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mci:tic:u:;::Cp:Isthお aVよ ミ、1:llみ 1:尋 :;WhCthCr or not a hardncss or aOrta)mCthod Can bc an indcx rOr

pat燎
響薔:::l:鷺ftl視爾毬m口cs from 72 p"tn"Whosc amcmo●cm pusc

wavc VC10City had bccn mCasured  ThC pulsc WaVc Vclocity was calculated frOm

thc lcngth of thc aOrta and th●transmitting tinc oF the pulsc WaVC

ll宙:精t:富讐灘:rit需:1晨1紺獲1:駕』鴇1出唱詰:l普
kC轟n3

calcification oF thc intima by applying thc point COunting mcthod

Histopathological sPccincns wcrc takcn from 4 portions or thc aOrta and stained

with Elastica Van Cicson  V01umc perccntagc or clastic ribers,c。 1lagcns and

musclc cclls in thc mcdia wcrc obtaincd by llsin3 a Karl‐Zciss'cycpiccc I  Thc

rciationship bctwcen thc pulsc WaVc vclocity and thc path01ogical changcs was

cxamincd by multivarin,c analysis

Rcsuits obtained wcrc:

Elasticity or thc aOrta mcasurcd by thC PWV mcthOd Was wCll COrrclatcd with

thc dcgrcc or path。1。gical changcs  A multiplc corrclation cocFricient(R),0810,

was obtaincd by rc8rcssing PWV on four intimal and two mCdial ractors  This

mcans that thc clasticity dccrcascs with pro8rcssion in the patho10giCal changcs

Thc wcight or each intinal ractOr ror sclcrosiゞsuccessively increascd in the

ordcr or thc diFrusc ribrotic thickcning,formation or athcroma and calciricatiOn

The quantitativc cstimation or thc pathOlo8iCal Changcs in thc aorta is pOssibic

by thc mcasurcmcnt or PWV

Sclcrosis in thc aorta gcncrally prcccdcs tO thc ccrcbral and coronary artcrics
which or:cn rcsult in a ratal proccss  Accordin31y,thc mcasurcmcnt OF aortic

sclcrosis using thc PWV● ●thod has and important clinical signiricance in
prcdiction or artcriOsclcrosiS in ccrcbral and coronary artcrics



SamDic and Mcthod

Thc aorta was cXCised rrOm dccrcascd paticnts whoSC PWV has bccn mcasured
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Thc Fukuda Schwarzcr Physiopolygraph

ModcI ST‐ 4,which Was uscd as a PWV

mcasuremcnt dCViCC,Was capablc or

synchronously recordin3● lectro・

cardiogran,cardiac sound and tWO

channcls or pulsc wavc pattcrns

For recOrdin3,the subjcct was rirst
laid in thc supinc position;thc

cardiac sound pickup microphoncs is
ploccd on thc chcst ヽall  Then,

pulscヽvovc piCkup microphOncs arc

attached io the throbbing parts or

both carotid and rcmoral artcrics

Rccognizing the precomponents oF

cardiac II sound,uprisc or two

pulsc waves and thc scar on thc

carotid artcry,lct thc subjcct hold
thcir brcath sl18htly,and synchronous

rccording is madc during S to 6 hcart

bcats  lmmcdiatcly artcr thc recording,

the blood prcssurc at thc right brachial

―

'C・

‐l― iCC

Fi3 1 M● th●do'ぉ ■3tr●tion 3●dt● Cul●tion

or p●...3v。 マ●10City o`3o■●

i●‐ SI

C●■ S●
   ,ぃ v_ 0メ '・

artcrv is lncasurcd                     carotid artcry p●
lse waVc and that orThc timc lag bctWCcn thc uprise or thc

thc rcmOral artcrial pulsc wavc is mcasurcd as t Thc tinc la8 berwccn thc
precomponcnt or thc cardiac ll sound alld thc scar oF the carotid 8rtery is

‐ 職∬Ittt職;i等:難留:ふ宙LttV犠 :誕1■』Lttl:Tlえ震=」
region of thc ri31t mar8in or thc stcrnum and throbbing part or the rcmOral

a rte r, by thC anatomical コodiricatiOn valuc, 13  Thc aor:ic pulsc wavc Vclocity

