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The Usefulness of Portable 24-hour Polygraphic Monitoring
—Evaluation of Autonomic Nervous Activity of the Patients with Ischemic
Heart Disease by Using Heart Rate Variability During Sleep—

Michiru ApacHl

The Department of Bioclimatology and Medicine (Divector : Prof. T. Yanaga),
Medical Institute of Bioregulation, Kyushu University, Beppu 874

Portable 24-hour polygraphic monitorings were performed on 109 cases with neurological or
cardiovascular disorders, sleep disturbances and metabolic diseases to clarify its usefulness and
limitations. Moreover, an evaluation of autonomic nervous activity was done in different stages
of sleep in normal young (n = 9), normal middle-aged subjects (n = 8) and patients with ischemic
heart disease (n = 7) using power spectral analysis of heart rate. The parameters recorded in this
study were electroencepharogram(EEG), electrooculogram, electromyogram of chin muscles,
electrocardiogram, respiratory curve, walking pulse and body position. Using polygraphic
monitoring, the patients with cardiac arrhythmia showed abnormal EEG in 209 and those with
neurological events in 86.79%. The improvement of sleep structure was found after pacemaker
implantation in the patients with bradyarrhythmias (75%). Time spans of slow wave sleep and
REM sleep of patients with ischemic heart disease decreased significantly from 120.9 +40.6min to
79.1+25.3min, 112.8+16.5min to 63.6+23.6min, respectively (p<0.05). RR50, that is number of R
-R intervals greater than 50msec compared to the preceding R-R interval, decreased significantly
in each stage of sleep in the patients with ischemic heart disease compared to normal subjects
(stage 2: 18.3+6.1/min to 3.8+3.0/min, p<0.01; SWS: 7.8+8.0/min to 3.2+2.5/min, p<0.05;
REM: 17.946.0/min to 4.4+4.3/min, p<0.01). The HF power in all stages of sleep showed a
trend of the decrease in the patients with ischemic heart disease. In REM sleep, the LF power in
patients with ischemic disease was lower significantly compared to that in normal middle-aged
subjects (6.1+3.2 to 12.1+4.1, p<0.05). The L/H ratio also decreased significantly (1.08£0.30 vs.
2.35+1.03, p<0.05). The slope of 1/f* above 0.15Hz in IHD patients was less in stage 2 (-0.404 +
0.280 vs. -0.849+0.183, p<0.01) and in REM sleep (-0.29440.368 vs. -0.6650.291, p<0.05).

Above results suggest the involvement of a decrease of sympathetic activity in addition to
decrease of parasympathetic activity especially in REM sleep in the patients with ischemic heart
disease.

In conclusion, polygraphic monitoring is useful for a detection of abnormality of EEG and an
evaluation of autonomic activity in cardiovascular disorders.
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Table 1 Summary of polygraphic monitoring

Cases in which heart rate variability

was measured 26 cases
Normal young subjects 9 cases
Normal middle-aged subjects 8 cases

Patients of ischemic heart disease 7 cases
Patients of hypertension 2 cases

Cases in which heart rate variability
was not measured 83 cases
Cases of arryhthmic patients 60 cases(55.9 %)

VPC - SVPC 16 cases
Af - AF 12 cases
SSS 4 cases
block 1 cases
post PMI 4 cases

Poor recording in ECG 12 cases(11.0 %)

Poor recording in EEG 11 cases(10.1.%)

VPC: ventricular premature beats, SVPC: su-
praventricular premature beats, Af: atrial fibrilla-
tion, AF: atrial flutter, SSS: sick sinus syndrome,
PMI : pacemaker implantation.
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Fig.1 The recordings of portable 24-hour poly-
graphic monitoring. Six-channel physio-
logical signals, including 2 channel EEG
(C,/A, and 0,/0,), ECG (Lead 2), respira-
tory wave, electrooculogram (EOM),
electromyogram (EMG) were monitored.
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Table 2 Clinical characteristics of patients with ischemic heart disease
Pt Age Gender Clinical Risk CO LVEF CTR Drug
(No.)  (yrs) diagnosis  factor  (1/min) (%) (%)
1 53 M OMI HCT 5.40 35 57.0  aspirin 80 mg
2 54 M OMI S 6.11 27 53.0 dipyridamole 75 mg
aspirin 80 mg
metildigoxin  0.1mg
3 56 F OMI S, T 4.42 62 50.0 diltiazem 90 mg
nitroderm 2 seats
trapidil 150 mg
4 74 F OMI 3.99 64 55.7  dipyridamole 75 mg
disopyramide 300 mg
5 62 F AP H,CT 5.95 71 54.7  dipyridamole 75 mg
' aspirin 80 mg
6 63 M AP HCT 4.19 68 49.6 no drug
7 71 M AP 3.90 83 42.6 no drug
Mean 61.9 4.85 58.6 52.3
SD 6.7 0.87 18.6 4.01 |

