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The aim of this study was to determine the time course of autonomic nervous system activity
preceding ambulatory ischemic events.

Vagal withdrawal can produce myocardial ischemia and may be involved in the genesis of
ambulatory ischemic events. We analyzed trajectories of heart rate variability (HRV) 1 h
before and after ischemic events, and we examined the role of exercise and mental stress in
preischemic autonomic changes.

Male patients with stable coronary artery disease (n = 19; 62.1 = 9.3 years) underwent 48-h
ambulatory electrocardiographic monitoring. Frequency domain HRV measures were as-
sessed for 60 min before and after each of 68 ischemic events and during nonischemic heart
rate-matched control periods.

High-frequency HRV decreased from —60, —20 to —10 min before ischemic events (4.8 =
1.3; 4.6 = 1.3; 4.4 = 1.2 In [ms?], respectively; p = 0.04) and further from —4, —2 min, until
ischemia (4.4 + 1.3; 41 * 1.3; 3.7 = 1.2 In [ms’]; p’s < 0.01). Low frequency HRV
decreases started at —4 min (p < 0.05). Ischemic events occurring at high mental activities
were preceded by depressed high frequency HRV levels compared with events at low mental
activity (p = 0.038 at —4 min, p = 0.045 at —2 min), whereas the effects of mental activities
were not observed during nonischemic control periods. Heart rate variability measures
remained significantly decreased for 20 min after recovery of ST-segment depression when
events were triggered by high activity levels.

Autonomic changes consistent with vagal withdrawal can act as a precipitating factor for daily
life ischemia, particularly in episodes triggered by mental activities. (J Am Coll Cardiol 2001,

38:742-9) © 2001 by the American College of Cardiology

Transient myocardial ischemia and sudden cardiac death are
often preceded by periods of changes in autonomic nervous
system activity consistent with vagal withdrawal (1). Depressed
levels of heart rate variability (HRV) also predict future cardiac
morbidity and mortality in patients with coronary artery
disease, congestive heart failure and valvular heart disease
(2-4). Possible pathophysiologic mechanisms linking auto-
nomic changes to adverse outcomes include vagally mediated
increases in cardiac demand (5-8) and reduced coronary blood
supply due to coronary constriction (9).

Physical exercise and mental stress are potent triggers of
myocardial ischemia (10-13). The neural mechanisms for
mental stress-induced ischemia are not well understood but
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are likely to involve both the parasympathetic (14,15) and
sympathetic (16,17) nervous systems. Physical and mental
challenges provoke transient decreases in the high-
frequency component of HRV (6,16). This study investi-
gates the time course of autonomic changes before ambu-
latory ischemia and determines the effects of mental and
physical activities on preischemic autonomic changes.

Spectral analysis of HRV has been used to document
changes in sympathetic/parasympathetic balance. Research
has demonstrated that the high-frequency component of
HRYV primarily reflects vagal tone (18); the low-frequency
component of HRV and the ratio of the low- and high-
frequency components have been proposed as indicators of
sympathetic/parasympathetic balance (19,20), although
most evidence appears to be inconsistent with this notion
(21). Transient variations in HRV have recently been
validated as a measure of short-term changes in autonomic
tone (22,23). To investigate the role of autonomic changes
in the onset of ischemic events, we examined whether
indicators of decreased vagal tone precede ischemic events
documented by ambulatory electrocardiography. We further
compared preischemic autonomic changes during episodes
of high versus low physical and mental activities during daily
life.
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Abbreviations and Acronyms
ANOVA = analysis of variance
ECG = electrocardiogram
HRV = heart rate variability
METHODS

Patients. We studied 19 men (mean age 62.1 £ 9.3 years)
with stable angina and coronary artery disease documented
by previous angiography. All patients had a previous positive
exercise test for myocardial ischemia and evidenced isch-
emia during 48-h ambulatory electrocardiographic (ECG)
monitoring, as described below. The study was approved by
the Institutional Review Boards of the study sites, and
patients gave written informed consent.

Ambulatory ECG monitoring. Ambulatory ECG moni-
toring was performed while anti-ischemic medications
(beta-adrenergic blocking agents, calcium antagonists and
long-acting nitrates) were held for greater than three half
lives. Patients were monitored for a total of 48 h as
described previously (24,25). We and other laboratories
have previously documented the within-patient reliability of
these HRV assessments (23,26). A Cardiodata AM re-
corder (frequency response 0.05 Hz to 100 Hz) was used
with ECG signal calibration at 1 mV = 10 mm, using two
sets of bipolar leads (V5 and a modified inferior position to
monitor the lead with the greatest ST-segment depression
noted during exercise testing). Ambulatory recordings were
analyzed by two experienced readers using a Marquette
8000 Series Holter. Artifacts were removed by overreading
the 48 h ECG recordings, and analyses included only ECGs
in sinus rhythm with optimal data quality for detection of R
waves.

