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Summary

A newly-developed noninvasive method was used to measure left coronary blood flow during

phantom experiments.

Two techniques were used in which: (1) the sample position can always

be set in a fluctuating vessel using a wall echo-tracking method with a phase-locked-loop, and (2)

the Doppler reference signal was generated separately synchronous with the wall echo signal.

These

techniques were combined, using a commercially available pulsed Doppler apparatus (SSH-40B :

Toshiba).

Basic experiments were performed using a blood vessel phantom to verify the validity of these

systems.
method.

Blood flow velocity in the fluctuating tube could be measured clearly using a vessel-tracking

The blood flow velocity of the left anterior descending artery was measured in three normal
subjects and in seven patients from the third intercostal space along the left sternal border. The

velocity pattern was characterized by a crescendo-decrescendo shape in diastole.

The peak velocity

which appeared in diastole ranged from 19 to 69 cm/sec, with no difference by disease entity. How-
ever, in all cases, the blood flow velocity signals were marred by extraneous signals, making it im-
possible to measure blood flow velocity during systole.

Further improvement of the system is mandatory in order to use this flowmeter clinically.
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Fig. 1. Principles of the echo tracking system.

Top: M-mode imaging of the coronary artery us-
ing the conventional method. The sample volume
(SV) cannot be consistently settled within the vessel
lumen by vessel movement.

Bottom: M-mode imaging of the coronary artery
using the vessel-tracking method. The SV can be set-
tled within the vessel lumen during the cardiac cycle.
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Fig. 2. Principles of the vessel-tracking method.
The sample volume (SV) is settled constantly in the vessel lumen by using the anterior wall of
the coronary artery as the target tracking position (T'TP).
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Fig. 3. Block diagram of the measuring system.
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Fig. 4. Blood flow measurement in the phantom study.
Blood flow is generated using a rotary pump. Absorbing material is set under the acryl tube to
resolve reflected echoes from the bottom of the tank in the tube.

HICHASRIBEIC RELEITAZ LB AREL 2 5.
F—rfiE% TTP Lt TTP £5% ) %
XUt Q) kAT 5.

(2) SV HEHEBREIEES : 4> 7 i — FE
Bor—rsb By RE TTP ERCEHL
TRBIEEBZZLicky, MEPEEILTH SV
TECERNICRE S hiied 5.

() Fy7F5—-BREFEARER: Fv7ry
—RERASRES O RBEERL HIfEIc o< Y,
zoRERAY TTP cEHs® 5.

2. F77rbhAaZAVWEORAEEER

KiEiz BiEkE H-L, Fig. 4 X oics
2 — 7 NIMRE T ERE TV EERL .
AE Smm o7 7 Y vF 2—THICMEERL,
v —% Y —R7EACAETEEERE e —
TR EAENICEALTF 2 — 7 O EH L i
WL, TTP 52— Hikic, SV 2%EAC
#EL, () FPu—7#1k, @) Fu—7EEHR
B(Ze -T2 KkEANTIES) 2 ER, &< MEEH
EEFL, MEEEBETALLL, %D SV H
EBFRLBEAPERBLEF S vy X v 7 HFRANE T
mMFEzRE MFFy 5=V F 776 2RFL
1.

3. EGFRETE

AIEE 2 A VEBIIRLIEEHE & R 7. i
ERG 445, REHF 6FH (RMELRE 3 F, FrIE

240, OFREE L), 48T 228505 T2RET,
V4T 14 ThH 5. FHURERBL BEE
& 3 I & v KBIRGE MG 2 L ek, Te
— TR B L icte i, ERBREIATRE
&M L7 (Fig. 5). z LT TTP % gE8hiRaT
Bz, SV 2 EBRBEAICEREL, MIEREEIT

> 7.

¥ ES

1. 777 baZRAV-EBORE
Fig. 6 it 51 ERICBWTRIEEhic
mEry 75—V F+751Th5s. Fig. 6a 137
v —7%EEL (vibration (=), F=—7HK
SV #BELOEHFILEETALICBTSZ Ky 75
—Y 7 5., Fig. 6b 37 v — 7 % iEE) (vibra-
tion (+)) X¥MBFRBEIEFTLICBWT, X
By Fa—THOMHEZRELLHEEOF Y
+5—y+ 755, Fig. 6c ZMEEEHETLIC
BWT broovxr Fkicky TTP ZE8hikai
Bz, SV #EBIIRIEAIC & LT E (track-
ing(+) DKy 75—V +7 7 8k5 Y. fEKE
TR A LB I i — 5 TAE o fLRAE 5 2SI RE &
nizh, BERICIEELTF2—7Aic SV
PREETBAENTEY, SV ARF 2—T2H
AV T EEBOREEEDD, Fa—T N SVH
ZhH 3BEECLMBETIRES Lo &

— 604 —



Fig. 5. Ultrasonic imaging of the left coronary

artery.
After imaging the short-axis view of the aorta (AO),

the transducer is then rotated obliquely to obtain the
long-axis of the left anterior descending artery (LAD).
SV=sample volume.
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Fig. 6. Doppler sonograms of blood flows in the
the phantom study.

(a) The tube is clamped (vibration (—)).

(b) The tube is fluctuating (vibration (+)), and the
conventional method (tracking (—)) is used.

(c) The tube is fluctuating, and the vessel tracking

method (tracking (+)) is used.
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Fig. 7. Doppler sonagrams of left coronary blood velocities measured by the vessel tracking
system.

Top: A normal healthy subject.

Bottom: A patient with aortic regurgitation.
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Table 1. Measurements of left coronary blood
velocities

Case Sex Age Diagnosis Peak flow velocity

(cm/sec)
1 M 42 Normal 19
2 M 22 Normal 43
3 M 27 Normal 49
4 M 48 Normal 51
5 M 57 Hypertension 26
6 F 52 Hpypertension 36
7 F 47 Hypertension 69
8 M 57 DCM 29
9 F 41 ASR, MS 52
10 M 72 AR 56

M=male; F=female; DCM=dilated cardiomyo-
pathy; AR=aortic regurgitation ; MR =mitral regur-
gitation ; ASR =aortic stenosis and regurgitation ; MS
=mitral stenosis.
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