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Abstract

Objectives: We set out to study cardiac autonomic tone in patients with idiopathic dilated cardi-
omyopathy (IDC), and whether it correlates with other established markers of disease progression
and patient ultimate outcome. Design: Fifty-one IDC patients in sinus rhythm underwent extensive
non-invasive and invasive evaluation during a three-day hospitalization period. The control group
consisted of thirty-eight apparently healthy subjects who underwent 24-hour ambulatory ECG re-
cording. Results: Heart rate variability (HRV) and heart rate turbulence (HRT) correlated with
many previously established prognostic markers of IDC and congestive heart failure, especially
measures of cardiorespiratory performance capacity and circulating neurohumoral factors (p <
0.05 for all). Furthermore, attenuated HRV correlated with worse prognosis during a median fol-
low-up of 6.8 years (range 5.1 - 8.1). Additionally, 24-hour time domain, low and high frequency
components of frequency domain and non-linear HRV, excluding scaling exponents (a), were low-
er in IDC patients as compared with controls (p < 0.05 for all); however, HRT was not significantly
different. Conclusions: The magnitude of impairment in cardiac autonomic control correlates well
with other prognostic markers of IDC, and is associated with unfavorable outcome.
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1. Introduction

Dilated cardiomyopathy (DCM) is characterized by cardiac dilatation, reduced left ventricular systolic function
and poor prognosis [1] [2]. A considerable proportion of DCM is of familial origin; however, infectious, in-
flammatory and immunological factors may play roles in the development and prognosis of the disease [3]-[6].
Functional class, cardiorespiratory fitness, and left ventricular function seem to be important prognostic markers
in DCM of ischemic or idiopathic origin [7]-[9]. In addition, increased levels of vasoactive peptides, such as
N-terminal pro-brain natriuretic peptide (NT-proBNP), and proinflammatory cytokines are linked to disease se-
verity, but their prognostic significance has not been thoroughly studied in idiopathic dilated cardiomyopathy
(IDC) [10]-[12].

Unfavorable changes in cardiac autonomic control, as measured by heart rate variability (HRV) and heart rate
turbulence (HRT), occur in DCM independent of its etiology and the impairment correlates with prognosis
[13]-[16]. Together with progressive worsening of congestive heart failure (CHF), major arrhythmic events re-
sulting in sudden cardiac death (SCD) are a significant cause of mortality in patients with IDC. Impaired auto-
nomic balance may predict malignant ventricular arrhythmias among this patient category; nevertheless, the
findings have been controversial [17]-[19]. Similarly, markers like NT-proBNP may have predictive value in
arrhythmogenesis [10] [20]. To approach the challenge of the individual prognostic evaluation, we set out to
study the correlation of disturbances of cardiac autonomic control and other established markers of disease pro-
gression and patient outcome in IDC.

2. Materials and Methods
2.1. Study Subjects and Protocol

The study population consisted of fifty-one patients with IDC and sinus rhythm (SR). The patients were clini-
cally well-characterized and living in the region of Kuopio University Hospital in eastern Finland. The diagnos-
tic criteria for DCM were impaired left ventricular systolic function (ejection fraction, EF, <45%) and left ven-
tricular dilatation (left ventricular end-diastolic diameter, LVEDD, >27 mm/m?) measured at the time of diagno-
sis, and no underlying diseases causing DCM [1].

The patients were hospitalized for a three-day study period, during which 24-hour ambulatory electrocardio-
graphy (ECG) registrations, laboratory testing, echocardiography, gated myocardial perfusion single photon
emission computed tomography (SPECT), cardiopulmonary exercise testing and both-sided cardiac catheteriza-
tion were carried out. Only patients without angiographic coronary artery disease were included in the study. All
patients gave written informed consent, and the study was carried out in accordance with the Declaration of Hel-
sinki, and was approved by the Ethics Committee of the University of Kuopio. The study design was prospective.
After the initial three-day hospitalization period, all patients were followed regularly with yearly clinical visits
up to four years. Thereafter, the clinical events were registered based on the medical records. None of the pa-
tients withdrew from the study.