(PWV),iS CXpresscd a,

PWV‐ 1(Dx13)/(t■ Tc)]P

whcrc p is thc minimum internal prcssurc or dinstolic blood pressurc  PV´ V

valuc was corrcctcd ror diastollc blooこ prcssurc at 80 mm H8 by using Tabic 6

0r HaSC8aWa's papcr(Appcndix ll)
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The quandは■c mc¨u“mcm or pa留篤itC:認鷺鳳:梶
i‖
:鴨』1lCaortic artcry was dOnc by MitChcll and{

shown in Figurc 2  Artcr opcning thc aortic artcry,nccdics wcrc placed in

cvcry 10 mm intcrval  Changcs in cach nccdle point wcrc eValuated by

classirving intO six componcnts:(1)nOn‐ribrOtic thickening:(2)streakS and

spOts:(3)dirrusc ribrotiC thiCkcning;(4)atherOma;(5)ulccration:and(6)

colciricatiOn  Thc arca occupicd by cach cOmponent Was cxprcssCd by
pcrccnta8C

い√ith rc8ard ,o thc mcasuremcnt or Chan3CS in thc mcdia, a horizontally sllccd

samplc was takcn from cach or thc rOur part:A asccnding aorta: B oortic arch:

C dcsccnding aortal and D upper abdominal aorta(Figurc 3) Each samplc was

colorcd by thc E13StiCaヽ ′an Cicson  MicroSCOpic obscrV3tion was conducted rOr

cach samplc by thc Karl Zciss lnteBratin3 Eyc Piccc I(Figurc 4)Thcrc

components or thC mcdia(olastiC ribcr,c01lagen and musclC CCll)Wcre mCasurcd

by points and wcrc eXprcsscd as volume 91

Fig , Mit● b●ll&Onnit● ●'=point co● ●ting
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To cxaminc thc rclationship bctwccn PWV and pathological changcs in thc

a oria, thc Pcarson product‐momcnt correlation coerricient was obtained bctwccn

P ′゙V and cach COmponcnt or changes in thc in!ima and the media  ln addition,a

multiplc corrctation cocrricicnt(R)Was cOmputed by regressing PWV on multiplc

components rclatcd to chan8CS in the aortic artery(SCe Figurc 5)

い,i●101「●
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`io Fo●
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Fig ` Bl● ●xal._t。 。ヽ tin corr● 1●tionヽ●t‐

ψoo■PWV“ dP● tholo●●● FIndingl or th。

Aoit●

R c s u l t s  a n d  D i s c u s s i o n

Thc validity or PWv,ir a hardness or aOrta mcasurcd by thc PWV mcthod is an

appropriatc indcx ror path。lo3iCal changcs or the aOrta,was cxartincd by using
postmortcm aorta samplcs frOm 72 paticnts  Tablc 2 and rigures 6 and 7 show

the relationship bctwecn PWV and two major arteriosclcrotic components:thc
intima(non‐ribrOtic thickening,difrusc ribrOtic thickcning,ュtheroma,and
calciricatiOn)and thC media(clastiC ribre,collagen,and muscic ccll) It waS
obscrVed than as PWヽ「incrcases in thc order or 6 9、70‐79, 80‐89, 90‐99, and
100m/SCC Or grcater:(1)the corrcsponding v● luc(9b)。r nOnfibrotic thickcning
dccrcases in thc ordcr or 97 5, 864,631,352. or.d :049●,rcspcctivcly:(2)the
corrcepor.din8 diffusc ribrOtic thickenin3 Valuc incrcases in the crder or O,0,

97,250,and 265%,rcspcctively;(3)the cOrrcsponding arca arrcctcd by

atheroma incrcascs in the order oF 2 5, 136,262,366,and 192%, respectivcly:
(4)thc corresponding arca arrcctcd by calciric● :ion incrcascs in thc ordcr or o,
0, 10,32,and 13 99● ,rcspcctively:(5)the cOrres,onding clastic riber volume
decrcascs in the order oF 39 9,372.35F.338.and 29 9%,rcspcctivcly:(6)thc

corrcspOndinB collascn ribcr v.luc incrcascs in the order or 27 6,281,268,290.

