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Study on the Radial Pulse Wave Variables
and Heart Rate Variability after Acupuncture Stimulation

Jae Kyun Won, Soon Kwan Jung, Dong Eun Kim, Jin Young Lim', Young Dal Kwon, Seung Ryong Yeom,
Su Kyung Lee, Yung Sun Song*

Department of Oriental Rehabilitation Medicine, College of Oriental Medicine. Wonkwang University,
1. Department of Physical Medicine & Rehabilitation Medicine, Wonkwang Hospital in Gwangju, Wonkwang University

We investigated the effects of acupuncture stimulation on pulse wave variables and heart rate variability (HRV)
in healthy adults. To evaluate twenty healthy volunteers (10 men, 10 women) had acupuncture into both Hapkok (Li4)
and Taechung (Liv3) for 15 minutes. Radial pulse, Heart Rate Variability, body temperature and blood pressure were
checked before and after acupuncture to evaluate Pulse Wave Variability and Autonomous Function. The results were
as follows; Heart rate was significantly increased while systolic blood pressure (mmHg) and diastolic blood pressure
(mmHg) were significantly increased after acupuncture treatment. Sixteen subjects didn't change representative pulse
wave variables after acupuncture treatment. Energy, height of main peak (H1), height of pre-dicrotic valley (H2) and
height of descending valley (H4) were decreased while height of dicrotic peak (H5) was significantly decreased after
acupuncture treatment. Time to main peak (T1), time to pre-dicrotic valley (T2), time to dicrotic peak (T5), total time
(T) and T-T4 were decreased while time to descending valley (T4) was increased after acupuncture treatment. Total
area (At), area of main peak (Aw) and ratio of diastolic period area (Ad) were decreased while ratio of systolic period
area (As) and angle of main peak (MPA) were increased after acupuncture treatment. The standard deviation of all
normal RR intervals (SDNN) was increased while the root mean square of successive differences between the normal
heart beats (RMSSD) was significantly increased after acupuncture treatment by time domain analysis. Low frequency
power (LF) and LF/HF ratio were decreased while high frequency power (HF) was significantly increased after
acupuncture treatment by frequency domain analysis. This study suggests that acupuncture treatment changes pulse
wave variability and heart rate variability. Further study on various acupuncture treatment for pulse wave variability and

heart rate variability is required.

Key words : pulse wave variables, heart rate variability(HRV), acupuncture, radial pulse
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1) &F Al
AR 93 3ARE 22 641714 Aol 78It &
glolL} Mex Zo] ABAAAY MeE YFEES 7T U
71 W2o) olo] 98 WH4E His6ly] YoM YEE A1
Holol J7E A8yt
2) 25 Wy
HAUAIES 48 A 527 A2 Fsion, 15871 &
A= A - ol R, e, Alulg, AluhHo T AL WAHA S
ForSHA UL

PORETU(FE &8-LY, KE-LR3)o] A3]& stainess steel &
A(ELETAZAL 03230 mm, Sh=)ol e ol&sid FY
dole 682 152 emB L, KE2 1~15 em¥] ZOIE RA L
2 RS HEAIY T I5ED FHsIeH, 718 AR EE
SHAl EUTh

@ wor 58

Automic wrist blood pressure monitor R6(OMRON Co.,

Japan)E o] 8ol QEFEUY EUEZ A AFE 23] &F
BHATE

Infrared Thermometer 4020(Braun GmbH, Germany)& 0]
A%0) 258 SFsC

Aupdol ol Pt ke &Y Mo erg g Fot &
2 AMolA MERHo|E 8 7](SA-3000P, Medicore, Korea)&
= =

L

SRS TS P A Pat

(electrodes)2 AT & 5271 £HT AhS AFESIE & H70]
Al 5EZIOl AvHHES EFS £ A17IgE4l(time domain
analysis)2 E3dl] 71& 17} £919] Mean HRT(mean heart
rate), SDNN(the standard deviation of all normal RR intervals),
RMSSD(the root mean square of successive differences between
beats) TR FoeFE RS
(frequency domain analysis)& &3} TP(total power), LF (low
frequency power), HF(high frequency power), LF Norm({low

=2

the normal heart ==

frequency power normalized), HF Norm(high frequency power
normalized), LF/HF ratio& 313}

(5) MZEI71
54 Mol 21 E Fgt & 72 Aol R We &5
KRk WA= 5709 dXE Azt A At BER &Y
R 71 RHC], Korea, Fig. V& AFRSIMCH
24 AMBEHE HEWIE HF5le dLElES ta

ol 5789] eiAE dAZH A

O
o
55%/1 EEREERNR)

B BR £712) Zofl /IR 571 AA & S Aaollif wat
7} 7V 25 EEE w7k 22o] FEALE olsENFig. 2).

