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A b s t r a c t

IInnttrroodduuccttiioonn:: In previous decades, the analysis of heart rate variability (HRV)
provided a non-invasive method of assessing autonomic influence for
cardiovascular risk stratification. The aim of this study was to determine whether
HRV analysis can still perform a similar function in the present day.
MMaatteerriiaall  aanndd  mmeetthhooddss:: The study group consisted of 113 patients with acute
myocardial infarction (AMI) treated with thrombolysis. In all patients
echocardiography on the 10th day after myocardial infarction and 24-h Holter
electrocardiographic recordings on the 12th day after myocardial infarction were
performed. Five time domain measures were calculated from the time series
of normal N-N intervals: SDNN, SDANN index, SDNN index, rMSSD and pNN50.
The end points in follow-up were: death, non-fatal myocardial infarction (AMI)
and unstable angina pectoris requiring hospitalization (API). The study group
was divided into two subgroups on the basis of SDNN value and both groups
were analysed.
RReessuullttss:: At follow-up (mean 65 months, range 36 to 96 months) we observed
clinical events in 44 patients, including 17 deaths, 8 cases of AMI and 20 cases
of API requiring hospitalization. In the multivariate analysis SDNN ≤ 70 ms as
well as left ventricle ejection fraction < 30% were independent predictors
of death.
CCoonncclluussiioonnss:: SDNN ≤ 70 ms remains a significant predictor of death in patients
with MI treated with thrombolysis.

KKeeyy  wwoorrddss:: heart rate variability, acute myocardial infarction.

Introduction

Autonomic system imbalance plays an important role in several
cardiological and non-cardiological diseases. Disturbances of the autonomic
nervous system and its imbalance, consisting of either increased sympathetic
or reduced vagal activity, may result in ventricular tachyarrhythmias and
sudden cardiac death [1-4]. Heart rate variability (HRV) has been shown to
be depressed in many cardiological disorders, including coronary heart
disease, heart failure and some congenital heart diseases [5-11], and has
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also been used for the screening of patients with
obstructive sleep apnoea [12]. The usefulness of HRV
in differentiating vasovagal patients from others
suffering from syncope has also been shown [13].

The analysis of HRV has provided a non-invasive
method of autonomic influence assessment and
cardiovascular risk stratification. Of all Holter
variables measured, HRV had the strongest
univariate correlation with mortality. Depressed HRV
after acute myocardial infarction (AMI) may reflect
a decrease in vagal activity in the heart, which leads
to the dominance of sympathetic mechanisms and
cardiac electrical instability. Casolo et al. reported
that for patients with congestive heart failure
the best prediction for risk stratification was
provided by: ultra-low frequency power, very low
frequency power, standard deviation of all normal
RR intervals in the entire 24-h ECG recording
(SDNN), standard deviation of the average normal
RR intervals for all 5-min segments of a 24-h ECG
recording (SDANNI) and mean of the standard
deviations of all normal RR intervals for all 5-min
segments of a 24-h ECG recording (SDNNI) [14].
According to Bigger et al., not only long-term HRV
(24-h values) but also short-term HRV (calculated
from 2-15 min of normal RR interval data) measured
in patients after MI had predictive value for 1-year
total cardiac mortality [15, 16].

However, few previous studies have been
followed up over a long term. The aim of this study
was to determine the long-term predictive role
of HRV in the cardiovascular risk stratification for
patients with acute myocardial infarction treated
with thrombolysis. Most previous studies which
estimated HRV value were performed in the late
1980s. A major potential difference between earlier
studies and our study lies in the fact that all our
patients were treated with early thrombolysis and
such medication as angiotensin-converting enzyme
inhibitors and β-blockers are much more widely
used. A further aim of the study was to determine
the correlation between HRV and adverse prognosis
in a population of patients with AMI treated with
thrombolysis and additional medication admini-
stered according to state-of-the-art current
guidelines, in long-term follow-up. We intended to
establish the HRV value which predicts adverse
prognosis in this population.

Material and methods

PPaattiieennttss

One hundred and thirteen consecutive patients 
(89 male and 24 female, aged 34 to 81, mean 57 ±10.8)
admitted to our department for AMI and treated with
thrombolysis (streptokinase or tissue plasminogen
activator – tPA) were enrolled in the study between
1994 and 1996. Mean follow-up time was 65 months

(range 36 to 96 months). Acute myocardial infarction
was defined by the typical rise and gradual fall
of troponin or more rapid rise and fall of CK-MB, with
ischaemic symptoms and/or development of
pathological Q waves in the ECG and/or ECG changes
indicative of ischaemia. For each patient the medical
history was collected and a physical examination was
performed. Exclusion criteria were atrial fibrillation or
implanted pacemakers.