The control group for the ambulatory ECG analyses consisted of thirty-eight consecutively recruited subjects
who underwent elective 24-hour ECG registration and echocardiography due to symptomatic extrasystoles. All
these subjects were otherwise apparently healthy with no other major cardiovascular symptoms, and had normal
findings in echocardiography. However, ventricular ectopy was methodologically necessary to permit the de-
termination of HRT. The controls did not differ statistically in mean age and gender distribution as compared
with the patient group.

2.2. Ambulatory ECG

All the methods have been previously described in detail by Tuomainen et al. [21] [22]. In brief, ambulatory
24-hour ECG recordings were performed using digital recorders (Oxford Medilog Excel FD-3, Oxford Instru-
ments Ltd., UK). The initial analysis of the ECG was performed using an automated procedure (Oxford Medilog
Iris, Oxford Instruments Ltd., UK), and the reliability of the classified ECG templates were checked manually
and corrected in appropriate cases. All sections containing other than pure sinus rhythm were excluded. Anno-
tated RRI data was then transformed in ASCII-form and the final analyses were performed using custom soft-
ware designed for a variety of time series (Win CPRS Version 1.156, Absolute Aliens Co., Finland).

HRT was determined by a signal averaged method from single ventricular premature complexes (VPCs) ful-
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filling the following two criteria: coupling interval within 80% and compensatory pause longer than 110% of the
mean of the five preceding RR-intervals (RRIs). These five preceding and fifteen following RRIs had to be free
of ectopic complexes. Two different parameters, turbulence onset (TO) and turbulence slope (TS) were com-
puted. This method has been previously described by Schmidt et al. [23].

2.3. Cardiopulmonary Exercise Test

Cardiopulmonary exercise test was performed with a bicycle ergometer (Ergo-metrics 900, Ergo-line GmbH,
Bitz, Germany) until exhaustion. The initial work load was 20 W with subsequent increments of 20 W per
minute. Respiratory gas exchange was analyzed continuously with a computer-based system (Vmax 29, Sen-
sorMedics Corp., Yorba Linda, California, USA). The average values of oxygen uptake measured during the last
20 seconds of exercise were used for the maximal oxygen consumption (VOamax)-

2.4. Cardiac Catheterization

In the present study, all patients underwent left-sided and 96% right-sided cardiac catheterization. Coronary an-
giography was performed in at least six projections with cranial and caudal angulated views and diameter ste-
noses of >50% were considered significant. Patients expressing even a single significant lesion in the main co-
ronary branches were excluded from the study. Invasive pressures were measured from both sides. Venous
blood samples for the O,-saturation determinations were taken from ten sites to exclude significant arterioven-
ous shunts and to determine cardiac output and index (CO, CI) by Fick’s formula. An electrophysiological study
(EPS) was performed to 82% of the patients. The stimulation sites were right ventricular apex (RVA) and right
ventricular outflow tract (RVOT) employing identical stimulation protocols. The endpoint was predetermined as
a combination of non-sustained (>15 beats and <30 sec) ventricular tachycardia (VT) or sustained (>30 sec) VT
or ventricular fibrillation (VF).

2.5. Imaging Studies

Left ventricular function and dimensions were measured at rest by ECG-gated SPECT and *™Tc-tetrofosmin
(500 MBq; Myoview, Nycomed-Amersham plc, Buckinghamshire, England) and Quantitative Gated SPECT
Application software (QGS v. 3.0, Cedars-Sinai Medical Center, Los Angeles, California, USA) was used.

2.6. Vasoactive Peptide and Cytokine Analyses

Blood samples for the determination of biomarkers reflecting the activation of neuroendocrine and inflammatory
system were taken in standardized circumstances. The samples were stored at —70°C until analyzed. All these
methods have been previously described in detail [24] [25].

2.7. Statistical Analysis

The comparison of HRV and HRT parameters between the groups was performed by one-way analysis of va-
riance (ANOVA) in the case of both normality and homogeneity of variances, otherwise a nonparametric
Kruskal-Wallis test was used. Normality of the distribution of the variables was tested using one-sample Kol-
mogorov-Smirnov test. Crosstabulation and chi-square test were used when comparing the gender distribution of
subjects between the groups. Correlation coefficients (Pearson’s in cases of normality, otherwise Spearman’s)
between clinical measurements and HRV and HRT parameters were determined. Univariate logistic regression
analysis was used for evaluating different prognostic factors. Due to the number of patients and endpoints, mul-
tivariate analysis was not considered in this study. Statistical significance (two-tailed tests) was set at 5%. Statis-
tical software used was SPSS for Windows, versions 13.0, 14.0 and 17.0 (Chicago, Ill., USA). The data are pre-
sented as means +SD (or 95% CI) or the number (%) of subjects.