LVEF : left ventricular ejection fraction, CO: cardiac output, CTR : cardiothoratic ratio, H : hypertension
(Systolic blood pressure is above 160 mmHg and/or diastolic blood pressure is above 95 mmHg.), C:
hypercholesteremia (above 230 mg/dl), T : hypertrigricemia (above 150 mg/dl), S : smoker (above 10 pieces/

day).
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Table 3 Diagnostic efficacy of polygraphic monitoring

Clinical Number of Diagnosis of Positive
diagnosis cases polygraphic rate
monitoring
1) Neurological disorders
cerebrovascular 9/11 slow wave 81.8%
disease
inflammatory 1/1 slow wave 100 %
disease
epilepsy 1/3 spike and wave 33.3%
sustained )
vegetable 2/2 slow wave 100 %
state
2) Disorders during sleep
sleep apnea 9/15 apnea 60.0 %
syndrome
narcolepsy 1/1 sleep onset REM period 100 %
. sleep attack
» 3) Cardiovascular disease
Cheyne-Stokes 1/1 apnea 100 %
respiration :
arrhythmias 1/5 slow wave’ 20 %
(sick sinus syndrome,
block)
pacemaker 3/4 improvement of 75 %
implantation sleep structure
4) Metabolic disorders
diabetes mellitus 3/4 decrease of heart 5%

rate variability
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Table 4 Characteristics of sleep structure

young middle-aged IHD p-value
subjects subjects
(n=9) (n=8) n=7) Y vs. M Y vs. IHD M vs. IHD
TST(min) 463.1458.9 453.3+76.0 361.7+133.6 " NS NS NS
ST 2(min) 170.9+46.8 187.3+49.3  160.4+98.8 NS NS NS
SWS(min) 120.94+40.6 105.1+44.0 79.1+25.3* NS p<0.05 NS
REM(min) 123.6+29.7 112.8+16.5 63.6+23.6*** NS p<0.01 p<0.01
% ST 2(%) 36.8+8.1 41.1+5.9 41.0+13.6 NS NS NS
% SWS(%) 26.0+7.6 22.9+8.1 22.9+6.4 NS NS NS
% REM(%) 26.4%5.0 25.0£2.5 18.1+7.1 NS NS NS
SL(min) 26.2+28.6 33.5+18.0 17.6+13.7 NS NS NS
RL(min) 65.6£27.2 62.6+19.4 87.3+79.1 NS NS NS
WASO(min) 6.0%9.3 11.2£11.0 21.9£23.7 NS NS NS

Mean=SD, TST: total sleep time, ST 2: stage 2. SWS: slow wave sleep (stage 3+4), REM: rapid eye
movement sleep, SL : sleep latency (time span from bed-rest to stage 2 sleep onset), RL : REM latency (time
span from stage 2 sleep onset to REM sleep onset), WASO : wakefulness after sleep onset. Y : young subjects,
M : middle-aged subjects, IHD : patients of ischemic heart disease.

*: p<0.05(Y vs. IHD), **: p<0.01(Y vs. IHD), *: p<0.01(M vs. IHD).
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Table 5 Changes of respiratory rate, heart rate and heart rate variability in each sleep stage

