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Abstract

The respiratory pattern influences the power spectrum of heart rate variability and therefore control or
monitoring of respiration is needed. The effect of the dead space induced by the face mask used in the
expiratory gas exchange analysis on the measurement of heart rate variability was evaluated in 22 subjects
(15 males and 7 females aged 39-76 years, mean 42 years) using electrocardiography recorded for 5 min
during spontaneous respiration under the conditions of supine rest, sitting on the bicycle ergometer with
and without a face mask. The power spectrum of heart rate variability was obtained by the coarse-graining
spectral analysis (CGSA) method and the total power (TP: 0-0.5 Hz), low frequency component
(LF : 0-0.15 Hz), high frequency component (HF : 0.15-0.50 Hz), HF/TP and LF/HF were measured.
The volume of the face mask was 320 m/ and the tidal volume during sitting with the face mask was 596
+110 m! (444-808 ml).

The value of LF/HF increased from supine rest to sitting in accordance to the change of body position
(»<<0.05), but the value of LF/HF when sitting with the face mask decreased to the level during supine
rest. The value of HF/TP decreased from supine rest to sitting (p<<0.05), but when sitting with the face
mask returned to that during supine rest. To evaluate the effect of tidal volume, the subjects were divided
into two groups (each of 11 subjects) by the median value of tidal volume (570 m/). The value of LF/HF
decreased from supine rest to sitting with the face mask in the smaller tidal volume group (tidal volume
<570 ml) (p<<0.02). Moreover, there was a significant correlation between the change of the value of LF
from supine rest to sitting with the face mask and the tidal volume (r=0.44, p<0.05).

There results suggest that the power spectrum of heart rate variability is strongly influenced by the dead
space induced by the face mask used in expiratory gas exchange analysis. In particular, the sympathetic
activation from supine rest to sitting in subjects with the smaller tidal volume is unclear. Thus, interpreta-
tion of the results of heart rate variability with or without the face mask used in expiratory gas exchange
analysis requires care.
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Selected abbreviations and acronyms

CGSA =coarse-graining spectral analysis
HF=high frequency component
LF=low frequency component
TP=total power
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Fig.1 Time-series of R-R interval (left) and power spectral analysis (right) of a representative subject under the three

experimental conditions

Table 1 Heart rate variability measurements under the three experi-
mental conditions

Table 2 Heart rate variability measurements in
subjects with TV =570 m!/

R S S+M R S S+M

Mean R-R mtt(:;v::c) 907£110 880109 831+118 Mean R-R mte(:rrnvsaelc) 930+115 916+110 859+ 128
SD (msec) 25.8+9.2 33.0£11.6 26.8+8.2 SD (msec) 24.41+10.7 340+12.8 27.0%8.1

Ln TP 5.37+0.92 6.011+0.84* 5.60£0.63 Ln TP 533%1.16 6.08£0.83 5.6210.67
LnLF 3.58t1.34 4.5411.24* 3.54+1.36 LnLF 3.64%+1.37 4.54+1.12 4.03+1.02
Ln HF 293%1.11 2.85%1.18 3.44£1.01 Ln HF 2.75%+1.28 297+1.45 3.58%1.13
Ln HF/TP —244+094 —3.17+1.08% —2.19£0.76 Ln HF/TP —2.58+0.89 —3.12+0.96* —2.10+0.85
Ln LF/HF 0.68+1.39 1.71+£1.26% 0.13%+1.36 Ln LF/HF 0.89+1.25 1.57+0.91 0.51%+1.08

Values are mean * standard deviation (SD). *p<0.05 S vs S+M, p<
0.05R vs S, $p<0.01 S vs S+M.
Ln=natural logarithm. Other abbreviations as in Fig. 1.
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Values are mean+SD. *p<<0.05S vs S+M.
TV =tidal volume. Other abbreviations as in Fig. 1, Table 1.
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Table 3 Heart rate variability measurements in subjects
with TV <570 m/

R S S+M

Mean R-R interval

(msec) 885+106 846101 803+107
SD (msec) 27.1£7.8 32.1+10.8 26.61+8.6
Ln TP 5.41£0.65 5.93+0.87 5.57+0.60
LnLF 3.52+1.38 455141 3.06+1.51
Ln HF 3.11+0.95 2.73£0.89 3.30+0.90
Ln HF/TP —230+1.00 —3.23%1.23 —227+0.70
Ln LF/HF 047£1.55 1.84+1.56* —0.24£1.55

Values are mean+SD. *p<0.02 S vs S+M.
Abbreviations as in Fig. 1, Tables 1, 2.
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Fig. 2 Relationship between change of natural logarithm low fre-

quency from S to S+M and tidal volume
Abbreviations as in Fig. 1, Tables 1, 2.
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