3. Results
3.1. Study Subjects

The groups of IDC patients and control subjects consisted of 37 and 26 men and 14 and 12 women, respectively.
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The mean age was 54 years (range 16 - 76) in the patient group and 52 years (range 21 - 74) in the control group
(p = ns for both). In the patient group, the mean time from the primary diagnosis to the hospital study period was
2.5 years (range 0.1 - 9.7). Twenty (39%) patients presented with left bundle branch block (LBBB). Twenty
(39%) patients were in New York Heart Association (NYHA) functional class I, 28 (55%) patients in NYHA
class Il, and 3 (6%) patients in NYHA class I1l, whereupon the patients had mild to moderate symptoms. Fur-
thermore, the patients were adequately medicated (Table 1).

3.2. HRV, HRT and Ectopic Beats in IDC Patients and Controls

The mean count of supraventricular premature complexes was over ten fold in IDC patients as compared with
controls (p < 0.01). The number of ventricular premature complexes did not differ significantly between the
groups. The mean percentage of all edited beats in the whole registration was 5% (95% CI 3 - 8) in the patient
group and 2% (95% CI 1 - 4) in the control group (p = ns). Neither did the mean RRI of the ambulatory 24-hour
ECG registration differ significantly between the groups. The mean values of all time domain indices and the LF
and HF components of frequency domain HRV were higher in the control group as compared with IDC patients
(p < 0.01 for the time domain and p < 0.05 for the frequency domain indices, respectively). The same was true
also in the cases of nonlinear FD and the Poincaré plot (p < 0.01 for all). No significant difference in HRT was
observed between the groups, however (Table 2).

3.3. Correlation between HRV, HRT and Other Prognostic Factors in Patients with IDC

In ergospirometry, the measures of cardiorespiratory fitness (Wlast4 and VO,n.,) correlated positively with
HRYV and TS and negatively with TO. Interestingly, HRV and HRT did not correlate with left ventricular end-
diastolic diameter, volume or end-diastolic pressure; TO correlated only with LVEDD. On the other hand, HRV
and TO correlated with left ventricular end-systolic diameter and ejection fraction. Furthermore, HRV and TS
correlated directly, and TO inversely, with left ventricular diastolic function determined by E/A-ratio in echo-
cardiography. Significant inverse correlations between HRV, TS and NT-proBNP resembled those between
HRYV, TS and PCWP. Similarly, HRV and TS correlated inversely, and TO directly, with the norepinephrine
level. Furthermore, HRV and TS correlated inversely in a similar way with the proinflammatory cytokine 1L-6
and hS-CRP. Neither HRV nor HRT correlated significantly with NT-proANP (Table 3, Figure 1).

3.4. LBBB, Inducibility and Cardiac Autonomic Control

IDC patients were divided into two subgroups according to the presence of LBBB in the 12-lead resting ECG.
The mean values of all power spectral components, pNN50 and TS were lower and TO higher in the subgroup
with LBBB as compared with the group without it (p < 0.05 for all) (Table 4, Figure 2). Furthermore, patients
were divided into two subgroups according to the inducibility in EPS, which was performed to 41 patients. Fif-
teen patients received the endpoint described earlier. The ratio of LF and HF power (mean £ SD: 2.8 + 1.7 vs.
4.6 £2.4), In LF power (5.7 £ 0.7 vs. 6.5 + 1.2) and TS (14.6 + 10.7 vs. 21.6 + 12.5) were lower (p < 0.05 for all)
in the subgroup with inducible ventricular arrhythmias as compared with the group without malignant arrhyth-
mias, respectively.

