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Abstract

Heart rate variability(HRV) is the clinical consequence of various influences of the autonomic nervous system(ANS) on heart beat. HRV can
estimate the potential physiologic rhythm from the interval between consecutive beats(RR interval or HRV data), but cardiovascular system
governed by ANS is in relation to respiration and autonomic regulation. It is known as RSA representing respiration-related HR rhythmic
oscillation. Because the mechanism linking the variability of HR to respiration is complex, it has so far been unknown well. In this paper, we
tried to evaluate 5-min RR interval segments under control of respiration in order to find out a proper respiration rate that can estimate the
ANS function. 10 healthy volunteers were included to evaluate 5-min HRV data under 4 different respiration-controlled environments;
0.03Hz, 0.1Hz, 0.2Hz, and 0.4Hz respiration. HRV data were analyzed both in the frequency and the time domain, with cross-correlation
coefficient(cross-coeft.) for HRV and respiration signal. The results showed maximum cross-coeff. of 0.84 at 0.1 Hz and minimum that of
0.16 at 0.4Hz respiration. Cross-coeff was decreased at a faster rate from 0.1Hz respiration. All mean SDNN, RMSSD, and pNN50 of time
domain measures were 108.7ms, 71.85ms, and 28.47%, respectively, and LF, HF, and TP of frequency domain measures were 12,722ms?,
658.8ms’, and 7,836.64ms” at 0.1Hz respiration, respectively. In conclusion, 0.1Hz respiration was observed to be very meaningful from
time domain and frequency domain analysis in relation to respiration and autonomic regulation of the heart.
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Fig. 1. 5-min HRV tachograph(top) and respiration cycle(bottom).
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Table 1. HRV time-domain measurements.
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Table 3. HRV results for 10 healthy volunteers.
a) Time-domain HRV results.

Time domain

RR SDNN RMSSD pPNN50
breath/
in) 2 ) 12 24 2 6 12 24 2 6 12 24 2 6 12 24
subject
1 608.8 7265 7151 7266 472 61 449 356 323 298 232 213 22 7.7 5 2.2
2 762.8 776 760 7539 805 85  61.1 507 405 476  56.1 21 99 217 21 17.8
3 7124 8284 776. 771 37 995 733 458 13 61 62 33 05 303 28 9.5
4 703.4 808.1 7067 7443 822 113. 427 1027 325 658 341 101.2 9.1 33.5 11 14
5 918  991.1 924 9702 109.6 14y 1175 846 561 1041 83.2 65 245 487 444 326
6 827.3 8603 7815 8724 955 1653 136 1301 737 1138 167 1074 212 472 521 41.6
7 7124 8251 7337 7832 1021 1332 753 466 466 782 529 264 92 351 24.4 4.4
8 719.8 7759 7047 7773 528 140 462 378 466 782 529 264 9.2 351 24.4 4.4
9 8029 7291 7409 781.1 85.7 58 486 39 332 346 203 268 102 9.4 25 23
10 6951 9473 9135 8429 779 909 77.6 549 295 474 414 298 55 245 152 103
b) Filrgo HRVEAMZ DL
b) Frequency-domain HRV results.
Frequency domain
LF HF P R(LF/HF)
eath/
in) 2 6 12 24 2 6 12 24 2 6 12 24 2 6 12 24
subje
i 721 1847 9746  686.8 103.9 1891 2021 97.3 36153 39247 29121 2250.6 6.9 9.8 48 70
2 2402.7 12945 1448 1749 1075 847 642 838 4961.1 16191 4826 11522 224 153 23 21
3 11224 9500.6 1823 1872 349 3473 3986 2152 15423 14961 7191  517.7 322 27 05 09
4 2383 6201.3 7017  227.1 81 4484 977.8  69.6 5391.6 12072 31404  857.7 294 13.8 07 33
5 1804 12722 2930 1875.8 4244 8959 8490 3405 4081.5 14289 12884 10528 43 142 04 06
6 2476.6 94529 1422 16668 3777 7739 1670 498.6 8421.9 13032 74644 34687 6.6 1221 09 33
7 1621.5 74282 1513 1003  111.8 2966 3907 127.7 43395 8331.2 7457 1970.8 145 250 04 76
8 4358 37158 3182 3156 16 2181 9207 1005 774 4648.6 1524.6 993  27.3 17 04 3.1
9 2038.6 31495 3157 4459 1028 1644 634 184.8 36106 3867.8 12402 11074 198  19.2 05 24
10 4903 1163.2 6533 919 488 434 1144 837 6353 1621 11569  336.3 10 268 57 1.1
o) Aot EME D)
¢) Cross correlation factor results.
Correlation factor
oot (breath/min) 2 12 24
1 0.08 0.6321 0.1853 0.0389
2 0.25 0.7238 0.4522 0.1657
3 0.21 0.8066 0.4945 0.2742
4 017 0.8408 0.5659 0.0309
5 0.23 0.6444 0.3508 0.0564
6 0.14 0.7398 0.5378 0.0505
7 0.20 0.7209 0.4526 0.1970
8 0.31 0.5075 0.5323 0.4839
9 0.27 0.6011 0.2754 0.2764
10 0.25 0.5327 0.1831 0.0448
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Fig. 2. Time-domain parameters based on breathing cycle.
(a) RR interval(ms), (b} SDNN(ms), (c) RMSSD(ms), {d)} pNN50(%).
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Table 4. Mean value of time-domain parameters based on respiration cycle.
RRZFZ3(ms) SDNN(ms) RMSSD(ms) PNN50(%)
29| 746.27 77.04 37.72 9.51
(0.03Hz) (917.97/608.75) (109.58/36.95) (73.69/12.89) (24.46/0.47)
69l 826.78 108.70 71.85 28.47
(0.1Hz) (991.12/726.48) (165.32/58.01} (136.13/29.83) (48.68/7.73)
12¥] 775.59 75.02 57.65 21.74
(0.2Hz) (924.04/704.68) (163.03/42.65) {(166.98/20.30) (52.09/2.45)
243 802.30 62.78 49.10 16.34
(0.4Hz) (970.16/726.63) (130.11/35.55} (107.35/21.32) (41.57/2.18)
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Fig. 3. Four different respiration cycles and their HRV PSD.

