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- A EARTH

A (4 41] o HARAFTHRY 7 R BEjvedrid ez jivF
wAE A A FAplecho A w4 258.845.7 gm 27 255.548.7 gm ; (£iF ik
Al 2 30 X R (S > WME g G WA 0 A w5 274.0218.4 gm &
268.3+25.0 gm » & e (v AR e ik B o T IREA bk Rk H - K

S
K
=
I

[#41)] Q42 mFe EHEE L)

i £ (g) S E(9) PV(mmHg)* HR(beat) MAP(mMmHQ)

B sl 258.8+5.7 274.0+18.4 8.34+1.64 376.2+32.3 104.7+2.14
gile 255.5+8.7  268.3£25.0  20.04+2.75 392.6+36.5 105.8+2.55
* 1 P<0.05

S @A AAE B R

BN 30 % > AL P F- BRTARE APT
Ij,{”——l'f:_/{g{';;@\ﬁwu;el]}ﬁ?\m oo Fonad Al w0 BT BT IRIE
PR NPT OF P RIBRR R A ey B Gk 8k Dl

A0 BIEE e P ARG oo

PO TR b o AP R [£ 41) A A TR Z
[ B 45] #t77 » % 20.04+2.75 mmHg » #& i+ i 8.34+1.64 mmHg &
P RERE o $ A eI e F R LK S b Fdie [B) 46]) o o
% 392.6+36.5 beat/min > < jF e 5 376.2432.3 beat/min o fe T 35%5 % &
4o [B 4.7]) #57 » BE Wﬁ@l&i’i’%i‘] e wl i 104.742.14 mmHg 14 %
105.84+2.55 mmHg » ¥ iz $ HEH 1 > @7 #F &4 KGR LR 5

BE o
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TR R g s Tias F F A N iy 5 giiag A =
HoPFIRFEAES D A R & 8 AR & (hyperkinetic systemic
circulation) & & 413 -
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15 -

mmHg

10 - ‘|’
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[ B 45]) B+ i g2:g 4] 2 £ s o7 ‘?J-’;F’H%‘;”?‘i@
BL e (Sham» = 6 &) w3 dle (PVL: £ 6 &) &£
#F 30 % 15 AR 1 2 PR R (mmHg) B4 T b LD
"Jf‘gr“++‘*’1_§ > P<0.05 -
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FEId Al # m P RS o Y R E TR 1 2 BRI EE > i
FUTap AR R RS T RIS N E R

B0 AT 2 A 47 B %

ATEEL b E - BRI DT T LT R AR
Bed WAL Imin P B> F P 7 30 2 2sec dEuEL o & A
BORERANUTREIA NS4 D F AWM CF R Gl > 5% 1Y
A SN Ak - e Tiedd Tl QBTN o B8
EAR G - RRRROTH A BEAAT o D & 2 E RS g
o H A2 AR N A RS BB AT R s 0] o &
$m A2 s LB (DC) B2y (AC) 8 » B 4P Jnn B (3
#A7iE = £ &~ 47 (Discrete Fourier Transform, DFT ) » 4oyt f{8 — %2t
5 en T 354 3% (averaged spectrum) o 2o {8 #-= FLlmin ¢ g BLAE 2 P
LA D nEB T K Gl SETIEPE S5 Cno

At o g Al B¢ A A em CORM - 5 13461123 0 B vl
Pl 5 1673+212 5 ¢ A)® 2 C2 (%) #§ » % 29.66+3.36 » i< fiFie p
% 2581+1.79; 2 Al%ez C3 (%) #&F - 5 14.86+3.02 » B+ jisie ] 5
11.29+0.56 ; ¢ Al 2. C4 (% ) #&F > 5 9.99+1.70 » B+ priep| &
7.96+0.60 ; A2 C5 (% ) #® » 5 6.98+1.89 » E £ jiFep] &
5.8640.65 > 4- [B 4.8) & B¢t~ [M49) - 2 = 2t 2 [£ 4.2)
PR AT EHEFLR

