segments.

 

21

 

 As a result, cocaine users
with atherosclerotic coronary artery disease are prob-
ably at greater risk for an ischemic event after cocaine
use than are cocaine users without coronary artery dis-
ease. Cocaine-induced vasoconstriction of the coro-
nary arteries is primarily a result of the stimulation of
coronary arterial 

 

a

 

-adrenergic receptors, since it may
be reversed with phentolamine (an 

 

a

 

-adrenergic antag-
onist)

 

20

 

 and is exacerbated by propranolol (a 

 

b

 

-adre-
nergic antagonist).

 

22

 

 Cocaine also causes increased
endothelial production of endothelin (a potent vas-
oconstrictor)

 

23

 

 and decreased production of nitric ox-
ide (a potent vasodilator)

 

24

 

 — effects that may pro-
mote vasoconstriction.

Most patients with cocaine-related myocardial ische-
mia or infarction have chest pain within an hour after
they have used cocaine, at a time when the blood co-
caine concentration is highest.

 

11,14

 

 However, others
note the onset of symptoms several hours after the ad-
ministration of the drug, when the blood concentra-
tion of cocaine is low or even undetectable.

 

11,25,26

 

 With
cocaine ingestion, the diameter of the coronary arter-
ies decreases as the drug concentration rises, then re-
turns to its base-line measurement as the drug con-
centration declines. Thereafter, as the concentrations
of cocaine’s major metabolites (benzoylecgonine and
ecgonine methyl ester) rise, “delayed” (i.e., recurrent)
vasoconstriction of the coronary arteries occurs.

 

27

 

Thus, the delayed or recurrent vasoconstriction of the
coronary arteries appears to be caused by cocaine’s ma-
jor metabolites, which explains why myocardial ische-
mia or infarction may occur several hours after the in-
gestion of cocaine.

In addition to vasoconstriction, cocaine may induce
thrombus formation in the coronary arteries.

 

28

 

 Its use
is associated with enhanced platelet activation and ag-
gregability

 

29-31

 

 as well as increases in the concentration
of plasminogen-activator inhibitor,

 

32

 

 which may pro-
mote thrombus formation. Premature atherosclerotic
coronary artery disease has been observed in postmor-
tem studies of long-term cocaine abusers and may pro-
vide the nidus for such thrombus formation.

 

33

 

 In vi-
tro studies have shown that cocaine causes structural
defects in the endothelial-cell barrier, increasing its
permeability to low-density lipoprotein

 

34

 

 and enhanc-
ing the expression of endothelial adhesion molecules
and leukocyte migration,

 

35

 

 all of which are associated
with the progression of atherosclerosis.

As noted above, cocaine-induced vasoconstriction
of the coronary arteries can be reversed by phentola-
mine, an 

 

a

 

-adrenergic antagonist.

 

20,36

 

 Conversely, pro-
pranolol — a 

 

b

 

-adrenergic–blocking agent — exacer-
bates cocaine-induced vasoconstriction of the coronary
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arteries, and therefore it should not be used in patients
with cocaine-related chest pain.

 

22

 

 Since nitroglycerin

 

37

 

and verapamil

 

38

 

 reverse cocaine-induced hypertension
and vasoconstriction of the coronary arteries, they are
the agents of choice for patients with cocaine-associ-
ated chest pain (Table 2). Labetalol, which has both

 

a

 

- and 

 

b

 

-adrenergic–blocking activity, reverses the
cocaine-induced increase in systemic arterial pressure
but exerts no demonstrable effect on cocaine-induced
vasoconstriction of the coronary arteries.

 

39,40

 

 Aspi-
rin should be administered to patients with cocaine-
induced myocardial ischemia to inhibit platelet aggre-
gation. Benzodiazepines may also be helpful, since

they reduce the heart rate and the systemic arterial
pressure

 

41

 

; in animals, they also attenuate cocaine’s
toxic effects on the heart and the nervous system.
Because of the limited experience with thrombolytic
therapy in patients with cocaine-related infarction,

 

42

 

reports of catastrophic complications associated with
its use in cocaine users,

 

43

 

 and the difficulty involved in
using standard electrocardiographic criteria to identify
myocardial infarction,

 

18

 

 we caution against the rou-
tine use of thrombolytic therapy in patients who may
have cocaine-related infarction. Thrombolytic therapy
should be considered only after treatment with oxy-
gen, aspirin, nitrates, and benzodiazepines has failed,

 

Figure 2.

