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ABSTRACT
Aim:

The diagnostic method of pulse palpation has bessd un traditional Chinese
medicine for thousands of years. There are plerftyarghives concerning the
description of experience in this diagnostic mettaodl the subjective description
about the objective assessment of pulse palpalioare are many manipulations and
equipments now to get the waveform of artery puiséead of the way of traditional
palpation on radial artery pulsation. However, Tescription and calculation of pulse
waveform parameters and the unstanding of themicai meanings need more
improvements. The development of standardized putseform analysis is necessary
for the improvement of the diagnostic power of putglpation in traditional Chinese
medicine.

M ethod:

This study assessed the signals of radial artelsepwave taken from coronary
artery disease (CAD) patients and control subjetsugh the plethysmographic
monitor and computer programme written with Mathsalftware. We measured and
analyzed the parameters from the radial arteryepwiave through power-spectral
analysis to find the relationship between the patens defined and the status of the
diseases. By means of Fourier transformation ameeps[pectral analysis, we may be
able to find the difference in pulse wave paransbetween CAD patients and control
subjects, and the clinical diagnostic value of pwisve analysis.

Results & Discussion:

The normalized power of thé®harmioncs of the left radial pulse (nP3L) and the
total power of right radial pulse (TPrp) were sigiantly different between CAD
patients and normal controls. The nP3L and TPrphtnie used for differentiation
between CAD and normal controls. The underlyisnghmaism for this difference
remains to be explored.

Keywords: radial artery, pulse wave, power-specrallysis, coronary artery disease

236



YEEEgE B 200 F 1P

=2

‘F]']

ol

Un\

w5k 8 7% 5 (Coronary Artery Disease, CAB)J; & 3% @ < g ~ Jhow
JE(Angina pectoris) « i F foaik B PR AT - & o 3T & ko BROR ¥
LI LA RFL - e B FFSEL R AL E R LSRN
(endothelial dysfunctiorfy#*% § AL i § i 73 &30 s F B s B W 123 4o
i o BleRE RO B 5% o g A it (Kass, 2005; Zieman et al, 2005; Park et al,
2005)° #° 5% AL -4 ARIF AT EP v AR EFESEL R F]
fods Rai A b~ P R o~ B’bﬁ%ﬁi}%m‘ & 422 73 (Park et al, 20059
QIRLCE /Ji‘“]% "% 3% & i (pulse wave velocity, PW\@%\ ¥l sawy g
&F'T b"—:ﬁ.‘,m’?&ﬁk’g IL—»ﬁ %~ P B HT v4% L zbiz e
& B0 7% g BEAL 14 e % (Oliver & Webb, 2003)
ﬁu*??%‘f‘x?ﬂ ip o ﬁ?‘” (AR A B TR e S ERE (7 B
BB A )R 2 mfi“ S ERR R ERMM IR S p AR R Z B TS o
UL 3 Ol ) %zmxﬁlta i Eipz B F]F gt 3
ghpﬁﬁﬁipfﬁﬁﬁﬁmﬁﬂp%mﬁ%w%@iﬁﬁ%(W@W”
etal, 2002 ~ 3 = & (Safar et al, 2003~ f}%ﬂl-‘[ﬁa ( Cruickshank et al, 2002
% % % ( Goldsmith et al, 2002;%‘Ei 5P A T REE IR ~ BRI el R
bR % LR Sl 2 RAERIB R R TR F LG MBS
3 & R A% R 4 ) A 45 (arterial pulse waveform) 2 R ig L4 > H gm
Bk E SR ROPHECT FL R %A 2R (Arerial
stiffness) & & Sodic > MAERC B B A T 1% Yt (Kingwell et al,
2002) » T ’;*f“ N 57 Rl e 2 ek B (Oliver et al, 2003 Naka et al,
2006) - Flt > F RAFHOLHEIFHE TR L DAL R > A - BEFEIE
BB fﬁiﬂﬁ?ﬁ”’iﬁ@‘ °
v %w»»%gfﬁmﬂa - B Ay 8o kP (1A%, 1993) p 1977
& RSB R > BRI B TR #B SEORWAB T BIFHEIR
TR BT - =% ;g.ﬂ»,g;:?—?] i ,4» Foozeskt B~ BN P N aE
o B B R o fhF 2 K42 (Wei et al, 1985 1% AF s 00 T
ﬁaé‘,ﬂﬁ\q_:* <} B~ ® EE%E)?» Il AT L R xi’jfﬁ*ﬂ s ;;g};;}_ ¥ OA R
ﬁ ﬁn,;; 3987 & 10Hz™ - igi £ Spectral Energy Ratios (SER}- 447
¥ (10 HzU‘f) S B AR (L0 Hz b)) s & 432 1000+ B>
f'm%@? BB s o v B3 1000 5 F % o 4 SER (10) i & B i e
RFERHITREFEAF R IRl (2 E 1987) e %
A E s e R A iﬁ»iﬁ:‘:““”%”ﬁ**’wﬁ FRpRnEE LR A B2 F R
oA trd BRAEHREBERERL ORI IFEIERADRERE L E T FKE

