JAW Vol. 27, No. 2
Fchruary 199h:270-h

270

Predictive Power of Increased Heart Rate Versus Depressed Left
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Objectives. The aim of this study was to compare the predictive
value of mean RR interval assessedfrom prcdischarge Halter
recordig with that of heart rate variability and lefi ventricular
ejection fraction for risk sttMication after myocardial infarction.
Backgrouad. Heart rate variability is a powerful tool for risk
stratification after myucardial infarction. Although heart rate
variability is related to heart rate, little is known ofthe prognostic
value of 24-b mean heart rate.
M&ods. A total of 579 patients surviving the acute phase of
myocardial infarction were followed up for at least 2 years. Predischarge heart rate variability, 24-h mean RR interval and IeR
ve&icular ejection b-action were analyzed.
Resaits.During the first 2 years of follow-up, there were 54
deaths, 42 of which were cardiac (26 sudden). Shorter mean RR
interval was a better predictor of all-cause mortality as well as
cardiac and sudden death than depressedMl ventricular ejection

fraction. Depressed heart rate variability predicted the risk of
death better than mean RR interval for sensitivities ~40%. For
sensitivities ?40%, mean RR interval was as powerful as heart
rate variability. All three variables performed equally well in
predicting nonsudden cardiac death. For cardiac death prediction, a left ventricular ejection fraction ~35% had a 40% sensitivity, 78% specificity and 14% positive predictive accuracy; a
mean RR interval ~700 ms had a 45% sensitivity, 85% specificity
and 26% positive predictive accuracy;and a heart rate variability
cl7 U had a 40% sensitivity, 86% specificity and 20% positive
predictive accuracy.
Conclusions. Predischarge 24-h mean heart rate is a strong
predictor of mortality after q yocardial infarction that can compete with left ventricular ejection fraction and heart rate variability.

Heart rate variability is a powerful predictor of arrhythmiarelated complications in patients surviving the acute phase of
myocardial infarction (1,2). The predictive value of depressed
heart rate variability after myocardial infarction has been
shown to be independent of other risk factors, such as left
ventricular ejection fraction (I), frequency of ventricular premature complexes on the 24-h Holter recording (1) and the
presence of late potentials on signal-averaged electrocardiograms (EC%.) (3). It has also been demonstrated that the
predictive value of heart rate variability is independent of heart
rate (la). However, few studies tave addressed the relation
between heart rate and heart rate variability (5-7).