 

 Mechanisms by Which Cocaine May Induce Myocardial Ischemia or Infarction.
Cocaine may cause increases in the determinants of myocardial oxygen demand when there is a limited oxygen supply (top), cause
intense vasoconstriction of the coronary arteries (middle), or induce accelerated atherosclerosis and thrombosis (bottom).
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and when immediate coronary angiography and an-
gioplasty are not available (Table 2).

The recently revised guidelines of the American
Heart Association for emergency cardiovascular
care

 

44,45

 

 recommend nitroglycerin and benzodiaz-
epines as first-line agents for patients with cocaine-
related myocardial ischemia or infarction and
phentolamine as a second-line agent; propranolol is
contraindicated (Table 2). Thrombolysis is not recom-
mended unless evidence of evolving myocardial infarc-
tion persists despite medical therapy and an occluded
coronary artery is shown to be present on angiogra-
phy. Thrombolysis is contraindicated if uncontrolled,
severe systemic arterial hypertension is present.

 

COCAINE, CIGARETTE SMOKING, 

AND ALCOHOL USE

 

Many patients with cocaine-associated angina pec-
toris or myocardial infarction are cigarette smokers
who admit to smoking while using cocaine. Cigarette
smoking induces vasoconstriction of the coronary ar-
teries through an 

 

a

 

-adrenergic mechanism similar to
that of cocaine.

 

46

 

 In fact, recent studies have demon-
strated that the deleterious effects of cocaine on my-
ocardial oxygen supply and demand are exacerbated
substantially by concomitant cigarette smoking.

 

47

 

 This
combination markedly increased the product of the
heart rate and systemic arterial pressure, a value that
determines myocardial oxygen demand, while simul-
taneously decreasing the diameter of diseased seg-
ments of the coronary arteries.

The results of a recent survey suggest that 9 million
people in the United States abuse cocaine and ethanol
simultaneously.

 

48

 

 Among those with abuse of multiple
substances who are seen in emergency departments,
the combination of cocaine and ethanol is the most
common.

 

1

 

 It is the second most common combination
in patients who die of substance abuse, accounting for

more than 1000 deaths per year.

 

49

 

 The concomitant
use of cocaine and ethanol appears to be associated
with higher rates of disability and death than either
agent alone. Randall

 

50

 

 reported that the simultaneous
use of these substances increased the risk of sudden
death by more than a factor of 20 in patients with
postmortem evidence of coronary artery disease. Oth-
ers

 

51

 

 reported that patients who died of a combined
overdose of cocaine and ethanol had much lower
blood cocaine concentrations than those who died of
an overdose of cocaine alone (900 and 2800 mg per
liter, respectively), suggesting an additive or synergistic
effect of ethanol on catastrophic cardiovascular events
induced by cocaine.

Persons who abuse cocaine in temporal proximity
to the ingestion of ethanol produce cocaethylene, a
metabolite synthesized by hepatic-transesterification.
Like cocaine, it blocks the reuptake of dopamine at the
synaptic cleft, thereby possibly potentiating the sys-
temic toxic effects of cocaine.

 

52

 

 At postmortem exam-
ination, cocaethylene is often detected in patients who
died of cocaine and ethanol toxicity. In animals, coca-
ethylene is more lethal than cocaine.

 

53

 

 In humans, the
combination of cocaine and ethanol has been shown
to cause increases in myocardial oxygen demand.54

COCAINE-INDUCED MYOCARDIAL 

DYSFUNCTION

Long-term cocaine abuse has been reported to
cause left ventricular hypertrophy55 and systolic dys-
function. Several reports have described dilated cardio-
myopathy in long-term cocaine abusers, as well as re-
versible, profound myocardial depression after binge
cocaine use.56-58 Bertolet et al.57 found evidence of
left ventricular systolic dysfunction (by radionuclide
ventriculography) in 7 percent of asymptomatic long-
term cocaine users. These and other reports provide
evidence that repeated exposure to cocaine may in-
duce left ventricular systolic dysfunction.