3.5. Prognostic Significance of HRV and HRT

Death, heart transplantation and implantation of an automatic cardioverter defibrillator and/or a biventricular
pacemaker were predetermined as significant clinical endpoints. All the defibrillator implantations were based
on clinical judgment and present guidelines. There were no prophylactic procedures. The biventricular pace-
makers in this population were implanted in patients with progressive end-stage heart failure in spite of opti-
mized medication. Biventricular pacemakers are known to improve the prognosis in these patients, and therefore
the implantation of these devices was included in the combined endpoint cluster. Twelve (24%) patients received
an endpoint during a median follow-up period of 6.8 years (range 5.1 - 8.1). SDNN (mean + SD: 98 + 33 vs. 133
+ 37, p < 0.01), Poincaré plot SD2 (137 £ 47 vs. 186 + 52, p < 0.01), In total power (8.6 £ 0.7 vs. 9.2 £ 0.6, p <
0.05), In ULF power (8.2 £ 0.7 vs. 8.7 + 0.6, p < 0.05) and In VLF power (7.4 £ 0.7 vs. 7.9 £ 0.7, p < 0.05) were
lower in the group with endpoints as compared with the group without endpoints, respectively. HRT did not dif-
fer significantly between these two groups, however.
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Table 1. Characteristics of IDC patients.

Age (years) 54 +13
Male/female 37 (73%)/14 (27%)
Years since diagnosis 25+28
Functional class (I/11/111, according to NYHA) 20 (39%)/28 (55%)/3 (6%)
Medication
S-receptor blockers 47 (92%)
Angiotensin converting enzyme inhibitors 41 (80%)
Angiotensin-receptor blockers 6 (12%)
Diuretics 16 (31%)
Spironolactone 1(2%)
Digitalis 10 (20%)
Warfarin 17 (33%)
Acetosalicylic acid 14 (27%)
Statins 11 (22%)
Long-acting nitrates 4 (8%)
Calcium-channel blockers 1(2%)
Other antiarrhythmic drug 1(2%)
BMI (kg/m?) 28+5
SBP (mmHg) 129 +22
DBP (mmHg) 82+12
LBBB 20 (39%)
Ergospirometry
Wiast4 (W) 123 £51
VOzmax (Ml/min/kg) 21.5+85
Gated SPECT
LVEDV (ml) 172 £90
LVESV (ml) 126 + 88
LVEF (%) 3012
Catheterization
LVEDP (mmHg) 15+8
PAPmM (mmHg) 18+7
PCWPmM (mmHg) 10+6
CI (I/min/m?2) 29+19
Clinical chemistry
NE (nmol/l) 23x12
NT-proBNP (pmol/l) 179 +£183
hs-CRP (mg/l) 28+34
IL-6 (pg/ml) 24+1.6
Echocardiography
LVEDD (mm) 65+9
LVESD (mm) 52+ 10
LVEF (%) 38+9
E/A-ratio 1.0+0.6

Data are presented as mean + SD or number (%) of patients. BMI: body mass index; CI: cardiac index; DBP: diastolic blood pressure; E/A-ratio: the ra-
tio of maximal velocities of diastolic E- and A-waves; ECG: electrocardiogram; hs-CRP: high-sensitivity C-reactive protein; IDC: idiopathic dilated
cardiomyopathy; IL-6: interleukin-6; LBBB: left bundle branch block; LVEDD: left ventricular end-diastolic diameter; LVEDP: left ventricular
end-diastolic pressure; LVEDV: left ventricular end-diastolic volume; LVEF: left ventricular ejection fraction; LVESD: left ventricular end-systolic
diameter; LVESV: left ventricular end-systolic volume; NE: norepinephrine; NT-proBNP: N-terminal pro-brain natriuretic peptide; NYHA: New York
Heart Association; PAPm: mean pulmonary arterial pressure; PCWPm: mean pulmonary capillary wedge pressure; SBP: systolic blood pressure;
SPECT: single photon emission computed tomography; VO.max: maximal oxygen consumption; Wlast4: the mean load of the last 4 minutes of exercise.
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Table 2. Ambulatory 24-hour ECG registration parameters in healthy controls and in IDC patients.