Juh

(242] = WA A ik (TR L)

co* C1 Cc2* C3* C4* C5* C6

B+ e 16731212 43.22+41.11 25.81+1.79 11.294+0.56 7.96+0.60 5.86+0.65 4.23+0.72
@# Al 13461123 43.78+1.42 29.66+3.36 14.86+3.02 9.99+1.70 6.98+1.89 4.63+1.33

* 1 P<0.05
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50 -

T
I Sham

401 1 PVL
30 -~ I

20 *

I
10 - *
: I iﬁ il
C1l C2 C3 C4 C5 C6

[$49) B jrmd e L rsbddpz - 3> ik
B (Sham- = 6 &) & 4)%e (PVL> ¥ 6 &) &<+
30 X fSETpl Rk Rz - 2 23k (CL1-C6) » B

27 a dlemTiaEHERE L o ¥4 5 P<0.05 -

Aikgdp mandRe o v IR > PVL 2 &2 P4 5-3.017+0.143 »
Ap # >t Sham 22 -3.305+0.428 5 3 ~ PVL =2 PS5 % -3.440+0.175 > 4p
i3t Sham .2 -3.78240.522 = % ~ PVL &2 P6 5 -3.583%0.146 - 4p ik
+ Sham .2 -4.10620.535 % & > % A ¥ % aug$4e [ F 4.10) 2
[# 43] #7 > ERPHF - 247 LY B8 T Mahg Rind R
FEHE o @ Pl B 0 B A w2 RILA IS ek i o PVL 2
Sham % 4 %] & -1.603+0.057 ¥2-1.671+0.047 -
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[# 43]) =

R Fe % S A 7 —Ap = (T3 E R £ radian)

PO P1* P2 P3 P4* P5* P6*
B e 0 -1.671%0.047 -2.395+0.080 -2.866:+0.100 -3.017+0.143 -3.440+0.175 -3.583+0.146
$4le 0 -1.603+0.057 -2.348+0.131 -2.915+0.221 -3.305:0.428 -3.782:0.522 -4.106+0.535
* 1 P<0.05

PO P1L P2 P3 P4 P5 P6

[#4.10] BEjserd A e S sy i 5 2 2> 30k p iz

Bt (Sham»> x 6 &) &g dle (PVL> 2 6 &) A<
w30 X STl E AT L ¥ E 3 2 3k 4p = (PO-PS,
radian) > B2 & 7 3 & 2T HEHER L - * 4 57 P<0.05-
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g *“F’B%;”‘\r_g}iﬂé y iE A % ng@%—%mﬁé—”f K /W—Z‘f ’ %?{i‘/‘&%
¢ R SRR A B o AP et {4
A g Rd 4 BRiLipE & o 3

HIEBRA L EPERE R
B LR R RS T R R R

/;#\‘H;F' Fa”l”\*% ’ /Zﬁb EE.»_B_ /]Q /w\-#j
Fo AR

E o n BRECFREREE LTS R

BRSBTS 2 0 P RALIRE B A ST AR g
S o AR BROTER Y h0 5 o ME R PUIE MU B A 2RO AT ik
PERAT R o K2 I (normalization) o & MOHE IR (> 00 ATk 2R
GIFRA Feom 5 MOAE BT 3 AE IR I il MOE R AR R e B R T o 4
PUE RSN 0 R R S chg B B R 1

e
5 144 = b -~
RS+ S+
4 = 'UF"_
=N &iﬁ + 3 &iﬁ
! B AR
Fag =t
wOE 4+ B R

[£ 44)e RS E P LA T RF BT 342+ B ok <45( AP-VLF)
Moz B BRI e g LR AR > Sul i 31.189%+20.27 &
35.339%5+16.64 ; @ 1% F| e chAE (AP-LF) 284 b b £ jisie fp it o