AAsssseessssmmeenntt  ooff lleefftt  vveennttrriiccllee  eejjeeccttiioonn  ffrraaccttiioonn

Echocardiography was performed in each patient
(on the 10th day) by a cardiologist.

AAnnaallyyssiiss  ooff 2244--hh  eelleeccttrrooccaarrddiiooggrraapphhiicc  
rreeccoorrddiinnggss

24-h Holter electrocardiographic recording was
performed on all patients on the 12th day after
myocardial infarction. Holter tapes were reanalyzed
using a high-performance digital computer program
for identifying each QRS. After the computer had
automatically detected and labelled each QRS,
the data file was reviewed and edited by
a cardiologist. After completing the editing process,
another computer program computed the average
N-N interval for all normal cycles, the standard
deviation of N-N intervals around this average and
other summary measures of HR and HR variability.
From the time series of normal N-N intervals, five
time domain measures were calculated: SDNN
(standard deviation of all normal RR intervals in
the entire 24-h ECG recording); SDANN index
(standard deviation of the average normal RR
intervals for all 5-min segments of a 24-h ECG
recording); SDNN index (mean of the standard
deviations of all normal RR intervals for all 5-min
segments of a 24-h ECG recording); rMSSD
(root-mean-square successive difference
– the square root of the mean of the squared
differences between adjacent normal RR intervals
over the entire 24-h ECG recording); and pNN50
(percentage of differences between adjacent normal
RR intervals that are > 50 ms computed over
the entire 24-h ECG recording).

FFoollllooww--uupp

Patients were followed up with visits, phone calls
and questionnaires. Mean follow-up time was
65 months (range, 36 to 96 months). The end points
were: death, non-fatal acute myocardial infarction,
or unstable angina pectoris requiring hos-
pitalization. We did not distinguish between cardiac
death and non-cardiac death.

SSttaattiissttiiccaall  aannaallyyssiiss

Data are reported as mean ± standard deviation
(x ± SD). The data analyses were performed using
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CSS STATISTICA for Windows, release 7.1.
Comparisons between groups were performed by
unpaired t-test and Fisher’s exact test as indicated.
Statistical significance was considered when
p < 0.05. The association of SDNN with prognosis
was studied by discrimination linear test analysis.

The study was approved by the local ethics
committee.

Results

The baseline clinical characteristics of the study
population are shown in Table I. During the hospital
stay, 76 (67.2%) patients were treated with
β-blockers and 52 (46%) with angiotensin-
converting enzyme (ACE) inhibitors.

Based on the presence or absence of clinical
events the patients were divided into two groups.
The Event Group consisted of 44 patients who
experienced a clinical event [17 deaths (calculated
mortality rate was 15%), 9 cases of non-fatal AMI
and 21 cases of unstable angina pectoris (API)
requiring hospitalization], with the remaining
69 patients (without clinical events) placed in
the Non-Event Group. Table II shows the mean
values of five time-domain indices of HRV (SDNN,
SDANNI, SDNNI, rMSSD and pNN50). The mean
SDNN, SDNNI and SDANNI values in the Event
Group were lower than in the Non-Event Group, but
the difference was not significant. Table III presents
the general and clinical characteristics of both
groups.

The patients were also divided into two further
groups according to their SDNN value: A, with SDNN
≤ 70 ms (27 patients); and B, with SDNN > 70 ms
(86 patients). The clinical characteristics of these
groups are shown in Table IV.

The relationship between clinical end points and
the SDNN cut-off value is shown in Table V. There
was a correlation between clinical events and SDNN
value ≤ 70 ms. 

In multivariate analysis the following variables
were considered in the model: SDNN ≤ 70 ms
(p = 0.005), LVEF < 30% (p = 0.044), age (p = 0.3),
CKMB (p = 0.3) and arterial hypertension (p = 0.8).
Only SDNN ≤ 70 ms and LVEF < 30% were
independent predictors of death.

Discussion

Determining the prognostic value of HRV for
identification of high-risk patients has been
the objective of many experimental and clinical
studies in the last few decades [1, 2, 4].
Nevertheless, the position of HRV in modern
cardiology is still uncertain. Currently, according to
the ACC/AHA Guidelines for Ambulatory
Electrocardiography [17], only patients with left
ventricle dysfunction after myocardial infarction,

without symptoms of arrhythmia, may benefit from
HRV measurements for risk assessment.

