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Summary

Conventional single-beam pulsed Doppler echocardiography has certain limitations in quantita-
tively measuring the intracardiac blood flow, because the Doppler incident-angle to the flow stream
is uncertain. In the present study, the absolute velocity and direction of the intracardiac blood
flow, ie., flow vector, were measured using our newly-developed dual-frequency two-beam pulsed
Doppler echocardiography.

This instrument has two transducers with center frequencies of 3.5 MHz (main-beam) and
22MHz (sub-beam) which are linked by two arms. Three potentiometers are set up by the three
joints to sense the relative angles. Two velocity components at the intersection of the main- and
sub-Doppler beams were measured simultaneously with different directional approaches. The flow
vector was calculated manually from the two velocity components.

The study population consisted of 18 healthy subjects ranging in age from 23 to 39 years.
The left ventricular (LV) inflow vector was measured at the center of the mitral annulus, and the
ejection flow vector was measured at the levels of the tip (E;) and the mid-portion (E,) of the anterior
mitral leaflet in the LV outflow tract. The results were as follows :

1. The LV rapid inflow (R) was directed slight posteriorly towards the cardiac apex, and its
average maximal velocity was 78 +15 cm/sec (mean+SD). The LV inflow due to the atrial contrac-
tion was directed even more posteriorly than was the R, and its average maximum velocity was 43+
10 cm/sec.

2. The LV ejection flows at E; and E; were directed slightly posteriorly rather than parallel to
the interventricular septum, and the maximum velocity at E; and E, was 53420 m/sec and 85+23 cm/
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sec, respectively.

In conclusion, the dual-frequency two-beam pulsed Doppler technique allows quantitative mea-
surement of the intracardiac blood flow dynamics regardless of the Doppler incident-angle to the

flow stream.
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Block diagram of two-beam pulsed Doppler echocardiography.
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Fig. 3. Measurement of the transmitral inflow by two-beam pulsed Doppler echocardi-

ography.

The sampling site is indicated by a white dot on the intersection of the main- and sub-Doppler

ultrasonic beams (left panel).
LA =left atrium; LV=left ventricle.
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Sub-beam Main-beam

Flow Vector

Fig. 4. Measurement of flow vector by con-
structing two velocity components along the
main- and sub-Doppler beams (in case of trans-
mitral inflow).

R; ©ORr=111%15°
VR=78 +15 cm/sec

A; ©a=14+11°
VaA=43 £10 cm/sec

Fig. 5. Transmitral inflow vectors.

A broken line is perpendicular to the mitral an-
ulus, which is the expected direction of the trans-
mitral inflow.

R=rapid inflow vector; A=inflow vector due to
the atrial contraction.
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Fig. 6. Left ventricular ejection flow vectors.

E; and E, are ejection flow vectors measured
at the levels of the tip and the middle of the anterior
mitral leaflet, respectively. Broken lines are parallel
with the left ventricular surface of the interventricular
septum at each measuring point.
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Table 1 iz {g% 4| D £ EANMPFEEIC >V T DEE
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TEEORAE 21X 18~72 o m xRz LT
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Our results and reported data of intracardiac flow velocities of the left veatricle

Inflow (cm/sec)
Authors

Subjects (age) (yrs) Vi Va Va/Vy
Morita et al. 23~39 78+15 43+10 0.55+0.14
Hatle et al.!® 12~72 100 (80~130)
Kitabatake et al.!'® 16~32 69+13 39+ 9 0.58+0.14
31~50 6812
Miyatake et al.!” 30 65* 37* 0.57%
Nakagawa et al.'® 20~29 56+11 38+11 0.68+0.18
30~39 49+ 8 36+ 7 0.74+0.18
Miyaguchi et al.'® 20~29 72+12 36+ 7 0.52+0.12
30~39 56+14 42+10 0.77+0.20
Ejection flow (cmjsec)
Authors Subjects (age) Vi Vi Ma::n:;ll;n a;:l?cc“y
(yrs) valve orifice
Morita et al. 23~39 53+20 85+23
Hatle et al.!? 18~72 90 (70~100)
Kitabatake et al.!® 16 ~30 91+10
31~50 96+15
The sampling site is indefinite (outflow tract)
Miyaguchi et al.!'® 20~29 75+20
30~39 8637