@ BY AMolA Wzt 715 Z4otA E8E s 59171 Zol
AH 258 £7120] 50 mmHg, 100 mmHg, 150 mmHg, 200
mmHg, 250 mmHg9] IE O 2 7ItslHA] Z} Zlolnitt 5% &
o mzig EaEe

© 50 mmHg=E] 250 mmHg71A] 5709] 71¢t 29 & @t
7} 7V Aol &8 w 71 Holg ABEFig 3).

® Wutrt 71 Ao S8EE 71 Z2ololA 5 8¢t &
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3y HF : high frequency power

@ Norm LF : normalized low frequency power

® Norm HF : normalized high frequency power

® LF/HF ratio
2) WZA7] E41(Fig. 4)

(1) Contact pressure(CP) : 719}, 71at & F3} A717} &4
e dole] 7™
(2) Height of main peak(hl) : F} 27]
(3) Height of pre-dicrotic valley(h2) : S8MH Tt = =7]
{4) Height of pre-dicrotic peak(h3) : EH}x5} F7]
(5) Height of descending valley(h4) : ZE& = F7]
(6) Height of dicrotic peak(h5) : Z8tat =7]
)
®)
)
(

Fig. 1. Appearance of pulse analyzer.

7} Time to main peak(tl) : FI} A7t
8) Time to pre-dicrotic valley(t2) : E8Pd st = A7}
9) Time to pre-dicrotic peak(t3) : E2PH 1}
10) Time to descending valley(td) : ZFEE T A7}, A& 5
7] Az}

(11) Time to dicrotic peak(t5) : Zuta} A7}

(12) Total time(t) : EA1ZL, W] AJZFHollA] Wit ZE7A
o E417}

(13) Width of main peak(MPW) : ZFThd], Fa}9] 415 1/3
e %9 i)

(14) 144 : BAZ-DEET A7, 27 0]27] K17

(15) Total area(At) : EHA, W] A|ZHH oA Wit 247}
xo| mato) Fuix

(16) Ratio of systolic period area(As) : 42&37|HAY], HHA
ollA =&71HE o] AR sl dle

(17) Ratio of diastolic period area(Ad) : 0]$7|H =], EHE
oflA] ol&k7VEH0] A= Hlg

(18) Area of main peak(Aw) : FIPHA, FihAd] A17F ¢
o] HH

{19) Angle of main peak(MPA) : Futz}l, Fu} 2| ety} Fit

Vi) B2 ol 49 4% 4%

0
%

g i Ve g
Fig. 2. Pulse waves calibrated by 5 sensors.

Main
Pre~dicrotic

i - ] peak ey Angle 3¢ main
| 5 KRR ; NS N W | i \ | Pre-oicotic peakiem)
\ \ P2 Gescendin idth of main
Fig. 3. Pulse waves calibrated in 5 depths by centered sensor for 3 P ” ey mc,»jw . peskiwm)
5 seconds. A Ag e
! / 173 -
Hi 5 77":7r 2/3
3. AEEA * 3 . B /\/\.p\.
1) 4upolE £4
(1) AlI7¥R S B A (time domain analysis) [ ,“: Time(asc)
(D Mean HRT : mean heart rate Loy (
@ SDNN : the standard deviation of all normal RR intervals Fig. 4. Naming of pulse wave variables.
@ RMSSD : the root mean square of successive differences
between the normal heart beats 4, EAAZ
TS H A (frequenc omain analysis SAETA AZEIOE . tor window program=
2) Fobeg o BLA(f; q y d i lysi EAREAM ATECE SPSS 12.0 f ind programe
@D TP : total power ARSI e, BE 418 BEd+EEHANE EHESIcL RE
@ LF : low frequency power 9 B2 o 5 AR EHAAE L, 1001819 e A
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BAYE ZEE J8 e HolE 9] 4ol wiel paired
t-test, T2 E ALESIFTE p-values 0.058 0.0101812] 44
7T ALE (HFESIRE

2

1 deid B4

1Ak &) Al Bt DB ARE WA} 109, oA 0H o8 Bt
@E 26241648 hAIOZ F1THTable 1).

