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TV, BomdVELD F- FAB LU, BRI
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TOEET, Mgikdgs bv— v sy —tEL
7. WERER  (Radius) 1, B~ 1 cRTHEcE G
BHREEAEDEECREL ., AR (1.21) THIE
TAHAHICLORY, AR ENEI Radius, &/
REVIES Radius & L. wric, FglRERCD b
32EF (Tension) ORIEFICEL, MEREED & 5 12
W AET LT, ESMNZO¥ERICHLERLES

BHac@ECEa I, B0EHLNBERNAOETEL
Dfficid Laplace OEEREEA LE 2D, g ke
DIFE, MEATEIERLE LS, M-1 kRt #
ICHENRAE (P) &BIRER (R) 2B’ F 2 Hic &
0. BIREEICRET ARNERDIENTEET H 3 .
oIl TEonMmEBRERES, 22 icmb
BINMEAE ST, B &L OMEBRENELE, 22 icmb 3
BRI ER- 1 CRIBIC /3 7 Licls, BH
EXEOMBREL SHTEBRERD, S5KKEN=0
ERE L 2O ¥R OE% non-stretched Radius
(Ro) & L7/, MiBhiREEA S0 iitkikic & 2 A A
bbe, TNIRNU THEEORNERT B4, 20
£iLRT o5 Strain &, WERSEAR (NEED
Radius), fighRkE/NME (JRIEH Radius) 2 2 L #
f1 non-stretched Radius (Ro) TRTHIck bk
Wi, EIAT, —RRICHEMEADOBMEMIT, 70y
Ho Young RicLiBTEsh, BRELH 2B

Table 1. Materials

Cardic Neurosis
Valvular Heart Disease
Essential Hypertension
Ischemic Heart Disease
Pulmonary Arterial
Total

6 cases
23 cases
23 cases

8 cases

1 case
71 cases

Group-1; Cardic neurosis & valvular heart disease

16 cases

mean age : 46,4 y.o.
syst. PAP: less than 39 mmHg

Group-2; Essential hypertension without ischemic change of ECG

14 cases

mean age: 46, 8 y.o.
syst. PAP: less than 39 mmHg

Group-3; Essential hypertension with ischemic change of ECG

14 cases

mean age: 49, 3 y.o.
syst. PAP: less than 39 mmHg

Group-4; Ischemic heart disease without hypertention

8 cases

mean age: 49, 5 y.o.
syst. PAP: less than 39 mmHg

Group-5: Valular heart disease & pulmonary arterial branch stenosis

10 cases

mean age: 47, 3 y.o.
syst. PAP: higher than 40 mmHg

Abbreviation; syst. PAP: systolic pulmonary arterial pressure
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T T OB TIRE VY. i FEBIIREE O Btk 5 i
AT bR, BEN I 3HRkED Young
RERDNEL VDI TH BH,  in vivo DIRME
T, ik b OBAR, MBRECES FAET H
RELHTCHEETHY, WMEIKEE IS B Stress

£3HRIL187% . FE Peterson S OHEIELY,

Stress @»b iz Tension %fHEL. Tension
A HtEh, Strain FHEhicl 0, HEOMREEHOD
T35 74EHL, tOEEOHEE, T4b b ENRE
5 & 0 TR O B D FEE & 15 B B AR SR
#& Elastic Modulus &K/,

59 i

1. gEOMBREEES L U2 OB (R2~%
6. -2 FE) 1® 10.5+4.7TmmHg, 28 16.0
+4.5mmHg, 3% 17.8+5.3mmHg, 48 20.4%
5.4mmHg, 5% 30.8+14.0mmHg& MKDEF 4 H
SBIREEE R, SHTELEL, DWTLH, 1
B, 3E, 2HOEREVERICHS.

