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Abstract

Background Diminished heart rate variability is associated with less favorable

prognosis after myocardial infarction. However, the prognostic value of early (first

48 hours) measurement and the influence of thrombolytic strategies, myocardial

infarction location, left ventricular function, ST-segment shift, and infarct-related

artery patency on heart rate variability have not been examined comprehensively.

Methods and Results Heart rate variability and ST-segment analysis of 48-hour

Holter tapes were performed with the use of a commercial system in 204 patients

who were part of an ST-monitoring substudy of the Global Utilization of

Streptokinase and TPA for Occluded Arteries (GUSTO-I) trial. Both time-domain

measures (SD of the average normal RR interval for all 5-minute segments of a 24-

hour ECG recording [SDANN] and percent difference between adjacent normal RR

intervals >50 ms computed over the entire 24-hour ECG recording [pNN50]) and

frequency-domain measures (low frequency [LF], high frequency [HF], and LF/HF

ratio) were assessed on days 1 and 2 after acute myocardial infarction. Coronary

angiography performed within the first 24 hours was also available in 75% of the

patients. All heart rate variability measures decreased between day 1 and day 2

(P=.001) except the LF/HF ratio. There was no difference in heart rate variability

among groups assigned to one of four different thrombolytic treatment strategies

(streptokinase/subcutaneous heparin, streptokinase/intravenous heparin,

accelerated tissue plasminogen activator, and combination streptokinase/tissue

plasminogen activator). Heart rate variability measures were lower in anterior

versus nonanterior infarcts (SDANN, 53±21 versus 63±24 ms; P<.005) and

increased with TIMI grade 3 flow (LF, 5.3±1.0 versus 4.8±1.2 ms ; P<.01) and

better ejection fraction (r=.2, P<.03). An inverse correlation between the duration

of ST shift and frequency domain measures was observed (LF, r=−.2, P<.009; HF,

r=−2, P<.03). Lower LF/HF ratio by 24 hours after myocardial infarction was seen

in those who ultimately died at 30 days (1.0±0.2 versus 1.3±0.2, P<.001) or at 1

year (1.17±0.14 versus 1.26±0.19, P=.05).

Conclusions Changes in heart rate variability occurred early after thrombolysis and

may be of prognostic value. Heart rate variability measures were improved in

patients with better ejection fraction and greater angiographic patency. This

suggests a possible mechanism for the enhanced survival observed with TIMI

grade 3 flow in the GUSTO angiographic substudy. These data indicate that early

heart rate variability assessment after myocardial infarction may be useful in

noninvasive risk stratification.
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Diminished heart rate variability is a useful prognostic indicator after myocardial
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infarction,  with independent predictive value over conventional noninvasive risk-

stratification tools such as exercise testing, ejection fraction assessment,

detection of ventricular ectopy, and assessment of late potentials.    In addition,

heart rate variability parameters correlate well with the angiographic extent of

coronary artery disease.  Both time- and frequency-domain analyses of heart rate

variability are useful for prognostic assessment after myocardial infarction.  

Previous studies of heart rate variability were performed in the later stages of

myocardial infarction and mostly predate the general use of thrombolytic therapy.

Hence, the relations between heart rate variability and ventricular function,

coronary patency, and prognosis in the setting of thrombolytic therapy remain

unclear.

The primary purpose of the current study was to assess whether early (first 48

hours after myocardial infarction) detection of reduced heart rate variability is

associated with 30-day and 1-year mortality in patients receiving thrombolytic

therapy as part of the GUSTO-I study.  In addition, the influences of different

thrombolytic strategies, infarct location, left ventricular function, infarct-related

artery patency, and ST-segment shift were examined to better evaluate the

pathophysiology of abnormalities in heart rate variability.

Methods

Patient Selection

The recently reported GUSTO study  included an ECG monitoring substudy

designed to assess the speed and stability of reperfusion through noninvasive

measures of ST-segment monitoring.   The details of ST-segment monitoring

have been published previously.   ST-segment monitoring was started

preferably within 30 minutes of thrombolytic treatment and administration

continued for at least an 18-hour period and up to 24 hours. ST-segment analysis

and heart rate data analysis were performed with all personnel in the core

laboratory blinded to treatment assignment. ECG editing and interpretation were

performed by an experienced operator using a computer-assisted device. Excluded

from analysis were patients with <18 hours of effective monitoring time or a data

gap of >50% of monitoring time. Comparison of baseline characteristics and in-

hospital mortality of patients included in the ECG monitoring study compared with

those who were not included did not show significant differences.  Patients who

underwent Holter monitoring as part of the ECG substudy were included in this

assessment of heart rate variability.

Heart Rate Variability  Analy sis

Heart rate variability parameters were analyzed by use of a commercial software

program (Marquette Electronics, version 5.8v002A). All QRS labeling was manually

edited by an experienced observer blinded to clinical outcomes. Spectral indexes

of heart rate variability were computed by fast-Fourier transformation on each 2-

minute segment of the recording, with application of a Hanning window to

minimize spectral leakage. Power spectra from sequential prespecified segments

were averaged hourly and for the entire 24-hour time period. The following

frequency-domain measures were assessed: (1) LF (0.04 to 0.15 Hz), (2) HF (0.15

to 0.40 Hz), and (3) LF/HF ratio. The LF and HF measures were reported as their

natural logs (ln). The data were also analyzed by correcting the LF and HF

components for total power (0.0 to 1.0 Hz); however, since the results were not

significantly different from the uncorrected measures, these data were not

reported. Frequency-domain measures were examined during the first hour and

then for 1-hour recording intervals at hours 12, 24, 36, and 48 to examine the

evolution of changes in heart rate variability over the first 48 hours; overall

frequency-domain measures for day 1 and 2 were also obtained.

