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SU!TI!TIIII’!

The purposc of this study is to clarify whether or not a hardness of aorta
measurcd by a pulse wave velocity (PWV) method can be an index for
pathological changes of the aorta.

Materials consisted of aorta samples from 72 patients whose antemortem pulse
wave velocity had been measured. The pulse wave velocity was calculated from
the length of the aorta and the transmitting time of the pulse wave,
Pathological changes were examined with reference to non-fibrotic thickening,
streaks and spots, dif fuse fibrotic thickening, atheroma, ulceration and
calcification of the intima by applying the point counting method.
Histopathological specimens were taken from 4 portions of ‘the aorta and stained
with Elastica Van Gieson. Volume percentage of elastic fibers, collagens and
muscle cells in the media were obtained by using a Karl-Zeiss’ eyepiece I. The
relationship between the pulse wave velocity and the pathological changes was
cxamined by multivariate analysis.

Results obtained were:
Elasticity of the aorta measured by the PWV method was well correlated with

the degree of pathological changes. A multiple correlation coefficient (R), 0.810,
was obtained by regressing PWV on four intimal and two medial factors. This
means that the elasticity decreases with progression in the pathological changes.
The weight of each intimal factor for sclerosis successively increased in the
order of the diffuse fibrotic thickening, formation of -atheroma and calcification.
The quantitative estimation of the pathological changes in the aorta is possible
by the measurement of PWV.

Sclerosis in the aorta generally precedes to the cerebral and coronary arteries
which often result in a fatal process. Accordingly, the measurement of aortic
sclerosis using the PWV method has and important clinical significance in
prediction of arteriosclerosis in cerebral and coronary arteries.



The aorta was excised from decreased patients whose PWV has been measured
prior to dcath between 1964 and 1969. A total of 72 cases (47 males and 25
females) were the study sample ranging from 13 years to 86 ycars of age, as
shown in Table 1.

The Fukuda Schwarzer Physiopolygraph
Model ST-4, which was used as a PWY
measurement device, was capable of

synchronously recording electro- l { ' | N :--; ;"
cardiogram, cardiac sound and two J_\/\ Q_-_;-_T LS s

channels of pulse wave patterns. %:

For recording, the subject was first
Fem. 5g.

—

Fem. 5g.

laid in the supine position; the
cardiac sound pickup microphones is
placed on the chest wall. Then,
pulse wave pickup microphones are
attachcd to the throbbing parts of
both carotid and femoral arteries.

Recognizing the precomponents of Car. S9.  py o 0X13
cardiac II sound, uprise of two i ¥ T e
pulse waves and the scar on the

carotid artery, let the subject hold o — £ CO

their breath slightly, and synchronous

recording is made during 5 to 6 heart

beats. Immediately after the recording, Fig. 1 Method of registration and calculation

the blood pressure at the right brachial of pulse wave velocity of aorta
artery is measured. :

The time lag between the uprise of the carotid artery pulse wave and that of
the femoral arterial pulse wave is measured as t. The time lag between the
precomponent of the cardiac II sound and the scar of the carotid artery is
measured at T.. The actual length of the measuring portion of the aorta was
obtained by multiplying the straight distance, D, between the second intercostal
region of the right margin of the sternum and throtbing part of the femoral
arterv by the anatomical modification value, 1.3. The aortic pulse wave velocity
(PWYV), is expressed as:

PWV=[(Dx13)/(t+T)],

where p is the minimum internal pressure or diastolic blood pressure. PWV
value was corrected for diastolic blood pressure at 80 mm Hg by using Table 6
of Hasegawa's paper (Appendix II).
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Table 1. Materials and Findings