Table 1. General characteristics

Male(n=10) Female(n=10) Tota!
Agefyrs! 26215 261217 26216
Heighticm) 1724%2F 1614%53 1669469
Weight(Kg) 7702115 518432 644£153
2. ARNS BEO A, AL, goto) ¥
Al AXS B0 A2 HElzh gk ARl= Fofl A
HEsE 294 A BASIE oL EHe Rad A Erist

%ITHTable 2).

Table 2. The changes of heart rate, body temperature and blood
pressure before and after acupuncture treatment
Acupunciure
after
£823+9.32
367405
122557294

14.40%11.47

p-vaue
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i+ |3
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<0.001
0.246
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(mmHg)
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anstoar sgricance ‘est was ¢one by paired -test

A& pEm iEMY Mg
719 Y45 £ Higol AlY 24 Tess= A4S
L BT JEA 5%

= @E)f( 31‘/}741—

ENYE

3
2‘8 H #‘?E’fm 3‘8—8 3‘8711«1 dﬂﬂ)ia b}E}‘;‘iD}.
Aol WA 15 182 2etA oA 3
EA= “(IGHIWE BEE HF oL, THE 28 2 20A
oA 2EHAI 2 watel HalkE QoL Ik
ortH(Table 3).

Table 3. The changes of representative pulse wave variables in
Guan before and after acupuncture treatment.

AcLpuncture ol
tefore after
4 2 13
3 3 3
4 : 2
? 3 1
| 2 1
10r 2 rears “icaung puse 3 means madie pulse 4 or 5 omeans sinking

puse

ge - dSE - 0148 - 584
4. AZE AE e WA f H49] Wl

Al ARE 2o olid Xl (energy), FoRE(HI), F2H L
HEMHY), ZEYEHY7 BolEE 4TS Hurk s9nE
Hs)ye F9d UAA ZAsIKTable 4).

Table 4. The changes of pulse wave pressure in Guan before and
after acupuncture treatment

Acupuncture "
Variables belors Y p-vaiue
CPimmrHg) 78581718 80.47+17.81 0.596
Energy 66055+18558 510.05£156.30 0.085
H1 190.80£54 30 1809514416 0.105
H? 80.70£25.78 7920£30.90 0.7%
H3 0£0 485+1565 082
H4 263541336 26.09£1340 0.941
H5 214413350 16.44+1062 0.007

values are MeanxSD. Swausticai significance ‘est was done by pared t-test
CPimmMHg) @ Contact prassure. Hi @ Hewght of main peak, HZ @ Heght of
pre-dicrotic  valley. H3 Height o pre-dicrotic  peak. 4 Feight of
descending valley. H5 : Height of dicrotic peak

=
—
o
=N
o

Table 5. The changes of pulse wave time in Guan before and after
acupuncture treatment

variabies : Acpunclure p-vaiug
be‘ore after

T1isec) 0.123+C01" 0.121£0.008 0423
T2isec) (2300024 022940023 0949
T3(sec) C+C 0020071 0.163
Tdlsec) 03570018 3365+0.025 0056
T5{sec) 415200098 13720161 0.191
Tisec: 08820138 28810.109 0.945
T-T4lsec) 052620136 351540104 0.664
MPW 0.101+0.020 0.101+0.026 €97

values are MeanxSD. Statstical significance est was done by parec t-test
71 2 Time fo main peaxk. T2 : Time to predicrotic valley. T3 : Time to

pre- dicrotic peak T4 Tn“e 10 descending valey T5 : Tme 1o dicrotic peak
: Total time. MPW = Wain of main peak

53'\

~

Table 6. The changes of pulse wave area in Guan before and after
acupuncture treatment