ST-segment analysis of ambulatory ECG monitoring.
Analyses were performed after each recording was com-
pletely edited and artifacts removed. An ischemic response
was defined as horizontal or downsloping ST-segment
depression of =1 mm below the isoelectric baseline, mea-
sured 80 ms after the J point and persisting for =60 s.
Upsloping ST depression =1.5 mm was not observed.
Electrocardiographic data were independently reviewed by
two experienced investigators, and disagreements were set-
tled by consensus.

For each episode of ST-segment depression, the time of
onset, duration and magnitude were recorded. Heart rate
was assessed at the following time points before and after
ischemia: 1) before an ischemic event at 60 min, 20 min,
10 min, 4 min and 2 min; and 2) after the ischemic event
(i.e., when ST-segment depression returned to baseline) at
2 min, 10 min, 20 min and 60 min. Data quality and
omission of ectopic beats were determined for each these
time periods. ST depression during sleep was not included
in this analysis. To prevent potential redundancy in the data
due to overlapping of successive ischemic events, multiple
ischemic events were excluded if those occurred within a
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20-min time frame. If successive events occurred in the 20-
to 60-min time frame (9/68 events), then the 60-min data
points were discarded.

HRYV analysis. Heart rate variability was used as indicator
of autonomic activity in accordance with guidelines for
standardization (18,27). Heart rate variability was assessed
60, 20, 10, 4 and 2 min before each ischemic event and 2,
10, 20 and 60 min after ischemia. Heart rate variability was
assessed using a Marquette series 8000 Holter system
(Marquette Electronics, Inc., Milwaukee, Wisconsin) (26).
To examine the time course of HRV before ischemic events,
the system was programmed to divide the ECG recordings
into 2 min intervals, and changes in HRV were assessed
using the frequency domain parameters (27) using a semi-
automatic software program (Marquette Heart Rate Vari-
ability Program 002A). Spectral analysis by Fast Fourier
Transform to separate R-R intervals was used to determine
high (0.15 to 0.40 Hz) and low (0.04 to 0.15 Hz) frequency
bands. The power of each frequency band was logarithmi-
cally transformed to avoid undue influence of extreme values
in parametric statistical analyses, and expressed in In (ms?).
The low frequency/high frequency ratio was also calculated
(18,27). Although prospective studies indicate predictive
value of high frequency and particularly low-frequency
HRV measures, the physiological underpinnings of the
low-frequency HRV component and the low-/high-
frequency ratio are not well understood (21).

Control periods matched for heart rate. Nonischemic
control periods were identified to determine whether the
preischemic changes in HRV components were specific to
ischemic events or whether such decreases merely reflected
fluctuations in heart rate. These control periods were
selected based on the ischemic heart rate profile for each
patient, with readers blinded to physical and mental activity
levels. Specifically, heart rate was selected to be the same
(%5 beats/min) as during the patient’s ischemic event, and
the heart rates at 20 min and 10 min before ischemia were
required to be the same as well. Changes in HRV for
control periods were analyzed at parallel time intervals as the
ischemic events (i.e., 20, 10, 4 and 2 min before the control
episode and 2, 10 and 20 min after control episode).
Patients were not included in the heart rate-matched
control analyses (n = 6/19) if heart rate trajectories that
matched their preischemic heart rate trajectories could not
be found.

Analysis of patient diaries for physical and mental activ-
ities. A validated diary system was used to evaluate patients’
physical and mental activities throughout the day
(24,25,28,29). As described previously (24,25), patients
were carefully instructed how to complete a standardized
page each time their activities changed markedly. Mental
and physical activity levels coinciding with the onset of
ischemia were graded on a scale from 1 to 6, as described
previously (24). Examples of physical activity classifications
are: 1) sleep; 2) rest, reclining; 3) talking, eating; 4) driving,
dressing; 5) shopping, and 6) climbing stairs, heavy physical
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work. Examples of mental activity classification are: 1) sleep;
2) rest, reading; 3) talking, clerical work; 4) waiting, driving;
5) concentrating; and 6) anger or anxiety. Cut-off points for
activity levels were used to compare HRV trajectories
occurring at low (scores <5) versus high (scores =5) activity
levels (24,25). Patients also recorded episodes of chest pain
and use of nitroglycerin. Activity levels were cross tabulated
with the concurrent ischemic events as well as with the
nonischemic control periods, and it was required that a valid
activity entry was made that covered the 10-min period
before onset of the ischemic event.