- : . - PWY | Intima (%) Core's ASSA PW\
No, | Sex l Ade _ Dingnosis (';:T;:::d,l. non-fib.| fib. latheroma cal Index | Index fegl::::::d)
1 F 'r el Peritonitis carcinomatose | 5.1 100(17), 0 0 0 1 0 7.4
2 M | AU Leukemia ! 5.6 100 0 0 0 0 0 7.1
3 F i 45 Cholelithiasis i 5.8 100{49) 0 0 0 1 0 r 8 |
4 ' F : 31 | Cancerof stomach 6.1 100{19) 0 | 0 0 1 0 7.0
5 M 28 Chronic nephritis 6.2 100335) 0 0 0 1 0 7.3
6 | M | 55 | Malig. hypertension 6.2 san| o ! 0 1 12 7.4
7| M 20 Uremia 6.3 98 0 2 0 1 2 7.4
8 M 52 Chronic nephritis 6.3 109(33) 0 0 0 1 0 6.8
9 M| 21 Chronic nephritis 6.4 100 0 0 0 0 0 7.0
F 22 Malig. schwannoma 6.4 100 0 0 0 0 0 7.2
M 45 Cirrhosis of liver 6.5 100€10) 0 ] 0 1 0 7.1
F | 8 | Leukemia 6.8 28(34) 0 2 0 1 2 7.4
F | 46 | Cancer of stomach 6.9 88( 4) 0 12010 0 1 9 7.6
M 18 Chronic nephritis 7.0 100(16) 0 0 0 1 0 7.0
M 26 Cancer of liver 7.0 24 (47 0 6 0 1 5 7.1
M 36 Cancer of stomach 7.1 98 0 2 0 1 2 6.9
M 51 Cirrhosis of liver 7.1 39 0 58( 2) 3 11 46 7.8
M 64 Cancer of lung 7.1 ) 0 27 0 2 20 8.0
F 43 Periodic paralysis T2 100(20) 0 0 0 1 0 7.6
M 50 Myocardial infarction 2 92(13) 0 B 0 1 6 7.6
M | 57 | Mediastinal tumor Lon2 92015) | 0 8 0 1 6 7.4
F | 58 | Cancer of stomach po13 o4 0 6 0 1 5 7.6
M N Chronic nephritis | T4 70(43) 0 30 0 4 23 8.0
M | 38 | Cancerof liver i 7.4 807 B) 0 20 0 1 15 7.3
F 58 Cancer of liver . T4 95:20) 0 4 0 1 3 T
M | 70 | Cholangioma I 925 | 0 1 0 1 1 8.1
M 13 A.S.D.and Al : 7.5 100 0 0 0 0 0 7.2
F 50 Liver atrophy 7.5 100¢21) 0 0 0 1 0 7.4
M 64 Cirrhosis of liver 7.5 (B 0 5 0 2 4 7.8
M 35 | Chronic nephritis 7.7 78 0 pra 0 2 17 7.6
M 53 Cancer of stomach 7.7 100(67) 0 0 0 1 0 7.2
M 6l Leukemia 7.7 100{18) 0 0 0 1 0 7.4
M 52 Cancer of liver 7.8 & (2D 0 3D 0 S 25 8.2
M 3 Cirrhosis of liver 7.9 97(1 0 3 0 1 2 7.2
F | 6 | Cancerof bladder 7.9 k7S 0 66(15) 0 20 46 8.8
M | 51 | Cirrhosis of liver 8.0 100(34) 0 0 0 1 0 6.7