Cocaine may adversely affect left ventricular systolic
function by means of several mechanisms. First, as de-
scribed previously, cocaine may induce myocardial is-
chemia or infarction. Second, the profound repetitive
sympathetic stimulation induced by cocaine is similar
to that observed in patients with pheochromocytoma;
both are associated with cardiomyopathy and charac-
teristic microscopic changes of subendocardial con-
traction band necrosis (Fig. 3).59 Third, the concom-
itant administration of adulterants or infectious agents
may cause myocarditis, which has been seen on occa-
sion in postmortem studies of intravenous cocaine
users.26,60 Fourth, studies in animals have shown that
cocaine alters cytokine production in the endothelium
and in circulating leukocytes,61 induces the transcrip-
tion of genes responsible for changes in the compo-
sition of myocardial collagen and myosin,62 and induc-
es myocyte apoptosis.63

Aside from the effects of long-term cocaine use

TABLE 2. RECOMMENDATIONS OF THE 
AMERICAN HEART ASSOCIATION FOR THE 

TREATMENT OF COCAINE-RELATED 
MYOCARDIAL ISCHEMIA OR INFARCTION.

First-line agents

Oxygen
Aspirin
Nitroglycerin
Benzodiazepines

Second-line agents

Verapamil
Phentolamine
Thrombolytic agent or primary

angioplasty (after demonstration
by arteriography of an occluded
coronary artery)

Agent to be avoided

Propranolol
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on myocardial performance, it may cause an acute de-
terioration of left ventricular systolic and diastolic func-
tion.64 In some patients, this deterioration may be
caused by metabolic disturbances, acid–base disturb-
ances, or both that accompany cocaine intoxication,
whereas in others it may be caused by a direct toxic
effect of the drug. Pitts et al.64 demonstrated that an
intracoronary infusion of cocaine (in an amount suf-
ficient to yield a concentration in coronary-sinus blood
similar in magnitude to the peripheral-blood concen-
tration found in abusers who have died of cocaine in-
toxication) had a deleterious effect on left ventricular
systolic and diastolic function. A possible mechanism
for these effects is that cocaine or its metabolites alter
the manner in which myocytes handle calcium.65-67

COCAINE-INDUCED DYSRHYTHMIAS

The cardiac dysrhythmias that may occur with
cocaine use are listed in Table 3, but the precise ar-
rhythmogenic potential of the drug is poorly defined.
Electrophysiologic studies assessing its effects in hu-
mans are limited,68 and there are no data available on
the effects of the administration of large amounts of
the drug. In many instances, the cardiac dysrhythmias
ascribed to cocaine have occurred in the context of
profound hemodynamic or metabolic derangements,
such as hypotension, hypoxemia, seizures, or myocar-
dial infarction.69 Nonetheless, because of cocaine’s so-
dium-channel–blocking properties and its ability to
induce an enhanced sympathetic state, it is considered
likely to produce or exacerbate cardiac arrhythmias,
particularly under certain pathologic conditions. The

development of lethal arrhythmias with cocaine use
may require a substrate of abnormal myocardium. In
support of this theory, studies in animals have shown
that cocaine precipitates ventricular arrhythmias and
fibrillation in the presence — but not the absence —
of myocardial ischemia.70 In humans, life-threatening
arrhythmias and sudden death caused by arrhythmia
related to cocaine use occur most often in patients
with myocardial ischemia or infarction or in those with
nonischemic myocellular damage. Long-term cocaine
use is associated with increased left ventricular mass
and wall thickness, which is known to be a risk factor
for ventricular dysrhythmias.55 In some cocaine users,
this may provide the substrate that facilitates the de-
velopment of arrhythmias.

Cocaine may affect the generation and conduction
of cardiac impulses by several mechanisms. First, as a
sympathomimetic agent, it may increase ventricular
irritability and lower the threshold for fibrillation.71

Second, it inhibits the generation and conduction of
the action potential (i.e., it prolongs the durations of
the QRS and QT intervals) as a result of its sodium-
channel–blocking effects.29,72,73 In so doing, cocaine
acts in a manner similar to that of a class I antiarrhyth-
mic agent. Third, cocaine increases the intracellular
calcium concentration, which may result in afterde-
polarizations and triggered ventricular arrhythmias.74

Fourth, it reduces vagal activity — a change that is
manifested as a reduction in the variability of the heart
rate — which potentiates cocaine’s sympathomimetic
effects.75

Patients with ventricular dysrhythmias and heart
block resulting from cocaine use should receive stand-
ard therapy, including the treatment of ischemia (if
present), the correction of metabolic disturbances
(e.g., electrolyte abnormalities, hypoxemia, or acid–
base disturbances), the administration of appropriate
antiarrhythmic agents, and temporary pacing, if in-
dicated. Several reports have described the treatment
of cocaine-induced wide-complex tachycardia with the
administration of sodium bicarbonate,69,73,76 and lido-
caine has been used safely in patients with cocaine-
induced ventricular tachycardia or fibrillation.77 Class
IA antiarrhythmic drugs, such as quinidine, procain-
amide, and disopyramide, should be avoided, since
they may exacerbate prolongation of the QRS and QT
intervals and slow the metabolism of cocaine and its
metabolites.78-80

