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Coronary blood flow
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cardiac

uated during
surgery using a 20 MHz
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Summary
We have developed an 80+1 channel high resolution pulsed Doppler velocimeter for measuring

in detail the blood flow velocities in relatively small human vessels (1-5 mm in diameter). Real time velocity
measurements were performed at 80 sample points using a multigated zerocross method. The Doppler
signal in the desired channel was subjected to real time Fourier analysis. This facilitated analyzing in
detail the blood flow velocity profile across vessel, as well as the velocity distribution in a sample
volume. The sampling volume was = X0.52 0.2 mm3 and the maximum depth was 1.5 cm. When the
incidence angle was selected as 60°, the velocity resolution and maximum velocity were 1.5 and 1.9 m/sec,
respectively.

Blood flow velocities were measured in the coronary artery and in the aorto-coronary bypass graft
in patients during cardiac surgery. The blood flow velocities in the normal coronary artery had a pre-
dominantly diastolic pattern which is characteristic of coronary artery flow. Comparing with the systolic
forward velocities in the left coronary artery, those of the right coronary artery were more prominent.
The velocity wave forms in the graft and in the coronary artery distal to the insertion of the graft had a
predominantly diastolic pattern when there was sufficient coronary blood flow through the graft. In
contrast, during the occlusion of the graft, the blood velocity wave form in the distal coronary artery
became predominantly systolic, indicating insufficient myocardial inflow before the bypass graft.
Intravenous dipyridamole administration increased the bypass flow by 509, in a patient who had 1009,
occlusion before the bypass operation. This indicates that the coronary reserve can still be preserved in
some cases of total coronary occlusion.

With an intra-aortic balloon pumping (IABP) assist (2: 1), the velocity wave form in the graft had
predominantly diastolic in both IABP-on and -off beats. However, diastolic augmentation and systolic

Department of Medical Engineering and Systems
Cardiology, Kawasaki Medical School, Matsushima
577, Kurashiki 701-01

Received for publication November 10, 1985; accepted January 7, 1986 (Ref. No. 31-K4)

NFERKTE ERL¥Y 27 LEREY
BERAE 577 (7701-01)

—279 —



RE, ith, BM

reduction of the velocity wave form were clearly observed in beats with IABP-on. The velocity wave
forms in the anterior descending coronary artery in a patient with aortic regurgitation showed a pre-
dominantly systolic pattern with a broad velocity spectrum. After aortic valve replacement, the blood
velocity pattern became predominantly diastolic, indicating improvement of the coronary perfusion
into the myocardium.

In conclusion, our velocimeter proved effective for evaluating coronary blood flow velocities in

patients during cardiac surgery.

Key words
20 MHz ultrasound pulsed Doppler velocimeter
disease Aortic regurgitation

Coronary blood flow in humans

Coronary artery

B 3]

fh DR L L < B - BB 2 R T EE
BITEE DR, Fict M BT B P ER
i, BAERLAKO LA TV SEETHS. L
PLZOEZEX 5o 0FHEELTE, I
BT L TIEB BB T b v, accessibility iz,
LbH 7B Y 78NS, »oERE
FATWES - ERERESh B ZOERICEX
B, Brix¥rsw gl 7—Y 2 EilEkE
BRI L 72 80+1 5 v > % L 0 Ak (20 MHz) #8
FREANVZAF T IHEEREL, ThiHVTHL
W R BRI 2 17, b MEERREAE
Hofftrxddic. 3 /2 b b, aorto-coronary
(A-C) 54 228 B X O KEIARFBEWRNT O
i, EERE &S 5 2 L MiEE e 7 4
NEEBBHAL, ThEoREOFES SV
FHROBFIZOWTHRET M 7.
bl &

1. %8

20 MHz,80+1 v > x A OBEK L2 - K
v 7°5 —MFF OBERE 2 Fig. 1 2R3 20
MHz o PZT BEEFF v AT 2—H%— (xX
0.52x0.2mm3) % 20 psec (50 KHz) = &z 0.2
psec fEEREIL, FRIL FS5 v RFa—4%—TMHE
PIBEERLT 2 b OWELE (F 77 —(EH) 2 %fET
5. Z0EW, EBEALZRLF L TY VS RET
SETOMMESBRICRET S LICLY, ¥

7YV BRI VT 5 — MEEfTo 7. RS
FRIOY L Az 80 HLL, zhb 8097
VEDORSS—(ERE~LF 45— MbLizEw 2
v ZRHEKICAA L, Er 2 e 2ETRABESS
W+sziicky, mMBENOMBEE e 7401
BEYTNEIALALTERRLESXIICLE. Zhic
Mz, 80F v ZND)bELBLRE 55
VEANEEBICRAT, ERB 7Y =K
(FFT) 2 iz L. 7#d, AEBOMFAICH
THBAABER 60 FF & UKy, HEENMEREX LS
cm/sec T, HEFEHEIZ 1.9m/sec TH -7

Fig.2 i3, F7 v R Fa—%—0WETH 2%
ZETFTA v ETFT. KPRBWT, FFVRT =
——DRiEI 0.1¢ mm OEBUA T—RIEY,
ZDUAT— ke OMNEBILEE, ZIhHOK
FEBEFHEL CTHELERETH 5 KD
—52dB D54 i3/ 4 Xv_n kv dB k&
WIRHIRR © BEHEE SR, BKRIEERE X 18
mm, E—ADIEA YV I Imm THBHZ LD
5. bIUFa—y—0FERRE ZEE T 3
L, YA Y v aiE £x0.52%0.2 mm?d
Th 5.

AIEB ORI OWT, BLEEE CEiET 5 H#
fta—vs—TnE VTR LIRS Fig. 3
RT. ERRKE#BI L —rF—T Ve
% OERETEEEER L, BAOKFICETK 7
—7EHALT, MEFROY TR bR
I B E, FIERAL TRl & N 7o 3B L, Rl
LAENPORD SN BBEMEE L 2L W

— 280 —



20 MHz BEH - VR - Ky 75—

Fe————20pusec (50KHz)——— Blood Velocity Profile
Transmitted — (11 =-0. 2usec ST
Waveform .é
3 J_
Doppler Shifted o » e ocity
Received Waveform ,"“ ) MM f\/e ocity
I time —~
1 - |, .
2 ———— —] . /\/\..
Gate Pulse : Multigate
: Zerocross.
n— ... - | -\~ n
H Detector I
| £
H T 2
80 — --- L[~ - ——l — 80
0.25 usec
e FFT > N n

Blood Flow Velocity

Fig. 1. Principle of a 20 MHz real-time pulsed Doppler velocimeter.
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Fig. 4. Typical recordings of phasic blood flow patterns in normal human coronary arteries.
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Fig. 5. Blood flow velocities near the central axis and velocity profiles across the vessel
at various portions of grafts in man.
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Fig. 6. Blood flow velocities in A-C bypass graft and in the coronary artery distal to the
graft insertion.
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Fig. 7. Effect of dipyridamole on blood velocity wave form in the bypass graft.
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Fig. 8. Effect of intra-aortic balloon pumping on left anterior descending coronary
artery blood flow.
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Fig. 9. Change in coronary artery blood velocities before and after valvular replacement
for aortic regurgitation.
S =systole; D =diastole.
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Fig. 10. Measurement of blood flow velocities by the zerocross and FFT methods in the

femoral artery with and without stenosis.
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