Vg =maximum velocity of a rapid inflow vector;

V,=maximum velocity of an inflow vector due to atrial

contraction; Vg =maximum velocity of an ejection flow vector at the level of the tip of the anterior mitral
leaflet; Vg;=maximum velocity of an ejection flow vector at the level of the middle of the anterior mitral

leaflet.

* estimated values from the linear regression line between age and measured values.

— 453 —



#HH, KE K#FH @3»

T ORET LEIE SO CEM L 7ol S fE1E s
Wick i 2EHME X D EEERLSY, EENF
D TOMBEIFOTHLRABE»HI VB EHIC
BEZRTY. LizhoT, E—u oKLk
HWELTRABEGRGE R Y 77— I X 55
fEDFH, "z Fy 77—kt 551X
DLEEETRTYL0LELLNS.
BIERIEROBEREHRIZANVR - Ky 7T
—EEF AW TE L - EEHRAMEICE T 55
kORME L xS 2 &, [iEFERETICE T 5 EH
E'?, &biciE, zhIVAaBEHEEZRTLEER
LI OEIC B 2 FHAE S IR T b ek
SEIOFRE T 10~20% ffESIKE V. ZOH
HELTREROLI R EBELZDBNS.
Table2 i, RIEE=FR VR - Ry 75—k
(ZE—LE) CEHAILMFEE, £d5ViTE
o7 RE8R & T L & A ML 1 (RS SR

DB, BRI RO E PR = I AT
KRN BERELT, #hb~DBEHRARAT
HMELTRD(— -2k EENELLLDOT
HBH, —E—sETEE, BHERTFYTRER
WT L FHAMFEE E/MMELCR Y, ZLicE
BEFTOHUTEORENRE LY. ZThIFES
FAMLFE D>EIE Sl O R & Y LRI R
BEEFNTWS Y, —E— LIBT3 MK
~D KRy 77— AFRAHENERL Y bil/he R
D, ZEREEMFICIIFHATEORENEL
woktickdeELbAS. L L, LREHFHN
PHE—LAFEALTWSEIEMTFIZX ZEHAT
i, bebEFy - AHANIIVWED, A
FHAREORE, T4 bHEIEREG O ERS M
b DEDQ MRS M O#HIT~DRILADOZEI/NE
{2350 T, MFEOE/NHEORE L /S
5LBbh3. ZOZ LEIERO—E—LETE

Table 2. Comparisons of intracardiac flow velocities measured by the two-beam method
and the single-beam method using main- or sub-beam

Single-beam method

Two-beam
method M-beam S-beam
p<0.001
| ———— p<0.001 . NS y
Vi (cm/s) 78+15 6415 70417
p<0.01
; p<0.005 i p<0.005—— |
V, (cms) 43+10 32+ 9 40+ 9
NS
i NS 1 NS i
Va/Vi 0.55+0.14 0.540.15 0.59+0.12
0©) 43+11 19411
p<0.05
| p<0.01 . NS N
Vg (cm/s) 53420 65420 5617
Ogs ©) 65+14 36+ 8
NS
T NS i NS U
Vs (cm/s) 85423 92+ 36 82+23
Ogs ©) 65+13 40+11

M-beam=main-beam; S-beam=sub-beam; @#=angle between a line perpendicular to the mitral annulus and
M- or S-beam; 0f,;, Op;=angle between a line parallel with the left ventricular surface of the interventricular
septum and M- or S-beam at the sampling sites E; and E,, respectively; NS=not significant.

Vg, Va, Vg, Vgo=same as in Table 1.
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