Statistical analyses. Data are presented as mean = SD.
The changes in high frequency and low frequency HRV
were first analyzed across all time points before the ischemic
event using repeated measures analyses of variance
(ANOVA). Subsequently, paired # tests were used to com-
pare time intervals only if the repeated measures ANOVA
for change over time was statistically significant. Separate
repeated measures ANOVA were performed to examine
recovery patterns of HRV.

The effects of physical and mental activities were exam-
ined using mixed-model ANOVA, comparing high versus
low activity levels as between subjects factor, repeated
measures of HRV as within subject factor, and differences
between high versus low activity levels in preischemic HRV
trajectories were evaluated by examining the interaction
term (“high vs. low activity” X “repeated HRV assess-
ments”). To further examine at which time points activities
were related to HRV measures, separate between group ¢
tests were conducted using Holm’s adjusted p values for
familywise error as well as unadjusted p values. Associations
between changes in heart rate and HRV were tested using
product-moment correlations. To examine whether changes
in HRV were independent of increases in heart rate before
ischemic events, the time course of HRV before ischemic
events was compared with the time course of HRV during
heart rate-matched nonischemic control periods, using re-
peated measures. Analysis of variance with two within
subjects factors (ischemic event vs. nonischemic control
period and repeated HRV assessments: —20 min, —10 min,
“event”) and post-hoc paired # tests. A p level of <0.05 was
used as a cut-off for statistical significance.

RESULTS

HRYV before ischemic events. A total of 68 ischemic
events were recorded (3.6 £ 2.7 episodes per patient, range
from 1 to 9) with a mean duration of 9.5 = 13.3 min (range
2 to 56 min). All ischemic events were asymptomatic.
Nonischemic control periods based on matched heart rates
were obtained in 13 of the 19 patients (37 episodes).

As shown in Figure 1, a significant decrease in high- and
low-frequency HRV was observed in the period preceding
the ischemic event (p’s < 0.001). High frequency HRV
decreased in the 60- to 10-min interval before the ischemic
event (p = 0.04). A further decrease was observed between
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the 4-min and 2-min intervals before the ischemic event
(p = 0.008) and from 2 min up to the ischemic event (p =
0.001). Analysis of low frequency HRV demonstrated a
similar pattern, but, in contrast with high frequency HRV,
no significant change in low frequency HRV was found for
the 60-min to 10-min preischemic period (p = 0.71). The
low frequency/high frequency ratios did not significantly
change over time (p = 0.48).
Postischemic recovery pattern of HRV. After the ST-
segments returned to baseline, high frequency HRV re-
mained significantly depressed at 2 min (p = 0.001), 10 min
(p = 0.003) and 20 min (p = 0.05) compared with the 60-
min preischemic event value (Fig. 1). Results for low-
frequency HRV recovery were similar. By 60 min after the
ischemic event, both the high and low frequency HRV
returned to the baseline value at 60 min before the ischemic
event. Further analyses revealed that the sustained postisch-
emic HRV levels were depressed only in events triggered by
high levels of mental or physical activities. No significant
changes were observed in the low frequency/high frequency
ratio during postischemic intervals.
Effects of mental and physical activity. Mental activity
assessments were available for 53 of 68 ischemic episodes.
Of these, 27 (51%) occurred during high mental activity
(score =5). The mean duration from activity onset to the
ischemic event was 5 = 3 min. Ischemic events occurring
during high levels of mental activity were associated with
reduced high frequency HRV (Fig. 2). The difference
emerged 10 min before the ischemic event (p = 0.060) and
persisted until 4 min (p = 0.038) and 2 min before ischemia
(p = 0.045) (main effect p = 0.083). However, the
interaction term (high-frequency HRV change X activity
level) was not significant (p;preraction > 0.10), and Holm-
corrected p values were nonsignificant (p’s > 0.05). As is
shown in Figure 2, no effects of mental stress on HRV were
noted during the nonischemic heart rate-matched control
periods. Thus, reduced high-frequency HRV levels during
mental stress occurred specifically before ischemic events
and were not an epiphenomenon of increased heart rate.
Mental activities resulted in reduced low frequency HRV
levels at 2 min before ischemic events (5.6 = 1.0 In [ms?] vs.
4.8 = 1.7 In [ms®]; p = 0.032), which tended to persist at
the onset of ischemia (4.7 = 1.2 In [ms®] vs. 4.1 = 1.5 In
[ms®]; p = 0.077). These values became nonsignificant after
Holm’s correction for familywise error. During the nonisch-
emic control periods, no significant associations were found
between mental activity levels and low frequency HRV.
Assessments of physical activity levels were available for
64 of the 68 ischemic events. Thirty-two ischemic events
(50%) occurred with high levels of physical activity and
14/32 coincided with simultaneous high mental activities.
Low frequency HRV was significantly elevated during high
(5.8 = 1.3 In [ms?]) compared with low (5.2 * 1.4 In [ms];
p = 0.05) levels of physical activity at 10 min before
ischemia, whereas high frequency HRV was unrelated to
physical activity levels. During nonischemic control periods,
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Figure 1. Decrease in heart rate variability (HRV) before ischemic events. Top: A significant decrease in high frequency (hf) (p = 0.04) occurred in the
period from 60 min to 10 min before the ischemic event, followed by a further depression during the 4 min preceding the event. Low frequency (If) HRV
decreased significantly at 4 min before the ischemic event but not at earlier time points. Lower: Changes in heart rate (HR) in the hour surrounding
ischemic events. *p < 0.05; *p < 0.01, unadjusted p levels comparing target and preceding HRV or HR level.

