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Heart Rate Variability in Patients with Coronary Artery Disease*
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Abstract - This study 1s based on previous information regarding reduced cardiac vagal actvity 1n patients
with coronary artery disease(CAD), on reduced vanance(SDNN : standard deviatton of all normal RR
intervals), low-frequency power(LF), and the complexity of heart rate variablity(HRV) 1n patients with chromic
heart failure(CHF), and on the normalized high-frequency power of HRV 1s the highest in the nght lateral
decubitus position among 3 recumbent postures in patients with CAD, However, nothing is known about the
nonlinear dynamics of HRV for the 3 recumbent postures in patients with CAD, To investigate the linear and
non-linear characteristics of HRV m patients with CAD, 29 patients as CAD group and 23 patients as control
group were studied. Electrocardiogram(ECG) with lead II channel was measured on these patients for 3
recumbent postures i random order. The HRV from ECG was analyzed with linear method(for time and
frequency domaimns) and nonlinear method, The lower the high-frequency power in normalized unit(nHF) in
the supme or left lateral decubitous position, the higher the increase in nHF when the position was changed
from supine or left lateral decubitous to right lateral decubitous, Among the 3 recumbent postures in patients
with severe CAD, the right lateral decubitus position was observed to induce the highest vagal modulation,
the lowest sympathetic modulation, and the highest complexity of human physiology system.
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Qo : ¥ ATE FFFY A (coronary artery disease : CAD) #Ate) A7 RRANA B3 Ahdly, ¢
d A% (chronic heart failure : CHF) ##}¢] Alahg o] E(heart rate vanability : HRV)ellX 4 RR 3142
EXHSDNN : standard deviation of all normal RR intervals)® Ao t¥e] AH 2% EH(low-frequency
power : LF), Z12|3 H3Ao] 7rA43H, CAD #zle] $502 F¢ AAdA HRVS FASE nFad 99
AZ 23 E (normalized high-frequency power : nHF)7} 37FA] & 24 oA 74 Eobe AFE AR &
Azt Al 712 & AAe] digk HRvY vl E B4 &zl vt glerz, B dFdxe ddsHAd
FAES Y oE F& AAoA] HRVY A3 v AFE9E FAREY. o] BAS f5ty, AFsHEaT
2038 SAIT 23HE g Al 7k T AAdIN HATY Lead I AdE 5AF H, AdE2FE 4t
TR AYEARNYGH Fa5dd) T vdGgELE B FulE v A4 e HFE502 £
AA oA Autgdolze] nHF7F U &35, o] ANEZRE $508 FF AA2 A8E o nHF7} BS
Z718tgd. 559 BAENAT FAY A 71X T AA FolA, $E202 T AAe AAFREANEA
BATE 71 B, ARARAAA Y Gxs Mg EA, 28 YA 2] EZAL M =4 =TS
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1. Introduction

One of the most interesting non-invaswve
diagnostic methods increasingly used in medicine
1s analysis of heart rate varablity(HRV) [5, 12].
It has been reported that HRV is related to
autonomic nerve actvity and 1s used as a chnical
tool to diagnose cardiac autonomic function in
both health and disease {14], In patients with
coronary artery disease(CAD), reduction of the
cardiac vagal activity evaluated by spectral HRV
analysts was found to correlate with the angiographic
severity [6]. The reduction of variance(SDNN .
standard deviation of all normal RR ntervals) and
low-frequency power(LF 0.04-0.15 Hz) of HRV
seem related to an increase m chronic heart
fallure(CHF) [3). The LF of HRV 1s decreased or
absent in CHF patients with advanced disease
and 1s related to the progression of the heart
failure, The complexity of HRV seems reduced in

CHF, In particular, the approximate entropy

(ApEn) [11], a measure of complexity, is lower 1n
CHF patients than in controls, Patients with CHF
were reported to prefer the night lateral decubitous
posttion during sleeping, which attenuates
sympathetic tone presumably due to an increase
in cardiac output [8, 9, 10I. The normalized high-
frequency power of HRV(nHF) 1s the highest in
the right lateral decubitus position among 3
recumbent postures in patients with CAD [6),
Moreover, the mortality risk from acute myocardial
infarction is lower in patients with higher vagal
modulation [1, 6], However, there have not been
reported on non-linear characteristics of HRV for
recumbent postures in patients with CAD,
Therefore, we intended to find the linear and
non-linear charactenstics of HRV depending on 3