Two time-domain measures were derived for each 24-hour period: (1) SDANN (SD

of the average normal RR interval for all 5-minute segments of a 24-hour ECG

recording) and (2) pNN50 (percent difference between adjacent normal RR intervals

>50 ms computed over the entire 24-hour ECG recording).

Holter Monitoring

Marquette series 8000 recording units were used to measure the frequency and

duration of ST-segment shifts. All recordings were done with modified bipolar
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leads aVF, V2, and V5 for 48 hours beginning within 1 hour of thrombolysis.

Tapes with excess artifact, significant arrhythmias, bundle-branch block, and

marked repolarization abnormalities were excluded from analysis.

Significant ST-segment shift was defined as either ≥1 mm=0.1 mV ST elevation or

≥1 mm horizontal or downsloping ST-segment depression (60 to 80 ms from J-

point) lasting ≥1 minute and separated from other episodes by ≥1 minute. All

episodes were verified by visual reading by an experienced observer blinded to

clinical information.

Coronary  Angiography

Coronary angiography was performed as part of the GUSTO angiographic

substudy.  On the basis of the prespecified protocol, flow in the infarct-related

artery was graded at 90 or 180 minutes or 24 hours according to the TIMI

criteria,  and ejection fraction was calculated from digitally acquired ventricular

silhouettes by use of the area-length method.

Statistical Analy sis

All data are shown as mean±SD unless otherwise stated. Patients receiving

different thrombolytic strategies were grouped together after the initial analysis

(Table 2⇓) showed no difference in heart rate variability measures between the four

groups.

Student’s t test was used for continuous variables and the χ  test for dichotomous

data to compare heart rate variability measures between groups and between day 1

and day 2. Changes in heart rate variability over time between groups based on

hourly measurements were analyzed by use of two-way ANOVA with repeated

measures. If significant difference was determined overall, comparison at

prespecified time intervals was done by use of unpaired t test with Bonferroni

correction.

Linear regression analysis was used to assess association between heart rate

variability parameters and measures of ST-segment shift and ejection fraction.

Cox proportional hazards model was used to study the independent effect of heart

rate variability on mortality.

Results

A total of 288 patients underwent Holter monitoring as part of the GUSTO ECG

substudy. Technical failure, excess artifact, bundle-branch block, atrial

fibrillation, and frequent arrhythmias resulted in the exclusion of 84 patients from

analysis, including 10 patients who died. Of the remaining 204 patients, 26 had

insufficient hours of monitoring (<18 hours) on day 2 and therefore were not

included in the comparison of day 1 and day 2 heart rate variabilities.

Although patients enrolled in the present study represented only a small subset of

the overall GUSTO study population, the clinical and laboratory characteristics of

these substudy patients were remarkably similar (Table 1⇓).

Table 1.

Patient Characteristics

There were 178 patients for whom paired analysis of day 1 and day 2 measures

was available. There were significant declines in heart rate variability measures in

both the time- and frequency-domain analyses. SDANN declined from 76±33 to

59±23 ms (P=.001) and pNN50 declined from 7±10% to 5±8% (P=.001). The LF

spectral component decreased from 5.3±1.2 to 4.9±1.2 ms  (P=.001), whereas HF

decreased from 4.4±1.1 to 3.9±1.1 ms  (P=.001). The LF/HF ratio, however,

remained at 1.3±0.2. Heart rate increased slightly during this time period from

72±11 to 75±13 beats per minute (P=.002).

T hrom boly tic Strategy

Patients were analyzed according to the four assigned thrombolytic treatment
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strategies (streptokinase/subcutaneous heparin, streptokinase/intravenous

heparin, accelerated tissue plasminogen activator, and combination

streptokinase/tissue plasminogen activator). No significant differences were

observed among the four thrombolytic groups in SDANN (78±33, 73±30, 75±38,

and 78±31 ms, respectively; P=.9), pNN50 (8±10%, 7±9%, 7±10%, and 7±9%,

respectively; P=.9), LF (5.3±1.1, 5.3±1.2, 5.4±1.2, and 5.4±1.4 ms , respectively;

P=.8), HF (4.4±1.1, 4.2±1.2, 4.3±1.1, and 4.4±1.1 ms , respectively; P=.9), or

LF/HF ratio (1.2±0.2, 1.3±0.2, 1.3±0.2, and 1.3±0.2, respectively; P=.4).

Therefore, for all subsequent analyses, the treatment groups were combined.

Anterior Versus Nonanterior Infarction

There were 78 patients (38%) with an anterior infarction and 126 patients with

nonanterior infarction (Table 2⇓). Comparison revealed a higher heart rate but

lower heart rate variability measures (SDANN, LF, and HF) in anterior infarcts on

day 1 and day 2.

Table 2.

Anterior (n=78) vs Nonanterior

(n=126) Myocardial Infarction

When the change in LF/HF ratio between day 1 and day 2 was examined, patients

with anterior infarcts had a decrease in the ratio between day 1 and day 2, whereas

nonanterior infarction patients had an increase over the same time period (Fig 1⇓).

Figure 1.

Change in mean LF/HF ratio

(vertical axis) from day 1 (open

bars) to day 2 (hatched bars) by

location of infarction.

Left Ventricular Function

There were 138 patients (68%) in whom left ventricular ejection fraction was

obtained. Of the two time-domain measures, SDANN did not show any correlation

with ejection fraction (r=.02, P=.9), whereas pNN50 had a weak but significant

correlation (r=.2, P=.02) on day 2. The LF component of the power spectrum

increased with better ejection fraction (r=.2, P=.03), and the HF component

showed a similar trend (r=.15, P=.09) by day 2. The LF/HF ratio, however, did not

show a correlation with ejection fraction (r=.03, P=.7). Similarly, heart rate did not

correlate with ejection fraction (r=.12, P=.1).