no associations were observed between physical activity and
either high frequency or low frequency HRV.

Relation between heart rate and HRV. Ischemic events
occurring at high heart rates (>100 beats/min; 35 episodes)
were associated with lower high frequency HRV (3.1 = 1.2
In [ms?]) than ischemic events at lower heart rates (=100
beats/min; 3.9 = 0.8 In [ms®]; p = 0.003). Low frequency
HRYV was also depressed during high HR events (3.8 = 1.5
In [ms’] vs. 5.0 = 1.1 In [ms®]; p = 0.001), and these
differences remained significant after adjustment for multi-
ple comparisons (p’s < 0.01). As shown in Figure 3,
differences between high versus low heart rate events were

only observed at the onset of ischemic events and not during
preceding time points (high frequency pieraction = 0-043;
low frequency Pineraction < 0-001). The changes in HRV
during high HR events coincided with steeper HR increases
at the onset of ischemia.

Heart rates gradually increased in the 60-min to 20-min
interval before the ischemic event (p = 0.04) followed by a
more pronounced increase in the 4 min before ischemia
(p = 0.008). A parallel time course was observed between
the HRV decreases and heart rate increases preceding the
ischemic event; the magnitude of heart rate increase during
the 10 min before the ischemic event was correlated with



746 Kop et al.
Heart Rate Variability Changes Before Ischemia

Ischemia
hf-HRV

[}

In(msec?)

JACC Vol. 38, No. 3, 2001
September 2001:742-9

Nonischemic Control

110

JHR

100

bpm

90 |

80 |

T *
4 N
1.
%’?

70 |

60 T T T T

20 10 4 2 Event

T T T T

20 10 4 2 Event

Figure 2. Depressed high-frequency heart rate variability (HRV) during elevated mental activities before ischemic events. High frequency (hf) HRV was
significantly depressed during high levels of mental activity compared with events occurring at low mental activity. The difference emerged 10 min before
the ischemic event (p = 0.060) and persisted until 4 min (p = 0.038) and 2 min before ischemia (p = 0.045). Heart rates (HR) tended to be elevated during
high mental stress at onset of ischemia and 10 min before ischemia. *p < 0.05; Tp < 0.10 (unadjusted p values for high versus low mental activity
comparisons). Solid circle = high mental activity; open circle = low mental activity.

the magnitude of reduction in high frequency HRV (r =
—0.31, p = 0.01) and low frequency HRV (r = —0.33,p =
0.006).