Controls (n = 38) IDC patients (n =51) p

VPC count 1448 + 2929 2638 + 5258 ns
SVPC count 54 + 221 633 + 2504 <0.01

Mean RRI (ms) 916 + 150 877 £ 117 ns
SDNN (ms) 153 + 44 124 +39 <0.01
RMSSD (ms) 41+29 30+19 <0.01
PNN50 (%) 126 £10.5 72+80 <0.01
FD 1.65 +0.07 1.59+0.09 <0.01
SD 1 (Poincare plot) 29+ 20 21+13 <0.01
SD 2 (Poincare plot) 214 + 61 174 £54 <0.01

al 1.03 £0.02 1.03+0.01 ns

a? 0.98 +0.01 0.98 +0.02 ns

Total power (In) 9.3+0.6 9.1+0.7 ns

ULF power (In) 89+0.6 8.6+0.7 ns

VLF power (In) 8.0+0.6 7.8+0.7 ns
LF power (In) 6.5+0.9 6.1+12 <0.05
HF power (In) 54+1.0 49+12 <0.05

LF/HF ratio 36+22 3722 ns

TO (%) -32+46 —34+44 ns

TS (Ms/RRI) 226+17.6 17.7+121 ns

Data are presented as mean + SD. « 1: short-term scaling exponent alpha; « 2: long-term scaling exponent alpha; ECG: electrocardiogram; FD:
fractal dimension; HF: high frequency; IDC: idiopathic dilated cardiomyopathy; LF: low frequency; PNN50: percentage of RRIs differing more than
50 ms from the previous RRI; RMSSD: root mean square of successive difference of normal RRIs; RRI: RR-interval; SD: standard deviation; SDNN:
standard deviation of normal RRIs; SVPC: supraventricular premature complex; TO: turbulence onset; TS: turbulence slope; ULF: ultra low
frequency; VLF: very low frequency; VPC: ventricular premature complex.
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Figure 1. Correlations between total power and maximal oxygen consumption (VO,max) and interleukin 6 (IL-6). Closed
circles: patients with clinical endpoints; open circles: patients without clinical endpoints.
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Table 3. Correlation coefficients between HRV, HRT and clinical parameters in IDC patients.

TP
Ergospirometry
Wilast4 0.56%***
VOsmax 0.63****
Gated SPECT
LVEDV -0.15
LVESV -0.22
LVEF 0.34*
Catheterization
LVEDP -0.06
PAPmM -0.13
PCWPm -0.32*
Cl -0.01
Clinical chemistry
NE -0.35*
NT-proANP -0.25
NT-proBNP —0.40**
hs-CRP —0.47***
IL-6 —0.49***
Echocardiography
LVEDD -0.20
LVESD -0.30*
LVEF 0.38**
E/A-ratio 0.35*

LF

0.61%***
0.60****

-0.14
-0.18
0.22

-0.01
-0.24
-0.36*
-0.10

-0.31*
-0.25
—0.38**
-0.34*
-0.39**

-0.19
-0.22
0.26
0.36*

HF

0.40%*
0.47%**

-0.21
-0.25
0.25

-0.07
-0.13
-0.38**
-0.02

-0.30*
-0.26
-0.29

-0.37**

-0.34*

-0.21

-0.26
0.32*
0.28

SD1

0.40**
0.44**

-0.14
-0.18
0.18

0.00
-0.30*
—-0.38**
-0.13

-0.33*
-0.14
-0.27

-0.43**
—-0.38**

-0.18
-0.25
0.34*
0.37*

SD2

0.46**
0.48%**

-0.14
-0.17
0.30*

-0.10
-0.13
—0.40**
-0.06

-0.34*
-0.24
—0.38**
—0.47%**
—0.50%**

-0.17
-0.29*
0.36*
0.36*

TO TS
—0.41** 0.53***
—0.40** 0.59****

0.28 -0.08
0.36* -0.15
-0.33* 0.22
-0.04 -0.15
0.13 —0.40**
0.10 —0.43**
-0.07 -0.12
0.33* -0.28*
0.17 —0.26
0.22 -0.41**
0.02 -0.29*
0.06 —0.37**
0.33* -0.09
0.28* -0.12
-0.26 0.21
—0.47** 0.42**