recumbent postures in patients with CAD,

2. Method

For 74 patients with mild to severe CAD, who



have stenosis of luminal narrowing) 50% were
recrutted as the CAD group, the others were
classified as the control group. They were
instructed not to drink caffeinated beverages for
more than 12 hours before ECG signals recording,
Thus signals were recorded at Einthoven’s Lead-II
channel(right arm electrode ' negative pole, left
leg electrode . positive pole, right leg electrode :
ground) with electrocardiograph(Model EKG-3000,
Bionet Inc, Korea) during 5 minutes for each 3
recumbent postures with random order; supine,
right lateral decubitus, and left lateral decubitus
positions, Before recording ECG signals, patient
took 5 munute rest for each recumbent posture to
prohibit transient response of autonomic nervous
system due to changing recumbent posture,
Including 20 minutes needed in attaching and
removing electrodes, about 50 minutes took for

each patient in this study,
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Figure 1. Flow chart of recording and processing the ECG
signal in order to obtain data for HRV
analysis[ECG = electrocardiogram, QRS complex
= QRS waves in ECG, NN data = normal RR data
after ejecting ectopic beats; HRV =heart rate
variability]

BYSUTS BXIO HUEHOE 97

The analog signals measured were converted
to digital signals with sampling frequency of 500
Hz and resolution of 4,88 ¢V/LSB, The HRV
derived from the ECG was analyzed with time
domain, frequency domain, and non-linear
methods (see Figure 1), For statistical analysis, 29
patients in CAD group and 23 patients 1n control
group were finally selected from the 74 patents,
Informed consent was obtamed for the patients

before experiment,

3. Results and Discussions

For CAD group, the approximate entropy(ApEn)
as a non-linear measure of HRV was higher in
the night lateral decubitus position than in the
supine posttion significantly(p=0,026), This means
that the complexity of the cardiovascular system
is higher in the right lateral decubitus position
than that of the supine position. In general, the
complexity of cardiovascular system for healthy
subjects is higher than that of the patients [4, 13,
15]. Miyamoto et al, demonstrated that patents
with CHF dunng sleeping preferred the nght
lateral decubitus position, in which the imbalance
of cardiac autonomuc nervous activity was
attenuated [10], Therefore, the right lateral
decubitus position 1s beneficial to those in
patients with CAD or CHF.

There was a tendency that total power(TP * <
0.4 Hz), very low-frequency power(VLF * <0,04
Hz)), and low-frequency power(LF - 0.04-0.15
Hz) were lower in the right lateral decubitus
position than in the supine position(p{0.1),
There was a tendency that nHF(high frequency
power(HF 0,15-0.4 Hz) in normalized unit(=100
XHE/(TP-VLF)) was higher in the right lateral
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decubitus position than in the supine position
(p=0.054) and in the left lateral decubitus
position(p=0.057), whereas nLF(LF power n
normalized unit(=100 X LF/(TP-VLF)) was lower
in the night lateral decubitus position than in the
supme posiion(p=0.054) and in the left lateral
decubitus position(p=0.057) (see Table 1). When
the position was changed from supine or left
lateral decubitous to right lateral decubitous, the
percentage of change in nHF power 1 the severe
CAD group was greater than that of the control
group, The lower the nHF in the supine or left
lateral decubitous position, the higher the
increase 1n nHF when the posttion was changed
from supine or left lateral decubitous to nght
lateral decubitous, The more severe the stenosis,
the higher the increase m nHF when the position
was changed from supine or left lateral decubitus
to nght lateral decubitus(see Figure 2). The
percentage of change in nHF from supine to right
lateral decubitous position nHF(R/S) and that of
from left to nght lateral decubttous position
nHF(R/L) are defined as follows(see Equations
(1) and (2))

nHF(R) — nHF(S)

nHF(R/S) = 2HF(S) % 100%
(1)
_ nHF(R)— nHF(L) o
nHF(R/L) = WHF(D) x 100%
)