M | 29 | Chronic nephritis 81 100(62) 0 0 -0 1 0 7.6
F | 36 | Chronic nephritis 5.1 100115) 0 0 0 1 0 7.4
M 3 Cerebral hemorrhage 8.2 0 516 | 490 1) 0 11 ] 9.6
M 57 Cirrhosis of liver 8.2 ° 75 0 bl 2 2 19 7.9
M 40 Chronic nephritis 8.4 0 56(23) | U 0 9 e 9.0
F | 47 | Cancer of bladder |84 9EH| 0 10 0 1 8 7.9
M 68 Cancer of liver ; B.4 F )] 0 49( & 4 13 41 9.0
M 38 Cancer of stomach i 8.5 95:29) 0 2 0 1 2 6.9
M 3 Cancer o lung ! 8.5 67( 4) 0 33 0 ] 235 8.3
F | 72 | Cancer of stomach i 85 43 0 55( 4) 2 12 41 9.0
M 67 Cirrhosis of liver 8.6 0 17 82012} 1 23 ] 9.6
M 43 Chronic nephritis 8.7 98 0 2 ] 1 1 7.1
¥ 56 | Chrornic nephritis 9.1 100022 0 0 0 1 0 T4
F 73 Cirrhosis of liver 8.1 0 4102 38 23 ) 82 11.5
¥ 56 Cirrhosis of liver 9.2 0 30 67( 5 3 18 70 8.6
M 84 Encephalomalacia 9.2 0 39 56( 5) 5 20 76 a.5
M 58 | Cancer of lung 9.4 0 49017 | 520100 1 21 7% 9.4
F 62 | Myocardial infarction 9.4 5 65(21) | 27( 22 3 14 71 9.3
M 52 Cirrhosis of liver 9.5 109730) 0 [} 0 1 0 7.6
F 53 | Chronic nephritis 9.5 98(44) 0 0 2 2 2 7.8
F 70 | Subarachinoid hemorrhage 9.5 0 39 61 0 10 = 9.8
F 76 Cancer of bladder 9.5 67 0 23 4 3 26 8.4
M 48 Heart failure 9.6 63(23) 0 37 ] 4 29 7.6
M 59 Cancer of bladder 9.6 0 627365 | 38( 2) 0 12 75 9.1
M | 64 | Cancerof lung 9.8 L @b 0 74(23) 1 29 g 9.0
62 M 72 Heart failure 10.0 0 36 €3{ 6) 1 23 S 9.6
63 | F | 55 | Cholelithiasis 10.1 32011 0 43 0 H 3% 8.9
64 M 72 Cancer of bladder 10.1 0 54387 13 2 12 ] 9.0
6 M €4 Mvocardial infarction 10.3 0 20011) | 51 2892 38 80 11.2
66 | F | 53 | Cancerof lung 10.6 53 0 1 41 0 2 35 B.6
67 M 72 Cancer of stomach 10.6 0 39 49 12( N 21 78 10.¢
68 | M | 73 | Cancerof lung 1.4 0 12 |88 0 10 3 10.2
69 F 86 Encephalomalacia 12.3 0 19 | 64 17 26 80 11.2
70 F 4 Cancer of lung 12.4 4] 13 | 57 0200 37 83 1.0
71 M 62 Cirrhesis of liver | 12.1 0 65( 3 ‘ 11 24 32 8l 11.3
72 M 80 Cancer of stomach 13,2 0 0 | 35 45026) 51 85 13.2