young middle-aged IHD p-value
subjects subjects patients Y vs. M Y vs. IHD M vs. IHD
(n=9) (n=8) (n=7)
QW RR 17.8+3.5 16.4+1.2 15.0%£3.0 NS NS NS
HR 64.5£9.0 64.0%£7.1 57.6+6.8 NS NS NS
RR50 14.8%5.8 10.1£7.7 4.0+1.4° NS p<0.01 NS
CcvV 3.7£0.73 3.6x1.2 3.2+1.0 NS NS NS
ST2 RR 14.8+2.0 15.1£1.8 14.6+3.2 NS NS NS
HR 58.3%£9.1 60.4+5.8 56.6+8.4 NS NS NS
RR50 18.3%6.1 7.9+8.12 3.8+3.0° p<0.05 p<0.001 NS
Cv 4.5x+1.1 3.5£0.9 2.6+0.5° NS p<0.01 NS
SWS RR 15.2+2.4 15.3£1.6 14.2+4.3 NS NS NS
HR 60.8+13.0 61.8+6.8 56.4+9.3 NS NS NS
RR50 17.1£9.0 7.818.0% 3.2+2.52 p<0.05 p<0.05 NS
Cv 3.1x1.2 3.7£1.9 2.5%£1.0 NS NS NS
REM RR 15.6+1.8 16.4x1.6 14.8+2.7 NS NS NS
HR 58.9+8.5 61.4%+5.3 55.6£8.4 NS NS NS
RR 50 17.9+6.0 7.6£7.3* 4.4+4.3° p<0.05 p<0.01 NS
cv 4.7+£1.1 4.4+1.5 2.8+0.7° NS p<0.01 NS

Mean=+SD. QW : quiet wakefulness, ST 2: stage 2, SWS: slow wave sleep,

0.001(Y vs. IHD).

The unit of HR, RR and RR 50 is beats per minute.

REM : rapid eye movement
sleep, RR : respiratory rate, HR : heart rate, a: p<0.05(Y vs. M and IHD), b: p<0.01(Y vs. IHD), c: p<

S
—— M
HR RR HRV(RR50) HRV(CV) o1
85 25 30 5
bpm /min /min % A A
e l"l
25 aF N /A
<
20 - 20 v
Pe A 3t \:/0
60 b A 3 - -
Y Ta 2
15 - 10 b . .
f e |
55 T T T 10 T T 1 0 T T T o | B E— T
Q 2 s R Q 2 s R Q 2 s R Q 2 S R

Q : Quiet wakefulness
2 : Stage 2

S : Slow wave sleep

R : REM sleep

*:P<0.05(Yvs. M)
** P <0.01(Yvs. M, IHD)
# P <0.001(Y vs. M)

Fig.2 The average of heart rate, respiratory rate and heart rate variability (RR50, CV) in young,
middle-aged subjects, patients with ischemic heart disease (IHD). Heart rate variability
reduced due to aging and ischemic change, HR : heart rate; RR: respiratory rate; HRV :
heart rate variability: Y : normal young subjects; M: normal middle-aged subjects; I:
patients with ischemic heart disease; QW : quiet wakefulness; 2: stage 2; S: slow wave
sleep; R: REM sleep.
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Fig.3 The illustration of sleep stage, respiratory rate and FFT power spectra of 53-years old normal
male over a night. Spectral analyses were done every 5-minutes in such a case. Respiratory
peak of FFT power spectra and respiratory rate were changed with different sleep stage.
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Fig.4 The arithmetic average of power spectra

in each sleep stage in a normal middle-
aged subject. Respiratory peak in power
spectra was most prominent in slow wave
sleep (SWS). L.F: frequency of the high-
est power (peak power) in the low fre-
quency area (0.07-0.09); H.F: frequency
of the highest power in the high frequency
area (0.15-0.4); L.F. Power: peak power
in the low frequency area; H.F.Power:
peak power in the high frequency area;
LFPA : power of the low frequency area ;
HFPA : power of the high frequency area ;
LF: HF ratio: the ratio of the low fre-
quency to high frequency area; T.Power:
total spectral power below 0.4 Hz; QW :
quiet wakefulness; SWS : slow wave
sleep ; REM : rapid eye movement sleep.
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Table 6 Changes of heart rate spectral values in each stages during sleep

young middle-aged IHD value
subjects subjects patients Y vs. M Y vs IHD M vs. IHD
(n=9) n=28) (n=7)
QW LF 15.9+5.9 18.0+£16.2 16.7%x13.9 NS NS NS
HF 8.2+2.7 15.1+17.0 15.8+12.9 NS NS NS
L/H 2.00+0.92 1.52+0.60 1.16%0.23 NS NS NS
ST2 LF 11.4£3.4 8.6+2.8 6.3+2.8* NS p<0.05 NS
HF 9.8+4.6 7.4+4.4 5.4%2.5 NS NS NS
L/H 1.27+0.42 1.39+£0.51 1.2240.31 NS NS. NS
SWS LF 10.0£3.0 6.9+3.6 4.944.0* NS p<0.05 NS
HF 9.8+6.3 7.1+5.4 4.3+3.6 NS NS NS
L/H 1.24+0.62 0.97+0.36 0.97%0.13 NS NS NS
REM LF 13.0£3.9 12.1£4.0 6.1+£3.2*% NS p<0.05 p<0.05
HF 8 7£3.2 6.5£3.8 5.7+2.6 NS NS NS
L/H 1.58+0.50 2.35+1.03 1.08+0.30** NS p<0.05 p<0.05
mean=+SD