ST -Segm ent Shift

There were 126 patients (62%) with at least one episode of ST-segment shift. The

majority (75%) of patients with ST shift had ST elevation, whereas 15% had ST

depression and only 10% of patients had both. The mean number of ST-shift

episodes per day was 2.1±3.2. The mean duration of these episodes was 80±210

minutes. Compared with those without any ST-segment shift (n=76), no

significant differences in time-domain measures (SDANN, 60±25 versus 58±20

ms, P=.6; pNN50, 5±10% versus 4±6%, P=.9) or frequency-domain measures (LF,

4.9±1.2 versus 5.0±1.0 ms , P=.4; HF, 3.9±1.1 versus 4.0±1.0 ms , P=.7; LF/HF

ratio, 1.27±0.23 versus 1.29±0.22, P=.7) were observed over the first 48 hours.

When the data were analyzed separately for ST elevation and depression and when

the hourly data were examined, the results remained unchanged (data not shown).

Duration of ST-segment shift had a significant but modest inverse correlation with

LF (r=−.2, P=.009) and HF (r=−.2, P=.03) on day 2. No correlation was seen

between the LF/HF ratio and duration of ST-segment shift (r=−.06, P=.4) on day 2.
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Patency  of Infarct-Related Artery

A total of 154 patients (75%) underwent a substudy  protocol cardiac

catheterization within the first 24 hours. Heart rate variability studied during the

same time period (ie, first 24 hours) was greater in patients with TIMI grade 3 flow

(Table 3⇓). Analysis of the hourly data showed that separation of heart rate

variability measures occurred as early as hour 12 and remained significantly

separated for the balance of the monitoring period (data not shown).

Table 3.

Heart Rate Variability

According to Patency

Mortality

Heart rate variability analysis with respect to 30-day mortality is shown in Table

4⇓; patients who died had a significantly lower LF/HF ratio on day 2. The relation

between heart rate variability and mortality continued to 1 year with reduced LF/HF

ratio in those who did not survive (1.17±0.14 versus 1.26±0.19, P=.05). When the

Cox proportional hazards model was used, the LF/HF ratio had independent

prognostic value (Table 5⇓).

Table 4.

30-Day Status

Table 5.

Prediction of 30-Day Mortality

Both LF and the LF/HF ratio examined hourly exhibited a difference that became

apparent as early as 12 hours after the infarct and remained separated for the rest

of the monitoring period (Fig 2⇓).

Figure 2.

Mean hourly measures of heart

rate variability (LF, HF, LF/HR

ratio) during the first 48 hours

in patients surviving (solid line)

and not surviving (dashed line)

at 30 days. *P=.02 for two-way

ANOVA with repeated measures

for LF and P=.002 for LF/HF

ratio. **P<.01 for Student’s t

test with Bonferroni correction

(based on five comparisons).

A receiver-operator curve was subsequently constructed, which revealed that an

LF/HF ratio of ≤1.2 had optimal sensitivity of 88%, a specificity of 64%, and a

negative predictive value of 99% for 30-day mortality (Fig 3⇓).

Figure 3.

Receiver-operator curve for LF/HF ratio; optimal sensitivity and

specificity was seen with a value of 1.2 (arrow).
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Discussion

The primary finding of the present study is that early after acute myocardial

infarction, heart rate variability assessment based on Holter monitoring is feasible

and prognostically useful in the thrombolytic era. Furthermore, a single hour of

heart rate variability measurements taken as early as 24 hours after myocardial

infarction may have prognostic value.

The prognostic value of heart rate variability was first reported in a cohort of

patients after myocardial infarction in the early 1980s.  Over a 31-month follow-

up, the relative risk for mortality was 5.3× higher in patients with lower heart rate

variability on time-domain measures (SDNN <50 ms). SDNN and SDANN, used in

the current study, have been shown to have an excellent (r=.98) correlation.

Subsequent analysis  of the same patient population showed that frequency-

domain measures had similar prognostic value and that there was strong

correlation between frequency- and time-domain measures of heart rate

variability.

Most analyses have focused on heart rate variability on days 7 through 14 after

myocardial infarction; however, more recent data suggest that significant

differences are seen earlier  and are prognostically useful.  The unique features

of the present study were that heart rate variability parameters were assessed

during the first 48 hours after an acute myocardial infarction. Furthermore, all

patients in the present study received thrombolysis. Simultaneous ST-segment

analysis was performed in these patients, and early angiographic correlation for

infarct-related artery patency and left ventricular function was obtained in 75% of

the patients. This allowed a detailed assessment of factors that could influence

heart rate variability.

T hrom boly tic Strategies

Despite mortality differences shown in the main GUSTO trial,  heart rate variability

did not appear to be influenced by different thrombolytic strategies, although the

sample size was small for this comparison. These results in conjunction with the

infarct-related artery patency data do, however, support the open-artery

paradigm   by indicating that patency rather than any drug-specific effect is

the desired goal of therapy.

Anterior Versus Nonanterior Infarcts

There were marked differences in heart rate variability measures between anterior

and nonanterior infarctions, in both the time and frequency domains. Furthermore,

these changes occurred within the first 24 hours. Previously reported studies

suggested that anterior myocardial infarctions have greater impairment of heart

rate variability than inferior myocardial infarctions   and that these changes

occur earlier  ; however, such observations have not been consistent.   Given

that anterior myocardial infarctions were generally larger infarcts, the lower heart

rate variability may be a manifestation of greater perturbation of the

adrenosympathetic and renin-angiotensin systems. Greater mortality, including

sudden death, observed in patients with anterior myocardial infarction may be

related, at least in part, to diminished heart rate variability. The current study did

not control for adjunctive therapy such as β-blockers, antiarrhythmic agents, and

angiotensin-converting enzyme inhibitors, each of which could influence heart
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rate variability     and may have been administered preferentially to

patients with anterior infarction. Lack of information on various medications used

is an important limitation of our analysis.