Media vol %
No. | Sex | Elastie Fibre ] Coliagen : Muscle Cell
o Sex|Ase ™5 |'c | D[ A | B | C|D a2 | B | c D
1| F | 27 7z2 | 8 | 324|269 |32 322 22 | 26.8 | 29.6 | 33.0 | 45.4 | 46.3
2 | M | 24 0 | 47.0 | 424 | 268 | 26.2 | 28.8 | 26.8 | = 7.8 | 2¢.2 | 30.8 | 31.2
31 F | 45 wa | axs | 20| 24| 306|326} 218]256(20]2B6 32 a2
4 F '3 se2 | .4 | 420 | 403 [ 228 | 36 | 3.0 =2 | 20| 20 3.0 34.4
6 | M ! 28 24 | 364 | 4.5 | 8.8 | 3.4 | .8 | 22 | 208 | 262} 328 313 2.4
6 | M | 55 .8 | 4.4 | 202 | =2 | 204 | 222 | 20.0 | 280 41.8 | 36.4 | 40.8 | 39.8
7 M| 20 6 | 2.8 | 234 | 36 | 256 | 284 | 2.8 | 322 ) 1.8 36.8 | 40.8 | 34.2
8| M| 52 8 | seo | «x4 | 4.2 | 200 | 17.8 | 2.8 | 225 | B2 ) 262 34.8 | 36.3
9 | M [ 21 423 | 45.3 | 423 | 428 | 28.4 | 26.4 | 232 | 2.9 28.4 | 28.3 | 34.5 | 29.3
10| F | 22 eaad | 4.4 | a1.2 | 424 | 200 | 36.2 | 284 [ 28.8 | 266 | 224 30.8 | 37.8
| M| as s | 364 | 381 | 1o | 2.8 [ 2900 | 216 | 214 | 324 | 346 ] 40.3 45.6
12| F |z 382 v6 | 7.5 | 2.5 | 208 | 338 | 329 [ 241 | 320 | 286 | 29.6 | 4.4
13| F| 4 206 | 22| 3.6 | 380 | 38| 26| 208 | 3.6 | 2.8 | 300 ) 32.6 | 304
14| M| 18 38 | 45.2 | 488 | 468 | 26 | 27.2 | 26.0 | 4.4 | 28.6 .6 | 25.2 | 28.8
15 | M| 26 40.3 | 458 | 409 | 3.4 | 262 233 | 26.0 | 163 | 33.5 | 30.9 | 34.0 | 46.3
16 | M| 3 4.8 | 51.4 | 542 | 45.2 | 30.6 | 28.6 | 214 | 5.2 | 246 | 20.0 | 24.4 | 29.6
17 | M | st so.8 | sn1 | 535 | sus | 242 | 157 | W7 |17 | 383 | 2.2 ¢ 318 | 311
18 | M | g4 2.0 | 3.6 | 3.8 | 3.0 | 3320 | 32.2 | I 26.4 | 30.0 | 36.2 | 27.8 | 36.6
19| F | 43 339 | 3.2 | 3.0 | 367 | 40.1 | 2.0 | 20 .5 | %6.0 | 30.0 | 31.0 | 31.8
20 | M ! so .9 | %3 | 206 | 3.6 ) 335 | 320 | 25.0 [ 203|306 | 307 | 354 381
2 ! alos7 364 ! 32| 33| 39 25 | 2.5 | 261 | 2.0 | 3.1 | 3.3 ) 386 | &5
22 | F ' 58 30 | 362 | 254 | 29.0 | 30.8 | 28.4 | 262 | 268 | 38.6 | 3.4 | 464 | 42.2
23 | M | 3¢ 200 | 3.6 | 24.4 | 305 | 226 | 232 | 236 | 187 ! 5.4 | 352 | 42.0 | 4B
24 | M | 38 76 { 4.3 | 282 | 412 | 180 | 222 | 193} 2.2 | 4.4 | 365 | 425 | 36.8