9. BHOMBIRECMOIENB LU T OLE
(£2~%6, M2-2 FH) 1#2.8x10'+ 8 x 10°
dyme/cm, 2 82.4x10'+ 8 x 10°dyme/cm, 3 #2.8

Radius
max. R= syst.R
min. R=dast.R

Tension
T=PXR
syst.T= syst.Px syst.R
diast T=diastP x diastR

Ro = non-stretched Radius

Ro diast.R  syst.R

Strain .
syst. Strain =5 R/

Ro
diastR
diast.Strain= R,

M1 7 %
Abbreviations
max. R : maximum Radius, min. R: minimum
Radius, syst. T: systolic Tension, diast. T: di-
astolic Tension, syst. P: systolic pulmonary ar

arterial pressure, diast. P: diastolic pulmonary
arterial pressure.

~

%

w10+ 1.1x 10'dyne/cm, 4 #3.1x 10+ 9 x 10*dyne
/em, 5 E8.3%x10°% 4 x 10'dyne/cm & FgHAR E &
EREICEAGEBTRELANEL, DLTIHOT AN
KX WHEICH B8, hOBEICIZEEALENRY
Y (R AYAN

3. REOM#IR Radius BLUTZT DK (k2
~%6. -3 LB EBLURIcR. ERONENR
Radius &#E3RMA Radius OPEEERY . 1 #,
1.09+0.08cm. 2#1.12+0.12cm, 3 B1.11+0.19
cm., 4#1.15+0.13cm, 521.48+0.25cm. &5
HOMEIR Radius 2HEb&AELY, D 4> R
ORI EALEMNBDL SNV

4. BBD non-stretched Radius (Ro) B4
FOHE (£2~%6. K-3TE) 180.59+0.06
cm., 2 #0.62+0.08cm, 3 E0.80+0.13cm, 4 &
0.83+0.09cm. 5 #1.26+0.19cm &5 BB TR b A A
L POWTIRBLUAE, I BBLU2EOETS
3. 3L ABOM, £ IBL2BOMICRIELA
EENEDLINALL.
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Name | Age | Sex Fﬁan?f’?g) ™ [({car?ul)us (5@) (<1 gﬁﬁi‘?ﬁm (grtﬁaair}w (SRt{rEffr?/Ro)
M.A. | 40 f 15.6 1.0l 0.57 2.68 2.14 1. 40
I.M.| 68 f 20.3 1.06 0.59 2.86 2.20 1.39
S.H.| 55 f 17.1 1.05 0.55 2.38 2.38 1.4
K.Y.| 52 f 23.1 1.17 0.58 3.53 2.48 1.55
S.N.| 34 m 24.2 1.18 0.57 3.74 2.60 1.53
Y.H.| 50 m 22.8 1.10 0.49 3.26 2.86 1.63
Y.N. | 40 f 11.8 0.96 0.55 1.53 2.16 1.31
T.N. | 41 m 19.2 1.09 0.61 2.78 2.20 1.36
Y.K. | 42 m 12.7 1.00 0.55 1.67 2.20 1.42
S.R.| 51 m 25.9 1.25 0.65 4.21 2.31 1.52
[.T.] 52 m 23.7 L1 0.52 3,43 2.67 1.60
Y.M. | 31 f 10.3 1.05 0.59 2.70 2.19 1.37
K.N. | 53 f 25.1 1.12 0.59 3.67 2.25 1.54
M.H. | 50 m 12.0 1.02 0. 67 1.65 1.79 1.24
M S.| 51 f 14.7 1.06 0.61 2.06 2.10 1.38
S.0.| 32 m 20.3 1.15 0.75 3.09 1.76 1.31
Abbriviations
m. PAP: mean pulmonary arterial pressure; m. Radius: m. pulmonary arterial radius
Ro: resting (non-stretched) radius; m. Tension: mean tension
£3 2HIcBIAIEE
Name | Age | Sex | (B 10 | ™ Q88 80 | oo | (amainey | Sran
S.Y. | 40 f 16.3 1.03 0.62 2.23 1.98 1.32
S. .| 41 m 9.7 0.92 0.59 1.13 1.95 1.15
Y.Y. | 51 m 8.7 0.91 0.49 1.12 2.45 1.22
S.K | 50 m 23.0 1.25 0.63 3.82 2.51 1.46
J.S.| 32 | m 20.9 1.27 0.61 3.50 2.66 1.51
T.Y. | 35 f 10.7 1.15 0.58 1. 67 2.59 1.38
Y.0. | 39 m 16.9 1.10 0.50 2.43 2.82 1.56
M.N. | 64 m 13.3 1.16 0.69 2.20 2.16 1.19
T.A | 64 f 13.7 1.28 0.79 2.38 1.97 1.25
T.T. | 66 f 22.7 1.28 0. 66 3.81 2.38 1.48
K.H | 41 f 16.3 1.01 0.53 2.22 2.43 1.38
K.K| 50 | m 14.8 1.10 0.79 2.21 1.94 1.19
AY. | 42 m 17.1 1.14 0.69 2.61 2.00 1.30
HN | 40 m 19.6 1.07 0.60 2.76 2.15 1.40
Abbreviation