In previous studies, heart rate assessed from standard
short-term ECGs has been shown to predict mortality in
postmyocardial infarction patients (&lo), as well as in the
general population (11-13). However, the value of short-term
heart rate in predicting mortality in postmyocardial infarction
patients was low compared with other risk factors (8).
Because the predictive value of short-term heart rate
variability is substantially lower than that of heart rate variability assessedfrom long-term recordings (14,15), it is plausible to speculate that the same might be true for mean heart
rate. Thus, the aim of our study was to assessthe value of mean
RR interval computed from predischarge 24-h Halter recordings in predicting mortality. In a large group of postmyocardial
infarction patients, the predictive value of long-term mean
heart rate assessedin this way was compared with that of left
ventricular ejection fraction and heart rate variability, which
are well established risk factors after myocardial infarction.
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Methods
Patients. The study group included 579 patients <70 years
old admitted to our hospital with acute myocardial infarction
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diagnosed according
to previously
published criteria (2). who
had completed
a 2-year follow-up
after the index myocardial
infarction.
Patients were not included if they had a noncardiac
disease likely to influence mortality,
an important
nonischemic
cardiac disedje, a history of cardiac surge7
or permanent
pacemaker
insertion, or if they refused or were unable to be
followed
up. Patients with atria1 fibrillation
were excluded
because this interferes
with the heart rate variability
analysis.
Patient? with bundle branch block or ventricular
pre-excitation
were excluded
because the wide ECG patterns
disturb the
computer
analysis of the 24-h recordings.
Patients were also
excluded
if, for technical
reasons, a 24-h Holtcr
IC\,K
suitable for heart rate variability
analysis or left ventricular
ejection fraction assessment, or both, was not available. On the
basis of all these criteria, a total of 224 patients were excluded
and are not counted in the 579 patients of the study cohort.
There was no statistically
significant
difference
in the clinical
variables
of the 224 patients excluded
and the 579 patients
included in the study (all-cause
mortality
11% vs. 9%, men
78% vs. 79%, anterior
myocardial
infarction
49% vs. 48%,
previous myocardial
infarction
18% vs. 15%, discharged
with
beta-adrenergic
blocking
agents 39% vs. 40%, thrombolytic
therapy 51% vs. 54%, respectively).
During
the first 2 years of follow-up,
among the study
cohort, there were 54 deaths (all-cause mortality),
42 of which
were classified as cardiac and 26 as sudden cardiac deaths.
S&n
de& was defined as death within 1 h of the onset of
new symptoms
or an unexpected
death during sleep (16).
Halter recording technique. Two-channel
24-h ECG recordings
(modified
lead III and CM,) were obtained
using
either a Tracker
recorder
(Reynolds
Medical
Ltd., United
Kingdom)
or an 8500 Marquette
recorder
(Marquette
Electronics). In all patients, the recordings
were made at a median
of 7 days (range 5 to 11) after hospital admission. A commercially available
system for long-term
ECG analysis (Laser
Halter 8000, Marquette
Electronics)
was used to obtain the
sequence of durations
of intervals
between
adjacent
QRS
complexes
of normal surraventricular
configuration.
Careful
manual editing and visual inspection of the recording was used
to ensure the quality of the RR interval data. In most of the
recordings
(547 out 579), all therapy, including beta-blockers,
influencing
heart rate and heart rate variability
was terminated
at least 2 days before the recording and, if applicable, restarted
after the recording
was completed.
Mean RR interval. The 24-h mean RR interval was calculated as’ the mean duration
of all normal-to-normal
RR
intervals found on the Halter recording.
Heart rate variability. As previously
described
(2), heart
rate variability
index was calculated
from each Holter recording. The frequency
distribution
histogram
of durations
of
normal-to-normal
RR intervals was constructed,
and the value
of the heart rate variability
index was obtained by dividing the
area of the histogram by its height. Thk reproducibility
of heart
rate variability
in our department
has been published previously (I?).
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Left ventricular ejection fractioo. Left ventricular ejection
fraction
was determined
during the initial hospital stay, at a
median of 7 days (range 5 to 10) after hospital admission. In
268 patients who underwent
left heart catheterization,
left
ventricular
ejection
fraction
was calculated
from the right
anterior oblique view of the left ventricular
angiogram with a
Mac angiocomputer
package based on the formula of Sandier
and Dodge (18). In 311 patients who did not undergo left heart
catheterization,
radionuclide
angiograms were recorded in the
supine position, and the left ventricular
ejection fraction was
calculated by the multiple-gated
method performed
in the 45
t ’ !? oblique projeclion.
A previous study (3) performed
IR our department
showed a strong correlation
between ejection fraction calculated by these two methods (r = 0.91).
Statistical analysis. Sensiti~@ was defined as the percent
of patients with a positive test result from all patients with an
end-point; spec&ify
as the percent of patients with a negative
test result from all patients without an end-point;
and positive
predictive occuruq
as the percent of patients with an end-point
from all patients with a positive test result. The major endpoints for analysis were all-cause
mortality,
cardiac death,
sudden cardiac death and nonsudden cardiac death. The power
of heart rate variability,
mean RR interval and left ventricular
ejection fraction
for predicting
these end-points
were compared in two steps.
Step 1. The receiver operating characteristic
curves, whick
express the dependence
of specificity
OG sensitivity,
were
computed
for univariate
stratification
(heart rate variability,
mean RR interval or ejection fraction). The statistical comparison of the positive predictive characteristics
was performed
at
selected levels of sensitivity:
For a piven level of sensitivity,
the
dichotomy
limits of ejection fractton,
mean RR intetval and
heart rate variability
giving the highest positive
predictive
accuracy were established.
Then, ejection fraction,
mean RR
interval and heart rate variability
were compared
each with
each other. On the basis of the selected dichotomy
limits, the
subpopulation
of the complste population
was established for
which the classification
as test-positive
or test-negative
did not
agree for the compared
variables.
The number of patients
classified correctly by one and by the other test were compared
using a standard sign-test.
Step 2. The total population
was sorted according
to the
results of left ventricular
ejection fraction, heart rate variability
and mean RR interval. For each of these variables. four groups
of patients were defined. There were 145 patients in the firs
three groups and 144 in the fourth. Each first quartile included
patients with the highest values for the given variable, whereas
the fourth quartile included patients with the lowest values.
Comparisons
of the number of end-points
in individual quartiles were performed
using chi-square
or Fisher exact test.
To assess the relative contribution
cf each bf the variables
for risk stratification,
the different
groupings
into quartiles
were combined together. In more detail: To assess the effect of
mean RR interval on risk stratification
by ejection fraction,
patients
in each “ejection fraction”
quartile were fulT&r
&&tied according to their “mean RR interval” quartile.

