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Summary

To quantitatively assess flow area or kinetic energy in color flow mapping (CFM), angle correc-
tion, which has been totally ignored using current systems, is now considered indispensable.

To reconstruct flow images using angle-corrected velocity mapping, we incorporated a personal
computer (NEC PC-LT) in the cine-memory of a CFM system (Aloka SSD-870). To demonstrate
the effect of angle correction on CFM, the maximum left ventricular diastolic flow images were ob-
tained in seven normal adults using the apical long-axis views where the angle of incidence was less
than 10 degrees, and the parasternal long-axis view, where the angle of incidence was between 40 and
60 degrees. A 3.5 MHz probe with a 4 KHz pulse repetition frequency at a frame rate of 10/sec was used.
Flow area and kinetic energy of the original and angle correction images in the aliased parts and the
total flow areas were calculated and expressed as percent values of the control (color correction image
of total flow area in the apical view). The total flow area of the original image in the apical view was
96.4%, and 87.29, in the parasternal view, or 98.6%, by effective angle correction, and the kinetic
energy of the original image in the apical view was 94.0%, and 58.8%, in the parasternal view, or
93.39%, by angle correction.

In conclusion, although flow area and kinetic energy of the original image in the parasternal view
were significantly less than those of the original and the angle correction images in the apical view (p<
0.05), they could effectively be evaluated by angle correction. Thus, this system can contribute to quan-
titative assessment of CFM.
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Table 1. Factors influencing color Doppler flow
images

A. 2-D Doppler system side
1) Transmitting frequency
2) Pulse repetition frequency
3) Scanning frame rate (speed)
4) Scanning direction
5) Incident angle
B. Patient side
1) Hemodynamics
(heart rate, blood pressure)
2) Anatomy of the heart
(size, position)
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Fig. 1. Flow chart and system for angle correc-
tion of color flow mapping using commercially
available 2-D Doppler system (Aloka SSD-870)
and personal computer (PC98LT).
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Fig. 2a. Diastolic mitral flow images of a normal 32-year-old male at incident angles of
10, 30, 45, and 60 degrees on the left side of each panel, and their angle-corrected images
in the right side of each panel.

Although the original images with angles-of-incidence of 45 and 60 degrees lost their central
aliased areas, they reappeared by the angle correction.

OR =original image; AC=angle corrected image.
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Fig. 2b. Cumulative percent flow areas for each velocity level of the diastolic mitral flow
image of a normal 32 year-old male at angles of incidence of 10 [AP 10] and 30 [AP 30]
degrees in the apical long-axis view (AP), and 45 [PS 45], and 60 [PS 60] degrees in the
parasternal long-axis view (PS) and angle-corrected flow images in angles of incidence

of 10 [AP 10(AC)] and 45 [PS 45(AC)] degrees.

Values are expressed as percent values of the total areas of the angle-corrected flow areas in an
angle of incidence of 10 degrees in the apical long-axis view.
AP=apical view; PS=parasternal view; AC=angle correction.
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Fig. 3a. Cumulative percent flow areas for each velocity of the diastolic mitral flow image
of a normal 32-year-old male at angles of incidence 10 degrees (AP PRE-AC) in the apical
long-axis view and 45 degrees (PS PRE-AC) in the parasternal long-axis view, with their
angle-corrected flow images (AP POST-AC, PS POST-AC).

Values are percentages of the total anglecorrected flow areas at an angle of incidence 10 degrees

in the apical long-axis view.
PRE-AC=before angle correction; POST-AC=after angle correction.
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Fig. 3b. Cumulative percent kinetic energy for each velocity level of the diastolic mitral
flow images of a normal 32-year-old male at an incident angles of incidence 10 degrees
(AP PRE-AC) in the apical long-axis view and 45 degrees (PS PRE-AC) in the parasternal
long-axis view and their angle-corrected flow images (AP POST-AC, PS POST-AC).
Values are percentages of the total angle-corrected flow area at an angle of incidence 10 degrees

in the apical long-axis view.
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B L bic, FREEZEMG L ORBEZRE
o original Efgic B i 3 MKEHE, LV
kinetic energy TOEFEZEL 7 { /¢ o 7= (Tables
2a, b).

z #®

ARIcB T2 72— 2F ¥ Vv EROFy 75
—WiEAEE <3, M 28T E— o AN
AOEBY & EH L TIREE~y €L S 2l
BiELTWw 5w, £ pixel KRREA TV
WHEER, ELL3ZzhPhAEHELZETS".
ThiE Fy 75 —WiBEB OMBMMI X v fe s
NTERH, ZRITBGREFICERFETRAIA
ZEEOMFICH+ 2BER Y — L AH AL IER
FTH5ZENEEETHB LT, & xiBET
ElellTh, LD AHAEZAHY, KT
Mgk EcEEOnFEERE vy SR 2hTh
EMLTAEMETSZ LIIRAIREIGEVEEZ
BhTEk. —F, Fv7ro—WBkicksEk
BRI T, AEMEZER L OHEE~y
YT LTAhEHEEREONTE LD LESE
THH70, Lhrlnwoikd Fy 77 —kEEE
DERE WO BEICERY AtE» 58, BEK

Table 2a. Blood flow area

Aliasing area Total area
PS AP PS AP
OR 17.8 36.3 87.2 96.5

+3.6 +2.8 +5.1 +1.5

AC 34.9 37.8 98.6 100
+3.0 +3.3 +7.0 (CONT)

(n=7) Data=mean+SEM
Values are percentages of the total area of the
angle-corrected flow image in the apical long-axis
view (CONT).
OR=original flow image; AC=angle corrected
flow image; AP=apical long-axis view; PS=para-
sternal long-axis view; CONT = control.