ENDOCARDITIS

The intravenous use of any illicit drug is associated
with an increased risk of bacterial endocarditis. Al-
though several illicit drugs may be administered intra-
venously, the use of cocaine appears to be a greater in-
dependent risk factor than the use of other drugs for
the development of endocarditis.81 The reason for this
enhanced risk of endocarditis in cocaine users is un-
known. The elevation of the heart rate and systemic

Figure 3. Photomicrograph of Myocardium from the Left Ven-
tricle Obtained on Postmortem Examination of a Cocaine Abus-
er with Severe Left Ventricular Systolic Dysfunction.
The dysfunction was presumably caused by sustained and repet-
itive sympathetic stimulation induced by cocaine (hematoxylin
and eosin, ¬200). Contraction-band necrosis is evident (arrow).
Photomicrograph courtesy of Dennis Burns, M.D., Department
of Pathology, University of Texas Southwestern Medical Center.
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arterial pressure that accompanies cocaine use may in-
duce valvular and vascular injury that predisposes users
to bacterial invasion. The immunosuppressive effects
of cocaine61 may increase the risk of infection. Alter-
natively, the manner in which cocaine is manufactured,
as well as the adulterants that are often present in co-
caine, may increase the risk of endocarditis. In contra-
distinction to endocarditis associated with other drugs,
the endocarditis associated with cocaine abuse more
often involves the left-sided cardiac valves.81

AORTIC DISSECTION

Aortic dissection or rupture has been temporally
related to cocaine use and should therefore be con-
sidered as a possible cause of chest pain in cocaine
users.82-84 Dissection probably results from the sub-
stantial increase in systemic arterial pressure induced
by cocaine. In addition to aortic rupture, the cocaine-
related rupture of mycotic and intracerebral aneurysms
has been reported.85-87

CONCLUSIONS

Cocaine use continues to increase. As a result, the
number of cocaine-related visits to emergency depart-
ments, hospitalizations, cardiovascular complications,
and deaths has risen dramatically. The understanding
and early recognition of cocaine-related cardiovascu-
lar complications are essential to their proper manage-
ment. The possibility of cocaine use should be con-
sidered in young patients with myocardial ischemia or
infarction, arrhythmias, myocarditis, or dilated cardio-
myopathy.

REFERENCES

1. Office of Applied Studies. Year-end 1999 emergency department data 
from the Drug Abuse Warning Network. Rockville, Md.: Substance Abuse 
and Mental Health Services Administration, August 2000. (DHHS publi-
cation no. (SMA) 00-3462.)
2. Idem. Summary of findings from the 1999 National Household Survey 
on Drug Abuse. Rockville, Md.: Substance Abuse and Mental Health Serv-
ices Administration, August 2000. (DHHS publication no. (SMA) 00-3466.)
3. Jeffcoat AR, Perez-Reyes M, Hill JM, Sadler BM, Cook CE. Cocaine 