Acupuncture

Variables - p-value
before after
At 1024310238707 9693.35+2653.3% 0370
Aw 1001.20£21368 926.40£21316 025
As 8010401 81.30£390 0218
Ad 1990401 1870380 0215
MPA 244811 65 2559+11.12 0.600

values are Mean=SD. Swatistical significence test was done by paired t-test
At Total area. Aw : Area of main pea< As : Rato of systeic period area.
¢ © Ratio of dastoic period area. MPA @ Angle of mann peak.
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7. ARF BEY AZgelol AupEolEo)

Ak WOIT B4 B AIZGSRA 23, 712 A% S0
BF HNESE OISHE Mean HRTE A1 2R3 S0l 8
YA BASIUL, WA RR 229 HEBWAES OnlsHs
SDNN 22 7181900 EAH RAgE wslc) Qg R

7449) xpolE A
8 AR 5ol

e 20 BIY AF2
S04 A —75—7}‘8}%1‘/}(Table 7.

Table 7. The changes of heart rate variability before and after
acupuncture treatment by time domain analysis

Acupuncture pvalie
hefore after
Mean HRT 7200£9.73 68.23+9.32 <0.001
SDNN 402241540 43651774 0161
AMSSD 36.11£21.60 432122607 0.008

Values are MeanxSD. Statistical significance test was dore by paired
Mean HRT @ Mean heart rate, SONN @ The standard deviator of ai n
RR intervals. RMSSD : The root meen square of sucoessive differen
between the normal heart beats

e

8. AX= Mz FukpFdols] 4ufHol L9 M3}

ke Holx B4 & Fapegdad du, Alas A
Foll ABAAAY AMHQ EEE Eshs TP SVIdke &
g How, AlEE AR & AglEA g8 & S8 o
AAY 9 & wdchks LFe A4sle 48 B30t EAH
FUAL2 gLt A2dEdn & F8 2z aAg gEg 9
ulsle HFe {94 QA &78Idch Argildgn & 1zl
AS gEsToll viglsks LF/HF ratio= UAdke g HAirt
(Table 8).

Table 8. The changes of heart rate variability before and after
acupuncture treatment by frequency domain analysis
Acupuncture

before after o-value
TP 6.96+0.69 703+067 0.637
LF 5.66+0.98 565077 0,950
HF 552+089 591093 0012
LF norm 52.76£20.13 44.28+1784 ne7e
HF norm 4724£20.13 55.72£17.84 0076
LF/HF ratio 1.69+1.56 1.04£0.89 0.084

Values are MeantSD. Statistical significance test was done by nared t-test
TP : Total power. LF @ Low frequency power. HF © Hign frequency power
Norm Normalized Low frequency power. HF Norm Normaized High
frequency power

Table 9. Correlation coefficient between pulse wave variables in
Guan and variables of heart rate variability.

H1 Energy
SONN -0.080(p=0.738) -0224lp=032%
RMSSD 0292(p=0212) 0.219(p=5353
TP -0.097(p =0.685) 01280 =0532)
HF 0.028(p=0.908) 0013{p=02358!
LF -0.248(p =0.231) -0.008(p =0.973)

SDNN @ The standard deviation of all normal RR intervals. RMSSD
root mean sauare of successive differences between the normai heart best:
TP : Total power. LF : Low freauency power. HF : High frecuency power
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Hed(high frequency; 0.15-04 Hz), {FIHe(low frequency;
0.04-0.15 Hz), ZAZFupAed(very low frequency; 0.0033-0.04
Hz)olt}. 1 &HollAl HF= BEnZIEAH L &5 HPOdﬁl-ﬂ LF
TRIEAY E5E viESirt. w3t LF/HF vlg
o #EE vehiEr AsEn.