272

COPIE ET AL.
INCREASED HEART

Table 1. Clinical Characteristics

RATE AFfER

MYOCARDIAL

of Patient Cohort

Patients
Without All-Cause
Event
Mortality
(n = 52.5) ‘(n = 54)

Cardiac
Death
(n = 42)

Sodden
Death
(n = 26)

Table 2. Values of Dichotomy Limits, Speciftcity and Positive
Prediiive Accuracy for Prediction of Cardiac Death at Iiifferent Levels
of Sensitivity for Left Ventricular Ejection Fraction, Mean RR Intewal
and Heart Rate Variability

Nonsudden
Death
(n = 16)

Ejection Fraction

AgeM
bmen

52.9 + 8.8 62.8 2 8.4 62.6 + 8.4 61.5 2 9.3 64.4 + 5.2
80
14
81
85
15
AnteriorMI
48
si
SO
54
44
Previous MI
14
26
19
15
16
Beta-blockers
43
9
10
12
6
Thombolytic agents
55
48
45
50
38
Data presented are mean ~&e
myucardial infarction.
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Mean RR imerval

Sensitivity
(96)

DL
(%)

Spcc
(G)

PPA
(%)

DL
(ms)

25
40
50
60
75

2h
35
39
45
50

92
78
72
ho
46

21’
14’t
12*t
Il*t
IU’t

630
684
7(N
741
784

i SD or percent ol patients. MI =

Hun Rate Variabtily

Spee PPA
(a)
(%)
94
88
w
76
69

29
22
20
16
I6

DL
(units)

Spec
(%)

PPA
(%)

12
17
19
20
24

96
86
82
80
58

37
20
19
19
18

Statistical differences arc marked for significantly inferior results: ‘p < Il.01
versus heart rate variability; tp < 0.01, #p < 0.05 versus mean RR interval. DL
= dichotomy limit: PPA = positive predictive accuracy; Spec = specificity.

Comparisons of the number of end-points in each of such
subgroups were performed using again the chi-square or Fisher
exact test. The same approach was repeated to assessthe effect
of ejection fraction on risk stratification by mean RR interval;
the effect of heart rate variability on risk stratification by mean
RR interval; and the effect of mean RR interval on risk stratification by heart rate variability. Because the relative values of
heart rate variability and ejection fraction in risk stratification
after myocardial infarction have previously been demonstrated
(19), we did not investigate the combinations of these two
variables.

Results
The clinical characteristics of the study patients are shown
in Table 1. The values of the dichotomy limits, specificity and
positive predictive accuracy at selected levels of sensitivity for
the prediction of cardiac death by all three variables are
presented in Table 2. A mean RR interval <700 ms predicted
cardiac death with 45% sensitivity, 85% specificity and 20%
positive predictive accuracy.

Figure 1. Receiver operating characteristic curves showing the sensitivity and specificity of mean RR interval (solid lines), heart rate variability
(dash! liaes) and left ventricular ejeciion fraction (do!ted lines) for the prediction of all-cause mortality (A), cardiac mortality (B), sudden cardiac
death (C) and nonsudden cardiac death CD).
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Table 3. Uehnitlon
Fraction.