Ejection Fraction

Only two heart rate variability measures correlated with ejection fraction: pNN50

and the LF power–spectrum component. Similarly, previous findings showed that

the correlation between ejection fraction and heart rate variability as measured by

SDANN  and frequency-domain measures  is weak, albeit statistically significant.

The lack of a strong correlation may explain the independent prognostic value of

heart rate variability measures in assessment of ejection fraction, as reported

previously.

ST -Segm ent Shift

There are limited data with respect to heart rate variability in the setting of

symptomatic or silent ischemia. We did not observe differences in heart rate

variability between patients with or without ST-segment shift. There was, however,

a relation between decreased LF and HF values and duration of ST-segment shift.

This suggests that prolonged episodes of ischemia may be associated with

reduced heart rate variability, possibly on the basis of ischemic left ventricular

dysfunction. Recent work   suggests that after myocardial infarction, heart rate

variability measures are similar in patients with and without silent ischemia on

Holter monitoring or treadmill testing. Conflicting information exists as to

whether heart rate variability increases or decreases in patients with Holter-

detected silent myocardial ischemia.   Bigger et al  found that LF and HF

components decreased during ST-segment depression; however, the ratio

remained unchanged in patients who had an old infarction or unstable angina.

Recently, analyses in patients with stable angina showed an increase in the LF/HF

ratio during ischemia with a return toward baseline on resolution of the ischemic

episode. In one study, this was attributed to a withdrawal in parasympathetic

activity,  whereas sympathetic activation was implicated in the other.

When measured early, ST-segment shifts have been shown to be of prognostic

value after myocardial infarction   ; however, later measurements in a lower-

risk patient population have not demonstrated the value of Holter monitoring or

other noninvasive techniques.  The small number of events in the present study,

however, precluded an analysis of whether ST-segment shift and heart rate

variability measures obtained from the same Holter recording may have

independent value in predicting clinical outcome.

Infarct-Related Artery  Patency

Heart rate variability measures were highest in patients with patent arteries (TIMI

grade 3). Intermediate flow (TIMI grade 2) was associated with heart rate variability

measures closer to those in patients with occluded arteries (TIMI grade 0 or 1).

Hermosillo et al  performed coronary angiography and heart rate variability

analysis 2 weeks after myocardial infarction in 175 patients and found that

patients with a patent artery, defined as TIMI grade 2 or 3 flow, had greater heart

rate variability. Furthermore, patients who had a patent infarct-related artery had

fewer late potentials, a marker for increased ventricular arrhythmia. Recent work

in 51 patients receiving thrombolysis showed that patients with reduced heart rate

variability, as measured by SDNN, had a higher frequency of inducible ventricular

tachycardia and a greater 2-year arrhythmic event rate.

The GUSTO angiographic study confirmed the survival benefit of a better-

reperfused artery as a consequence of improved global and regional left ventricular

wall motion.  Our frequency-domain heart rate variability measures parallel these

mortality findings, thereby providing support for the hypothesis that improved

infarct-related artery patency may also lead to improved heart rate variability,

which, in turn, reduces the risk of sudden cardiac death.

Although 75% of the patients underwent protocol-driven coronary angiography

within the first 24 hours, the timing of the angiograms was not uniform and varied

between 90 minutes and 24 hours. Thus, closed arteries in a small number of

patients may have opened subsequently, whereas others could have reoccluded;

therefore, this represents a limitation of our analysis.
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GUSTO=Global Utilization of

Streptokinase and TPA for

Occluded Arteries

HF =high frequency

LF =low frequency

pNN50=percent difference between

adjacent normal RR intervals

>50 ms computed over a 24-

hour ECG recording

SDANN=SD of the average normal RR

interval for all 5-minute

segments of a 24-hour ECG

recording

TIMI =Thrombolysis in Myocardial

Mortality

Although the number of events was low, there was sufficient power to

demonstrate a difference in heart rate variability parameters with respect to 30-

day mortality. The LF/HF ratio on day 2 was significantly lower in patients who

died. Analysis of heart rate variability parameters for 1-hour time periods

appeared to be a better discriminator than the combined 24-hour analysis during

the first day. This may be explained, at least in part, by changing clinical status

during the first 48 hours after a myocardial infarction, such as resolution of the

chest pain, opening of the infarct-related artery, administration of adjuvant

pharmacotherapy, and early ventricular remodeling. All of these factors can affect

heart rate variability, and therefore analysis of all 24-hour data together can hide

differences because of averaging.

Historically, the HF component of heart rate variability has correlated best with

respiratory rhythm and has generally been interpreted as a measure of

parasympathetic tone, whereas the LF components correlated best with peripheral

vasomotor activity and thermoregulation, representing both parasympathetic and

sympathetic influences.  Assessment of LF and HF values in isolation may,

however, be too simplistic, resulting in inaccurate interpretation of changes in

autonomic tone.   It may be more appropriate to interpret changes in heart rate

variability as affecting the physiological, periodic fluctuations of the autonomic

nervous system rather than autonomic activity directly.  Thus, the LF/HF ratio

appears to be a more accurate marker of shifts in sympathovagal balance.

Indeed, we found the LF/HF ratio to be predictive of mortality. We also

hypothesized that various factors such as infarct location, ejection fraction, and

coronary patency may have differential effects on specific components of the heart

rate variability power spectrum, and the net effect in any given individual may be

best reflected in the LF/HF ratio. The sensitivity and specificity of an LF/HF ratio

of ≤1.2 is comparable to other noninvasive risk-stratification modalities.

Although this post hoc–determined value for LF/HF ratio is of prognostic value in

this data set, it requires further validity in other myocardial infarction patient

populations. The independent prognostic value of the LF/HF ratio over

conventional risk-stratification measures, such as infarct-related artery patency

and ejection fraction, further supports the value of this type of analysis.