and 32 2%,rcsp● ctivcly:(7)thc cOrresponding FtuSClc cc:l volumc incrcascs in the

ordcr oF 32 5,347,380, 3,2,and 3'9%respectively  Despitc thc dirrercnce in

athcroscncSiS involvcd with cach compOncnt or ihc a。 「tic nrtcry, thcsc rcsul:s

dcmonstratc that thc Pヽ VV valuc rcmarkably rcrlects thc changcs in such artcrial

c o m p o n e n t s
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Table 2  Corre13● On be:ween Pヽ ヽ こnd p■thologictl inding=
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Figurc 8 shoWs thC rclationship bctwccn PWV and Core's lndcx'which was

bascd on obscrvation or changes in the intina  The correlation cOerricicnt was

0736(Fi8urc 8) AnothCr similar athcrosclerosis indicator,ASSA's lndcx(whiCh

晶ン:::だitr凛肥浜Ψ↓玉
Cc::よ
:r鶴鳴慧1『霧露Ъttt:上

r轟
:ng

72 sanlples Thc corrc131:on coerricient was 0 744(Figure 9)PWV iS rairly WClI
associatcd with both indiccs HowcVer.the subjccts with bOth indices lowcr
than 10 havc PVIV valucs ran8ing fromく 6to ll m/scc  POSSiblc rcasons arc:

(1) BOth COre's lndcx and ASSA.s lndex arc based on visual obscrvations or

changcs in thc intima only,whilc PWV rerlects changcs both in thc

intima and in thc mcdia,as shown in Tabl● 2 and Figurcs 6 and 7:and

(2)  PWV iS COnsidcred to show both pathological and runctiOnal changes in

thc aortic artcry,Whilc both Gorc's lndeX and ASSA's lndcx indicatc
patholo8iC01 Chan3CS in the intima only
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Multiplc rcercssiOn analysiS Was conductcd to cxaninc ir Pwv v31uCS Can bc

prcdictcd by changcs in compOncnts in thc intima llnd thc mcdia

Multiplc c。「rclation cocrricicnt, R,is a corrclation cocrFicicnt betwccn

actunlly mcasured PWV valucs and prcdictcd PWV valucs from rcBrcssion

analysis As shown in Figurc 10,R is 0 810 which is rairly high in other
WoFdS,PWV is considcrcd :o bc a 800d indicator or artcriosclcrosis in thc aorta,

bccausc prcdictcd PWV valucs wcrc bascd on mcasured changcs in the non・

fibrotic thickcning,dirrusc ribrOtic thickenin3,atheroma,and calciricatiOn in thc

intima,and c:nstic ribcr and collagcn in thc mcdia
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Tablc 5 shOWS thc association bctwccn changcs in PWV v● lucs and in cach or

rivc artcrioscicrotic ractors in thc aorta,based on individua:obscrVations(TabiC

l)and rcsults or,athOiogical analysis in Tabl● 2 By using thc criterin in Tabll

5, it is possiblc to CStimatc thc dc8rcc or changcs in cach ractor according to a
pcrson's PWV Valuc For cxamplc,the person who hos 9 0 m/sCC Or P、vv is

cstimated to have 38%or non_ribrOtic thickcning,2596 or dirrusc ribrOtic
thickening,35%or athcrOma,3%or calcirication and 30%or clastic riber vO:umc

T●bl●6  Etttin3tiOn●fA●rltlc O卜●ng●●om

PWV

non-lb:non ib=ollc thickenlng

`Ъ

:di“use 6bro:ic thickening

ol:α ld6cation

e13S ib:elaまic ibre

As a lloninvasive techniquc,thc PWV method is

cvaluate thc dcgrcc or artcrios●lcrosis in thc 30rta.

thc population screcning and providc prcventativc

diseases ror,crsons With a high PWV valuc

cxtrcIIlcly crreqtive to
Thc method call bc used for

mcasures or athcrosclcrotic

'W Vm/,。 `
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