m. PAP: mean pulmonary arterial pressure; m. Radius: mean pulmonary arterial radius
Ro6: resting (non-stretched) radius; m. Tension: mean tension
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5. &#ics Y 3 Tension & Strain & O
1) 1B 3 Tension & Strain OMk
(F-4) 1BTRHbHBEICE 3 Tension-St-
rain diagram i, RT3 RICEROEMEM 2R
# (P<0.001, 1=0.899), #o[PFE#E Tension
=3.649X10* - Strain —3.391X10* T& ), %[l
1REK 3.649X10* dyne/cm i3, A HREEIC 31T 3 IiBIIR

BEMiERERbT.

~

=

5). BRd sk EEROEMMEBED Sh (P<0.0
01. 7=0.844) z oEREH . Tension=3.235
% 10"« Strain —2.856x 10*TH v, DB O HiFHIR
BB pEER 123,235 % 10'dyne/cmT & 5. 2 BOMBK
selpERlE, | HOZNEIELEALEVRY.

3) 3@icHi 2 Tension &StraindBEE (K-
6), BRrd a8ic Tension & Strain ORI’
sEOCAENED > (P<0.001, »=0.746), %
O EMRES T Tension=5.368x 10 « Strain—4.214

9) 2#lIcB1F 3 Tension &StraindBfk (K- x 10°¢. < oBoOMmEIREEMMESRI35.368% 10'dy ne
F4 IBCBULEE
Name | Age| Sex ?ﬁrﬁﬁix) m. Radius| Ro0 | o<Tos domelom BralRe) | (ReRo)
S.H. | 39 m 19.4 1.04 0.62 2.64 1.90 1. 45
S.N. | 45 m 8.9 1.00 0.80 1.36 1. 40 1.10
T.N. | 46 f 23.3 1.23 0.75 3.79 1.92 1.35
H.N. | 4T f 9.9 0.91 0.75 1.20 1.31 1.12
S.N. | 54 m 25.9 0.94 0. 65 3.24 1. 63 1.26
W.T. | 68 f 23.0 1.25 0.86 3.79 1. 62 1.28
O.T. | 69 f 17.7 0.99 0.93 2.33 1.09 1.03
Y.M. | 49 m 11.1 1.19 0.68 3.53 2.03 1.47
T.T. | b4 f 15.3 1.11 0.87 2.28 1.41 1.14
K.S. | 39 m 16.1 0.93 0.72 2.00 1.42 1.15
Y.K. | 59 f 15.6 1.06 0.82 2.23 1.44 1.13
Y.0. | 34 f 16.1 0.93 0.68 1.99 1.51 1.21
M.N. | 37 m 21.0 1.50 1.05 4.18 1. 60 1.26
T.M. | 50 m 24.7 1.41 1.03 4.62 1.50 1.24
Abbreviations

m. PAP: mean pulmonary arterial pressure; m. Radius: mean pulmonary arterial radius
Ro: resting (non-stretched) radius; m. Tensjon: mean tension