Ten (53%) of the patients who died early were not included in the analysis because

of technically inadequate tapes. Since eight (80%) of these patients died within the

first 24 hours, it is unlikely that heart rate variability analysis would have served

any useful prognostic purpose. This study was likely underpowered to

demonstrate significant differences in all five of the heart rate variability

parameters assessed.

In conclusion, early identification of high-risk patients by use of heart rate

variability assessment could result in interventions that would alter their adverse

prognosis. Although specific interventions have yet to be proven beneficial,

preliminary work with scopolamine suggests that autonomic tone can be safely

and successfully altered.   Further manipulation of heart rate variability and the

related risk of sudden cardiac death could be achieved through the use of common

pharmacological agents such as β-blockers and angiotensin-converting enzyme

inhibitors or possibly through mechanical revascularization of occluded infarct-

related arteries.

Selected Abbreviations and Acronyms

36

37 38

37

38

39 40

http://circ.ahajournals.org/content/93/7/1388.full#ref-36
http://circ.ahajournals.org/content/93/7/1388.full#ref-37
http://circ.ahajournals.org/content/93/7/1388.full#ref-38
http://circ.ahajournals.org/content/93/7/1388.full#ref-37
http://circ.ahajournals.org/content/93/7/1388.full#ref-38
http://circ.ahajournals.org/content/93/7/1388.full#ref-39
http://circ.ahajournals.org/content/93/7/1388.full#ref-40


5/30/13 Heart Rate Variability Assessment Early After Acute Myocardial Infarction

circ.ahajournals.org/content/93/7/1388.full 9/12

Infarction

Acknowledgments

This study was supported by Genentech Canada Inc, Toronto; Kabi Vitrum, Sweden;

Bayer, New York; Sanofi Pharmaceuticals, Paris; and ICI Pharmaceuticals,

Wilmington, Del. We gratefully acknowledge the work of the ECG-Holter

department staff and critical care unit nurses from all participating centers as well

as the coordinating efforts of Wanda Sutherland, RN; the statistical expertise and

assistance of Lois Adams, BSc; the editorial assistance of Patricia Williams at Duke

University; and the secretarial assistance of Linda Gray and Gail Karaim.

Received June 9, 1995.
Revision received October 23, 1995.
Accepted October 30, 1995.

Copyright © 1996 by American Heart Association

References

1. Kleiger RE, Miller JP, Bigger JT, Moss AJ. Decreased heart rate variability and its
association with increased mortality after acute myocardial infarction. Am J
Cardiol . 1987;59:256-262. CrossRef Medline

2. Rich MW, Saini JS, Kleiger RE, Carney RM, teVelde A, Freedland KE. Correlation
of heart rate variability with clinical and angiographic variables and late
mortality after coronary angiography. Am J Cardiol . 1988;62:714-717.

CrossRef Medline

3. Kleiger RE, Miller JP, Krone RJ, Bigger JT. The independence of cycle length
variability and exercise testing on predicting mortality of patients surviving
acute myocardial infarction. Am J Cardiol . 1990;65:408-411. CrossRef

Medline

4. Farell TG, Bashir Y, Cripps T, Malik M, Poloniecki J, Bennett ED, Ward DE,
Camm AJ. Risk stratification for arrhythmic events in postinfarction patients
based on heart rate variability, ambulatory electrocardiographic variables and
the signal-averaged electrocardiogram. J Am Coll Cardiol . 1991;18:687-697.

Abstract

5. Hayano J, Sakakibara Y, Yamada M, Ohte N, Fujinami T, Yokoyama K,
Watanabe Y, Takata K. Decreased magnitude of heart rate spectral
components in coronary artery disease: its relationship to angiographic
severity. Circulation. 1990;81:1217-1224. Abstract/FREE Full Text

6. Bigger JT, Fleiss JL, Steinman RC, Rolnitzky LM, Kleiger RE, Rottman JN.
Correlations among time and frequency domain measures of heart period
variability two weeks after acute myocardial infarction. Am J Cardiol .
1992;69:891-898. CrossRef Medline

7. Bigger JT, Fleiss JL, Steinman RC, Rolnitzky LM, Kleiger RE, Rottman JN.
Frequency domain measures of heart period variability and mortality after
myocardial infarction. Circulation. 1992;85:164-171.

Abstract/FREE Full Text

8. The GUSTO Investigators. An international randomized trial comparing four
thrombolytic strategies for acute myocardial infarction. N Engl J Med.
1993;329:673-682. CrossRef Medline

9. Krucoff MW, Green CL, Langer A, Klootwijk LJP, Trollinger KM, Sawchak ST,
Wilderman NM, Veldkamp RF, Pope JE, Simoons ML, Granger CB, Armstrong
PW. Global utilization of streptokinase and tPA for occluded arteries (GUSTO)
ECG-monitoring substudy. J Electrocardiol. 1994;26(suppl):249-255.