More recent studies have analysed
the population of patients given newer treatment
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DDeemmooggrraapphhiicc  aanndd  cclliinniiccaall NNuummbbeerr  ((ppeerrcceennttaaggee
cchhaarraacctteerriissttiiccss ooff ppaattiieennttss))

Male 89 (78.7%)

Age mean 57 (range 34-81)

History of:

• angina pectoris 47 (41.6%)

• myocardial infarction 20 (17.7%)

• congestive heart failure 3 (2.6%)

Arterial hypertension 42 (37.2%)

Diabetes 14 (12.4%)

Anterior wall myocardial infarction 43 (38%)

TTaabbllee  II.. Demographic and clinical characteristics

EEvveenntt  ggrroouupp  NNoonn--EEvveenntt  ggrroouupp  pp
((nn ==  4444)) ((nn ==  6699))

AAggee 58.9 ±11.2 56.6 ±10.6 0.3

MMaallee 32 (72.7%) 57 (82.6%) 0.2

CCKK 2590.2 ±2552.7 2757.8 ±2092.9 0.7

AAnntteerriioorr  wwaallll 19 (43.2%) 35 (50.7%) 0.4
mmyyooccaarrddiiaall  iinnffaarrccttiioonn

ββ--bblloocckkeerrss 29 (65.9%) 47 (68.1%) 0.8

AACCEEII 20 (45.5%) 32 (46.4%) 1.0

HHiissttoorryy  ooff mmyyoo-- 11 (25.0%) 9 (13.0%) 0.1
ccaarrddiiaall  iinnffaarrccttiioonn

HHiissttoorryy  ooff 27 (61.4%) 20 (29.0%) 0.0009
aannggiinnaa  ppeeccttoorriiss

HHyyppeerrtteennssiioonn 21 (47.7%) 21 (30.4%) 0.075

DDiiaabbeetteess 6 (13.6%) 8 (11.6%) 0.8

SSmmookkeerrss 28 (63.6%) 36 (52.2%) 0.2

HHyyppeerrcchhoolleessttee-- 15 (34.1%) 18 (26.1%) 0.4
rroollaaeemmiiaa

FFaammiillyy  hhiissttoorryy 22 (50%) 31 (44.9%) 0.7

TTaabbllee  IIIIII.. General and clinical characteristics
of the Event Group and the Non-Event Group

EEvveenntt  ggrroouupp  [[mmss]] NNoonn--EEvveenntt  ggrroouupp  [[mmss]] pp

SSDDDDNN 90.6 ±32.9 99.3 ±33.7 0.2

SSDDNNNNII 42.3 ±18.9 44.1 ±14.1 0.6

SSDDAANNNNII 78.4 ±28.8 87.2 ±34.4 0.2

rrMMSSSSDD 27.7 ±15.2 26.1 ±12.2 0.5

ppNNNN5500 7.6 ±9.4 6.5 ±9.8 0.6

TTaabbllee  IIII.. The mean values of five time-domain indices
of HRV in the Event and the Non-Event groups
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vs. the populations involved in earlier studies on
HRV. New methods of treatment for acute coronary
syndromes – early thrombolysis, acute coronary
interventions and medications such as ACEI and
β-blockers – have recently been introduced. In our
study 67% of patients were given β-blockers and in
the Ortak et al. study [18] (2005) β-blockers were
administered in 90% of patients. However, in earlier
studies, such as the Kleiger et al. study [1], the Lanza
et al. study [19], and the ATRAMI study [3],
β-blockers were used in 32, 34 and 20% of patients,
respectively. Also, thrombolysis and/or acute
coronary interventions are currently introduced in
a higher percentage of patients – 42% of patients
were treated in the Lanza et al. study [19], 63%
of patients in the ATRAMI study [3], and all patients
in the Ortak et al. [18] and our study. Some authors
[18, 20] have suggested that this progress in therapy
could influence the major potential difference
between earlier and more recent studies on

the value of HRV as post-MI risk stratification
[18, 20]. The standard use of thrombolytic treatment
or urgent coronary revascularization has improved
outcome in patients with acute myocardial
infarction. The risk of developing malignant
arrhythmia in patients within one year
of myocardial infarction is less than 5% [4, 21], much
lower than it was in the study of Kleiger et al. [1],
who observed a 15.7% mortality rate during
31 months’ follow-up in the early 1980s. Thus, early
results suggesting the useful position of HRV should
be re-analysed to assess its present significance.