*p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001. ClI: cardiac index; E/A-ratio: the ratio of maximal velocities of diastolic E- and A-waves;
HF: high frequency power; HRT: heart rate turbulence; HRV: heart rate variability; hs-CRP: high-sensitivity C-reactive protein; IDC: idiopathic di-
lated cardiomyopathy; IL-6: interleukin-6; LF: low frequency power; LVEDD: left ventricular end-diastolic diameter; LVEDP: left ventricular
end-diastolic pressure; LVEDV: left ventricular end-diastolic volume; LVEF: left ventricular ejection fraction; LVESD: left ventricular end-systolic
diameter; LVESV: left ventricular end-systolic volume; NE: norepinephrine; NT-proANP: N-terminal pro-atrial natriuretic peptide; NT-proBNP:
N-terminal pro-brain natriuretic peptide; PAPm: mean pulmonary arterial pressure; PCWPm: mean pulmonary capillary wedge pressure; SD: standard
deviation; SPECT: single photon emission computed tomography; TO: turbulence onset; TP: total power; TS: turbulence slope; VOzmax: maximal
oxygen consumption; Wlast4: the mean load of the last 4 minutes of exercise.
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Figure 2. Comparison of heart rate turbulence according to the presence of left bundle branch block (LBBB). Data are

presented as mean (95% CI).
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Table 4. HRV and HRT parameters in IDC patients with and without LBBB.

LBBB (n = 20) No LBBB (n = 31) p

Mean RRI (ms) 890 + 108 869 + 124 ns
SDNN (ms) 111+ 35 133+ 39 0.051
RMSSD (ms) 24+9 34 +22 0.070
PNN50 (%) 36+27 9.6+9.3 <0.05

FD 1.58 £0.07 1.60+0.10 ns
SD 1 (Poincare plot) 17+6 24 +16 0.057
SD 2 (Poincare plot) 156 + 50 186 + 55 0.056

al 1.03+£0.01 1.03+0.01 ns

a? 0.98 +0.02 0.98 +0.02 ns
Total power (In) 8.8+0.7 9.3+0.7 <0.05
ULF power (In) 84+0.7 8.8+0.6 <0.05
VLF power (In) 75+0.7 79+0.7 <0.05
LF power (In) 56+0.8 6.4+1.2 <0.05
HF power (In) 45+0.8 52+1.3 <0.05

LF/HF ratio 3421 3922 ns
TO (%) -1.7+3.7 —45+45 <0.05
TS (ms/RRI) 12.6+9.8 21.0+125 <0.05

Data are presented as mean + SD. « 1: short-term scaling exponent alpha; « 2: long-term scaling exponent alpha; ECG: electrocardiogram; FD:
fractal dimension; HF: high frequency; IDC: idiopathic dilated cardiomyopathy; LF: low frequency; PNN50: percentage of RRIs differing more than
50 ms from the previous RRI; RMSSD: root mean square of successive difference of normal RRIs; RRI: RR-interval; SD: standard deviation; SDNN:
standard deviation of normal RRIs; TO: turbulence onset; TS: turbulence slope; ULF: ultra low frequency; VLF: very low frequency.

In univariate logistic regression analysis, mean RRI (OR 0.993; 95% CI 0.987 - 0.999, p = 0.046), SDNN
(OR 0.966; CI 0.940 - 0.993, p = 0.014), SD2 (OR 0.975; Cl 0.956 - 0.995, p = 0.013), In total power (OR 0.247,;
C1 0.077 - 0.796, p = 0.019), In ULF power (OR 0.236; Cl 0.071 - 0.783, p = 0.018), In VLF power (OR 0.349;
C10.123-0.991, p = 0.048), PCWP (OR 1.097; CI 1.011 - 1.190, p = 0.025), NT-proBNP (OR 1.003; CI 1.001
- 1.006, p = 0.003), LVEDD (OR 1.086; Cl 1.026 - 1.149, p = 0.004), LVESD (OR 1.099; Cl 1.040 - 1.161, p <
0.001), LVEDV (OR 1.010; CI 1.003 - 1.016, p = 0.004), LVESV (OR 1.013; CI 1.005 - 1.022, p = 0.001), and
LVEF (OR 0.919; CI 0.873 - 0.968, p = 0.001) were significant predictors of patient outcome (Table 5). How-
ever, the number of patients and endpoints were considered insufficient for adequate multivariate analysis.