disposition in humans after intravenous injection, nasal insufflation (snort-
ing), or smoking. Drug Metab Dispos 1989;17:153-9.
4. Ness RB, Grisso JA, Hirschinger N, et al. Cocaine and tobacco use and 
the risk of spontaneous abortion. N Engl J Med 1999;340:333-9.
5. Kidwell DA, Blanco MA, Smith FP. Cocaine detection in a university 
population by hair analysis and skin swab testing. Forensic Sci Int 1997;84:
75-86.
6. Fendrich M, Johnson TP, Sudman S, Wislar JS, Spiehler V. Validity of 
drug use reporting in a high-risk community sample: a comparison of co-
caine and heroin survey reports with hair tests. Am J Epidemiol 1999;149:
955-62.
7. Coleman DL, Ross TF, Naughton JL. Myocardial ischemia and infarc-
tion related to recreational cocaine use. West J Med 1982;136:444-6.
8. Minor RL Jr, Scott BD, Brown DD, Winniford MD. Cocaine-induced 
myocardial infarction in patients with normal coronary arteries. Ann Intern 
Med 1991;115:797-806.
9. Hollander JE, Hoffman RS. Cocaine-induced myocardial infarction: an 
analysis and review of the literature. J Emerg Med 1992;10:169-77.
10. Pitts WR, Lange RA, Cigarroa JE, Hillis LD. Cocaine-induced myo-
cardial ischemia and infarction: pathophysiology, recognition, and manage-
ment. Prog Cardiovasc Dis 1997;40:65-76.
11. Mittleman MA, Mintzer D, Maclure M, Tofler GH, Sherwood JB, 
Muller JE. Triggering of myocardial infarction by cocaine. Circulation 
1999;99:2737-41.
12. Brody SL, Slovis CM, Wrenn KD. Cocaine-related medical problems: 
consecutive series of 233 patients. Am J Med 1990;88:325-31.
13. Hollander JE, Todd KH, Green G, et al. Chest pain associated with 
cocaine: an assessment of prevalence in suburban and urban emergency de-
partments. Ann Emerg Med 1995;26:671-6.
14. Hollander JE, Hoffman RS, Gennis P, et al. Prospective multicenter 
evaluation of cocaine-associated chest pain. Acad Emerg Med 1994;1:330-9.
15. Hollander JE, Hoffman RS, Burstein JL, Shih RD, Thode HC Jr. Co-
caine-associated myocardial infarction: mortality and complications. Arch 
Intern Med 1995;155:1081-6.
16. Hollander JE, Hoffman RS, Gennis P, et al. Cocaine-associated chest 
pain: one-year follow-up. Acad Emerg Med 1995;2:179-84.
17. Hollander JE, Vignona L, Burstein J. Predictors of underlying coro-
nary artery disease in cocaine associated myocardial infarction: a meta-
analysis of case reports. Vet Hum Toxicol 1997;39:276-80.
18. Gitter MJ, Goldsmith SR, Dunbar DN, Sharkey SW. Cocaine and 
chest pain: clinical features and outcome of patients hospitalized to rule out 
myocardial infarction. Ann Intern Med 1991;115:277-82.
19. Hollander JE, Levitt MA, Young GP, Briglia E, Wetli CV, Gawad Y. 
Effect of recent cocaine use on the specificity of cardiac markers for diag-
nosis of acute myocardial infarction. Am Heart J 1998;135:245-52.
20. Lange RA, Cigarroa RG, Yancy CW Jr, et al. Cocaine-induced coro-
nary-artery vasoconstriction. N Engl J Med 1989;321:1557-62.
21. Flores ED, Lange RA, Cigarroa RG, Hillis LD. Effect of cocaine on 
coronary artery dimensions in atherosclerotic coronary artery disease: en-
hanced vasoconstriction at sites of significant stenoses. J Am Coll Cardiol 
1990;16:74-9.
22. Lange RA, Cigarroa RG, Flores ED, et al. Potentiation of cocaine-
induced coronary vasoconstriction by beta-adrenergic blockade. Ann In-
tern Med 1990;112:897-903.
23. Wilbert-Lampen U, Seliger C, Zilker T, Arendt RM. Cocaine increases 
the endothelial release of immunoreactive endothelin and its concentra-
tions in human plasma and urine: reversal by coincubation with sigma-
receptor antagonists. Circulation 1998;98:385-90.
24. Mo W, Singh AK, Arruda JA, Dunea G. Role of nitric oxide in co-
caine-induced acute hypertension. Am J Hypertens 1998;11:708-14.
25. Amin M, Gabelman G, Karpel J, Buttrick P. Acute myocardial infarc-
tion and chest pain syndromes after cocaine use. Am J Cardiol 1990;66:
1434-7.
26. Isner JM, Estes NAM III, Thompson PD, et al. Acute cardiac events 
temporally related to cocaine abuse. N Engl J Med 1986;315:1438-43.
27. Brogan WC, Lange RA, Glamann DB, Hillis LD. Recurrent coronary 
vasoconstriction caused by intranasal cocaine: possible role for metabolites. 
Ann Intern Med 1992;116:556-61.
28. Stenberg RG, Winniford MD, Hillis LD, Dowling GP, Buja LM. Si-
multaneous acute thrombosis of two major coronary arteries following in-
travenous cocaine use. Arch Pathol Lab Med 1989;113:521-4.
29. Rezkalla SH, Mazza JJ, Kloner RA, Tillema V, Chang SH. Effects of co-
caine on human platelets in healthy subjects. Am J Cardiol 1993;72:243-6.
30. Kugelmass AD, Oda A, Monahan K, Cabral C, Ware JA. Activation of 
human platelets by cocaine. Circulation 1993;88:876-83.
31. Rinder HM, Ault KA, Jatlow PI, Kosten TR, Smith BR. Platelet al-
pha-granule release in cocaine users. Circulation 1994;90:1162-7.
32. Moliterno DJ, Lange RA, Gerard RD, Willard JE, Lackner C, Hillis 
LD. Influence of intranasal cocaine on plasma constituents associated with 
endogenous thrombosis and thrombolysis. Am J Med 1994;96:492-6.