The Kleiger et al. [1] study demonstrated that of all
Holter variables measured, HRV had the strongest
correlation with mortality, independently of other risk
factors, which were LVEF, frequency of ventricular
extrasystoles, and non-sustained ventricular
tachycardia (NSVT). Mean follow-up in Kleiger’s group
was 31 months. The relative risk of mortality was
5.3 times higher in the group with HR variability
of less than 50 ms than in the group with HR
variability of more than 100 ms. Our intention was
to find an accurate HRV value, essential for
stratification and clinical use, and to assess
the usefulness of severely reduced HRV. The
follow-up of our group was 65 months on average
and during 96 months there was a 15% mortality
rate, which is much lower than in Kleiger’s study
(15.7% mortality rate during 31 months’ follow-up),
possibly due to more intensive treatment with
the use of early thrombolysis, β-blockers and ACE
inhibitors. We analysed the relation between time
domain indices of HRV and events occurrence. Our
Event Group and Non-Event Group did not differ
significantly in mean HRV values, but we observed
higher values of SDNN in the Non-Event Group. Since
time domain measures of HRV vary greatly in
the population, including the population of patients
after myocardial infarction, the value of standard
deviation was relatively large. Thus, the analysis
of the data from our study population and 24-h
Holter electrocardiographic recordings impelled us to
estimate the SDNN cut-off value and to divide
patients into two groups based on the HRV cut-off
value of 70 ms. The same value was used in
the large, multicentre, prospective ATRAMI study [3];
however, in other studies different cut-off values
were also found to be predictive: 50, 55, and 100 ms
[1, 7, 19, 22, 23]. In the ATRAMI trial [3] the conco-
mitant use of HRV and BRS (baroreflex sensitivity)
for post-MI risk stratification showed that values
of SDNN < 70 ms or BRS < 3.0 ms/mm Hg were both
independent predictors of cardiac mortality. Our
comparison of clinical findings in the two groups
revealed that patients with lower SDNN values were
older and had lower ejection fraction and higher
CKMB levels. Concomitant arterial hypertension was
higher in this group. We also observed slightly higher
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GGrroouupp  AA GGrroouupp  BB pp
SSDDNNNN  ≤≤  7700  mmss SSDDNNNN  >>  7700  mmss
((2277  ppaattiieennttss)) ((8866  ppaattiieennttss))

nn ((%%)) nn ((%%))

AAggee 63.3 56 0.009

MMaallee 21 (77.8%) 68 (79.1%) 1

AAnnggiinnaa  ppeeccttoorriiss 15 (55.6%) 32 (37.2%) 0.1

AArrtteerriiaall  hhyyppeerrtteennssiioonn 15 (55.6%) 27 (31.4%) 0.04

DDiiaabbeetteess 5 (18.5%) 9 (10.5%) 0.3

HHyyppeerrcchhoolleesstteerroollaaeemmiiaa 7 (25.9%) 26 (30.2%) 0.8

HHiissttoorryy  ooff mmyyooccaarrddiiaall 6 (22.2%) 14 (16.3%) 0.6
iinnffaarrccttiioonn

AAnntteerriioorr  wwaallll 16 (59.3%) 38 (44.2%) 0.2
mmyyooccaarrddiiaall  iinnffaarrccttiioonn

EEjjeeccttiioonn  ffrraaccttiioonn 45.90% 52.50% 0.02

CCKKMMBB 259 190 0.05

IInn--hhoossppiittaall  ββ--bblloocckkeerr 16 (59.3%) 60 (69.8%) 0.3

TTaabbllee  IIVV.. Differences in clinical characteristics
according to SDNN value

GGrroouupp  AA GGrroouupp  BB pp
SSDDNNNN  ≤≤  7700  mmss SSDDNNNN  >>  7700  mmss
((2277  ppaattiieennttss)) ((8866  ppaattiieennttss))

nn ((%%)) nn ((%%))

AAllll  cclliinniiccaall  eevveennttss 16 (59.2%) 28 (32.5%) 0.02

DDeeaatthhss 9 (33.3%) 8 (9.3%)    0.0048

MMyyooccaarrddiiaall  iinnffaarrccttiioonn 4 (14.8%) 5 (5.8%) 0.2

UUnnssttaabbllee  aannggiinnaa 5 (18.5%) 16 (18.6%) 1.0
ppeeccttoorriiss  rreeqquuiirriinngg
hhoossppiittaalliizzaattiioonn

TTaabbllee  VV.. Clinical end points – association with
the SDNN value
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incidence of angina pectoris (55.6 vs. 37.2%), diabetes
(18.5 vs. 10.5%), history of myocardial infarction 
(22.2 vs. 16.3%) and anterior localisation of myocardial
infarction (59.3 vs. 44.2%) in patients with lower
SDNN values. These differences did not reach
statistical significance, but may suggest that
the subgroup with SDNN ≤ 70 ms had more risk
factors and was a higher risk group. In follow-up this
group presented higher mortality and this
observation confirms our data. SDNN ≤ 70 ms
appeared to be an independent predictor of death
in multivariate analysis.

