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Editorial Comment

Smoking-Induced Coronary
Vasoconstriction: Implications for
Therapeutic Use of Nicotine*
NEAL L. BENOWITZ, MD

San Francisco, California

Cigarette smoking remains the most important preventable
cause of morbidity and mortality from cardiovascular dis-
ease. Smoking increases the risk of acute myocardial in-
farction, unstable angina and sudden death (1). It also
impairs the efficacy of antianginal drugs and is a major risk
factor for recurrent episodes of vasospistic angina and for
restenosis of coronary arteries atter thrombolysis or angio-
plasty (2--5).

Despite the known hazards, many patients with cardio-
vascular discase continue to smoke. Patients with coronary
heart disease who are able to quit benefit tremendously by
doing so. After an acute myocardial irfarction a smoker who
can quit has a better long-term prcgnesis than does a
nonsmoker, because he or she has a powerfui risk factor that
can be modificd. Patients are more likely to quit smoking
after acute events such as myocardial infarction than after
routine counseling, yet 30% to 50% continue to smoke after
myocardial infarction (6). Most of these people are highly
addicted to nicotine.

Because of the pharmacologic nature of the addiction
process, pharmacotherapy with nicotine replacement ther-
apy makes sense (7). Such therapy has been shown to
enhance the likelihood of successful smoking cessation, on
average by twofold. Nicotine is also undergoing clinical
trials for treatment of ulcerative coiitis and Alzheimer's
disease. A concern in prescribing nicotine to patients with
active coronary heart disease is the possibility that nicotine
itself is hazardous.

Effects of nicotine versus effects of smoking in patients with
coronary heart disease. To assess the risks versus benefits of
nicotine therapy in the presence of coronary heart disease,
the potential role of nicotine in the pathogenesis of acute
tobacco-relat~d cardiac events needs to be examined. Smok-
ing promotes acute coronary events by increasing myocar-
dial work and oxygen demand and by reducing coronary
blood flow and oxygen delivery (8). It increases myocardial
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work through its hemodynamic effects—increasing heart
rate, biood pressure and cardiac output. It reduces coronary
blood flow by coronary vasoconstriction and enhancing
thrembosis. Carbon monoxide from smoke also contributes
to reduced oxygen supply to the heart. Smoking is associ-
ated with greater blood viscosity due to polycythemia and
increased fibrinogen levels, which may also reduce coronary
perfusion. In addition, smoking may promote arrhythmogen-
esis, thereby making ischemic events more lethal,

The mechanisms by which smoking produces its adverse
effects are not fully elucidated. Nicotine appears to be
responsible for the hemodynamic effects and for coronary
vasoconstriction, each believed to be mediated by local or
systemic catecholamine release, or both (9). The role of
nicotine in promoting thrombosis is still unclear, After rapid
injection nicotine has been shown to activate platelets in
animals through an adrenergic mechanism (10); however,
nicotine does not activate platelets in vitro and does not do
so in animals with longer-term nicotine exposure (9).

The study by Quillen et al. (11) in this issue o the Journal
enhances our understanding of smoking effects on coronary
vasoconstriction. Using computerized quantitative angiogra-
phy and intracoronary Doppler measuremenis, they show
that cigarette smoking constricts both epicardial coronary
arteries and myocardial resistance vessels. Previous studies
indicated that the effects of cigarette smoking on total
coronary blood flow are mediated by catecholamines as the
effects are blocked by alpha-adrenoceptor blockade (12).
Constriction of large vessels could contribute to myocardial
ischemia in the presence of coronary atherosclerosis as well
a8 o recurrent vasospastic angina even in the absence of
atherosclerosis. Constriction of small vessels could contrib-
ute to smoking-related cardiomyopathy. Cardiomyopathy,
independent of the extent of epicardial coronary disease, has
been reported to be more prevalent in cigarette smokers (13)
and could be a consequence of persistent small vessel
constriction and ischemia,

Although nicotine itself is potentially harmful to patients
with coronary heart disease, cigarette smoking is likely to be
much more hazardous. Cigarette smoking delivers not only
nicotine, but also carbon monoxide and many other toxic
chemicals. Nicotine delivered from cigarette smoking is also
likely to be more toxic than nicotine delivered by currently
available pharmaceutical preparations.

Nicotine from cigarette smoke is absorbed rapidly
through the lungs and into the circulation, and it results in
transiently high arterial blood concertrations that are deliv-
ered to the brain and heart. After smoking, arterial nicotine
concentrations can be =80 to 100 ng/ml, whereas venous
concentrations are typically ~20 ng/iml {14, 15). The effects
of nicotine are greater when a dose is administered rapidly
than when the same dose is given more slowly (16). The
rapid high dose delivery of nicotine to the brain is thought to
be responsibie for much of the psychologic stimulation and
reward associated with cigarette smoking; similarly, the high
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levels of nicotine presented to the corounary arteries may be
responsible for coromary vasoconstriction. In contrast, nic-
otine from polacrilex chewing gum or transdermal nicotine
paiches is absorbed more slowly and does not produce the
same degree of cardiovascular stimulation as does cigaretie
smoking.

The circadian hemodynamic effects of transdermal nico-
tine are generally similar to but of lesser magnitude than
those produced by cigaretie smoking. However, although
cigaretic smoking increases 24-h urinary catecholamine ex-
cretion, this increase is not observed after several days of
transdermal nicotine treatment (17). Platelet aggregation,
assessed by measuring plasma concenirations of platelet
alpha-granule constituents and wrinary excretion of throm-
boxane A,, are »lso increased during cigaretie smoking but
not with iransdermal nicoting. Thus, if nicotine contributes
to cardiovascular disease through catecholamine rvelease
{which is likely) or platelet aggregation (which is not clear),
it is probable that the tramsient high levels of nicotine
produced by cigareite smoking are more likely to produce
such cifects than are the lower levels produced by other
methods of nicotine delivery.

Risks versus benefits of nicotine replacement therapy. The
impact of nicotine replacement therapy on the coronary
vessels is unknown. This is of concern, particularly with
24-h nicotine replacement therapy, in which the heart is
exposed to higher concentrations of nicotine overnight than
occur with cigarette smoking. If coronary vasoconstriction is
mediated by the presence of nicotine itself, prolonged expo-
sure to nicotine could be harmful. Conversely, if coronary
vasoconstriction is determined by the magnitude of cate-
cholamine release, which depends on the rapidity of dosing
and the maximal arterial blood nicotine concentrations,
coronary blood flow may be unaffected by sustained low
level exposure. The effect of therapeutic administration of
nicotine on coronary blood vessels needs to be examined in
future research.

Smoking cessation is probably the single most important
treatment for patients with cardiovascular disease who are
smokers (18). In the absence of definitive data, the available
information suggests that the benefit of mrcotine replacement
therapy 1o aid in smoking cessation in paticnts with coronary
heart disease who cannot stop smoking without such therapy
outweighs the risks of continued smoking or of nicotine
replacement therapy itself. If the physician explains the
risks and benefits of nicotine therapy to the patient, nico-
tine replacement therapy is rational and ethical for such
patients.
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