TABLE 3. CARDIAC DYSRHYTHMIAS AND CONDUCTION 
DISTURBANCES REPORTED WITH COCAINE USE.

Sinus tachycardia

Sinus bradycardia

Supraventricular tachycardia

Bundle-branch block

Complete heart block

Accelerated idioventricular rhythm

Ventricular tachycardia

Ventricular fibrillation

Asystole

Torsade de pointes

Brugada pattern (right bundle-branch
block with ST-segment elevation
in leads V1, V2, and V3)

Downloaded from www.nejm.org by D SHERWOOD-BERNER on May 15, 2003.
For personal use only. No other uses without permission. All rights reserved.



358 · N Engl J Med, Vol. 345, No. 5 · August 2, 2001 · www.nejm.org

The New England Journal  of  Medicine

33. Kolodgie FD, Virmani R, Cornhill JF, Herderick EE, Smialek J. In-
crease in atherosclerosis and adventitial mast cells in cocaine abusers: an al-
ternative mechanism of cocaine-associated coronary vasospasm and throm-
bosis. J Am Coll Cardiol 1991;17:1553-60.
34. Kolodgie FD, Wilson PS, Mergner WJ, Virmani R. Cocaine-induced 
increase in the permeability function of human vascular endothelial cell 
monolayers. Exp Mol Pathol 1999;66:109-22.
35. Gan X, Zhang L, Berger O, et al. Cocaine enhances brain endothelial 
adhesion molecules and leukocyte migration. Clin Immunol 1999;91:68-76.
36. Hollander JE, Carter WA, Hoffman RS. Use of phentolamine for co-
caine-induced myocardial ischemia. N Engl J Med 1992;327:361.
37. Brogan WC III, Lange RA, Kim AS, Moliterno DJ, Hillis LD. Allevi-
ation of cocaine-induced coronary vasoconstriction by nitroglycerin. J Am 
Coll Cardiol 1991;18:581-6.
38. Negus BH, Willard JE, Hillis LD, et al. Alleviation of cocaine-induced 
coronary vasoconstriction with intravenous verapamil. Am J Cardiol 1994;
73:510-3.
39. Boehrer JD, Moliterno DJ, Willard JE, Hillis LD, Lange RA. Influ-
ence of labetalol on cocaine-induced coronary vasoconstriction in humans. 
Am J Med 1993;94:608-10.
40. Sofuoglu M, Brown S, Babb DA, Pentel PR, Hatsukami DK. Effects 
of labetalol treatment on the physiological and subjective response to 
smoked cocaine. Pharmacol Biochem Behav 2000;65:255-9.
41. Baumann BM, Perrone J, Hornig SE, Shofer FS, Hollander JE. Ran-
domized, double-blind, placebo-controlled trial of diazepam, nitroglycer-
in, or both for treatment of patients with potential cocaine-associated acute 
coronary syndromes. Acad Emerg Med 2000;7:878-85.
42. Hollander JE, Burstein JL, Hoffman RS, Shih RD, Wilson LD. Co-
caine-associated myocardial infarction: clinical safety of thrombolytic ther-
apy. Chest 1995;107:1237-41.
43. Hoffman RS, Hollander JE. Thrombolytic therapy and cocaine-
induced myocardial infarction. Am J Emerg Med 1996;14:693-5.
44. Guidelines 2000 for cardiopulmonary resuscitation and emergency 
