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Summary

The study was designed to clarify the formation of the arterial pressure wave and its deformation
on a transmission line through the arterial system. For this purpose the wave form produced in various
theoretical model for the arterial circulation was computed and was compared with the actual arterial
pressure wave by a catheter-tip microtransducer or the arterial pulse wave recorded extracorporally.

The basic vascular models consisted of the elastic tubes with different diameter and length that were
connected with each other in series. Model 1 is a single elastic tube, model 2, two elastic tubes and
model 3 three elastic tubes. Other variables govering the system were pluse wave velocity (PWV), re-
flection coefficient (K), attenuation constant (8) and input wave form. The latter is either triangular or
sine waves, or the actual flow wave pattern at the root of the aorta.

1. The theoretical wave form produced by a triangular wave as an input wave.

Model 1-0 is shown in the left upper part of Fig. 1, where X is at the proximal end, X; at the
distal end, X, » the midpoint of the system with the length of L. K, and K; represent the reflexion coeffi-
cients at X, and X, respectively. The triangular wave, of which duration, i.e. the ejection period, was
0.3 sec and peak was on the first 0.1 sec, was used as an input wave. If such a wave be successively put
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from X, into the system with the interval of 1 sec, the group of the triangular waves will be produced
along the model as shown in the right of Fig. 1. The waves indicated by the dotted line represent those
of each travelling wave to and fro through the system and summation of these waves at several points is
shown by the solid line.

The procedure mentioned above was applied to the model 2-0 and 3-0 but with different parameters.
The resultant wave forms computed by a Melcon 9100/30F digital computer are shown in Fig. 3 and 4.
The resultant wave form at several points became more resemble to the actual one with increasing numbers
of the connecting tubes.

2. The theoretical wave form produced by a flow pattern as an input wave.

Much similarity was obtained when the flow pattern recorded at the aortic root by an electromagnetic
flowmeter was applied for the input wave. This is illustrated in Fig. 5. As the dependence of K, g, and
PWYV on the frequency was not taken into consideration in this experiment, the computed waves had
the small high frequent components on it. Such high frequency waves should be damped out because
the attenuation becomes progressively larger as the frequency increases. The wave forms drawn by the
solid line was almost similar to those obtained by the microtransducer in normal subject, where the steep-
ing and peaking phenomena, percusion wave, the tidal wave and the dicrotic wave were clearly seen.

3. The quantitative assessment of the pressure wave.

As any pressure pulse can be expressed as a function of frequency, P (), the attenuation at each
frequency, A (w), is given by the ratio Py (@) /Px (o) for that frequency, where P, () is the pressure
pulse at the proximal end and Px () is the pulse at the distal site. As shown in Fig. 6, for each fre-
quency this function is plotted in the complex plane, where the abscissa represents the real part and the
ordinate the imaginary part of the function. Comparing such attenuation plots (Umformungsortskurve)
for the aortic pressure pulse in normal subject with that for the model 3-0 (Fig. 7), the curve at X, in
the model may correspond to the aortic arch or the carotid artery, X,1;, the upper abdominal aorta,
X, the iliac or femoral artery and X, the dorsal pedic artery.

4. Effects of the parameters upon the pressure wave.

There is a possibility to estimate the characteristic changes in the pressure wave form with various
pathologic conditions form such model experiment. Some of the examples is shown in Fig. 8. With
increase in pulse wave velocity as shown in the second column of the figure, systolic pressure elevated,
diastolic pressure lowered and the dicrotic wave became smaller. Such changes is familiar to in the
atherosclerosis of the large arteries. The characteristic wave form commonly seen in hypertension was
able to produced in model 3-2 with high reflexion coefficients at the junctions X, and Xs.

The results indicated the usefulness of the model experiment to explain the pattern formation of
the pressure wave during its transmission and the characteristic changes of the wave seen in the various

cardiovascular conditions.
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Figure 1. Model 1-0
Left upper: scheme of the model tube.
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L: length of the tube, Xo: central end, X1/2: middle point of the tube. X;: peripheral end, PWV: pulse
wave velocity, B: attenuation constant, Ko: reflexion coefficient at central end, K;: reflexion coefficient at

peripheral end.