S

"

237



YREESF N 200 ¥ 1P

et B Pk Ay 4P RE il o

AT A P B Rl & (Sdes gt ) 3 AT 5 R B R
Lo Hed WAE L 2 RN SRR S ot enl 5% 4 (Sine waves} (i
A TG TR o TR A - BAEF ol Hp R S E IR
T S ode p¥tap B B 1L T 4w & % A (power spectral denS|ty, PSQOJohen
1989) - #g 3% & 72 B ¥ & A~ 7 E_ A 1960 £ B 4 (Kay & Marple
1981) # Z 47 % 2 & 4~ 7 (power spectral density analysisy 47 # Z (T g 2
B LA RS s BT K it B 22 g i & 2 F i 3 (fast
Fourier transformation, FFRy p # it Eﬁ: #- A % 3+ (autoregressive model
estimation)s & » o+ % f&> 2 i Flng % i ip e o

ﬁiﬁﬁ#{?’%ﬁ%%ﬂﬁimﬁ“lii~’ﬁﬂ&ﬂ%@
EFPF RIS o B2 EFRBBAJPFFIDEE T ARt
E PR B EEE SRR AL 2
At 52k (sine wave % dvinidge o d 3T P LIS T 43T
FEATATEPE Al AR BRI AR DL E A
S o Fgh > F - GELe T AT SN EPAE S (W R ) s hadlic o MR
3<4fié%é*w~ B BURE o A AR T S (Y) I 5 @ (X) (TR 2t B
%]a::a FAE " (power spectrum) # FAEZE S ST G ﬁm e & LR

(Total power, TPy % B B#F 3 R p & AT chg f B 5 B W4 F % 3 e
# & o Gl4e® 4 # 5 (high frequency power, HFﬁJc)mtﬁ # ¥ (low frequency
power, LFP)-

MEG RS FER RS R APFEHRZRF R T PR L
HARERAE R L F o FRAPH AT LR G L Y BRI
RN A REE /}imﬁiﬁ /w\ﬁ ’ ;ﬁw&' R AT 2 ETEE T AR
B oo M;H“mp PEHNF OB R ENER LG LU ESER e S '

238



YEEEgE B 200 F 1P

A\ Ak

AT - FZ B OEFEFT RO EE ST o AP LA KR
RF R R L F RS SRR e B AL SR B
(CAD) R % % 3% » i % Wl B § R 0% 67020 - M2 0] & 3 9

=% l—«t’*q‘ﬁ@ @k = e APy et F 4 2 CAD i & e (F=N' :%%%’l
~ B AT R % 0 Mathcad #t 88 #1358 engic 88 A7 58 1 i 12 2 E g
FORIRE B S AR B E - R AR 2 RS Sk o
PR AR AR ST ALY K0 2 CAD R A AR E H B B E R
¥ crbd n"* o

4%%@%—;&%%%%14i%$WWﬁ%ﬁ HAE e B

E<‘3(MP35 BIOPAC Systems, Inc., USH)= e jp| & 7% 48 L A3 5L ey

o P& Eﬁ‘;‘j"_\zﬁ A/E‘J'ﬁ:"g" PP TR E R 5 LABis s MR P
Bﬂ“ Y /?Jﬂ + R TR g L 10 A 45 0 BATIE T iR 3 I B 1 iR

AT o d Mathcad it 3£ 8 chip N 27 '}"—si w‘i Tigde o EEHS
FHBE AT E RS S S8 gV HiE o