cardiovascular care. 8. Advanced challenges in resuscitation. 2. Toxicology 
in ECC. Circulation 2000;102:Suppl I:I-223–I-228.
45. Guidelines 2000 for cardiopulmonary resuscitation and emergency 
cardiovascular care. 6. Advanced cardiovascular life support. 1. Introduc-
tion to ACLS 2000: overview of recommended changes in ACLS from the 
Guidelines 2000 conference. Circulation 2000;102:Suppl I:I-86–I-89.
46. Winniford MD, Wheelan KR, Kremers MS, et al. Smoking-induced 
coronary vasoconstriction in patients with atherosclerotic coronary artery 
disease: evidence for adrenergically mediated alterations in coronary artery 
tone. Circulation 1986;73:662-7.
47. Moliterno DJ, Willard JE, Lange RA, et al. Coronary-artery vasocon-
striction induced by cocaine, cigarette smoking, or both. N Engl J Med 
1994;330:454-9.
48. Grant BF, Harford TC. Concurrent and simultaneous use of alcohol 
with cocaine: results of national survey. Drug Alcohol Depend 1990;25:
97-104.
49. Substance Abuse and Mental Health Services Administration. Drug 
Abuse Warning Network Annual Medical Examiner Data 1999. Washing-
ton, D.C.: Government Printing Office, 2000.
50. Randall T. Cocaine, alcohol mix in body to form even longer lasting, 
more lethal drug. JAMA 1992;267:1043-4.
51. Escobedo LG, Ruttenber AJ, Agocs MM, Anda RF, Wetli CV. Emerg-
ing patterns of cocaine use and the epidemic of cocaine overdose deaths in 
Dade County, Florida. Arch Pathol Lab Med 1991;115:900-5.
52. Hearn WL, Flynn DD, Hime GW, et al. Cocaethylene: a unique co-
caine metabolite displays high affinity for the dopamine transporter. J Neu-
rochem 1991;56:698-701.
53. Hearn WL, Rose S, Wagner J, Ciarleglio A, Mash DC. Cocaethylene 
is more potent than cocaine in mediating lethality. Pharmacol Biochem Be-
hav 1991;531-3.
54. Pirwitz MJ, Willard JE, Landau C, et al. Influence of cocaine, ethanol, 
or their combination on epicardial coronary arterial dimensions in humans. 
Arch Intern Med 1995;155:1186-91.
55. Brickner ME, Willard JE, Eichhorn EJ, Black J, Grayburn PA. Left 
ventricular hypertrophy associated with chronic cocaine abuse. Circulation 
1991;84:1130-5.
56. Wiener RS, Lockhart JT, Schwartz RG. Dilated cardiomyopathy and 
cocaine abuse: report of two cases. Am J Med 1986;81:699-701.
57. Bertolet BD, Freund G, Martin CA, Perchalski DL, Williams CM, 
Pepine CJ. Unrecognized left ventricular dysfunction in an apparently 
healthy cocaine abuse population. Clin Cardiol 1990;13:323-8.
58. Chokshi SK, Moore R, Pandian NG, Isner JM. Reversible cardiomy-
opathy associated with cocaine intoxication. Ann Intern Med 1989;111:
1039-40.
59. Tazelaar HD, Karch SB, Stephens BG, Billingham ME. Cocaine and 
the heart. Hum Pathol 1987;18:195-9.