Heart

of Quartiles
Rate Variahility

LVEF, (%)
LVEF, (G)
LVEF, (“i)
LVEF, (c;)
HRV, (U)
HRV, (U)
HRV, (ti)
HRV, (II)
Mean RR,
Mean RR?
Mean RR,
Mm RR,

!
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for Left Ventricular Ejection
and Mean RR Interval

aI
49-5x
36-49
5.3tl
--.%I.0
26.2~34.0

2n n-x.2
s?ll.n
e964l
x37-w
736 xi7
:-73h

(ms)
(ms)
(m+)
(msl

Each lint. second and third quartile included !-I5 patient\: each fourth
quartile included I44 parienls. HRV, to HRV, -= lint w fourth quartiles for
heart rate &ability: LVEF, to LVEF, = first to fourth quartiles for kit
wnlricular ejection iraction: Mean RR, to Mean RR, = fist to fourth quartiles
for mean RR intewd.

a0

60

90

LVEF (96)

Figure 2. Scattergram showing (A) heart rate variability (HRV) and
(5) left ventricular ejection fraction (LVEF) versus mean RR inter\?1
in individual patients. Solid crosses = sudden cardiac death; open
crosses = nonsudden cardiac death; dots = patients without endpoints.

The receiver operating
characteristic
curves displaying the
relation between the sensitivity
and specificity
of heart rate
variability,
mean RR interval
and left ventricular
ejection
fraction for predicting
all-cause mortality,
cardiac death, sudden death and nonsudden
cardiac der h are presented
in
Figure 1. Mean RR interval and hear; r;.!e varia!.Xty
performed better than ejection
fraction
in predicting
all-cause
mortality,
cardiac death and sudden death. For tk prediction
of nonsudden
cardiac death, the differences
t e!\Txen the three
variables were negligible.
Only at higher semi&:&y
(>75%)
did mean RR interval
and heart rate variability
appear to
perform
better than ejection fraction. For prediction
of endpoints of all categories,
heart rate variability
perfonxed
slightly
better than mean RR interval in the low sensitivity
range,
whereas mean RR interval outperformed
heart rate variability
slightly in the high sensitivity
range. These results are in
agreement
with the visual display of individual data shown in
Figure 2.
The cutoff points for ejection fraction, heart rate variability
and mean RR interval defining the different quartiles of the
study cohort are presented in Table 3. The values of mean RR
interval and heart rate variability
were provide Y from Halter
tapes as numbers with several decimal places, and the distinc-

tion of correcponding
quartiles of the population was achieved
without ditliculty. However, ejection fraction values were provided rounded
to the nearest percent,
and many groups of
patients had the same ejection fraction
value. In particular,
there were two sudden deaths among patients with an ejection
fraction of 49%. Because the value of 49% was used as the
cutoff between the second and third ejection fraction quartiles,
one of these sudden death cases was classified into the second
quartile and one into the third quartile.
Table 4 displays the percent of patients with end-points
in
each quartile of ejection fraction,
heart rate variability
and
mean RR interval.
Statistical
differences
were asse-ssed bctween adjacent quartiles and bchv~.:
the lc,west quartiles and
the sum of the highest three quartiles. For ZY three variables
(ejection fraction, heart rate variability
and mean RR interval),
Table 4. fncidencc of Events in Quartiles
Ejection Fraction. Heart Rate Variability
Analyzed Separately

of Left Ventricular
and Mean RR Interval
NO”SU&”

All-Caur*

Quartile

Mortality

Cardiac Death

Sudden Death

LVEF,
LVEFz
LVEF,
LVEF,
HRV,
HRV,
HKV,
HRV,
Mean RR,
Mean RR:
Mean RR,
Mean RR;