Left lower; transmission of two spike-like waves in the model.

Right upper; equivalent electrical circuit.

Right lower; transmission of triangular wave in the model.
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Figure 3. Pressure pulse wave in the model 2-0.
Input wave: triangular wave.
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Figure 4. Pressure pulse wave in the model 3-0.
Input wave: triangular wave.
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Figure 5. Theoretical pressure waves and actual
aortic pressure waves.
Left: pressure wave in the model 3-10.
Input wave: flow wave at the aortic root.
Right: Serial aortic pressure wave in a young normal.
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Figure 6. Method for locus plots of
pressure attenuation (Po/Px).
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Figure 8. Pressure waves under various conditions in the model 3.
M3-1, PWV;: 600 cm/sec, PWV2: 900 cm/sec, PWV3: 1200 cm/sec.

M-3-2. Kz: 0.7, K3: 0.9.
M-3-3. B1: 0.005, B2: 0.005, Bs: 0.02.

Other parameters are the same as in the model 3

=5, 1-0 ¥ Frank & Windkessel =5 iz =
DEIBFEOWMBEEMKE LI LD THBR, 1K
DEMEEF LT TE BERIE Figurel o=k
HIBEEROERICEZ L 2bLT, &
DR RIZIE OHIA, BEOWMMICHEOEMNNS Z &
sy, BIARSR O SFRE A~ F TREIAR
ERERLTITKBEREFATE Vv, HF, B
SHE I HERIME T T VOERPEALTH S
B, EFTNVOERIZOWTERICE Y BWEL:
EEROKRBIIRER L B LoD EW.D b
hbhoxeF iz Wetterer 59 o 2 &gk 5
nE IFERET AL L, EBEOKBIIRERE K

0.

BEIARAIRE: L LB L T, SFFOEGZ2ED LD
THHH, Zhick y KEIPREE & B EBIRET
¥ TOEFB I ORAREOER O BRWEL 2E
LN TE.

=

BIRER: 3 & ONRE ORE 2 A+ 5720, B
HHEENmE TV & & %, computer 2 {HHH
LTETFVERNDOEEROEEIZE- TR 2EE
BleERE Lz, EBEOERCIRE & B SHELT
BEHIE 2~3 HORL - - EEF 2EFICo
BWEEFATELN, EFVEERPEXDZ L

=73
afg

— 138 —



2 & Y A DEB OB ONEFHRE &
WETDZLHBTEL.

X |

1) REEME, 13 @ BIREEDO IR & IREANER L Ok
#:33 LU0 Fourier fEAF~DICA. IREF 8: 231,
1967

2) FHHEA, FHEEPA, HEBERE, EHE EREM
* : BIIRRIC R BVb W 5 ER(CIC BT % F#ERE

(20 ND—MREEE-> TERRMTEERILTH L.

WP - B 16: 69-77, 1968
3) WMEERE, EE—h, MR § BAER T
W, RESXH  PIREREFRORRIC OV T—ER
BT FIC L BEE. IRG2 14: 613-616, 1974

— 139 —

Bt T FVIC X BEIRERTE O 2

4) AOFEH  BERESICRIT S ME Oi5A. TEER
£k 43: 564-593, 1967

5) Brecht K, Boucke H: Neues elektrostatisches
Tiefmikrophon und seine Anwendung in der
Sphygmographie. Pfliigers Arch ges Physiol 256:
43-54, 1952

6) McDonald DA: Blood Flow in Arteries. Arnold,
London, 2nd ed, 1974

7) Attinger EO: Pressure transmission in pulmonary
arteries related to frequency and geometry.
Circulat Res 12: 623-641, 1963

8) Wetterer E, u Kenner Th: Grundlagen der Dyna-
mik des Arterienpulses, Springer, Berlin, 1968

9) Bergel DH: Cardiovascular Fluid Dynamics. Vol
1 & 2, Academic Press, London, 1972