Table 1 shows heart rate and HRV preceding ischemic
events and matched nonischemic control periods (37 epi-
sodes; 13 patients). Consistent with the selection criteria,
comparable heart rates were found for the ischemic events
and nonischemic control periods. No differences were found
in HRV components before ischemic events versus heart
rate-matched nonischemic control periods, with the excep-
tion of lower low frequency HRV at onset of ischemia
compared with the heart rate-matched control period (p =
0.03, Table 1). The heart rates directly preceding ischemia
(at —4 and —2 min) were higher (80.2 = 17.2 beats/min
and 86.0 * 18.5 beats/min) than heart rates of the corre-
sponding nonischemic control periods (70.8 * 14.6 beats/
min and 73.8 * 18.5 beats/min, respectively, p’s < 0.05),
but no significant high frequency HRV differences were
observed between ischemic and control periods at those two
time points (p’s > 0.10). Thus, the overall preischemic

changes in HRV occurred to the same extent before
nonischemic heart rate-matched periods. However, as
shown in Figure 2, high frequency HRV levels were reduced
before ischemic events occurring at high mental activity,
whereas no such effects of mental stress were noted before
heart rate-matched control episodes.

DISCUSSION

This study demonstrates that decreases in HRV precede
myocardial ischemia during the activities of daily life. These
decreases occur as early as 10 min before the event and are
most pronounced in the 4 min before ischemic ST-segment
depression. Furthermore, ischemic events occurring at high
mental activities were preceded by significantly decreased
high frequency HRV levels. These findings suggest that
vagal withdrawal precedes the onset of transient myocardial
ischemia and may help explain the phenomenon of mental
stress-induced ischemia, which typically occurs at low heart
rates.
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Figure 3. Relation between ischemic heart rate (HR) and heart rate variability (HRV) changes. Both low (p = 0.001) and high frequency (p = 0.003) HRV
components were significantly depressed at ischemic events occurring at high HRs (>100 beats/min; 35 episodes) compared with events occurring at low
heart rates (33 episodes. Heart rate variability measures did not differ between high versus low heart rate events for assessments before the ischemic events

(at 10, 4 and 2 Min; Pipceraction
solid circle = low HR event.

Ambulatory ischemia and the time course of autonomic
changes. The observed preischemic autonomic changes
confirm a previous report by Goseki et al. (30). Although
the majority of patients in that study (12 of the 19) were
monitored without discontinuation of beta-blocking agents,
which are known to affect HRV parameters, the results
nonetheless indicated significant decreases in high fre-
quency HRV before ischemia. This study demonstrates a
similar pattern of vagal withdrawal in patients tested oft
anti-ischemic medications. Furthermore, the present find-
ings more precisely define the trajectory of postischemic
HRV changes, assess the interrelationship between heart
rate and HRV changes and evaluate the role of physical and
mental activities in HRV changes before ambulatory isch-
emic events.

Measures of vagal withdrawal were found to persist until
20 min after ischemia. Sustained HRV depression was only
observed for events occurring at high activity levels, proba-
bly indicating continued engagement or residual effects of

< 0.01). *p < 0.005 ischemic events occurring at high versus ischemic events at low HRs. Open circle = high HR event;

these activities. It is also possible that transient ischemia has
sustained residual effects on cardiac vagal tone, independent
of activity levels, or that ambulatory ischemia persisted for
longer than detectable by ST-segment depression. Labora-
tory studies using sensitive techniques to detect myocardial
ischemia such as radionuclide ventriculography or echocar-
diography are needed to further understand the recovery
pattern of HRV after ischemic events.

Association of mental stress with autonomic changes and
myocardial ischemia. Several studies indicate a direct as-
sociation between mental activity and vagal withdrawal (15).
This study shows that the vagal withdrawal associated with
mental activities appears to be specific to ischemic events
because high mental activity levels were associated with
HRYV decreases in ischemia, but not in nonischemic, control
periods. Furthermore, these findings were not confounded
by potential influences of perceived pain on autonomic
nervous system activation because all ischemic events were
asymptomatic. Thus, mental stress may trigger ambulatory

Table 1. Time Trajectory of High and Low Frequency HRV Components Before Ischemia and Heart Rate-matched Nonischemic

Control Periods (Mean = SD)

Heart Rate (beats/min)

High Frequency HRV In (ms?)

Low Frequency HRV In (ms?)

Time Before

Ischemic Event Ischemia Control Ischemia Control Ischemia Control
20 min 75.0 = 16.2 71.5 = 14.5 458 +1.23 4.89 = 1.40 5.77 £ 1.27 6.14 = 1.42
10 min 76.7 = 17.0 73.6 = 14.6 439 +1.19 4.64 = 1.54 5.70 = 1.30 5.92 + 1.61
Ischemia 98.9 +20.5 98.5 + 19.1 3.75 + 1.06 4.01 = 1.35 4.79 + 1.30 5.43 = 1.61*

*p < 0.05, ischemic event vs. nonischemic control.
HRYV = heart rate variability.
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ischemia only if sufficient vagal withdrawal is elicited by the
activity.