Many studies also examined the contribution
of low LVEF and low HRV. In the ATRAMI study,
survival of patients with LVEF below 35% was
affected by low values of the autonomic markers.
This was particularly evident with a low BRS value,
which increased the 2-year mortality from 8 to 18%,
but for SDNN the increase in mortality (from 9 to
13%) did not reach statistical significance. In
the study by Kleiger et al. [1] EF < 30% appeared to
be somewhat more significant in predicting
mortality than SDNN in the multivariate analysis,
while in the study by Farrel et al. [4] EF < 40% was
excluded from the multivariate model. Lanza et al.
[19] revealed that HRVs were not independent
predictors of cardiac death in multivariate analysis,
although a low frequency/high frequency ratio < 1.05
was of borderline statistical significance for sudden
death.

In our study, in the multivariate analysis SDNN
≤ 70 ms as well as LVEF < 30% were independent
predictors of death. We did not differentiate
between cardiac death and non-cardiac death.
Some authors support the opinion that the relative
risk of several frequency and time domain indices
were very consistent independently of the type
of death taken as the end point, which may suggest
that the prognostic power of HRV is unaffected by
the mode of death [1, 23].

In the study by Camm et al. [24] patients with
low HRV had significantly higher 1-year mortality
after AMI than those with high HRV, despite nearly
identical LVEF. Balanescou et al. [22] confirmed
the prognostic significance of HRV indices
expressing either a low vagal output (i.e. rMSSD
< 20 ms), high sympathetic tone (i.e. LF/HF > 2) or
low total autonomic activity (i.e. SDNN < 50 ms),
independent from LVEF and ventricular arrhythmias,
in the first year after MI. Thus our findings support
the results of these studies.

Autonomic system imbalance with sympathetic
hyperactivity and an increase in electrical instability
play a specific role in patients after acute myocardial
infarction, favouring life-threatening arrhythmias,
increase in platelet aggregability, coronary
vasoconstriction and left-ventricular wall stress.
Many authors have described the protective effect

of vagal activity against the development of VTAs
[25, 26]. Heart rate with higher variability is
the optimal state to prevent the development
of fatal VTAs [27]. In our study, most patients were
treated with β-blockers, with or without ACE
inhibitors. The pharmacological treatment was
introduced according to the patient’s functional
status and was independent from our study;
therefore conclusions cannot be drawn on different
modes of treatment in our group. β-Blockers were
more frequently used in the group with higher HRV
values, but the difference was not statistically
significant. Lampert et al. [28] compared 24-h HRV
parameters in patients treated with propranolol or
placebo and proved that, after AMI, propranolol
therapy improved recovery of parasympathetic
tone, which correlated with improved outcome, and
decreased sympathetic predominance in
the morning. These findings may elucidate
the mechanisms by which β-blockers decrease
mortality.

Our study showed that very low SDNN ≤ 70 ms
still has predictive value. We also analyzed non-fatal
end points, but we did not find a correlation between
reduced HRV and the incidence of unstable angina
pectoris and MI. Some studies have indicated that
early reperfusion of AMI is associated with a marked
immediate recovery of HRV [18]. Also, Pedretti et al.
[29] pointed out that early thrombolysis has
a favourable effect on the cardiac sympathovagal
balance, resulting in significantly reduced occurrence
of arrhythmic events. Carpeggiani et al. [30]
evaluated the in-hospital prognostic value of heart
rate variability and proved the early (< 48 h)
predictive value of depressed heart rate variability in
the stratification of in-hospital death and major
complications after acute myocardial infarction. Our
study supports the opinion that even though
the survival of patients significantly improved after
introduction of reperfusion methods, HRV analysis
still represents an important tool for outcome
prediction.

Our study was limited because only time domain
indices of HRV were used and there was no
evaluation of the significance for frequency domain
indices of HRV. Although time domain measures
of heart rate variability are strongly associated with
frequency domain measures [14], time domain
measures do not provide specific information on
the sympathetic nervous system and also depend on
factors other than the autonomic nervous system [31].

In conclusion, the findings of our study support
our hypothesis that, in patients treated with
thrombolysis and medication administered according
to state-of-the-art practice guidelines, HRV analysis
still remains a helpful component of cardiac risk
stratification. SDNN ≤ 70 ms should be identified as
a significant marker of death after MI.

Prognostic value of decreased heart rate variability in long-term follow-up in patients with acute myocardial infarction treated with thrombolysis
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