A 4>(time domain index)Z& SDNN(the standard

deviation of all normal RR intervals), RMSSD(the root mean
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square of successive differences between the normal heart
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0] Woty BUE
660.55+195.58011 41 610.05£156.30C. 2 £

HEE HE JAE £ ouUAls
Agke 2oLt

=N
=

FAHE AACE oUARE 5HY BAG Aol EEe Mt
ol AR WAES ALK grolvt. AUHS] & Al Fut
(H1)7} 25k ol A9 HMsEn KRS HdLs

LERHEH™? 2 AT FANT Rofl HLE 196.80£54.300]
A3 180.95+44.160. 2 ZtAsH= ASS Ut #RS wEt o1%
s elEnle) @39 CiHA Wa re gHo] BN T W
Z olsld AME Bael ggol & o3 ZarKiniy
F(H2)1} S IHHI)7 ‘?—J*éé‘}ﬂi o ol EFHEE UE}

Zofl H2E 80.70+25.7801141

e, 2 o FoME ARE
79.20+30.902 2 ZtAidh= Aeke BY oM, H32 A2 AAE Y
11 AFE0] A Foll ghol £71

EE o] Ligtor 2H9] 43

Sigich H3l A% swddo] BseliEo} 43l2 gEol &
OIRIALL SO BOH HEto] St Hien® Y =
dATolAE dEAkEo] 20009 F I HHol gl= }E‘EOMH
A AFE Mo BE ASAREC H3go) 00] L2 A o= AlE

= =20

pred mﬁ
rlr i r

LF
=R

Hob

o
001'

Dk 4:%7] BRENN KEkEo] BolE AE0 45 g+(H4)
o) wHigin] o]9} A5 Wl WEAT] AXE RS o)

F A
Fl=® B dFoME RS ol He7} 26.35+13.3600 A1

0
k=1
&g 2oL EAN 798

26094134008 oFF A45h= 4

S QIYTh KENREC] ERICRE Qldh ZHINHS)/F HHH™
H57} ZtAskALt 0 7i7to] =H tiEW e 7id 7189 oS
VERICHTZ 28I Aey*?. 2 @ rolAs AXS Fofl H57t

21.44+13.50011 41 16.44+10.622.2 FOBHA ZABINTT
T1olA] TS5+ HlolA] H5S] A~QAIZIOE 232 thSE ™, B

5F71(De WY dBUS AERH 2SS 48
g EAI7I0] T T-Ta= 0]@7lo] B2l AlZlolc) BHAREY]
(T1), ZURATFHAIZHT2), F2t0} AIZHTS), WEF7I(T), o]
AZHT-T4E FRE So] Eojis AEE BEHrh T3 H3Y
Zto] thEE 00]710] THEE9] grol 0o vigich Zevt BAS
Sol| AAO] 42Z7] A7F0] T4E 0.357+0.0180041 0.365+0.0252.
Z goluis FgE B3tk B4 AZHE0A 5719 o]e]
9] B]E= 230]0 AlEkert Z7k6MH 1 ulE AA Hed® 2 d
ToilA] BAANS Zoll AEk0] 712 Qlske] WMEFI7(T)71 ot

Hom ££719 01719 HIZt 7SR
2o mulHa wl bzt #e H4eo Walg HE win
o] AZPHollAl Wat ZE7MASG] Wnte] ZHE Ats FXt=
Toﬂ 10249.10+2381.0761 41 9693.35+2653.399 2 Z+Adle HEk
| AU EAFSE FH2 fidict Fohd] A( S
WA Aws B A X2 Zol 1001.20+213.680l 41 926.40£213.16
CF F94 UA #AsIACE EUHoA £F7IHFO] RS
= p|89) &7 AY] As= 80.10:4.01014] 81.30:3.902F &
94 A B8R oL, EHH oA o] HAE o] XFASk= H]

- 242 -



R0 P ek

0

€01 o]V IHAY] AdE 19.90:4.01070 41 18.70+3.900. 8 F0]4
YA ANt F HAT Fu uid] YEE o2 MY Y

ZIT MPALE 24.48:11.65004] 25594111202 R4 QU
7}SHAT-

AubHo| oA AFBEE AT AITHAEHOE Bt 4
B}4x(Mean HRT), SDNN, RMSSDE 0|83ic} Bt Al
AVEE AR ol 72.00£9.7300A] 6823193205 EHF O
FOAGHA A4Sk SDNNE HA RR 7149 ZFEHAIEA]
A AFEA Y HErEl Mejol tis) YeiFH S=X7F g A
2 77 Aeg) okl 1 vk ZEg T UE Vs g A4}
Bict B dFolale AlE AXS Fofl SDNNO] 40221154008
A 43.65:17.742 2 S7cke dgte ESoL EAE Radde
At RMSSDe QI e RRYFA Q] AolE MGT 44 B
Xﬂ%EP_E Aol sk Ag AE & Rad AE9 €5