5.5
3.4

4.x
3.4
7.6

2.1

Death
28

3.4
II
9.1)’
6.2
I.4
I9,.li$
l3.?P
$3
6.9tH
?.I
0.7
3.4
2.8
?A
0.7
3.4
3.4
6.2
5.5
?.I
3.4
24.3Q
I ?.4<i
!l.1$;/
63%
2.1
1.4
1.4
II
1.4
2.K
I.4
I.4
4.1
4.1
9.7’
8.3”
11.1~
5.h?
Z?.?ij.
lh.7$
_._.__-__-_--___
*p < n.ra ip < 0.01, g < WOi ve~is adjacenr upper quartile. qp < 0s.
$p < 0.01. $p c 0.001 for lowest quartile YCPSUS
rest of population (i.e.. sum of
upper three quartiles). Resuiis are e.prew!d % percent of ~t$ntir!l!+ in each
category. Abhrevialiom as in Table 3.
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on Risk Stratificationby Left Vr;ntricular Ejection Fraction
Mean RR,

Mean RR, T Mean RR, + Mean RR,
Quarlik

Mortality

Cardiac
Death

LW,

4.7
1.6
5.7
10.4

3.9
1.6
4.7
7.8

All-cause

LVEF,
LVEF,
LVEF,

Sodden
Death

Nonsudden

All-cause
Mortality

Cardiac
Death

bath

Sudden
Death

Nonsudden
Death

1.6
1.6
3.8
2.6

2.3
0
0.9
5.2

12.5
13.6’
17.9*
29.9*

12.5
13.6’
IS.4
19.4:

6.3
13.6*
12.8
10.4

6.3
0
2.6
9.0

l p < 0.05, lowest quartile versus rest of population (i.e., sum OF upper three quartiles). Results are expressed as percent of end-points in each category.
Abbreviations as in Table 3.
except for patients classified in the second heart rate variability
quartile. However, within the first heart rate variability quartile, the mortality rate appeared to be higher in the fourth
mean RR interval quartile (17% vs. 370), but the difference did
not reach statistical significance.
Finally, Table 8 displays the effect of heart rate variability
on risk stratification by mean RR interval. Within each of
the lowest two quartiles of mean RR interval, patients
classified in the lowest quartile of heart rate variability were
at statistically higher risk of all-cause mortality than other
patients in the same mean RR interval quartile. This was
also true for cardiac and nonsudden death in the second
mean RR interval quartile.

the risk of all-cause mortality and cardiac death was statistically higher in the fourth quartile compared with the sum of
first three quartiles. The same was true for sudden death for
heart rate variability and mean RR interval and for nonsudden
cardiac death for ejection fraction. Although the number of
nonsudden cardiac deaths was not statistically different between the third and fourth quartiles for both mean RR interval
and heart rate variability, there was a statistical difference
between the fourth quartile and the sum of the first three
quartiles for both mean RR interval and heart rate variability.
The risk of sudden death was not statistically different in the
four ejection fraction quartiles.
Table 5 displays the effect of mean RR interval on risk
stratification by left ventricular ejection fraction. Patients in
any of the lowest three quartiles for ejection fraction (quartiles
2,3 and 4), who were also classified in the iowest quartile for
mean RR interval (quartile 4) had a statistically higher risk of
all-cause mortality than other patients of the same ejection
fraction quartile. This was also true for cardiac death in the
second and fourth quartiles for ejection fraction and for sudden
death in the second quartile for ejection fraction. However, no
such observation was made for nonsudden cardiac death.
The effect of ejection fraction on risk stratification by mean
RR interval is shown in Table 6. For patients in the fourth
quartile for mean RR interval, depressed ejection fraction (i.e.,
classification into the fourth quartile) significantly increased
the risk of all-cause mortality. There was no other statistically
significant effect of ejection fraction on risk stratification by
mean RR interval.
Table 7 displays the effect of mean RR interval on risk
stratification by heart rate variability. There was no effect of
mean RR interval on risk stratification by heart rate variability,
Table 6.