10. Langer A, Krucoff MW, Klootwijk P, Veldkamp R, Simoons ML, Granger C,
Califf RM, Armstrong PW, for the GUSTO Investigators. Noninvasive
assessment of speed and stability of infarct-related artery reperfusion:
results of the GUSTO ST segment monitoring study. J Am Coll Cardiol .
1995;25:1552-1557. Abstract

11. The GUSTO Angiographic Investigators. The effect of tissue plasminogen
activator, streptokinase, or both on coronary-artery patency, ventricular
function, and survival after acute myocardial infarction. N Engl J Med.
1993;329:1615-1622. CrossRef Medline

12. Chesebro JH, Knatterud G, Roberts R, Borer J, Cohen LS, Dalen J, Dodge HT,
Francis CK, Hillis D, Ludbrook P, Markis JE, Mueller H, Passamani ER, Powers
ER, Rao AK, Robertson T, Ross A, Ryan TJ, Sobel BE, Willerson J, Williams DO,
Zaret BL, Braunwald E. Thrombolysis in Myocardial Infarction (TIMI) Trial,
phase I: a comparison between intravenous tissue plasminogen activator and
intravenous streptokinase—clinical findings through hospital discharge.
Circulation. 1987;76:142-154. Abstract/FREE Full Text

13. Dodge HT, Sandler H, Ballew DW, Lord JD. The use of biplane

http://circ.ahajournals.org/external-ref?access_num=10.1016/0002-9149(87)90795-8&link_type=DOI
http://circ.ahajournals.org/external-ref?access_num=3812275&link_type=MED
http://circ.ahajournals.org/external-ref?access_num=10.1016/0002-9149(88)91208-8&link_type=DOI
http://circ.ahajournals.org/external-ref?access_num=3421170&link_type=MED
http://circ.ahajournals.org/external-ref?access_num=10.1016/0002-9149(90)90801-7&link_type=DOI
http://circ.ahajournals.org/external-ref?access_num=2407083&link_type=MED
http://circ.ahajournals.org/cgi/ijlink?linkType=ABST&journalCode=jacc&resid=18/3/687
http://circ.ahajournals.org/cgi/ijlink?linkType=ABST&journalCode=circulationaha&resid=81/4/1217
http://circ.ahajournals.org/external-ref?access_num=10.1016/0002-9149(92)90788-Z&link_type=DOI
http://circ.ahajournals.org/external-ref?access_num=1550018&link_type=MED
http://circ.ahajournals.org/cgi/ijlink?linkType=ABST&journalCode=circulationaha&resid=85/1/164
http://circ.ahajournals.org/external-ref?access_num=10.1056/NEJM199309023291001&link_type=DOI
http://circ.ahajournals.org/external-ref?access_num=8204123&link_type=MED
http://circ.ahajournals.org/cgi/ijlink?linkType=ABST&journalCode=jacc&resid=25/7/1552
http://circ.ahajournals.org/external-ref?access_num=10.1056/NEJM199311253292204&link_type=DOI
http://circ.ahajournals.org/external-ref?access_num=8232430&link_type=MED
http://circ.ahajournals.org/cgi/ijlink?linkType=ABST&journalCode=circulationaha&resid=76/1/142


5/30/13 Heart Rate Variability Assessment Early After Acute Myocardial Infarction

circ.ahajournals.org/content/93/7/1388.full 10/12

angiocardiography for the measurement of left ventricular volume in man. Am
Heart J. 1960;60:762-776. CrossRef Medline

14. Luria MH, Sapoznikov D, Gilon D, Zagher D, Weinstein JM, Weiss T, Gotsman
MS. Early heart rate variability alterations after acute myocardial infarction.
Am Heart J. 1993;125:676-681. CrossRef Medline

15. Casolo GC, Stroder P, Signorini C, Calzolari F, Zucchini M, Balli E, Sulla A,
Lazzerini S. Heart rate variability during the acute phase of myocardial
infarction. Circulation. 1992;85:2073-2079. Abstract/FREE Full Text

16. Gersh BJ, Anderson JL. Thrombolysis and myocardial salvage: results of
clinical trials and the animal paradigm—paradoxic or predictable? Circulation.
1993;88:296-306. FREE Full Text

17. Braunwald E, Kim CB. Potential benefits of late reperfusion of infarcted
myocardium: the open artery hypothesis. Circulation. 1993;88:2426-2436.

FREE Full Text

18. Flapan AD, Wright RA, Nolan J, Neilson JMM, Ewing DJ. Differing patterns of
cardiac parasympathetic activity and their evolution in selected patients with
a first myocardial infarction. J Am Coll Cardiol . 1993;21:926-931. Abstract

19. Bigger JT, La Rovere MT, Steinman RC, Fleiss JL, Rottman JN, Polnitzky LM,
Schwartz PJ. Comparison of baroreceptor sensitivity and heart period
variability after myocardial infarction. J Am Coll Cardiol . 1989;14:1511-1518.

Abstract

20. Vaishnav S, Stevenson R, Marchant B, Lagi K, Ranjadayalan K, Timmis AD.
Relation between heart rate variability early after acute myocardial infarction
and long-term mortality. Am J Cardiol . 1994;73:653-657. CrossRef

Medline

21. Cook JR, Bigger JT, Kleiger RE, Fleiss JL, Steinman RC, Rolnitzky LM. Effect of
atenolol and diltiazem on heart period variability in normal persons. J Am Coll
Cardiol . 1991;17:480-484. Abstract

22. Niemela MJ, Airaksinen KEJ, Huikuri HV. Effect of beta-blockade on heart-rate
variability in patients with coronary artery disease. J Am Coll Cardiol .
1994;23:1370-1377. Abstract

23. Zuanetti G, Latini R, Neilson JMM, Schwartz PJ, Ewing DJ, and the
Antiarrhythmic Drug Evaluation Group (ADEG). Heart rate variability in
patients with ventricular arrhythmias: effects of antiarrhythmic drugs. J Am
Coll Cardiol . 1991;17:604-612. Abstract

24. Akselrod S, Gordon D, Ubel FA, Shannon DC, Barger AC, Cohen RJ. Power
spectrum analysis of heart rate fluctuation: a quantitative probe of beat-to-
beat cardiovascular control. Science. 1981;213:220-222.

Abstract/FREE Full Text

25. Junker A, Mickley H, Moller M. Residual myocardial ischemia, 24-hour heart
rate variability and cardiac events after first acute myocardial infarction. J Am
Coll Cardiol . 1994;23:65A. Abstract.