HIrslaaxR}t & w 718 E61A 0]9%‘1'/} ‘?iﬁloﬂ/\i—‘: AR
g FAFE Zof] RMSSD= 36.11+21.6600 41 43.21126.072 2 E7|
HOg 794 A Uit ol X'XP** Zoll A&l B
Sk AH2RIEA & 5ol RadilgrAe gsdo] &7kt
= AE Juidiy. w3k olgfs 2RES & B9 71EY &7
<} gxE

ﬁo"\_‘g Ak Ho| R HALE Filegd 24 2 it
dAY g3 A X}%’”Zﬁﬂlﬁ HAHI %}%—% Rhsschels
TP(Total power)= FAS Fo 6.96+0.690114] 7.03+0.672.
7¥ohe AEES Eﬁaf/} LF+= 0.04-0.15 Hz2] low frequencyg o}
HHES =89 X7t oLt FE AR SWEdE st
WAL RFol ZEJICHIL Yedd o, 2 dTollAds &
A= Foll 5.66+0.98014] 5.65+0.7752 W33 Ct 0.15-0.4 HzS)
high frequency® 217t 4149 &AM AHE eEdd Q&= HF
= AIX}=F ol 5.52+0.89004] 5.9120.93%2 SO AA £715191
T} Normalized LFS} Normalized HF= A E 10022 S wl
LF7} AMAISH= BlEolLHnorm LF) HEZ} AEAEHE B (norm
HF)Z oulgk=t] LF/HF ratio®} 34 mz /AT Buzt A4
1ol #8g Bl £93F A Foltk AXE Foll norm LF
L4353 21t norm HF= E718ke Zgo! U%ich LE/HF
ratio= WZU|F ¥ E VEMED AMEE L A7HhlEe &5
Lol BiEsla Rud A149 €80 ehlHske X &
ol 1.69+1.5600 4] 1.04+0.890 2 ZIAEI Wzt A1AQ 457}
TAsle BEo] e ALE VEGOU 8AH f942 JEX
C} olgst ZuEE X0 B 71/\]7#,} FNTE
Era zker £ k.

oj&tut Zo] HUATH HRlolA HFR=E

ArE41E 9 Bqﬂ BEsE 43 ¥ U 7S
£ YAt LT W7o B2 HEE0] A
SHAlE RHA WO FHERCINE 2 Wl 3l

Qe £ AT} FF AFolkE AT HEAL 4\‘91
EFl B0l Hol slis @8] sl 01 Be

g & A& ALE AEFC) £ 2 dFolie He
7] 5k A ol &0l BEERSY] WIS B8 S

o —l[l

U

il
B

H

[

)
Hi

E,

1

c >~
[

ok

ll
o

o r\l

oy O
N
=
3

D0
e
2k

o
o
e
2
0 e
1 i ’_11 \‘j‘
o o
[

L
o 0 M
jie}

ox i
Jor

o] |

i

E}{Ek\dﬂl

Al BIxlE B8

40 my
rlo
i o
E |
i
e
o

B4y
30,
32
i)

w0
ofy
ols
2
(e}
i)

A grem, 382 EHE‘L*&Q ‘56}93121/}

=g
k.
=
o o
O
-
e
Oft

[iked
=
3
o -
bt
T
>
oA
W
9
Z,
Z
=
ez
—
i
~
T

[0
i
ig
H
-
5
. o)

I BBE BRou B4 RAUe 9

046 A BT 0149 AT 2

0 BREE wnm ?53% A9 BIXIA] $2OM, A8kl
A171

Lva——""1r o e

= 7T 28 olER,

1. UAIE 7ERA), FoEst B A, £71F, ol s o, 1j8t
18, %}‘A‘}ng, pp 75-342, 2005.

= A= & A
AR R RP%&%‘%%QI ‘53}0%1 DH“{S} ¢ ARAE SIS

o7, creRelTEEn ():28-36, 1999,

4 BEE WZY) ARD Wn A HSREE HAREE,

5. Yujung Lee, Haejung Lee, Siwoo Lee, Jongyeol Kim. The
Process of Clinical Test in Pulse Analyzer. The
international conference on oriental medicine. pp 62-65,
2005.