Qumtik
Mean RR,
MeaoRR,
Mean RR,
Me=W

Effect

Discussion
Our study suggests that, althougb frequently neglected,
mean RR interval is a strong predictor of death after myocardial infarction. When assessedfrom 24-h Halter recordings, it
performed better than left ventricular ejection fraction, which
is a widely accepted predictor of postinfarction mortality.
Comparison with previous studies. To our knowledge,
mean RR interval measured from 24-h Halter recordings has
seldom been studied in postmyocardial infarction patients. In
their first report on heart rate variability after myocardial
infarction, Kieiger et al. (1) demonstrated that heart rhte
variability was an independent and better predictor of mortal$ than a mean RR interval <750 ms. This was further
emphasized by Fleiss et al. (4) who demonstrated that mean
RR interval did not predict mortality independently of the
standard deviation of normal RR intervals. However, the
MPIP population (8) used in those studies was different from

of Left Ventricular Ejection Fraction on Risk Stratificationby Mean RR Interval
LVEF, + LVEF, + LVEF,
All-cause
Mortality
1.5
25
8.3
15.6

Cardiac
Dealh

Sudden
Death

Nonsudden
Death

All-Cause
Mortality

1.5

15

0

25
6.5
14.3

17
3.7
11.7

7.1
1.4
13.5
29.9’

*p < 0.05,lowestquartileVEXBIS
restof population(i.e.,
AbbteviaGons
asin Table3.

08
2.8
2.6
wm of

LVEF,
Cardiac
Death
o3.7
13.5
19.4

Sildder
Death

Nonsodden
D&h

0
0
5.4
9.1

0
3.7
8.1
9.0

upperthreequartiles).ResuksareexpressedasFrcem of end-pointsin eachcatepry.

JACC Vol. 27, No. 2
February 19962704

Table 7.

INCREASED HEART

Effect of Mean RR Interval

on Risk Stratification

RATE AFIER

MYOCARDIAL

275

COPIE ET AL.
INFARCTION

by Heart Rate Variability

Mean RR, t Mean RR, + Mean RR,

Mean RR,

Quartile

All-Cause
Mortality

Cardiac
Lblh

Sudden
Death

Nonsudden
Death

All-cause
Mortality

Cardiac
Pee

Sudden
Death

Nonsudden
Death

HRV,
HRV,
HRV,
HRV,

2.9
1.6
53
17.5

2.2
1.6
4.4
14.0

1.4
1.6
1.8
7.0

0.7
0
2.1
7.0

16.7
15.8’
9.4
28.7

16.7
15.8’
9.4
19.5

16.7
10.5
3.1
13.8

0
5.3
6.3
5.1

l p i 0.05, lowest quartile versus rest of population (i.e., sum of upper three quartiles). Results are expressed as percent of end-points in each category.
Abbreviations as in Table 3.
that of our study. None of the patients in the MPIP study (8)
received thrombolytic therapy, 21% were taking antiarrhythmic agents compared with none in our study, and 33% were
treated with beta-blockers when recorded compared with 6%
in our study. Moreover, only 30% of all deaths in the MPIP
study were classified as sudden, whereas in our study sudden
cardiac death accounted for 48% of aILcause mortality. Oneyear mortality was also lower in our patients (6% vs. 9%),
probably because of the improvement in therapeutic care,
especially the widespread use of thrombolytic agents, betablockers, aspirin and angiotensin-converting enzyme inhibitors. The relative increase in sudden death observed in our
cohort is probably a result of the fact that patients who benefit
from thrombolytic therapy may remain at risk of fatal arrhythmias as a result of a small ventricular scar but are less likely to
experience progressive heart failure.
Before. Holter analysis became computerized, long-term
mean RR interval measurement was not readily available from
Holter recordings, which were mainly used to detect ventricular ectopic beats (9). Nevertheless, several studies (g-10)
demonstrated the predictive value of heart rate measured on
standard ECGs for risk stratification after myocardial infarction. Heart rate was shown to predict death but not independently of other factors, such as New York Heart Association
functional class, left ventricular ejection fraction or the presence of ventricular ectopic beats. The low predictive value of
heart rate taken from standard ECGs may be explained by the
limited amount of information provided by a short-term versus
a 24-h recording. Similar differences between long- and shortterm data are well known for heart rate variability (14,15).
In the general population, increased heart rate is known to
be a predictor of mortality (11-13). Its predictive value was