£5 4BBILER
m. PAP | m. Radius Ro m. Tension Strain Strain

Name | Age | Sex | (ymHo) | (cm) (cm) | (xi01 dyne/cm) | (Rmax/Ro | (Rmin/Ro)
E. K. | 66 m 17.4 1.27 0.99 3.03 1.44 1.11
S.T.| 42 m 18.2 .11 0.84 2.69 1.45 1.18
Y.H.| 45 m 16.9 1.23 0.91 2.79 1.52 1.19
J.Y. | 44 m 27.9 .11 0. 69 4.04 1.77 1.43
S.F.| 39 m 11.6 0.95 0.79 1.47 1.29 1.11
T. N. | 40 f 25.6 1.00 0.76 3.41 1.45 1.18
H O.| 52 f 21.8 1.26 0.85 3.62 1.62 1.34
T.N.| 68 m 24.1 1.28 0.82 4.07 1.76 1,37
Abbreviations

m. - PAP: mean pulmonary arterial pressure; m. Radius: mean pulmonary arterial radius

Ro: resting (non-stretched) radius; m. Tension: mean tension
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/ecmé 1BE, 2HoxzhiodbiEohickszw (PL
0.05).

4) 4BicB 1 %5 Tension & Strain OBE#F
(B8-7), RR$ 3 BicilisoicE RO EAEREMEE
woh (P<0.001, v=0.898), ZoEmERI
Tension="7.700x 10" ¢ Strain—7.064x 10T, Z®
B OMBIREEM MR IIT 700 10'dyne/ecmTH D,
NI BOMBREEEER LD s SEREL, (P
0.05).

5) 5#ick i+ 5 Tension & Strain OB{%
(B0-8). T I Tk, FBHARE OMBhAREEB MR
BLETHEIRNT 20, HPRECZVWES .
T b b IEMBIREAH OmmHgl FoBic> W T,
fEgkic  Tension & Strain OBAH%%ERY diagr-
am % {E8 U IBlREEMMER LR D /2. BIRT 28R 1
HEOBICIEROEHEESED S (P<0.001. »
=0.722), zOEIBEESKE Tension=44.734x 10*
«Strain—42.609x10'cH v, < OBOMBHIREEM
R 1344.734 % 10'dyne/cm E D 4 > DBt~ R
mickE L (P<0.01). & ATEIREE L. fth © B4
KEHELD, EREBELEL TV TR SHhOLE
TEZOREES L., B 2EHERECLTY
hid, 2OBMRIIAECLRY, 2nlg., SHOE
FloMBIREMRIS R E VO, 7o FZBICHHEIRE DS
B Mo REERE U LTEHNRENL DS, ThEbd
MEMEMEL X, Wik #E ICBENE(L
MELTEY, ZOERE L THERNAKE(U- 1
AT HHREEL O BEL AR T 2 EHKT, 5 BOE
B OhT, TOBEICMO AEIHMD 4 >DEEL IZIE
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2L 17.000 x 10'dyne/cmPLF 0 3 FEHICD W T BB
ORNELTAHSL, K-8DKWHRTRTHKCP
o EEOFMEENEDoN (P<0.0l.y=0.706).
BWHERIT, 36.293 x 10'dyne/cmEHD 4> DB D {E
BB AE VL (P<0.0D). coHE. 5 B O
BIRBEMMER M PEI FEAERIC K E (B> TWAES
AT 3.

6 . InEsDMEAREEMVEAS 1 B & T R

T B AR B O Nl Ic & 2 AL 2 BT 5 42
W, HEWERIOGEWEEZONIH, T4b5 1 #
BLU2HE, SOILNROHETERL 20T ROER
20T, 20FRMS50FRETCEIOFRICHEEL .
BEMRFICEBEC  Tension-Strain diagram % {E
L (K-9) #MEERERD .

1) 2048, BIRT 2B IcEROEAMEEZR L (P
<0.001, 7=0.859), ZOE/EEME Tension=
2.611x 10* » Strain-2.370x 10*T FhgpIRBERMESR 12,
2.611x10'dyne/cmT& 3 .

2) 30F, MRT 3B EEFEOEHEEMED LN

(P<0.001, v=0.830), E/FERE Tension=2.
836 x 10 « Strain—2.056 x 10' TH#MR132.836x 10"
dyne/cmT®H 5.

