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Editorial Comment

Unraveling the Mechanisms of
Ambulatory Ischemia

How and Why

Peter H. Stone, MD

Since the early description of the phenomenon of
transient asymptomatic ischemia during ambu-
latory ECG monitoring in patients with stable

coronary disease, there has been considerable interest
as to whether these episodes are due to increases in
myocardial 02 demand, to decreases in myocardial 02
supply as a result of coronary vasoconstriction, or to
some variable combination of the two. The issue is
important not only to understand the pathophysiology
of this phenomenon but also to guide the selection of
effective anti-ischemia medication.

Mechanisms of Ambulatory Ischemia
Heart rate has been the only hemodynamic vari-

able available from ambulatory ECG monitoring to
indicate whether a particular episode of ischemia is
due to an increase in myocardial 02 demand (i.e., an
increase in heart rate preceding ST segment depres-
sion) or, by default, to a decrease in myocardial 02
supply (i.e., no preceding increase in heart rate).
Conflicting observations of heart rate activity pre-
ceding episodes of ischemia have stirred a debate
concerning pathophysiologic mechanisms: some
investigators report that a majority of episodes are
preceded by an increase in heart rate,12 whereas
others report that a majority are not preceded by an
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increase in heart rate.34 A consistent finding among
all investigators, however, is that the heart rate at the
onset of ischemia during outpatient activities, assessed
by ambulatory ECG monitoring, is lower than the
heart rate at the onset of ischemia during a supervised
exercise test,3 5,6 suggesting that episodic coronary
vasoconstriction lowers the ischemic threshold during
outpatient activities and is at least partially responsi-
ble for episodes of ambulatory ischemia.
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Assessment of pathophysiologic mechanisms based
on heart rate activity alone, however, can obviously
be misleading because other major hemodynamic
variables, such as afterload (blood pressure), pre-
load, and contractility, also determine myocardial 02
demand. The inadequacy of using heart rate alone to
reflect the nature of the pathophysiologic distur-
bance is underscored by the fact that although the
correlation between heart rate and blood pressure
changes throughout an ambulatory monitoring
period are generally good,7 the sympathetic response
to various activities such as mental stress,8-10 isomet-
ric exercise,10 11 cigarette smoking,12 and exposure to
cold13 may become manifest as a predominant
increase in blood pressure and a lesser increase in
heart rate. The presence of hypertension7 and even
the process of aging7 are associated with exaggerated
blood pressure responses to stress compared with
heart rate responses. In this issue of Circulation,
Deedwania and Nelson14 provide important confir-
mation of the pathophysiology of ambulatory isch-
emia and demonstrate by concomitant heart rate and
blood pressure monitoring that the majority of isch-
emic episodes are preceded by increases in both
heart rate and blood pressure.
The other important contribution from Deedwania

and Nelson's report14 is the confirmation that a
substantial number of ischemic episodes occur with-
out an increase in the determinants of myocardial 02
demand and presumably, therefore, occur from cor-
onary vasoconstriction. The processes of fixed
obstructive coronary atherosclerosis and episodic
coronary vasoconstriction are closely linked in coro-
nary disease, most likely due to the development of
endothelial dysfunction and consequent loss of
endothelium-dependent dilatation associated with
the development of atherosclerosis.'5 In some
patients, paradoxical coronary vasoconstriction
occurs in response to a variety of normal daily
activities that are associated with increased sympa-
thetic activity. If the vasoconstrictive response to a
sympathetic stimulus predominates, an episode of
ischemia may appear to arise "spontaneously," with-
out a major rise in the determinants of myocardial 02
demand. Dynamic or isometric exercise, for example,
is associated with a 35-71% reduction in coronary
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luminal area in patients with coronary disease.'6,17
Similarly, mental stress,18 cigarette smoking,19 and
exposure to cold,20 each of which may variably
increase heart rate and blood pressure, are also
associated with a marked decrease in coronary lumi-
nal diameter and the precipitation of myocardial
ischemia. Even an increase in heart rate alone, due to
atrial pacing, has been associated with a reduction in
coronary luminal area of up to 73% compared with a
control value in patients with severe coronary
disease.2' Thus, although the majority of episodes of
ambulatory ischemia are due to an increase in heart
rate and blood pressure, sympathetic activation may
also lead to coronary vasoconstriction and, conse-
quently, episodes of ischemia without a major
increase in myocardial 02 demand.