Hat Vi K91 * v ficic™ | nPx=Px-100/AP> 2 ¢ n %4
Normalized: R, &L F_#-Pxidjt ez FHEE L S x £ 0 f#ic £ % S Bikg s
TP &_ Total Powerhfj # > v B3 3 B4 473 ”b,zi g F it & o Rxl=
Px/Pl: 02 % — Bipdans 3§ o2 5 @ PXiFdens B o« Hepk
LR e A

B (8 A kg w4 #: Szt g 48 Sigmastat 12 Student t-tesi & & T ik
FHREEHBEF2Z LR 9%k e B2HBeEd TFHLE AP p <
0055 3+ H 3 L &L B o

)

_{‘
N -—-\\
\-‘-H

239



E‘%ZE wF 29 % 1p

%8R

T HRELG 542 CAD B S RARFRE 5 FROKER
SRFEFeEFRALTRERY iﬁﬁ 7?&9@ rFE g2 37 &
CAD.@&C‘")& 7 4B E:lea‘;é BN 5 AEER s mE AT Bt
3 30 & CAD Jj5 4 2 3UBLT # 304 47 o

40k F e ERM > CADBRNEHLKHS - 5718 A
‘71’;‘?5']% AR PR a s P L R kg R 227 CAD Y A 13

TH AT e A BEREE Y LTI o B R DE S
572+24§s » CAD 5 * ehiE & 8 60.3+ 9.3 -

€ Table 17 5 & CAD j5 * 20 ¥ $pele e & dl ~ (20~ £
ﬁ¥‘ﬂMW§£%%@ﬁM?*ﬁ¥iﬂ’i&@AEjﬁﬁgﬁﬁio

Table 2 &7 CAD j5 4 frit ¥ 1Pl chps i {odp i 5 % 2 & (HRV)
IR EFLE -

Table 3% 7+ CAD 5 ¢ = "% 4% j 2 it (Harmonicsyinig ¥+ # 5 4 .%E?JI (3
HREAFEF LR o 1 RE L DR F(TPIpHR L & gk che 15
CAD fi 4 5 2 i shffJf ¢ F(WPBLY 2 F HWER 5 2 -

Table 4% 7 CAD Ji 4 "%l cnd - F| % A3 inG o F - o
FHBEL ] o AR L PR S ﬁ?ﬂi’ﬁmﬂ#w’Efﬁﬁz
e L X A CAD []ia“fru_ THREFIT 272 F o A ’CADrfﬁ
RERLS - I AWRADEGHEHS I FHREL ) TR W—«‘?LCAD:);% A
TR ke S (TPrppt & ¥ R ES ] BREFRL e 5 hn X d
T EA e

Table 5t #& 30 i CAD A S RN LT L SRy ) S w1 SN LS R
?V@TCAD%“AWJi”ﬁﬁiEimﬁﬁﬂﬂ g

240



YEEEgE B 200 F 1P

5 3tk

AT 7 o CAD;}%A R EAZE T KWW R e fE:}};\‘:,/\ g ol F A eh
YRR AR S BATURGEG S fo- BAFE T RENE S THEEE
mwsl—ﬁgﬁgﬂlmﬁ&%"%*mf‘fﬁa F,Fsbﬁmﬂ.?f‘fﬁa ¥ ¥ AR
EEEF o BMI {ol £ 2 £ F 305 B o F1 2 BMI = BW/(BH) °= (1 £)/(¥
%)°° CAD jJs & enf & < 20 1 #ﬁ%@’ﬂﬁ&ﬁﬁ$#iﬁ&ﬁﬁ$ﬁ
23 F R CADH R NBMI » g <301 § R

CAD 5 4 = "% 4h ik in% - FI% Ak enG o S 4 20 ¥ R 2 g i
FLAR oy zgp RSy (nP3L) vk K HRERF S < - CAD
AL RF R DT - D F ARADEHP I Y HEHREL ] > RHRIFAR
hrd 5 %h@“’ 6 CAD A vk L iRt F P ViR
£LZE TG LRRE L DR F(TPrp)t & ¥ $R 2L ] o F]pt > 827X CAD
%‘###Amﬂ A A RAR > R REG - TSR 2
i e (nP3L)—fr £ %o i b S (TPrp)njﬁ Pamo#“;’nPBL{r
TPrp¥ # % % &% CAD 5 &qu_ 7%? A mw\;}%,;i £ CAD 5 % ot # +
NP3L f= TPrp 3 #77 Ik 4| A - HIFE o

e
‘N-

=i

,:~L \"5‘

W E R R s CADR 4 2 S e Rl b gl 2
%%giﬁﬁ%m;ﬂofﬁ%ﬁ%‘%w’b%ﬁCND% =% i%%
B4R G BRI R R S M A

B o % CAD s+ W Bork et gl resr b ¥ B G LB

AT ERFELF Y FELR -4 % CCMPI5-TP-04G 45
FEE R AP EE R Bt

241



YREESF N 200 ¥ 1P

rA

1.