5 | F | 58 285 | 0.4 | 3.0 | 258 | 2.0 ; 207 | 20.6 I 20.9 | 33 | 42.9 | 4l.4 | 41.3
26 | M| 70 294 | 254 | 226 | 260 | 20.8 | 3.0 | 3.2 | 3.6 | 30.8 | 36.6 | 392 [ 404
27 | M | 13 49.2 | 4T 0.6 | 31 | 30.0 | 40.6 | 24.2 | 3.3 | 20.8 | 11.8 | 2.2 | 316
28 | F lso 22| 32| B8 | 312 | 29.4 | 206 | 30.2 | 25.4 | 264 | 3.2 | 24.0 | 43.4
29 | M | 64 2.1 | 321 | 266 | 242 | 3.0 | 3.1 | 30.3 | 201 | 378 | 3.8 | 421 46.7
30 | M| 25 410 | 2002 | 282 | 32| z.2 | 280 i 19.2 | 233 | 3.8 | 32.8 | 42.6 | 39.5
31 | M |53 =o | 224 | 238 | 243 | 289 | 224 | 224 | 19.4 | 261 | 342 | 40.8 | 463
22 | M| 6 27| 4.8 226 | 280 21.8 | 3.0 | 270 | 2.3 | 355 | 282 | 39.4 4.7
33 | M| s2 200 | z0 | 28| 3.2 | 31.4 | 5.2 | 29.6 | 3.6 | 28.6 | 29.8 | 326 29.2
34 | M | 33 421 | 488 | 220 | 4.7 | 311 | 202 | 3.0 | 29 | Z5.8 24,0 | 37.0 | 27.4
i3 | F 250 | 321 | 40.5 | 3.5 | 30.3 | 282 | 165 | 2.8 | 37 | 2.7 | 43.0 | 4L7
3 | M | s1 41 | 521 | se.s | s1.3 | 261 | 5.5 | 21.0 |'180 | 26.8 | 22.4 | 285 | 30.7
37 | M| 29 202 | 208 | 248 | 25.4 | 28.0 | 3.8 | 226 | 2.9 | 41.8 | 384 | 516 | 48.7
38 F 3 39.2 | 28.8 | .8 7.2 | 3.4 | 220 | 238 | 268 | 29.4 | 382 | 41.4 | 35.4
39 | M| 53 3.0 | 324 | 24| 278 | 220 | 3.4 | 2.6 | 30.2 [ 370 | 322 | 450 420
40 | M | 57 40.0 7.8 | 6.6 | 35.4 | 28.0 | 24.4 | 20.8 | 286 1.6 | 37.8 | 426 | 33.0
a1 | M| 40 386 | 2.6 | 384 | 282 | 32 | 22 | 22 | 32 | 302 | 3.2 | 364 | 4L
2| F | 47 B4 | 74| 290 | 30.2 | 444 | 220 | 326 | 326 | 20.2 | 40.6 | 384 7.2
43 | M | 68 9.5 | 2B.7 24 | 279 | 202 | 290 | 2204 | 2.3 ) 43.0 | 423 ) 442 | 4.8
4 | M| 38 4.4 4.7 | 476 | 3.4 | 1904 | 243 | 203 | 182 | 3.2 4.0 | 331 | 43.4
5 | M| 55 =8 | 30.6 | 364 { 20.2 | 381 | 34 | 282 ! 286 | 2%.1 7.0 384 | 452
6| F 1l 5020912 ! 28! 305 | 206 | 27,0 | %64 | 336 | 29.2 1.8 . 4.5 | 2.6
47 M | 67T 33.0 | E.0 | 226 17.8 | 30.5 | 18.2 18.2 | =25 | 36.5 | 46.8 : 358.2 | £8.7
8 | M| 43 236 P42 | 0 %2 | =0 i 216 | 204 ) 20 | 3.4 | 372 42€ [ 47.8