Selection of Anti-Ischemia Therapy Based on the
Responsible Mechanism

Since increased sympathetic activity may lead both
to increases in heart rate and/or blood pressure and
to coronary vasoconstriction, a distinction between
episodes based on these different mechanisms may
be somewhat artificial or arbitrary. Results from
recent pharmacologic studies, however, indicate that
such a distinction is valuable when selecting optimal
treatment. The efficacy of medications to prevent
episodes of ambulatory ischemia has not been uni-
form and, in general, has paralleled the respective
heart rate reduction obtained with each form of
therapy. ,B-Adrenergic blockers have consistently and
significantly reduced episodes of ambulatory
ischemia,22 although fl-blockers with intrinsic sym-
pathomimetic activity and lack of heart rate reduc-
tion are less effective than p-blockers without that
property.23 The importance of heart rate reduction in
the treatment of ambulatory ischemia is underscored
by a recent report24 that directly compared propran-
olol, diltiazem, and nifedipine in patients with stable
angina and found that the efficacy of each agent to
reduce ischemic episodes paralleled the respective
drug-induced reduction in heart rate. Propranolol
was associated with a marked decrease in the fre-
quency and severity of ambulatory ischemia as well as
a marked decrease in the heart rate. Diltiazem
reduced the frequency of ambulatory ischemia, but
significantly less than propranolol, and also reduced
the heart rate significantly less than the fl-blocker.
The short-acting formulation of nifedipine increased
the heart rate compared with placebo and had no
significant effect on episodes of ischemia.24 It appears
that although episodic vasoconstriction may contrib-
ute to the occurrence of ambulatory ischemia, ther-
apies directed primarily at that mechanism are not
effective unless accompanied by a reduction in sym-
pathetically mediated phenomena such as heart rate
and, presumably, myocardial 02 demand.
Even effective therapies that reduce myocardial 02

demand, like the fl-blockers, only reduce episodes of
ambulatory ischemia; they do not eliminate them.
The episodes of ischemia that remain despite ,B-

blockade may represent those due mainly to coronary
vasoconstriction and may be best treated by agents
such as the calcium blockers or nitrates. Assuming
that it is beneficial to eliminate all episodes of
ambulatory ischemia, it will be important for future
research efforts to identify various specific daily
activities associated with ambulatory ischemia which
may be due to marked coronary vasoconstriction.
Mental stress, for example, is a frequent stimulus for
the development of ambulatory ischemia,25 yet the
specific pathophysiologic response to mental stress
that should be the target for treatment is controver-
sial. Mental stress-induced ischemia may be due to
excessive coronary vasoconstriction1826 or may be
due to an exaggerated heart rate and blood pressure
response that is displayed by some individuals with a
more generalized heightened adrenergic response to
stress.27 Careful drug studies with various therapeutic
regimens and careful attention to heart rate and
blood pressure patterns will be of great value.
The circadian pattern of ischemic episodes is also

important. Coronary vascular tone is increased in the
morning28 and may be responsible for the observa-
tion that an increase in heart rate in the morning is
more likely to result in ischemia than a similar heart
rate rise in the afternoon and evening.6 Some studies
indicate that episodes of ischemia that persist despite
P-blockade may have a peak incidence in the
morning,29 while others suggest that fl-blockade abol-
ishes the morning peak of ambulatory ischemia, with
the peak incidence of remaining episodes occurring
in the evening.30 It will be necessary to evaluate heart
rate/blood pressure patterns in episodes persisting
despite fl-blockade to determine whether they repre-
sent an increase in myocardial 02 demand not ade-
quately blocked or represent episodic vasoconstric-
tion that would not be treated by a fl-blocker. The
therapeutic justification for identifying heart rate
activity preceding ambulatory ischemia is reinforced
by a recent preliminary report which suggested that
fl-blockers effectively reduced ischemic episodes
occurring at moderate and high heart rates, whereas
nitrate therapy reduced only episodes occurring at
low heart rates.31
The phenomenon of ambulatory asymptomatic

ischemia in patients with stable coronary disease has
attracted a vast amount of clinical and investigative
interest, and Deedwania and Nelson14 have provided
an important step to elucidate its pathophysiology. It
must be emphasized that these research efforts are
all predicated on the hypothesis that episodes of
asymptomatic ischemia are of independent prognos-
tic significance and warrant specific therapy, a
hypothesis that is currently being tested. If this
hypothesis is proven to be correct, the efforts of
investigators exploring the process of asymptomatic
ischemia and its optimal treatment may be translated
into an improved outcome for the many patients with
stable coronary disease who manifest episodes of
asymptomatic ischemia.
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