3) FR. RRT3RICEROERMEIBD S
(P<0.001. 7=0.897), [EYRE#HIE Tension=
3.434x10* « Strain —3.312 < 10 TR IE, 3.434%
10'dyne/cm T4 5 .

4) 0FR. HRT28%IcEEOEHAMMEED o h

(P<0.001. v=0.874), EFE#HRE Tension=3.
534 10¢ « Strain—3.239x 10" TR 1£3.534x 10"

F6 SEICBAEE

m. PAP | m. Radius Ro m. Tension Strain Strain
Name | Age | Sex | (Ho) | (cm) icm) | (x104dyne/cm) (Rmax/Ro) (Rmin/Ro)
Y.I.| 31 f 40.0 1.43 1.14 7.50 1.29 1.20
A.T.| 30 f 51.1 1.48 1.08 9.90 1.47 1.26
M.U. | 55 m 58.7 2.07 1.70 16.40 1.32 1.11
H.H. | 50 f 59.8 1.46 1.22 12.00 1.31 1.07
K.O. | 48 f 38.8 1.52 1.32 8.48 1.20 1.09
T.H. | 58 f 35.9 1.52 1.29 7.33 1.25 1.10
S.T. | 47 m 23.6 1.23 .11 3.91 1. 16 1.05
R.K. | 36 f 22.0 1.21 1.17 3.57 1.05 1.02
H.M. | 65 f 43.9 1.61 1.39 9.58 1.24 1.06
S.S. | 61 f 23.7 1.23 1.13 3.90 1.12 1.04
Abbreviations

m. PAP: mean pulmonary arterial pressure; m. Radius: mean pulmonary arterial radius
Ro: resting (non-stretched) radius; m. Tension: mean tension
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dyne/cmTH 3. CORIcHEkEEERE, T
IO TRS MM E L bITKS LB ERIKED
5.

ES E=
P EAR B MEAS M 1, T B M IS W T B AR

. * POOB
Radius -+ PQOI
cm —

15 -T
1.0 1

G-l Gl Gl GV GV

Ro - .

o N —*—:
10 —t—
05

| G- G-l G-m GV GV

M3 LB &EOMEIR Radius 0FHE, Ei
IREMES L VDS
TEY KBEOMENIE non-stretched Radius
DFE, BUEREES & U2 OHE

Tension vs Strain

Tension
w10t 1dmegn Group [
o
5 ¢ . :'
,// X ’
3 .’ . n=32
'./ * r-08w
ra “'c. e P<OOO
R ¥=3649x104-33910%
1 - el
..
10 15 20 25 Strain

R4 18sr2 Tension & Strain DBAE,
AR i B Ry

>

=

fyts in vivo OIREET REF T 2154, MBHRR
DFR . MBIREDRIE. MEIKEEICIND 25EH7DH
ERECHEMICREL AN V. ETRBRE
(Radius) OFHRNIIC>WTIE, HICSE D B 1o BE R #
BAERHB1-HD elastic diagram fERI % Hig &
T ABG. EFNICHBRELA LIRS LN,
Greenfield &3, BAMAATICBHAREEICES: calip-
er 2EETAHIL L VMBIREEZERER KD TV
3™ Jarmakani ', £7 Boughner 5"z,
EELEBOFE, THROLMBRELETIEICL
o RERE AR L TW B, —HiBIREE I INb BE
77 (Tension) ORETH 555, b elastic di-
agram Z{E8T 2154, BENICEEL DEH -
WTELORELMA, £OROMHRE D24
TDEHERKDHEINETHAS . Harris o3, %
%, ARSIV LR EKBRIFC>VT, B
# DEBOEEMA 2H5ET, BHZHELTL

Jersion Tension vs Strain
K0T dynes
7 cm Group Il

5 4
3
L]
n=28
o . r=0844
. . P<0.001

Y=3235x10°X -26856x 104

10 15 20 25 Srain

K5 28icBiF5 Tension k Strain MG,
AR IGE R E 2 R

ngnsion Tension vs Strain
X07 dyreg, Growp Il
5
n=28
r=07%6
s P<0.001

¥=5.368x10%X- 4, 214x10%

10 15 20 25 Strain

H6 3BBII3 Tension : Strain DOREHE,
B EREEE s R
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2. LAL in vivoDIRETIE, BeDERIKD