, where nHF(S), nHF(R), and nHF(L) are the
normalized power of HF in supine, right lateral,
and left lateral decubitous positions, respectively
{6. Because both wvagal and sympathetic
modulattons 11 CAD group were significantly
different from those of control group in both

supine and the left lateral decubitous positions,

but not in the nght lateral decubitous position,
the right lateral decubitous position seemed to be
capable of normalizing the autonomic nervous
activity of patients with CAD toward normal,
Several mechanisms were suggested for the
enhancement of vagal modulation and the
suppression of sympathetic modulation when the
right lateral decubitous position was assumed
patients with severe CAD or CHF {7, 10l
However, they were mconsistent in  venous
return, Miyamoto et al. postulated that the
position of the heart is higher 1n the right lateral
decubitous position, which results in decreased
venous return [10]. However, Kuo et al,
postulated that the lower positioning of the right
atrum 1 the nght lateral decubitus position
facilitates greater venous return and higher right
and left sided filling pressures, resulting in
greater cardiac output [7]. At present research,
we suggest a possible mechanism as follows °
The position of the heart 1s higher in the right
lateral decubitous position compared with the
supine or left lateral decubitous position, This
causes easy pumping of the blood from the heart
to the rest of the body, which results in the
increased cardiac output, while causes difficult in
venous return, First, the increased cardiac output
may induce the blood pressure rises both in
carotid and in aorta, which results i both carotid
sinus reflex and aortic reflex to increase the
cardiac vagal nerve activity via cardiomhibitory
center m the medulla oblongata, Second, the
decreased venous return reduce the blood pressure
in the venae cavae, which cause Bainbnidge
reflex to decrease the sympathetic actvity via

cardioacceleratory center in the medulla oblongata

[2].



Table 1, HRV parameters for 3 recumbent postures

Right Left

Parametres Supine
P Lateral Lateral

Control group (n=23)

26.7 + 245+ 227+

SDNN
Time (ms) 10.4 111 104
domain 53+ 54+ 47+
SDSD
SD(ms) 26 19
) 3050+ 2739+ 2582+
TP (ms?
M) a1 2040 2006
VLF(mey 0% 1524 1a28s
™) g6 125.3 138 5
LF (ms?) 081+ 627+ 7134+
170 1 634 65.1
F 540+ 587+ 442+
requency o )
domain 517 571 371
LE/HF 25+ 1.4 + 26&
25 1.2 3.7
L ) 594 515+ 5944
nu
nLF( 2.1 180 204
406+ 485+ 406+
HF
nHE () ) 18.0 20.4
059+ 064z  062%
Nonlinear A
onlinear ApEn 0.1 01 01

CAD group (n=29)

269+ 223+ 245+

SDNN
Time ms) 4 72 8.3
domain SDSD 53+ 53+ 49+
ms) 5y 2.1 1.6
4138+ 2536+ 3164+
TP (ms?)

5145 1580 2068
268 8 + 1425 + 2029+

VLE@ms) s 116.2 171.6
LF (ms) 92;5: - 653250 : 5(;28 :
end TN
2.5 14 204

LF/HF 43 : 2.1 ) 23

o e e e
nHF () 2‘;;3 ] 25x656 ] 2‘:584 )
Nonlinear ApEn 0(,):'9 * 001(:‘4 * (;)160 *

*p<005

[SDNN = standard deviation of all NN intervals, NN intervals =
normal RR intervals in electrocardiogram, SDSD = standard
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deviation of differences between adjacent NN mtervals, TP =
total power, VLF = power mn very low frequency range, LF =
power m low frequency range, nLF = LF power 1n normalized
unit(=100XLF/(TP-VLF)), HF = power i high frequency range,
nHF = HF power in normalized unit(=100xHF/(TP-VLF)); nu =
normalized unit, ApEn =approximate entropyl[14],
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Figure 2, Effect of changing recumbent postures on HRV
(CAD group).

[nHF(L) normalized high-frequency power duning left lateral
recumbent posture, nHF(S) normalized high-frequency power
during supine position, nHF(R/S) = percentage of change
normalized high-frequency power when the posture was
changed from supine to nght lateral recumbent, nHF(R/L) =
percentage of change in normalized high-frequency power
when the posture was changed from left to nght lateral
recumbent, CAD = coronary artery diseasel,
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4 Conclusions

Not only nLF, nHF, or LF/HF as a measure of
linear characteristics but also ApEn as a measure
of nonlinear characteristics of HRV can give an
additional nsight in studying physiological
dynamics of RR mterval time series, Among the
3 recumbent postures in patients with severe
CAD, the right lateral decubitus position induce
the highest vagal modulation, the lowest sympathetic
modulation, and the highest complexity of
human physiology system, The more severe the
stenosss, the higher the increase in nHF when the
position be changed from supme or left lateral
decubitus to nght lateral decubitus, The right
lateral decubitus position 1s beneficial in patients
with CAD,
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