26. Marchant B, Stevenson R, Vaishnav S, Ranjadayalan K, Timmis AD. Silent
ischemia and autonomic function early after myocardial infarction: a
comparison with stable angina. J Am Coll Cardiol . 1994;23:320A. Abstract.

27. Coromilis J, Burns K, Glusman M, Blood DK, Lee J. Heart-rate variability is
increased in patients with silent myocardial ischemia. J Am Coll Cardiol .
1994;23:319A. Abstract.

28. Bigger JT, Hoover CA, Steinman RC, Rolnitzky LM, Fleiss JL. Autonomic
nervous system activity during myocardial ischemia in man estimated by
power spectral analysis of heart period variability. Am J Cardiol .
1990;66:497-498. CrossRef Medline

29. Vardas PE, Skalidis EI, Simandirakis EN, Parthenakis FI, Manios EG,
Kochiadakis GE. Autonomic changes before and during nocturnal ischemic
episodes in patients with extended coronary heart disease. J Am Coll Cardiol .
1994;23:320A. Abstract.

30. Brouwer J, Portegies MJM, Haaksma J, vd Ven LLM, Viersma JW, Lie KI. Heart
rate variability before, during, and after episodes of silent myocardial
ischemia. J Am Coll Cardiol . 1994;23:320A. Abstract.

31. Langer A, Minkowitz J, Dorian P, Casella L, Harris L, Morgan CD, Armstrong
PW. Pathophysiology and prognostic significance of Holter-detected ST
segment depression after myocardial infarction. J Am Coll Cardiol .
1992;20:1313-1317. Abstract

32. Tzivoni D, Gavish A, Zin D, Gottlieb S, Moriel M, Keren A, Banai S, Stern S.
Prognostic significance of ischemic episodes in patients with previous
myocardial infarction. Am J Cardiol . 1988;62:661-664. CrossRef Medline

33. Moss AJ, Goldstein RE, Hall J, Bigger JT, Fleiss JL, Greenberg H, Bodenheimer
M, Krone RJ, Marcus FI, Wackers FJT, Benhorin J, Brown MW, Case R, Coromilas
J, Dwyer EM, Gillespie JA, Gregory JJ, Kleiger R, Lichstein E, Parker JO,
Raubertas RF, Stern S, Tzivoni D, Voorhees LV. Detection and significance of

http://circ.ahajournals.org/external-ref?access_num=10.1016/0002-8703(60)90359-8&link_type=DOI
http://circ.ahajournals.org/external-ref?access_num=13723340&link_type=MED
http://circ.ahajournals.org/external-ref?access_num=10.1016/0002-8703(93)90157-5&link_type=DOI
http://circ.ahajournals.org/external-ref?access_num=8438696&link_type=MED
http://circ.ahajournals.org/cgi/ijlink?linkType=ABST&journalCode=circulationaha&resid=85/6/2073
http://circ.ahajournals.org/cgi/ijlink?linkType=PDF&journalCode=circulationaha&resid=88/1/296
http://circ.ahajournals.org/cgi/ijlink?linkType=PDF&journalCode=circulationaha&resid=88/5/2426
http://circ.ahajournals.org/cgi/ijlink?linkType=ABST&journalCode=jacc&resid=21/4/926
http://circ.ahajournals.org/cgi/ijlink?linkType=ABST&journalCode=jacc&resid=14/6/1511
http://circ.ahajournals.org/external-ref?access_num=10.1016/0002-9149(94)90928-8&link_type=DOI
http://circ.ahajournals.org/external-ref?access_num=8166060&link_type=MED
http://circ.ahajournals.org/cgi/ijlink?linkType=ABST&journalCode=jacc&resid=17/2/480
http://circ.ahajournals.org/cgi/ijlink?linkType=ABST&journalCode=jacc&resid=23/6/1370
http://circ.ahajournals.org/cgi/ijlink?linkType=ABST&journalCode=jacc&resid=17/3/604
http://circ.ahajournals.org/cgi/ijlink?linkType=ABST&journalCode=sci&resid=213/4504/220
http://circ.ahajournals.org/external-ref?access_num=10.1016/0002-9149(90)90712-A&link_type=DOI
http://circ.ahajournals.org/external-ref?access_num=2201185&link_type=MED
http://circ.ahajournals.org/cgi/ijlink?linkType=ABST&journalCode=jacc&resid=20/6/1313
http://circ.ahajournals.org/external-ref?access_num=10.1016/0002-9149(88)91198-8&link_type=DOI
http://circ.ahajournals.org/external-ref?access_num=3421161&link_type=MED


5/30/13 Heart Rate Variability Assessment Early After Acute Myocardial Infarction

circ.ahajournals.org/content/93/7/1388.full 11/12

myocardial ischemia in stable patients after recovery from an acute coronary
event. JAMA. 1993;269:2379-2385. CrossRef Medline

34. Hermosillo AG, Dorado M, Casanova JM, DeLeon SP, Cossio J, Kersenovich S,
Colin L, Iturralde P. Influence of infarct-related artery patency on the indexes
of parasympathetic activity and prevalence of late potentials in survivors of
acute myocardial infarction. J Am Coll Cardiol . 1993;22:695-706. Abstract

35. Pedretti RFE, Columbo E, Braga SS, Caru B. Effect of thrombolysis on heart rate
variability and life-threatening ventricular arrhythmias in survivors of acute
myocardial infarction. J Am Coll Cardiol . 1994;23:19-26. Abstract

36. Malliani A, Pagani M, Lombardi F, Cerutti S. Cardiovascular neural regulation
explored in the frequency domain. Circulation. 1991;84:482-492.

Abstract/FREE Full Text

37. Pagani M, Lombardi F, Malliani A. Heart rate variability: disagreement on the
markers of sympathetic and parasympathetic activities. J Am Coll Cardiol .
1993;22:951-954. Medline

38. Malik M, Camm AJ. Components of heart rate variability: what they really
mean and what we really measure. Am J Cardiol . 1993;72:821-822.