WT. Harris 5 OFEORICIERICINb 3385
FEEOEICHETT 2BERAETH D, He OEH
oW To elastic diagram #{ESi+ 3 HIZ TE
W, Zhi# Boughner S>OFEORKRY, Fih,
mITEIESAELU T 22 8Hc>W T, Tension B
k¢ Strain &K H ZHEIC L b elastic diagram
AERMEEZEELTV. RICHBRERL L DERILL
WEREAE = EHE, B NEEIRERET2E

OEYMIc oW Tk, Greenfield 5™, %7/ Jar-
Tersion Tension vs Strain
X104 |dreg oo
5 4
““ n=168
Ry r=089%
3 ;e OO0
B ¥= 7700510 - 7064x10%
SR
’ /l LV
1 r’/'l'
L
i.0 15 20 Strain

K7 4FwBir2 Tension & Strain OEEE,
AR AT R T

Tension vs Strain

Group V
Tension
X104 d\/necm
30

20
2 e n=20
10 r=0.722
pP<o00!

Y=L4736x10%X~ £2609x10°

L
1.0 1.5
B8 5Eici173 Tension k Strain QEI%
(K iE#iz Tension % 7,000x10* dyne/cm
BUFo 3EFIz 2w Tension & Strain o
BAfRERT), OB EREEE PR T

20 Strain

makani &'"9hf, EEEICRIE L MBREOE % B
egiic s -3 7kic7o .y P LERE, 20
ErEECE L OB 2 B L AR, mEPE
CHUBEAELAERELTEY, BREZNER
%R, BNRALEEREALT L ICBEES L V.
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Abstract

The purpose of this report is to evaluate the elastic properties of the pulmonary
artery and the effect of aging and pulmonary arterial pressure on the elasticity of the
pulmonary artery in the patients with essential hypertension and/or ischemic heart
disease.

Seventy one patients aged 23-69 years had undergone catheterization of the right
heart and pulmonary angiography. These subjects were divided into five groups.
Group-1 consisted of 16 patients with cardiac neurosis or valvular heart disease.
Group-2 consisted of 14 patients with essential hypertension. Group-3 consisted of 14
hyper tensive patients with ischemic changes of ECG. Group-4 consisted of 8
normotensive patients with ischemic heart. Systolic pulmonary arterial pressure was
not beyond 40 mmHg in Group-1 to 4. Group-5 consisted of 10 patients with valvular
heart disease or pulmonary arterial branch stenosis who had systolic pulmonary
arterial pressure higher than 40 mmHg.

Pulmonary arterial radius were measured at the maximum systole and diastole. The
elastic diagram was drawn by plotting the pulmonary arterial radius against pulmonary
wall tension (radiusxintraluminal pressure). The radius at zero wall tension gives the
non-stretched radius (Ro). Strain was calculated by each radius (R) divided by the
corresponding Ro. The slope of this regrossion line, which was obtained by plotting
wall tension v.s. strain (R/Ro), was taken to reflect the elastic modulus of the
pulmonary artery.

The elastic modulus was 3.649 x 104, 3.235x 104 5.368 x 10%, 7.700x 10* and 44.734
% 10* dyne/cm in Group-1, 2, 3, 4, 5 respectively. On the other hand, the effect of aging
on the pulmonary arterial elasticity was investigated on 35 subjects which did not have
any ischemic changes of ECG regardless of systemic blood pressure. The modulus of
elasticity tended to increase with age ; 2.611x 104, 2.836x 104 3.434 x 10% 3.534 x 104
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dynes/cm in the twenties, thirties, fourties and fifties respectively.

These findings indicate that the stiffness of the pulmonary artery is more increased
in the patients with essential hypertension and ischemic change of ECG, ischemic heart
disease and especially pulmonary hypertension and also tends to increase with age.