10.

11.

12.

13.

14.

Cruickshank K, Riste L, Anderson SG, Wright JS, Bug, Gosling RG.

Aortic pulse-wave velocity and its relationshiprmrtality in diabetes and
glucose intolerance: an integrated index of vascfuaction? Circulation
2002; 106:2085-2090.

Goldsmith D, MacGinley R, Smith A, and Covic A. Homwportant and how
treatable is vascular stiffness as a cardiovasaglafactor in renal failure?
Nephrol. Dial. Transplant., June 1, 2002; 17(6 96609.

Kass DA.Ventricular Arterial Stiffening: Integraginthe Pathophysiology.
Hypertension 2005; 46(1): 185 - 193.

Kay SM, Marple SL Jr. Spectrum Analysis- A modemrspective.
Proceedings of the IEEE 1981; 69(11):1380-1419.

Kingwell BA, Gatzka CD. Arterial stiffness and pretbn of cardiovascular
risk. Journal of Hypertension 2002; 20(12):2337-40.

Naka KK, Tweddel AC, Doshi SN, Goodfellow J, andnderson AH.
Flow-mediated changes in pulse wave velocity: a okmical measure of
endothelial function. European Heart Journal 2@06302 — 309.

Oliver JJ, Webb DJ. Noninvasive assessment of iattstiffness and risk of
Atherosclerotic events. Arterioscler. Thromb. Va8iml. 2003; 23:554-66.
Park SJ, Kim YH, Lee BK, Lee SW, Lee CW, Hong MKt al.
Sirolimus-eluting stent implantation for unprotettéeft main coronary
artery stenosis comparison with bare metal steplantation. J Am Coll
Cardiol 2005; 45: 351-356.

Safar M E, Levy B I, and Struijker-Boudier H. Cemt Perspectives on
Arterial Stiffness and Pulse Pressure in Hypertensind Cardiovascular
Diseases Circulation, June 10, 2003; 107(22): 288509.

Wei LY, Winchester T. Electronic diagnoser of adkipulse. J Med Eng
Tech 1985;9:183-6.

Wei LY, Chow P. Frequency distribution of humangauspectra. IEEE Trans
Biomed Eng 1985;32:245-6.

Zieman SJ, Melenovsky V, Kass DA. Mechanisms, Ratlisiology, and
Therapy of Arterial Stiffness. Arterioscler. Thromasc. Biol. 2005; 25(5):
932 - 943.

A g N I %ﬁuﬂ tz@Ey" P MAEFEE ST P BEEEEREN
Fiiwm < o> 103~111F - 1987-

AAPERARIE R LY AP P S BARE 2 pT gt
Chin. Med.> 4 (3) - 177-190F - 1993-

242



PEEEE R 299 % 1y

Table 1. Demographic data of the normal controts @AD patients

Control (n=13) CAD (n=22) P value
Age 57.2+24 60.3+£9.3 0.073
Gender (M/F) 8/5 20/2 0.154
Body height (cm) 162.4 £7.2 166.0 £ 6.6 0.253
Body weight (kg) 65.9+9.2 73.2+£8.8 0.003
BMI 249124 26.6 £ 2.6 0.079
SBP (mmHg) 125.8+10.4 128.2 +17.86 0.609
DBP (mmHg) 78.6 £ 8.8 73.5+8.3 0.076
HR (bpm) 68.1 +9.8 63.5 £ 10.9 0.200
iR (C) 36.3+0.3 36.5+0.3 0.432

Table 2. Time and frequency domain heart rate baitiameasures of the CAD
patients and normal controls