found to be independent of arterial pressure, level of cholesterol, smoking habits and age (11-13). It was also demonstrated that heart rate was a predictor not only of cardiovascular mortality, bit also of all cause mortality (12). However, it
was recently demonstrated ($20) that heart rate variability was
a better predictor of mortality than heart rate in two large
epidemiologic studies.
Physiopatholugic interpretation. It is not entirely obvious
why long-term heart rate is such a strong predictor of mortality. It has been suggested (21) that heart rate has a direct effect
on the development of coronary atherosclerosis. Lower heart
rate results in more total time in diastole when the coronary
artery flow is more steady. Because changes in the rate of flow
and departures from laminar unidirectional flow may enhance
atherosclerosis. it is plausible to speculate that lowering heart
rate reduces atherosclerosis because it prolongs periods of
stable hemodynamic patterns.
Heart rate also reflects the autonomic activity. Indeed, it
has been demonstrated (22) that vagal stimulation and bradycardia increase the electrical stability of the myocardium. In
our study, a shorter mean RR interval was a better predictor of
sudden than of nonsudden cardiac death. This agrees with the
fact that in addition to heart rate variability, a shorter mean
RR interval assessedfrom long-term recordings might be a
crude measure of overall pamsympathetic withdrawal or sympathetic overdrive, or both. Compared with mean heart rate,
long-term heart rate variability is probably a relined approach
to the assessment of the same physiologic process and IS
consequently a slightly better risk stratifier after myocardial
infarction.
Heart rate is also dependent on left ventricular function.
Figure 2B shows that left ventricular ejection fraction at rest

Table 8. Effectof Heart Rate Variability on Risk Stratificationby Mean RR Interval
HRV, + HRV, + HRV,
Quartile
Mean RR,
Mean RR,
Mean RR,
Maw

Allcause
Mortality
2.1
23
5.6
123

l p < 0.05, tp < 0.01, kwest
AhbreviaGo~ o in Table3.

HRV,

Cardiac
Death

Sttddett
Death

Nonsudden
Death

All-Cause
Mortality

Cardiac
Death

Sudden
Death

1.4
15
s.ti
12.3

1.4
1.5
1.9
7.0

0

0

n

I.3

3.1
153

21.6t
28.7’

0
13.3’
16.2

0
0
IO.8
13.8

lY-5

quartile verslls fpst of population (i.e., sum of upper three quartiles). Results are exprewd
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correlates t)oorly with mean RR interval. It is possible that
mean RR interval measured over 24 h reflects left ventricular
function during daily life. The ability of mean heart rate to be
measured over long time periods could explain why it compared favorably with left ventricular ejection fraction, which is
measured at rest over short time periods.
Study limitations. Our study might have been influenced
by several factors. The major limitation is the number of
events.Although 579 patients were followed up for 2 years, the
number of end-points, especially that of nonsudden cardiac
deaths, was relatively low. It is possible that left ventricular
ejection fraction would have been evidenced as a more powerful predictor of nonsudden cardiac death if the end-point
number was higher.
The methods we used to compare the three variables might
be debated. A common way of comparing variables for risk
stratification is multivariat: logistic analysis (23). However, it
requires determination of dichotomy values for each variable
on an a priori basis. The methods we used made it possible to
compare the three variables without defining their dichotomy
values before the analysis.
Only three predictors of outcome were compared in this
study. The study would have been more complete if clini‘al
variables, results of exercise testing, signal-averaged electrocardiography and frequency of ectopic beats were added to the
model. However, the aim of our study wasto evaluate the value
of heart rate compared with heart rate variability and to
compare them with one of the most widely used predictors of
outcome-left ventricular ejection fraction.
Gmelusions. L&t ventricular ejection fraction is currently
a widely used risk stratifier after myocardial infarction. A
depressed ejection fraction after myocardidl infarction is an
indication that 3 patient is at risk of complications and will
probably benefit from a treatment with angiotensin-converting
enzyme inhibitors. However, in our study both heart rate and
heart rate variability were stronger predictors of mortality than
ejection fraction. When 24-h Halter recording is performed
after beta-blockers have been stopped, patients with a mean
RR interval <700 ms are at high risk of mortality after
myocardial infarction. Before the mean RR interval is widely
accented as a useful risk stratifier, further studies are needed to
den, r.strate that specific interventions in patients with high
heart :~es will decrease mortality after myocardial infarction.
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