9 | F | 56 382 i 224 ; 35.8 | 235 | 224 | 30.2 | 288 | I0. 29.4 | 37.4 | 39.4 | 387
so | F | 73 3.4 | 28.0 | 282 | 222 | 39.8 | 426 | =. 72 | 28.8 | 254 | 36.6 | 39.6
51 F | s6 328 | 209 | 37.6 -6 | 37.4 | 20.4 | 2.5 | 25.6 | 28.8 | 29.7 | 25.9 | 336
52 | M | 84 45.4 | 3.4 | 384 | 332 | 20.2 | 26.2 | 24.8 | 32 | B4 T.4 | 368 | 3.6
53 | M | s8 200 | 364 | 25.6 | 9.2 | 24.8 | 284 p 3n.€ | 30.2 | 4.2 | 352 | 428 | 40.6
54 F | 62 422 | 29.0 | 29.0 | 29.4 | 3l.4 | 24.2 | 2.6 | 22 25.4 | 36.8 | 23.4 | 386
55 | M| s2 =7 ! 3.6 | 203 | 204 | 227 | 31.8 | 24.2 | 289 | 3.6 | 366 | 465 | 4.7
6 | F| 2 294 | 0| 32 | 2.1 | 222 | 1.6 | 230 | 324 | 384 | 43.4 | 40.8 | 36.5
57| F |70 z.¢ | 240 | 268 | 226 | 8 | 2.4 | 30.6 | 328 | 36.4 | 28.6 | 44.6 | 44.8
8| F | 76 229 | 21.4 | 267 | 2.4 | 244 | 223 | 20.5 | 24.1 | 427 | 46.3 | 428 | 485
59 | M | 48 434 | 430 | 45.9 | 4.1 | 19.7 | 188 | 18.2 4.6 | 36.9 | 38.2 | 34.9 | 3.3
60 | M | s =.7 | 365 ! 298 | =.9 | 29.8 1.0 | 285 | 3.8 | 3.5 ac | 317 | 322
61 | M | 64 =6 | 420 | 2.0 | 3.2 | 226 | 24.0 | 26.4 | 244 | 41.8 | 34.0 | 39.6 | 44.4
&2 | ™M i 28 | 152 | 2.0 | 20.0 | 264 | 4.2 | 168 | 6 | 388 | Di.6 2.2 | 58.4
&2 | Flss 76 | 226 | 25.6 | 265 | 220 | 368 | 30.2 | 20.5 | 28.4 | 30.6 | 41.2 | 420
64 | M| 72 340 | s | 230 | 282 | 206 | 20.4 | 25.4 | 26.0 | 45.4 | 37.8 | 41.6 | 45.8
65 | M | 64 356 | 4.8 | 40.4 | =4 | 243 | 246 | 19.2 | 281 | 2.1 | 34.6 | 40.4 | 385
66 | F | 53 2.6 | 224 | 328 | =24 | 244 | 35.0 | 2.4 | 355 | 29.0 | 3.6 | 40.8 | 4.1
67 | M | 72 20 | 20.0 | 22 | 226 | 28.6 | 29.6 | =|.2 | 4% 32.4 | 30.4 | 326 | 3.0
68 | M | 73 240 [ 226 | 226 | 209 | 40.8 | 29.6 | 3.0 | 2.3 | 35.2 | 34.8 ! 28.4 | 388
69 F 8 .2 | 3.0 27.0 1.2 | 3.2 | 2.0 | 222 | 3.4 | 30.6 | 41.0 | 50.8 | 44.4
70 | F | 74 29.4 | 40.4 | 29.6 | 21.9 | 3.5 | 2.6 | 28.0 | 251 | 34.8 | 24.0 | 42.4 | 40.0
1| M| &2 B4 | 24| 284 | 302 | 40.2 | 40.4 | 366 | 3E8 | 204 | Z.2 | 2.0 | 31O
2 | Ml an =30 273 | 30,4 | 249 | 25,0 ! 37.0 | 230 | 347 | 287 | 34.8 ' 35.7 & 40.4

