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ABSTRACT

Background and Objectives : The traditional indexes of heart rate (HR) variability may lack the ability to detect
subtle, but important changes in HR behavior. Nonlinear heart rate variability (HRV) analysis methods that are
based on chaos theory can reveal subtle abnormalities in the HR dynamics of patients with cardiovascular diseases.
Therefore, we tested the validity of nonlinear analysis methods as markers to differentiate normal and abnormal
HR dynamics in the cardiovascular disease state. Subjects and Methods : One-hundred patients were studied: 70
patients with left ventricular dysfunction (LVD), including 40 post-myocardial infarct patients (PMI) and 30 di-
lated cardiomyopahty patients (DCM), and 30 age and gender-matched controls. One-hour, 6-hours (day and
night each) and 24 hours of R-R interval data from 24-hour Holter recordings were subjected to the conventional
time and frequency-domain analysis. The ApEn, short-term (@) and long-term (a,) scaling exponents of the
detrended fluctuation analysis (DFA) and the power-law exponent (3) were also measured. Results : Conven-
tional linear measures did not show a significant difference except for the VLF, InLF and the LF/HF ratio between
the controls and the LVD patients. Among the analyzed parameters, 5, 8, and @, were the most powerful dis-
criminators. The £ of the normal and LVD patients was -1.10£0.29 and -0.70£0.40, respectively (p<0.001),
and the @ was 1.08+0.23 and 0.81 £0.28, respectively (p<0.001). The £, /3, and @, can discriminate the etio-
logic cause of LVD. The length of the R-R interval data did not affect the result, and a significant correlation was
observed. The individual values of the fractal and complexity measures were more stable than those of the con-
ventional linear measures. Conclusion : We conclude that the measures derived from fractal and complexity met-
hods are useful for detecting altered HR dynamics of LVD and for improving the shortcomings of the conventional
measures. (Korean Circulation ] 2006,36:583—592)
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Fig. 1. Example of beat to beat heart rate dynamics of 3 hours’ duration in patients with normal and left ventricular dysfunction. Note the di-
fference in RR interval dynamics depending on the presence of cardiac disease. The aim of this study is to detect and quantify the difference of
heart rate dynamics. LVEF: left ventricular ejection fraction, PMI: postmyocardial infarction, SCD: sudden cardiac death.
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Table 1. Clinical characteristics of the study patients
Control PostMI DCM
n=30 n=40 n=30
Age (years) 55+10 55+10 55+12
Male/Female 21/9 32/8 20/10
LVEF (%) 65.5£6.2 371.6£13.1*  36.8%£9.7*
Hypertension 6 10 5
Diabetes 0 0 0
Site, MI
Anterior - 29 -
Inferior - 11 -
Drugs used
ACEI (%) 2(7) 26 (65) 22(73)
ARB (%) 0(0 9(23) 4 (13)
B-blocker (%) 2(7) 13 (33) 11 37)
Diuretics (%) 0(0 19 (48) 18 (60)
Ca-blocker (%) 8 (27) 7 (18) 3 (10)
Nitrate (%) 11 (37) 26 (65) 3(10)°
Digoxin (%) 0(0) 19 (48) 25(83)"
Ectopic ratio (%, mean)
24 hour 34%3.7 8.5+8.0" 9.1+10.3"

Data are mean =SD. #: p<0.05 vs control, T: p<0.05 vs PostMI.
MI: myocardial infarction, DCM: idiopathic dilated cardiomyopathy,
ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin
receptor blocker, LVEF: left ventricular ejection fraction
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Table 2. Difference of heart rate dynamics according to the presence of LV dysfunction and the duration of analyzed data period

1 hour 24 hours
Normal (n=30) LVD (n=70) Normal (n=30) LVD (n=70)

Time-domain measures

MEAN (ms) 770120 818 £ 146 840=* 118 834+ 139

SDNN (ms) 75+31 6832 12436 92+317

RMSSD (ms) 26.612.7 25.3=*11.1 30.8E12.5 294=£9.1

PNN50 (%) 1.57+1.95 1.08+1.20 2.84+301 2.18%£1.70
Frequency-domain measures

VLF power (ms?) 3026 £ 3160 1909+ 1848* 7998 £5246 3484+2095 T

LF power (ms?) 142+ 111 125+£135 178 = 140 145+125

LnLF 4.6910.82 4.24+1.20* 4.95+0.68 453+1.077

HF power, (ms?) 92£175 81t64 133109 114 +69

InHF 4172092 4.18+1.02 4.65+0.69 4.50%+0.80

LF/HF 2.20£1.66 3.231+2.30* 1.62£1.02 2.74+2.20%
Fractal and complexity measures

B1(<0.01 Hz) -1.65+0.37 -1.44+0.49* -1.20£0.13 -1.19£0.24

B, (>0.01 Hz) -0.99£0.48 -0.69£0.55* -1.02£0.39 -0.54+0.50F

B -1.10+0.37 -0.82 £0.44* -1.10£0.29 -0.70+0.407

a1 (<13 beat) 1.09+0.26 0.87£0.30* 1.08+0.23 0.81+0.28"

a; (>13 beat) 1.14%0.10 1.07£0.13* 1.08 =0.06 1.05+0.10

Data are mean =SD. #: p<0.05 1 hour normal vs 1 hour LVD, T: p<0.05 24 hour normal vs 24 hour LVD, F: p<0.001 24 hour normal vs 24
hour LVD. LV: left ventricular, LVD: left ventricular dysfunction, MEAN: mean of normal R-R interval (ms), SDNN: standard deviation of
the normal R-R interval (ms), RMSSD: square root of the mean squared differences of successive R-R interval (ms), pNN50: the proportion
derived by dividing the number of interval differences of successive R-R interval greater than 50 ms by the total number of R-R interval (%),
VLF: very low frequency, LF: low frequency, HF: high frequency, LnLF: natural logarithm of low frequency power, InHF: natural logarithm of