Relations between heart rate and HRV before ambula-
tory ischemia. Heart rate and HRV are not independent
factors (5), and, for that reason, analyses were performed
examining heart rate-matched control periods. From a
practical perspective, there would be no need for complex
HRYV analyses in future studies on triggers of ambulatory
ischemia if the same information could be obtained by the
simple assessments of heart rate alone. Mental stress-
induced ischemia in the laboratory and ambulatory ischemia
typically occur at lower heart rates than observed during
clinical exercise testing with rapidly increasing work loads
(11,31). This study demonstrates similar heart rates for
ambulatory ischemic events triggered by mental stress as
compared with events triggered by exercise. The main
difference between exercise and mental stress-induced isch-
emia may, therefore, be that a decrease in high-frequency
HRV characterizes mental stress-induced ischemia. Pat-
terns of HRV preceding ischemic events did not signifi-
cantly differ from HRV changes during nonischemic heart
rate-matched control periods. This may suggest that vagal
withdrawal, as observed before ischemia, also occurs at
episodes of increased heart rate in the absence of electro-
cardiographic apparent ischemia. There are several reasons
that may account for the lack of differences in HRV before
ischemic events versus nonischemic control periods. First,
the ECG is not sensitive to detecting ischemia at low heart
rates and may, therefore, incorrectly indicate the absence of
ischemia in “nonischemic” control periods. Second, it may
not be feasible to completely separate HRV and heart rate
because withdrawal of cardiac vagal tone causes an increase
in heart rate (5). On the other hand, we documented that
high mental activity was associated with a decrease in HRV
variability before ischemic events but not in heart rate-
matched nonischemic control periods, which supports the
independent nature of heart rate and HRV changes in
mental stress-induced ischemia. Furthermore, it is also
important to note that the high frequency component of
HRYV is a substantially more accurate indicator of vagal tone
compared with heart rate per se (5,18,27), and prospective
studies have demonstrated differential predictive value of
HRV over heart rate for adverse long-term prognosis of
cardiovascular disease (18,27).

Study limitations. Results of this study may not be appli-
cable to all coronary disease patients because only male
patients with stable disease were examined. In addition,
because this study examined precipitants of ambulatory
ischemia, we were limited to the use of electrocardiographic
assessments of autonomic changes and myocardial ischemia
and not able to control for confounding effects of breathing
frequency.

Because this study uses ambulatory techniques to assess
autonomic and behavioral precipitants of ambulatory isch-
emia, the occurrence of study variables were based on
observation and were not under experimental control. We
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also evaluated HRV changes preceding ischemic “events” as
a unit of analyses, rather than the “patient.” More common-
alities in precipitating factors of ambulatory ischemia are
observed within multiple events of one individual patient
than in the same number of events but in different patients.
To further disentangle the role of daily life activities and
preischemic autonomic changes in ambulatory settings,
future studies are required using a time-dependent analysis
of covariance and time-series analysis in larger groups of
patients.

Heart rate variability is an indirect measure of cardiac

autonomic tone; direct measures of neural activity are not
feasible during ambulatory studies. The relatively low sam-
pling rate (128 Hz) is not optimal for the assessment of low
frequency HRV. Although this objection does not affect the
high frequency HRV results, the low frequency findings
may have been attenuated. Further developments of digital
ambulatory ECG registration devices may provide oppor-
tunities to increase precision in the measurement of these
HRYV parameters.
Clinical implications. This study indicates that activity-
induced changes in the sympathovagal balance are involved
in triggering myocardial ischemia. The prognostic value of
decreased HRV for cardiac disease progression may, there-
fore, be mediated, in part, by exercise and mental stress-
induced autonomic changes. Beta-blockers have been
shown to enhance vagal activity measured on the HRV time
and frequency domains (32). Thus, beta-blockade may be
beneficial in the treatment of myocardial ischemia by
simultaneously reducing cardiac demand and increasing
vagal tone. Since this study demonstrates that decreased
vagal activity occurs as early as 10 min before the electro-
cardiographic evidence of ischemia, it is conceivable that a
vagomimetic agent such as scopolamine will be beneficial
for the treatment of refractory myocardial ischemia. Further
research is needed to investigate this possibility.
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