CrossRef Medline

39. De Ferrari GM, Mantica M, Vanoli E, Hull SS, Schwartz PJ. Scopolamine
increases vagal tone and vagal reflexes in patients after myocardial
infarction. J Am Coll Cardiol . 1993;22:1327-1334. Abstract

40. Vybiral T, Glaeser DH, Morris G, Hess KR, Yang K, Francis M, Pratt CM. Effects
of low dose transdermal scopolamine on heart rate variability in acute
myocardial infarction. J Am Coll Cardiol . 1993;22:1320-1326. Abstract

Articles citing this article

Impact of gender on the cardiac autonomic response to
angiotensin II  in healthy humans

J. Appl. Physiol.. 2012;112:1001-1007,

Abstract Full Text PDF

Surgical stress index in response to pacemaker stimulation or
atropine

Br J Anaesth. 2010;105:150-154,

Abstract Full Text PDF

Electrophysiological Effects of Late Percutaneous Coronary
Intervention for Infarct-Related Coronary Artery Occlusion: The
Occluded Artery Trial-Electrophysiological Mechanisms (OAT-
EP)

Circulation. 2009;119:779-787,

Abstract Full Text PDF

Prognostic value of ventricular arrhythmias and heart rate
variability in patients with unstable angina

Heart. 2006;92:1055-1063,

Abstract Full Text PDF

Increased cardiac sympathetic nerve activity following acute
myocardial infarction in a sheep model

J. Physiol.. 2005;565:325-333,

Abstract Full Text PDF

Influence of Caffeine on Heart Rate Variability in Patients With
Long-Standing Type 1 Diabetes

Diabetes Care. 2004;27:1127-1131,

Abstract Full Text PDF

Comparison of the acute effects of salbutamol and terbutaline
on heart rate variability in adult asthmatic patients

Eur Respir J. 2001;17:863-867,

Abstract Full Text PDF

Baroreflex sensitivity, heart rate, and blood pressure variability
in normal pregnancy

http://circ.ahajournals.org/external-ref?access_num=10.1001/jama.1993.03500180071037&link_type=DOI
http://circ.ahajournals.org/external-ref?access_num=8479063&link_type=MED
http://circ.ahajournals.org/cgi/ijlink?linkType=ABST&journalCode=jacc&resid=22/3/695
http://circ.ahajournals.org/cgi/ijlink?linkType=ABST&journalCode=jacc&resid=23/1/19
http://circ.ahajournals.org/cgi/ijlink?linkType=ABST&journalCode=circulationaha&resid=84/2/482
http://circ.ahajournals.org/external-ref?access_num=8354838&link_type=MED
http://circ.ahajournals.org/external-ref?access_num=10.1016/0002-9149(93)91070-X&link_type=DOI
http://circ.ahajournals.org/external-ref?access_num=8093124&link_type=MED
http://circ.ahajournals.org/cgi/ijlink?linkType=ABST&journalCode=jacc&resid=22/5/1327
http://circ.ahajournals.org/cgi/ijlink?linkType=ABST&journalCode=jacc&resid=22/5/1320
http://jap.physiology.org/cgi/content/abstract/112/6/1001
http://jap.physiology.org/cgi/content/full/112/6/1001
http://jap.physiology.org/cgi/reprint/112/6/1001
http://bja.oxfordjournals.org/cgi/content/abstract/105/2/150
http://bja.oxfordjournals.org/cgi/content/full/105/2/150
http://bja.oxfordjournals.org/cgi/reprint/105/2/150
http://circ.ahajournals.org/cgi/content/abstract/119/6/779
http://circ.ahajournals.org/cgi/content/full/119/6/779
http://circ.ahajournals.org/cgi/reprint/119/6/779
http://heart.bmjjournals.com/cgi/content/abstract/92/8/1055
http://heart.bmjjournals.com/cgi/content/full/92/8/1055
http://heart.bmjjournals.com/cgi/reprint/92/8/1055
http://jp.physoc.org/cgi/content/abstract/565/1/325
http://jp.physoc.org/cgi/content/full/565/1/325
http://jp.physoc.org/cgi/reprint/565/1/325
http://care.diabetesjournals.org/cgi/content/abstract/27/5/1127
http://care.diabetesjournals.org/cgi/content/full/27/5/1127
http://care.diabetesjournals.org/cgi/reprint/27/5/1127
http://erj.ersjournals.com/cgi/content/abstract/17/5/863
http://erj.ersjournals.com/cgi/content/full/17/5/863
http://erj.ersjournals.com/cgi/reprint/17/5/863


5/30/13 Heart Rate Variability Assessment Early After Acute Myocardial Infarction

circ.ahajournals.org/content/93/7/1388.full 12/12

Am J Hypertens. 2000;13:1218-1225,

Abstract Full Text PDF

Abnormal Heart Rate Variability in Adults with Growth Hormone
Deficiency

J. Clin. Endocrinol. Metab.. 2000;85:628-633,

Abstract Full Text

Sympathovagal balance: how should we measure it?

Am. J. Physiol. Heart Circ. Physiol.. 1999;276:H1273-H1280,

Abstract Full Text PDF

http://ajh.oxfordjournals.org/cgi/content/abstract/13/11/1218
http://ajh.oxfordjournals.org/cgi/content/full/13/11/1218
http://ajh.oxfordjournals.org/cgi/reprint/13/11/1218
http://jcem.endojournals.org/cgi/content/abstract/85/2/628
http://jcem.endojournals.org/cgi/content/full/85/2/628
http://ajpheart.physiology.org/cgi/content/abstract/276/4/H1273
http://ajpheart.physiology.org/cgi/content/full/276/4/H1273
http://ajpheart.physiology.org/cgi/reprint/276/4/H1273