high frequency power
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Fig. 2. Difference of the time and frequency-domain parameters of 24 hours between normal and left ventricular dysfunction (LVD). The lo-
west, second lowest, middle, second highest, and highest box point represent the 10™ percentile, 25" percentile, median, 75" percentile, and
90™ percentile respectively. Means are represented by filled square. Kolmogorov-Smirnov Z score of SDNN, RMSSD, pNN50, LF, HF and
LF/HF were 0.584 (p=0.885), 2.358, 2.217, 3.054, 3.476 and 1.601 respectively which were significant (p<0.01 for all except SDNN). SDNN:
standard deviation of the normal R-R interval (ms), RMSSD: square root of the mean squared differences of successive R-R interval (ms),
pNN50: the proportion derived by dividing the number of interval differences of successive R-R interval greater than 50 ms by the total
number of R-R interval (%), LF: low frequency, HF: high frequency.
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Fig. 4. Correlation between one-hour and 24-hours fractal measures.
Table 3. Difference of HR dynamics according to the etiology of left ventricular dysfunction
1 hour 24 hours
PMI (n=40) DCM (n=30) PMI (n=40) DCM (n=30)
Time-domain measures
MEAN (ms) 842134 787£158 850*129 813+ 151
SDNN (ms) 66£28 70£37 93£30 92£32
RMSSD (ms) 26.4£10.8 23.7£11.6 289=*1.6 30.2*x11.1
pNN50 (%) 1.13£1.87 1.01+1.24 2.13£1.74 2.26£1.68
Frequency-domain measures
VLF power (ms?) 2022£2156 1758 £ 1354 3731+2192 3159+1957
LF power (ms?) 150t 145 83107 160132 122112
LnLF 4.50*1.16 3.81+1.15* 4.67£1.00 4.32+1.15
HF power (ms?) 86 =61 73 +68 12270 97 67
InHF 4.33£0.91 3.94*1.15 4.63£0.66 4.24%+1.01
LF/HF 1.51£1.58 0.86+0.64* 0.93+0.63 0.67£0.59
Fractal and complexity measures
B (<0.01 Hz) -1.33£0.48 -1.58£0.47* -1.181+0.20 -1.21+0.28
B, (>0.01 Hz) -0.79£0.52 -0.51£0.55* -0.65*£0.43 -0.40+0.577
B -0.91+0.41 -0.69 £0.46* -0.80+0.33 -0.58+0.45"
@ (<13 beat) 0.94+0.32 0.78+0.25* 0.87%£0.26 0.73+0.28"
a; (>13 beat) 1.05+0.11 1.09 +0.14 1.06 =0.07 1.04=£0.12

Data are mean +=SD. *: p<0.05 1 hour PMI vs 1 hour DCM, 1 p<0.05 24 hour PMI vs 24 hour DCM. MEAN: mean of normal R-R in-
terval (ms), SDNN: standard deviation of the normal R-R interval (ms), RMSSD: square root of the mean squared differences of successive
R-R interval (ms), pNN50: the proportion derived by dividing the number of interval differences of successive R-R interval greater than 50
ms by the total number of R-R interval (%), VLF: very low frequency, LF: low frequency, HF: high frequency, DCM: idiopathic dilated
cardiomyopathy, PMI: postmyocardial infarction, HR: heart rate, LnLF: natural logarithm of low frequency power, InHF: natural logarithm

of high frequency power
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Table 4. Day/Night variation of heart rate dynamics

Normal (n=30) LVD (n=70)
Day Night Day Night

Time-domain measures

MEAN 786+ 108 922+161% 8071143 869+ 154"

SDNN 85127 88128 78134 88+36

RMSSD 26.0£9.6 30.7+13.7 38.51+27.4 46.0t33.1

pNN50 1.71£1.82 4.26+6.02* 2.091£1.96 2.53+£2.22
Frequency-domain measures

VLF 3677+2551 3804 £2651 2739%2350 3240+2568

LF 159t 116 201+180 149t 168 158 =149

LnLF 4.82%+0.73 4.99+0.80 4.40+1.20 4.53+1.18

HF 89+ 61 173 +208* 138 =149 1951193

InHF 4.27%0.69 4.73+0.86 4.48+£1.00 4.82+1.04

LE/HF 2.24£1.53 1.54£0.85* 0.92+0.69 0.81+0.63
Fractal and complexity measures

B1(<0.01 Hz) -1.31£0.19 -1.15£0.18* -1.28+0.26 -1.20£0.29

B, (>0.01 Hz) -1.07£0.45 -1.10£0.38 -0.53£0.50 -0.55%£0.56

B -1.14£0.33 -1.15£0.28 -0.70£0.40 -0.70£0.45

ay 1.14%+0.28 1.10£0.23 0.82+0.28 0.80£0.30

a, 1.10£0.07 1.03£0.07" 1.08+0.11 ror=o.art

Data are mean+SD. #: p<0.05 day vs night in normal group, T: p<0.05 day vs night in LVD group, ¥: p<0.001 day vs night in LVD group,
§: p<0.001 day vs night in normal group. LVD: left ventricular dysfunction, MEAN: mean of normal R-R interval (ms), SDNN: standard
deviation of the normal R-R interval (ms), RMSSD: square root of the mean squared differences of successive R-R interval (ms), pNN50:
the proportion derived by dividing the number of interval differences of successive R-R interval greater than 50 ms by the total number of
R-R interval (%), VLF: very low frequency, LF: low frequency, HF: high frequency, LnLF: natural logarithm of low frequency power, InHF:
natural logarithm of high frequency power
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