4. Discussion

Recently, the GISSI-HF trial reported that on top of other established determinants, HRT and low-frequency
HRV had an incremental value in predicting both “pump failure” and arrhythmogenic mortality in NYHA 111 -
IV HF patients at a median follow-up of four years [26]. In the present study, HRV and HRT were associated
with many other previously established prognostic markers (i.e. ventricular dimensions and function, NYHA
class, LBBB, age, natriuretic peptides, ventricular arrhythmias, atrial fibrillation, markers of fibrosis, and left
atrial volume) of CHF in IDC patients; attenuated HRV was further associated with impaired prognosis at a me-
dian follow-up of 6.8 years (range 5.1 - 8.1) [7] [17] [20] [27]-[32]. Therefore, it seems that both HRV and HRT
are valuable in the long-term risk assessment, not only in patients with severe, but also in those with milder HF.
One of the strengths of the present study is that it was carried out in a well-defined and thoroughly studied group
of patients with DCM, with proper follow-up. These patients clearly demonstrated increased LV dimensions and
decreased LV systolic function in conjunction with both subjective and objective attenuation of cardiorespiratory
exercise capacity, as well as increased level of NT-proBNP (Table 1). Control subjects underwent echocardio-
graphy to exclude clinically significant structural and functional myocardial abnormalities.
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Table 5. Univariate logistic regression analysis for prognostic factors in IDC..

Factor OR 95% CI Wald index p value

Mean RRI 0.993 0.987 - 0.999 4.0 0.046
SDNN 0.966 0.940 - 0.993 6.1 0.014

SD2 (Poincare plot) 0.975 0.956 - 0.995 6.2 0.013
Total power (In) 0.247 0.077 - 0.796 55 0.019
ULF power (In) 0.236 0.071-0.783 5.6 0.018
VLF power (In) 0.349 0.123-0.991 3.9 0.048
LVEDD (M-m Echo) 1.086 1.026 - 1.149 8.1 0.004
LVESD (M-m Echo) 1.099 1.040-1.161 11.2 <0.001
LVEF (M-m Echo) 0.919 0.873-0.967 10.6 <0.001
LVEDV (2D Echo) 1.010 1.002 - 1.019 6.3 0.012
LVESV (2D Echo) 1.014 1.004 - 1.024 7.9 0.005
LVEF (2D Echo) 0.929 0.880 - 0.980 7.2 0.007
LVEDV (SPECT) 1.010 1.003 - 1.016 8.3 0.004
LVESV (SPECT) 1.013 1.005 - 1.022 10.3 0.001
LVEF (SPECT) 0.919 0.873-0.968 10.3 0.001
PCWP 1.097 1.011-1.190 5.0 0.025
NT-proBNP 1.003 1.001 - 1.006 8.8 0.003

RRI = RR-interval; SDNN = standard deviation of normal RRIs; SD = standard deviation; ULF = ultra low frequency; VLF = very low frequency;
LVEDD = left ventricular end-diastolic diameter; M-m = M-mode; LVESD = left ventricular end-systolic diameter; LVEF = left ventricular ejection
fraction; LVEDV = left ventricular end-diastolic volume; LVESV = left ventricular end-systolic volume; SPECT = single photon emission computed
tomography; PCWP = pulmonary capillary wedge pressure; NT-proBNP = N-terminal pro-brain natriuretic peptide.

During the era before HRT, DCM patients were reported to have lower time-domain HRV values as com-
pared with healthy controls. Moreover, low HRV was associated with NYHA class, LVEDD, LVEF and VO ;.
HRV was also associated with patient outcome at two-year follow-up [15]. In our study, 24-hour time-domain,
LF and HF components of frequency-domain, and non-linear HRV indices, excluding scaling exponents («),
were prominently lower in DCM patients as compared with controls. Our results not only agree with the study of
Yi et al. [15], but also indicate that deteriorated HRV may have prognostic value in mild to moderate IDC.
However, in the present study, HRT did not differ significantly between IDC patients and controls. Interestingly,
in the GISSI-HF trial, HRT (TS) had an incremental value in arrhythmia prediction only in the subgroup of pa-
tients with EF >30% [26]. Attenuated cardiac autonomic nervous function was previously shown to predict ma-
lignant ventricular arrhythmias and SCD in IDC patients [18] [19]. In another study of patients with DCM
treated with implanted cardioverter defibrillator, adverse outcomes were associated with NYHA functional class
and renal function [32]. In our study, HRV and HRT were widely associated with well-known markers of left
ventricular dysfunction and CHF. Furthermore, our patients with inducible VT/VF in EPS expressed signifi-
cantly lower TS and low-frequency HRV as compared with patients with no inducible arrhythmias. These ob-
servations are in line with the GISSI-HF trial.