non-fib : non-fibrotic thickenirg
fib : diffuce fibrotic thickening
cal : calcification

( )*:streaks spots

( )*=:ulceration



The quantitative measurement of pathological changes in the intima of the
aortic artery was done by Mitchell and Cranston's point counting method?!, as
shown in Figure 2. After opening the aortic artery, needles were placed in
every 10 mm interval. Changes in each needle point were evaluated by
classifying into six components: (1) non-fibrotic thickening; (2) streaks and
spots; (3) diffusc fibrotic thickening; (4) atheroma; (5) ulceration; and (6)
calcification. The area occupied by each component was expressed by
percentage.

With regard to the mcasurement of changes in the media, a horizontally sliced
sample was taken from each of the four part: A. ascending aorta; B. aortic arch;
C. descending aorta; and D. upper abdominal aorta (Figure 3). Each sample was
colored by the Elastica Van Gieson. Microscopic observation was conducted for
cach sample by the Karl Zciss Integrating Eye Piece I (Figure 4). There
components of the media (elastic fiber, collagen and muscle cell) were measured
by points and werc expressed as volume %.

Intima (Macrotic) /\
Non-Fibrotic Thickening
(Streak. Spot) / \ Elastic Fiber

t Diffuse Fibrotic Thickening /

esePase Atheroma
oonese sese o) (Ulceration) l

-:f . Eé’- .-p g«} Culelfisstion N i /}

ﬁ. &:E\{E?:..,{. AN / Collagen

ass e

(Muscle Cell)

"o 200 4

Fig. 4 Counting Method of the Media using the
Eye-Piece ] of Karl Zeiss
Fig. 2 Mitchell & Cranston's point counting

method
-uV
B
Cc
A
A ASD. AORTA
D B AORTIC ARCH
w EIL C DESC. AORTA
i\ D UPPER ABD. ACRTA
\

N

Fig. 3 Portions Sampled for Medial Examina-
tion



To examine the relationship between PWV and pathological changes in the
aorta, the Pearson product-moment correlation coefficient was obtained between
PWV and each component of changes in the intima and the media. In addition, a
multiple correlation coefficient (R) was computed by regressing PWV on multiple
components related to changes in the aortic artery (See Figure 3).

Intimal Fectors Medial Factors

1. Non fiorohc
Thicxening
{2. Streak. Spot)

1. Elaanc Fiber
(2 Muscle Cell]
3. Collagen

3, Diffuse Fibro~
tic Thickening|

4. Atheroma
(5. Ulceration)

P WYV
4. Calcification Im.mun_dJ
[*uitivariate Statisticci Anolysit |

P WV
thmate

i

Multiple
Correlotion
Coefficient

Weighti

b
0
no
o
2

Fig. 5 Blockdiagram to obtain Correlation bet-
ween PWYV and Pathological Findings of the
Aorta

Results and Discussion

The validity of PWYV, if a hardness of aorta measured by the PWV method is an
appropriate index for pathological changes of the aorta, was examined by using
postmortem aorta samples from 72 patients. Table 2 and figures 6 and 7 show
the relationship between PWV and two major arteriosclerotic components; the
intima (non-fibrotic thickening, diffuse fibrotic thickening, atheroma, and
calcification) and the media (elastic fibre, collagen, and muscle cell). It was
observed than as PWV increases in the order of 6.9, 7.0-7.9, 8.0-8.9, 9.0-9.9, and
10.0 m/sec or greater: (1) the corresponding value (%) of nonf{ibrotic thickening
decrecases in the order of 97.5, 86.4, 63.1, 35.2. and 10.4%, respectively; (2) the
corrccponding diffuse fibrotic thickeniang value increases in the c-der of 0, O,
9.7, 25.0, and 26.5%, respectively; (3) the corresponding area affccted by
atheroma increases in the order of 2.5, 13.6, 26.2, 36.6, and 49.2%, respectively;
(4) the corresponding area affected by calcification increases in the order of 0,
0, 1.0, 5.2, and 13.9%, respectively; (5) the corresponding clastic fiber volume
decrcases in the order of 39.9, 537.2, 35.3, 33.8, and 29.9%, respectively; (6) the
corresponding collagen fiber value increases in the order of 27.6, 28.1, 26.8, 29.0,
and 32.2%, respectively; (7) the corresponding muscle cell volume increases in the
order of 32.5, 34.7, 38.0, 37.2, and 37.9% respectively. Despite the difference in
athecrogencesis involved with cach component of the aortic artery, these results
dcmonstrate that the PWV value remarkably reflects the changes in such arrerial
componecnts.
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Table 2. Correlation between PWV and pathological findings

- e o Tt , Atheroma | .~ . Elastic _ Collagen i Muscle
PWYV(m/sec) Non-fb(%) Fib (%) | (%) f Cal (%) | Fibre(vol#) | Fibre(vols) | Cell (volss)
6.9 : 975 ' o0 , 25 0 9.9  2n6 | 225
7.0-7.2¢ . 864 : O 13.6 0 37.2 883 g 34.7
§.0-5.9 63.1 | o7 2.2 1.0 35.3 26.8 . 38.0
9.0-9.9 = 3.2 | 250 36.6 3.2 33.8 29.0 p 37.2
10.0 . 104 ¢ 265 49.2 13.9 29.9 32.2 J 37.9
mean . s8.5 | 12.3 5.6 = 3.6 3.2 i- 287 | 361
(%) fvlol' %)
100+ 40r
50~
60 -
asr
40+
20~
R T i . 0=
6 7 8 @ 10 11 (m/sec) . g . n . ;
— N.nn-Fibrotic T.hi:ka’ning ’ & 7 8 [ 0 11 {m/sec)
'-';_ 2::::::m21brah: Thickening P W V measured
===*= Co'zification
Fig. 7 Correlation between PWV and Elastic
Fig 6 Correlation between PWYV and Percent- Fibre.