6. £FF, Y, TAS, AT, 84, vigl, &gl 83
9] £ 3 HE HEAR =] WE HriAgy ] Ha)
SHEF-EIEI A 19(1):159-174, 2002.

7. Haker, E., Egekvist, H., Bjerring, P. Effect of sensory
stimulation(acupuncture) on sympathetic and
parasympathetic activities in healthy subjects. Journal of
the Autonomic Nervous System 79: 52-59, 2000.

8. OleNg, HYFeh ol FYY, o1FE, o188 & 13

Al=0] Hipl vlAls gk oiekaHekE A 19(3):26-40, 2002.

9. Baharav, A., Kotagal, S., Gibbons, V., Ruvin, BK,, Pratt, G.,

Karin, J., Akselrod, S. Fluctuations in autonomic nervous

- 243 -



10.
11.
12.

13.

14.

15.

16.

17.

18.

19.

activity during sleep displayed by power spectrum
analysis of heart
1183-1187, 1995.
Aotk grjsIE. Mg, th T8l pp 309-315, 1997.
WE 0|82 EFAEHEN. M8, dLETAL p 402, 199
W) Wxlo) 712 A W] B AT(1). thokh
QXSS A] 2(1):225-248, 1997.
184, MY, 28, 225, AE
offl gk =718} 7171&
Z]8k3] Al 16(1):201-208, 2002.

g b, 28T, 434,
Holl e

AMET], 40(5):494-498, 2000.
HEE. WA L] HES 8
ZIgkg] Al 3: 5-17, 1998.
Kang, HJ., Kim, J.Y., Lee, SW.,, Lee, Y.]., Lee, HJ. A study
on the pulse diagnosis of the floating and sinking pulse

rate variability. Neurology 45(6):

(9]

b

>

0= RO
oog o

J

Ll 9]

=
—

M oE 1%

a=)
o
N

o
Lo
>
i

4o
0,9

2o

ul
.E
s
24‘.

]
0
]
Q

A4

3

O

-8l 4=

with new developed pulse analyzer. The 13Th international
congress of oriental medicine. p 147, 2005.

OlAR, FEH, BEQ, dEY. ofzllol ARY dAME &8
oF AW AHAT. AIAZ Q]SS X 18(1):118-131, 2006.
Kamath, M.V., Fallen, EL. Power spectral analysis of
heartrate variability: a noninvasive signature of cardiac
autonomic function. Crit Rev Biomed Eng 21(3):245-311,
1993.

Cowan, M.J. Measurement of heart rate varjability. West ]

20.

21.

22

23.

24.

25.

26.

27.

- 244 -

Nurs Res 17(1):32-48, 1995.

U= mo:aHH ojeds wWukHo| %
BFEIOIRITIERE] A 15(2):331-349, 2001,
Task Force of the European Society of Cardiology and the

EEslo] Be A7

L__

North American Society of Pacing and Electrophysiology.

Heart variability.  Standard

physiological interpretation, and clinical use. Eur Heart ]
17(3):354-381, 1996.

rate of measurement,

BEA, B2, W7lE, Qas, W8A. AR BAE A
B A 718 4019) ko] ol BIRE P8k BT

&ks] A 10: 227-239, 2004.

HEL, Y, 28X, Jvld, deid, 49 g, okE, 87
A AlZS, 0lH T, A1BEHEQ] Power Spectrum EA3o] &
S B4 4ol AHE4lE 7S UL thshigaaia Al 21(5)

928-935, 1997.

Wennerblom, B., Lurje, L., Karlsson, T., Tyquesen, H,
Vahisalo, R., Hjalmarson, A. Circadian variation of heart
variability and the rate of autonomic change in the
morning hours in healthy subjects and angina patients. Int
] Cardiol 79(1):61-69, 2001.

OlEM, LEF, PBE Ao e T4 U A4F 2lo),
ThSHE 785 7] 9(1):109-117, 1992.
ol WF Huislol o2 AM. AE, HEAL pp

212-240, 2003.

BIJKER, REE. PERZINBESAMERL. BRME 1705):
27-32, 1995.