(a) 0.03(breath/sec), (b) 0.1(breath/sec), (c) 0.2(breath/sec), (d) 0.4(breath/sec).

S0}, ol 470 A9 5ol 71~a FU¢ 249 dolg
£ g% U Sgon, 29 077 AL AFNE A2
=]

IWECEEE
F3& BE AP 1080] Bl HRVEHAZE ekl Aol

o, Fogd, ARIA A2 FEIIGETY B4 B
FF710] W& HRVAIZ9 S #2}ulE)(RR, SDNN, RMSSD,
pNN50)2] 37 dlo]E o} HthA] D 3 Ax] o] Aot} £ 63]
(0.1Hz)8] 3557l BE getuge] HaArt ve 25
Z7190 vld) 7V EA Jelgth SDNN2 0.1Hz9] E5F7]9)
A B 108.70ms, Hd] 165.32ms, H24 58.01ms 21} 0.4Hz
A= H T 62.78ms, AtH 130.11ms, F 4 35.55ms 2 2% 5o}
0.1Hz® 0.03Hz, 0.4Hzol| W3} 71} 22 @& HAFTh
RMSSD$ pNN50% 0.1HzollAe #Hifol ztzt 71.85ms,

S5 SEFTVI0| W Foprye] Me 22 ololH (/a1
Table 5. Frequency-domain analysis based on respiration rate.
TEFI LF(ms2) HF(ms2) TP(ms2) R=LF/HF
29| 1549.58 140.88 3737.32 17.33
(0.03Hz) (2476.60/435.79) {424.44/15.99) (8421.90/635.33) (32.16/4.25)
6% 5647.51 658.80 7836.64 15.61
(0.1Hz) (12722/1163.2) (3473.50/43.38) (14961/1619.10) (26.82/2.74)
129 7795.50 1386.307 3226.98 1.64
{0.2Hz) (2930.90/144.841) (8490.20/64.23) (12884/482.60) (5.71/0.35)
242} 667.21 486.67 2318.25 3.17
(0.4Hz) (1875.80/91.92) (3405.50/69.58) (10528/3336.34) (7.85/0.56)
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Fig. 5. Cross correlation analysis between HRV data and respiration rate.
(a) 2 breaths/min(0.03Hz), (b) 6 breaths/min(0.1Hz), (c) 12 breaths/min(0.2Hz), (d) 24 breaths/min(0.4Hz).
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Table 6. Mean cross correlation factors based on respiration rate *(Max/Min).
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