Control (n=13) CAD (n =22) P value
HR (bpm) 68.1+9.8 63.5+10.8 0.200
mRRI 906.9+138.3 973.1+173.0 0.239
SDkg (Ms) 38.6 +14.2 39.7£19.2 0.695
CVgr (%) 418 +1.1 41+20 0.484
RMSSD (ms) 31.2+18.7 38.2+23.4 0.442
TP (m$) 608.8 +428.3  765.6 + 799.9 0.785
VLFP (m$) 202.4+1225 181.0+141.3 0.267
LFP (m$) 201.1 +155.8  244.6 +304.6 0.670
HFP (m3) 205.4 +216.4  339.9 +449.6 0.772
nVLFP (nu) 38.0+10.8 31.6 +14.3 0.157
nLFP (nu) 32.1+12.2 28.6 +12.6 0.267
nHFP (nu) 29.9 +13.4 39.8 +18.3 0.079
LHR 1.5+1.2 1.3+1.8 0.226

Data presented are Mean + SD
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Table 3.Comparison of pulse harmonics of left hand betw@AD patients and
normal controls

Control (n =13) CAD (n = 22) P value
TPIp (v 20000 + 20000 88@09000 0.298
P1L (v 10000 + 10000 51005200 0.226
P2L (uv?) 3120+ 3970 1800 + 2200 0.463
P3L v 752 + 847 770 + 900 0.670
PAL (uv?) 263+ 369 230+ 320 0.959
P5L (v 161 + 236 9% 120 0.772
P6L (uv?) 52.9+ 81.7 66.2: 77.0 0.824
P7L @v?) 21.2+21.4 37.:61.0 0.959
P8L (uv?) 8.29 + 8.66 14.8 27.0 0.720
nP1L 59.58 + 9.00 55.69 + 8.23 0.068
nP2L 17.77 +5.42 18.77 +3.82 0.695
nP3L 5.02 +2.17 7.28 +3.4 0.046
nP4L 1.28 +0.71 2.02 +1.60 0.147
nP5L 0.95 + 0.68 1.02 +0.43 0.442
nP6L 0.47 £0.41 0.71+0.48 0.189
nP7L 0.17 £0.18 0.39 +0.40 0.189
nP8L 0.07 +0.05 0.15+0.17 0.298

Data presented are Mean + SD.
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Table 4.Comparison of pulse harmonics of right hand betwesmal controls
and CAD patients

Control (n =13) CAD (n = 22) P value
TPrp @v?) 20000 + 20000 970920000 <0.001
P1R {1v?) 10000+ 10000 4600+ 9010 <0.001
P2R {1v?) 3810 + 2750 1450+ 2450 <0.001
P3R (1v?) 1160 + 882 543 + 909 0.003
P4R (1v?) 300 + 265 150 + 147 0.005
P5R (1v?) 263 + 230 103 + 225 0.001
P6R {1v?) 124 + 101 38.4 +63.2 0.002
P7R (1v°) 37.1+435 16.4 + 25.4 0.021
P8R {1v?) 16.3 + 19 7.22+11.2 0.042
nP1R 58.59 + 9.56 55.30 + 10.80 0.253
nP2R 18.33 + 3.56 17.94 +5.01 0.851
nP3R 5.68 + 2.29 6.74 +2.93 0.463
nP4R 1.47 £0.78 1.83+1.51 0.645
nP5R 1.18 + 0.64 1.00 £ 0.53 0.528
nP6R 0.66 + 0.61 0.57 +0.45 0.986
nP7R 0.23+0.32 0.28 + 0.30 0.167
nP8R 0.09 +0.12 0.13+0.16 0.147

Data presented are Mean + SD.

Table 5. Comparison of pulse harmonics of right laftchands in CAD patients

Left hand Right hand p

(n=30) (n =30)
nP1 56.13 (49.58 - 63.76)  57.65 (46.20 - 63.40) 9®.7
nP2 19.77 (16.84-21.33) 18.60 (15.04-20.96) 0.487
nP3 7.56 (4.88-8.94) 6.95 (4.47-8.54) 0.569
nP4 1.57 (1.17 - 2.82) 1.49 (1. 20-2.10) 0.569
nP5 1.14 (0.72-1.56) 1.02(0.58-1.77) 0.784
nP6 0.61 (0.31-1.06) 0.43(0.27-0.79) 0.326
nP7 0.23 (0.08-0.55) 0.18(0.11-0.32) 0.673
nP8 0.08(0.05-0.22) 0.07(0.05-0.167) 0.751

Data presented are Mean + SD.
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