LBBB is associated with increased mortality in CHF patients, especially those with atrial fibrillation (AF)
[27]. However, HRV and HRT cannot be determined among patients with AF. Our results confirm that in pa-
tients with SR, LBBB is strongly associated with deteriorated autonomic regulation; both are markers of im-
paired prognosis. In previous studies, the inducibility of malignant ventricular tachyarrhythmias in EPS had no
significant value in predicting the risk of severe arrhythmias and SCD [33] [34]. Nevertheless, the results of the
present study concerning the association between inducibility and autonomic nervous indices should be inter-
preted with caution; it may indicate that inducibility might well be associated with impaired autonomic balance,

(=)
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and possibly with the risk of spontaneous ventricular arrhythmias.

The patients in this study were adequately medicated; 92% of them taking pB-blockers and ACE-inhibitors or
AT-receptor blockers. It is noteworthy that many of them had improved clinically and showed increases in
LVEF after the time point of primary diagnosis, two to five years prior to the current study. According to the
guidelines, pA-blockers and blockers of the renin-angiotensin-aldosterone system form the basis of medical
treatment in patients with systolic dysfunction [35]. Effective and long-lasting treatment with these agents
probably has an important protective role in DCM. Furthermore, both B-blockers and ACE-inhibitors have fa-
vorable effects on vagal control and HRV [36] [37]. Thus, in our study, the differences in HRV parameters be-
tween the two study groups would have been even more prominent should ambulatory ECG recording was per-
formed before the start of treatment.

The results of the present study suggest a more preserved cardiac autonomic nervous tone in IDC patients
with better exercise capacity. The results also suggest that impaired cardiac autonomic control is linked not only
to depressed systolic function, but also diastolic function. Our findings also show that autonomic nervous indic-
es and elevated left atrial filling pressure are tightly coupled. The association between cardiac autonomic control,
on one hand, and filling pressures, natriuretic peptides, norepinephrine and inflammatory markers on the other
hand, can be considered as multidimensional in nature. When elevated, natriuretic peptides and filling pressures
reflect increased cardiac wall stress [38]-[40]. Furthermore, the increased cardiac load and stretch affect afferent
impulses in the autonomic nervous system. HRV and the baroreflex sensitivity are documented to improve with
cardiac resynchronization therapy. This is suggested to be due to deactivation of cardiac sympathetic afferent
reflex [41] [42], the chronic activation of which being considered as a crucial pathophysiological mechanism in
CHF.

Regarding the catecholamine response in our study, attenuated HRV and HRT may reflect the compensatory
neurohumoral activation and increased sympathetic tone. Moreover, it has been suggested that inflammatory
processes play a pivotal role in DCM and might even be involved in autonomic denervation in CHF, but the
findings have remained controversial [43]-[45]. We found significant inverse correlations between autonomic
nervous indices and hs-CRP and IL-6. Interestingly, in animal models, myocardial infarction-related damage
induces proinflammatory cytokine synthesis not only in the heart but also in the brain. This is suggested to be
due to cardiac sympathetic afferent activation. On the other hand, an intact vagus nerve seems to be required for
the full expression of proinflammatory cytokines in damaged myocardium and further in blood circulation [46].
Although there seems to be an association between the autonomic nervous and inflammatory markers in IDC,
the correlations are still far from clear.

Limitations

First of all, the number of IDC patients in the present study was limited due to the prevalence of SR. Secondly,
the incidence of endpoints was relatively small and statistically insufficient for proper multivariate regression
analyses. It is noteworthy, that IDC is a progressive disease, and the clinical course can change over time, as
well as with changes in the type and dosage of medications. Thus, the cross-sectional measurements of different
clinical parameters may limit the evaluation of the long-term prognosis. Basically, the aim of the present study
was not to assess the relative value of HRV and HRT versus other established prognostic indicators of idiopathic
DCM. This aspect clearly warrants more investigation with larger patient populations.

5. Conclusion

Impaired cardiac autonomic control correlates with other clinical and prognostic markers in patients of IDC, and
associates with patient outcome. The significance of cardiac autonomic tone impairment and other established
measures of disease progression and patient outcome still need further larger-scale studies.
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