60. Virmani R, Robinowitz M, Smialek JE, Smyth DF. Cardiovascular ef-
fects of cocaine: an autopsy study of 40 patients. Am Heart J 1988;115:
1068-76.
61. Mao JT, Zhu LX, Sharma S, et al. Cocaine inhibits human endothelial 
cell IL-8 production: the role of transforming growth factor-beta. Cell Im-
munol 1997;181:38-43.
62. Besse S, Assayag P, Latour C, et al. Molecular characteristics of co-
caine-induced cardiomyopathy in rats. Eur J Pharmacol 1997;338:123-9.
63. Xiao Y, He J, Gilbert RD, Zhang L. Cocaine induces apoptosis in fetal 
myocardial cells through a mitochondria-dependent pathway. J Pharmacol 
Exp Ther 2000;292:8-14.
64. Pitts WR, Vongpatanasin W, Cigarroa JE, Hillis LD, Lange RA. Ef-
fects of the intracoronary infusion of cocaine on left ventricular systolic and 
diastolic function in humans. Circulation 1998;97:1270-3.
65. Perreault CL, Hague NL, Morgan KG, Allen PD, Morgan JP. Negative 
inotropic and relaxant effects of cocaine on myopathic human ventricular 
myocardium and epicardial coronary arteries in vitro. Cardiovasc Res 1993;
27:262-8.
66. Perreault CL, Morgan KG, Morgan JP. Effects of cocaine on intracel-
lular calcium handling in cardiac and vascular smooth muscle. In: Thadani 
P, ed. Cardiovascular toxicity of cocaine: underlying mechanisms. Research 
monograph 108. Washington, D.C.: Government Printing Office, 1991:
139-53. (DHHS publication no. (ADM) 91-1767.)
67. Huang L, Woolf JH, Ishiguro Y, Morgan JP. Effect of cocaine and 
methylecgonidine on intracellular Ca2+ and myocardial contraction in car-
diac myocytes. Am J Physiol 1997;273:H893-H901.
68. Daniel WC, Pirwitz MJ, Horton RP, et al. Electrophysiologic effects 
of intranasal cocaine. Am J Cardiol 1995;76:398-400.
69. Wang RY. pH-Dependent cocaine-induced cardiotoxicity. Am J Emerg 
Med 1999;17:364-9.
70. Inoue H, Zipes DP. Cocaine-induced supersensitivity and arrhythmo-
genesis. J Am Coll Cardiol 1988;11:867-74.
71. Kanani PM, Guse PA, Smith WM, Barnett A, Ellinwood EH Jr. Acute 
deleterious effects of cocaine on cardiac conduction, hemodynamics, and 
ventricular fibrillation threshold: effects of interaction with a selective do-
pamine D1 antagonist SCH 39166. J Cardiovasc Pharmacol 1998;32:42-8.
72. Perera R, Kraebber A, Schwartz MJ. Prolonged QT interval and co-
caine use. J Electrocardiol 1997;30:337-9.
73. Kerns W II, Garvey L, Owens J. Cocaine-induced wide complex dys-
rhythmia. J Emerg Med 1997;15:321-9.
74. Wit AL, Rosen MR. After depolarizations and triggered activity. In: 
Fozzard HA, Haber E, Jennings RB, Katz AM, Morgan HE, eds. The 
heart and cardiovascular system: scientific foundations. Vol. 2. New York: 
Raven Press, 1986:1449-90.
75. Billman GE, Lappi MD. Effects of cocaine on cardiac vagal tone be-
fore and during coronary artery occlusion: cocaine exacerbates the auto-
nomic response to myocardial ischemia. J Cardiovasc Pharmacol 1993;22:
869-76.
76. Parker RB, Perry GY, Horan LG, Flowers NC. Comparative effects of 
sodium bicarbonate and sodium chloride on reversing cocaine-induced 
changes in the electrocardiogram. J Cardiovasc Pharmacol 1999;34:864-9.
77. Shih RD, Hollander JE, Burstein JL, Nelson LS, Hoffman RS, Quick 
AM. Clinical safety of lidocaine in patients with cocaine-associated myo-
cardial infarction. Ann Emerg Med 1995;26:702-6.
78. Bailey DN. Amitriptyline and procainamide inhibition of cocaine and 
cocaethylene degradation in human serum in vitro. J Anal Toxicol 1999;
23:99-102.
79. Idem. Quinidine inhibition of cocaethylene degradation in human se-
rum in vitro: a preliminary study. Ther Drug Monit 1999;21:301-3.
80. Idem. Procainamide inhibition of human hepatic degradation of co-
caine and cocaethylene in vitro. J Anal Toxicol 1999;23:173-6.
81. Chambers HF, Morris DL, Tauber MG, Modin G. Cocaine use and 
the risk for endocarditis in intravenous drug users. Ann Intern Med 1987;
106:833-6.
82. Madu EC, Shala B, Baugh D. Crack-cocaine-associated aortic dissec-
tion in early pregnancy — a case report. Angiology 1999;50:163-8.
83. Baumgartner FJ, Omari BO. Method of repair of cocaine-induced 
chronic type A aortic dissection. Ann Thorac Surg 1997;64:1518-9.
84. Perron AD, Gibbs M. Thoracic aortic dissection secondary to crack 
cocaine ingestion. Am J Emerg Med 1997;15:507-9.
85. Daras M, Tuchman AJ, Koppel BS, Samkoff LM, Weitzner I, Marc J. 
Neurovascular complications of cocaine. Acta Neurol Scand 1994;90:124-9.
86. Henderson CE, Torbey M. Rupture of intracranial aneurysm associat-
ed with cocaine use during pregnancy. Am J Perinatol 1988;5:142-3.
87. Neiman J, Haapaniemi HM, Hillbom M. Neurological complications of 
drug abuse: pathophysiological mechanisms. Eur J Neurol 2000;7:595-606.

Copyright © 2001 Massachusetts Medical Society.

Downloaded from www.nejm.org by D SHERWOOD-BERNER on May 15, 2003.
For personal use only. No other uses without permission. All rights reserved.