QW : quiet wakefulness, ST 2: stage 2, SWS: slow wave sleep, REM : rapid eye movement sleep, Y :
young subjects. M : middle-aged subjects, IHD : ischemic heart disease, LF : power of low frequency area.
HF : power of high frequency area, L/H: L/H ratio.

The values of LF and HF are 1X10°BPM?/Hz. *: p<0.05(Y vs. IHD). *: p<0.05(M vs. IHD).

} Y (n=9) M (n=8) I (n=7)
Ea0 3 e 30 3 a0 3
b g
5
e 25 =
12
11
5.0 -
0.0 B T T Y 0.0 ! ! L 0 0 T T T 0
Q@ 2 s R @ 2 s R Q 2 s R
*: P<0.05 (Y vs. I)
**: P«0.05 (M vs. I)
Q : Quiet wakefulness
2 : Stage 2
S : Siow wave sleep
R : REM sleep
Fig.5 The average power (1X102 BPM?/Hz) of heart rate spectral analysis in young, middle-aged

subjects and patients with ischemic heart disease (IHD) in each sleep stage. The LF power and
L/H ratio of IHD patients are decreased significantly in REM sleep. Y: normal young
subjects; M : normal middle-aged subjects; I: IHD patients; Q: quiet wakefulness; 2:
stage 2; S: slow wave sleep; R: rapid eye movement sleep.
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Fig.6 The 1/f* fluctuations of the FFT power spectra in each sleep stage in a healthy middle-aged
female. Ordinate and abscissa show a logarithmic scale. The 1/f* slope was calculated below
0.15 Hz and above 0.15 Hz separately.
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Fig.7 The 1/f* fluctuations of the FFT power spectra in a patient with old myocardial infarction.
The slope above 0.15 Hz was positive in SWS and REM.
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Table 7 Slopes of 1/f fluctuations
ygung midcge-aged IHD p-value
jects subjects atient:
e n=8) =7, YveM YvsIHD My IHD
qw <O-15Hz —0.61830.128  —0.808+0.328 —0.640:0.444 NS NS NS
20.15Hz —0.794+0.373 —0.530+0.279 —0.26020.243 NS NS NS
grg <O-15Hz —0.78830.188 —0.858+0.219 —0.819:0.304 NS NS NS
20.15Hz —1.0240.301 —0.849+0.183 —0.404:-0.280* NS p<0.01 NS
sws <O-15Hz —0.760+0.173  —0.749%0.103 —0.787+0.356 NS NS NS
20.15Hz —0.907+0.243 —0.8070.106 —0.50520.330 NS NS NS
pey <O-18Hz —0.808+0.126  —0.991:£0.276 —0.941%0.341 NS NS NS
20.15Hz —1.0140.257 —0.665+0.291 —0.204+0.368** NS p<0.05 NS
Copg <0-19Hz —0.789+0.134  —0.22830.227 —0.680:£0.360 NS NS NS
otal >0.15Hz —0.973+0.251 —0.626+0.255 —0.228+0.130* NS p<0.01 NS

Mean+SD. The values are log;, (BPM?/Hz)2.

QW : quiet wakefulness. ST2: stage 2, SWS: slow wave sleep, REM : rapid eye movement sleep. Total : The mean

value of QW. ST2. SWS and REM. Y : young subjects.
disease. *: p<0.01, **: p<0.05.
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Fig. 8
patients in each sleep stage Above 0.15

. M : middle-aged subjects. IHD : patients of ischemic heart

Freq. 20.15Hz

-
-

*: P<0.01
**: P<0.05

Q : Quiet wakefulness
2 : Stage 2

S : Slow wave sleep

R : REM sleep

The average of 1/f* slopes of the FFT power spectra in young, middle-aged subjects and IHD

Hz, the slopes of IHD patients were less than those of

another two groups. Q: quiet wakefulness; 2: stage 2; S: slow wave sleep; R: rapid eye

sleep; T : total power of sleep.
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