PIER 5 e & w5 63.939416.07 ¥ 73.91%+12.17 5 % 4 (AP-HF)
et p3r g Al w P H 3 % en> 5 36.07%1+16.07 » 22 < vl 26.09
9%112.17 Aprt o he [B 4.11]) #7577 » E 3B F o BT A SeE

B e et e g S p g
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[# 44] « R BREEAHT LM F A0 6] (TI0EHRE L)

AP-VLF(%)* AP-LF(%)* AP-HF(%)*

B+ e 35.33+16.64 73.91+12.17 26.09+12.17
#4le  31.18+20.27 63.93+16.07 36.07+16.07

* : P<0.05
100 ~
*
Il Sham
80 - I [ PVL
60
*
40 1 I l
20 ~
0
VLF LF HF

[ 4.11] B+ jiwie grid ) & it B R o8
B (Sham» £ 6 &) &% (PVL> %2 6 &) &+
AF30 X {89l e BRERE M2 mMag (VLF) ~ ®#g (LF)
B EAE (HF) %4 > WE A v &7 0 B35 & eI ioiE+

T F x4 7 P<0.05 -
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[# 45)] o B P L4252 5 34 w2 4&M#E (HR-VLF) %
Aol b3 5 0 i 51.3496+16.85 5 #p it B jivie o 33.9895+18.80 5 i
#5 (HR-LF) /A0t b3 3] e 7n 3 5 > iF 34.8901417.47 » 4p it 25 jiF
feh 24.149649.50 5 i A mehE 45 (HR-HF) &t iB& > > % 65.199

+17.47 > Ap 30 £ i ie e 75.86%19.50 o 4 [ @] 4.12] #777 » 3 st
BB o MR A S R L s FE R A S S A

2 R

[# 45] 4 R FRBPEAT IS0 6] (TI0ELEEL)

HR-VLF(%) HR-LF(%)* HR-HF(%)*

B+ frie  33.98+18.80 24.14+ 9.50 75.86+ 9.50
i# 3% 51.34+16.85 34.81+17.47 65.19+17.47

* 1 P<0.05
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Analyses of Pulse Waves in Portal Hypertensive Rats
Henry Cherng-han Lin
Major Professor: Yi Chang Su
Institute of Chinese Medical Science, China Medical University

Chronic liver disease or cirrhosis has been one of most common causes
of death in Taiwan. Cirrhosis is the end stage of any chronic liver disease.
Portal hypertension is the main consequence of cirrhosis, and is responsible
for most of its complications. Pulse diagnosis is a widely used technique in
Chinese Medicine to assess patients. According to its related theories,
hemodynamic changes can be obtained through finger sensations. Recent
researches had more and more revealed its scientific foundations. In this
study, we tried to investigate arterial wave changes in portal hypertension
using PPVL rats.

Twelve rats were separated into PPVVL and Sham group. Rats form
PPVL group were ligated by PPVL method. After 30 days, the 12 rats
received femoral artery and ileocolic vein catheterization. The arterial and
venous pressures were then recorded for 15 minutes long for analyses. The
arterial pressure wave was transformed into frequency domain (Cn) by
Fourier transformation, and then calculated the phases (Pn). Arterial
pressure variability (APV) will be calculated by fast Fourier transformation
(FFT) of arterial pressure wave. Heart rate variability (HRV) will be
calculated by FFT of heart rate.

Results showed a decrease in CO, but increase in C2, C3, and C4, while
P4, P5, and P6 decreased. These indicated the accumulation of blood in
middle and lower part of the body. AP-LF decreased and AP-HF increased
indicated increased activity of sympathetic tone. Increases of HR-VLF,
HR-LF, and the decrease of HR-HF suggested that vagal tone has less effect
to the heart.

35



Furthermore, this study suggested that the differences from arterial
signals could be detected from arterial pressure wave in portal hypertensive
rats. This could provide a feasible application of using pulse diagnosis to
detect portal hypertension.

Keywords: portal hypertension; pulse diagnosis; harmonic spectrum analysis;
arterial pressure variability; heart rate variability
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