age of Intimal Findings.



Figure 8 shows the rclationship between PWV and Gore's Index? which was
based on observation of changes in the intima. The correlation coefficient was

0.736 (Figure 8).

Another similar atherosclerosis indicator, ASSA’s Index (which

was suggested by the Committee on Lesions of The American Society for the
Study of Arteriosclerosis)®, was counted and compared with PWV values among
72 samples. The correlation coefficient was 0.744 (Figure 9). PWV is fairly well
associated with both indices. However, the subjects with both indices lower
than 10 have PWYV values ranging {rom <6 to 11 m/sec. Possible reasons are:

(1) Both Gore's Index and ASSA’s Index are based on visual observations of
changes in the intima only, while PWV reflects changes both in the
intima and in the media, as shown in Table 2 and Figures 6 and 7; and

(2) PWYV is considered to show both pathological and functional changes in
the aortic artery, while both Gore’s Index and ASSA's Index indicate
pathological changes in the intima only.
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E :l-. . .t .
> t4
= B'é:. . e . )
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Fig. 8 PWYV vis GORE's Index counted by MIT-
CHELL & CRANSTON'S Methed
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Fig. 9 PWV vs A.5.5.A's Index counted by MI-
TCHELL & CRANSTON's Method (A.S.S.A.:
The Committee on Lesions of the American Soci-
ety for the Study of Arterosclerosis)



Multiple regression analysis was conducted to examine if PWV values can be
predicted by changes in components in the intima and the media.

Multiple correlation coefficient, R, is a correlation coefficient between
actually measured PWY values and predicted PWY values from regression
analysis. As shown in Figure 10, R is 0.810 which is fairly high. In other
words, PWYV is considered to be a good indicator of arteriosclerosis in the aorta,
because predicted PWYV values were based on measured changes in the non-
fibrotic thickening, diffuse fibrotic thickening, atheroma, and calcification in the
intima, and clastic fiber and collagen in the media.

iM/!::I i /
12+ . /

©
3 - . -
2 .I. .
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Fig. 10 Correlation between PWY measured
and PWY estimated by Multi-variate Sta-
tistical Analysis of 6 Factors of Aortic
Intima and Media



Table 5 shows the association between changes in PWYV values and in each of
five arteriosclerotic factors in the aorta, based on individual observations (Table
1) and results of pathological analysis in Table 2. By using the criteria in Table
5, it is possible to estimate the degree of changes in cach factor according to a
person’s PWV value. For example, the person who has 9.0 m/sec of PWYV is
estimated to have 38% of non-fibrotic thickening, 25% of diffuse fibrotic
thickening, 35% of atheroma, 3% of calcification and 30% of elastic fiber volume.

Table 5. Estimation of Aoritic Change from

PWYV

P W V m/sec 6 7 B 9 10 11
non-fib % | 100 B0 60 40 20 O

fib % 0 10 25 26
Atheroma %| O 10 20 30 40 50 60
cal % 0 1 2 31015
elos. fib. vol % 40 a7 35 33 30

non-fib : non fibrotic thickening
fib : diffuse fibrotic thickening
cal : calcification

elas. fib : elastic fibre

As a noninvasive technique, the PWV method is extremely effective to
evaluate the degree of arteriosclerosis in the aorta. The method can be used for

the population screening and provide preventative measures of atherosclerotic
diseases for persons with a high PWV value.
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