Table 2b. Kinetic energy

Aliasing area Total area
PS AP PS AP
OR 40.6 75.2 58.8 94.0

+7.5 +2.2 +7.3 +2.2

AC 69.1 78.0 93.3 100
+3.6 +2.0 +5.2 (CONT)

(n=7) Data=mean+SEM
Values are percentages of the total kinetic energy
of the angle-corrected flow image in the apical long-
axis view (CONT).
Abbreviations: see Table 2a.

BIC 2% v U RfEE —BICR2 T LICRKIRE S
LTh, BdohciBEBICHRD DNT Y FH
bBZEDBLELBHEATBY LY, KHitHR
BERICH T 2 AFAEOREL oK EHLT
FREEDDHZ LT, BHOTRERBRELFRL
BELERILERLZZ L& BHRLY, DWEE
FEODILCEBRTAZ LA HEW. FlxiE
FEEEER#GR T, BIEFAIRERSIZEV
<, EE#BEICHA»D MR jet ZiEx B, #%
RwBiiz L 2 EEFEEC S 5 MR jet 332 21
<K, et OEECBERREIC X v R EEMFHE
FITARE/NET 5 B LELIETHS.

—190 —



NIEFERECH2 > MR jet oXkm»EEE
EZEiG BT EE — o120 LTEAIED
BfRICH 27T, AEMELEHRLCFHET S
BE, YRELBIHRTHS. thbL, FFT
RVR - Ry PS5—ERERERy 75—tk 8
», Fy7s—bza—REPAEERFETDS
LV ) IHHEICERLTYWSDTH 5.
LHL Ry 75 —WBIEBWTHERMELZTTY
iz, FFT <~z - Fy 75 —ERHERK
Fy 75—t BRY, ZRERTEBRBRAO—ZF
— A OFEERICH LT ICH + 2 BEEARA
25z, MO TRHELBRIELTI ZLBNELE
D, FRBESEEFCHB STy 3 EE O LK
FRIFFICERVD D L ThiE, 20X ) RBEEIF
ELERARRIEL 5. L LBGELEE oMk
MGENRETZOTIEARL, EEMICEHELE
WD 1 SO MFRICIR > THERELITO & T
56, FhidHx OFBE+5EBLAOBTR
AR Z L Tkl v. BEDPFy 75 —Wigk
Bilvx 22—t LTHEE~y S EHRE
digital data & L CEBNICEE LT Y, EE
LAMOTERD A=Y F Lz a—F — bl
T3ZLT, ZhoDHEE~y U/ ERE = v
Ba— 4452 LBR[fEL o7z, &b
THM 2B FIRA M 2 R & LS E oK
TREBFHEE—L, AFAN 30° PUTThbsik
i, ThigE ARADOEEBITRE L BV, 45°
UEDBAREGROEIMIKE L, AEFEIS
EHrEzbh, 2OZ 3T TIREELLa Y
2—=F = FS5T74 v REBYIal—Vayr
BREFOFKR L T V—EERLEY. SEITHFKR
—[Elo aliasing L4 ULEBRWERAOERNR
AMLFEE x5 E UTHRE Licas, aliasing % 2 [g]
PLEAT 5 X 5 BEvsE & R Mk 2 &Lk <
1, AEMERSSICHEET, REEREENER
&hs. ¥$RSEROALESRAERTH B &
REL, =27 A THERE—LDAHALE
%, BE~<y U7 OAEMELRS, B
ROANMIBEHFEE 1 2DOXR7 A THRBELERN

Ky 7°7 — Wi & o fAEMIE

TEbHB. L LEYRBELFEROREICLY
HAIABREETOREMENTRETDHY, FBET
BEFEARCBIT 2EZERAMBIZIS T, MFEE
fH=%> kinetic energy MZH F on-line THAER
ExfTV, AFAOEEL R Z LITHRIILE.
Sz oFRIRXY, FyrS—HE ERILK
B 2 REMICEST 2EIEHIF SN 5.

#® E

Magicst LT BERE—LDAHAN 40° LU
Lofs, EREEERMBICE T HEEREA
M3k o miEs X O kinetic energy i, LRIEAL
FREGOMIBAWAMLIT IS, HEAHICHEE
2 (p<0.05) INTH 7, ThdbDEEELR
B30 LcAEREREN ChH-o72. Ky 7T
—WiBEBOL XA —3FHALELFy 77—
MmMEEEFROEBREMN = a2 — & — 0, A
ERELEY, %0 Fy 77 —iERGOEE
R ICER LB b0 LEZX bR

£ -3 #

Ky 7s—WEor 5 —mfEwez Av, LN
Mz ERAICFMEL X 5 L T5RAIFEE K
HIRTEREY, ZORLALZBERE—L L
oI+ AE 0) 2 BET 50, HHniEzh
EELF LMK (0=0) Bl TR, BEELE
KRB bDTH otz L L T — Mo
EBRHRERMTHEE Bis vz, BFEAH
AEORREBRICH T HEELRFL, LB
LIBERRAIREELZLNS. 4EH, Fy 75
—WiBEGROAEMELTRD Ky 77 —Wifgk
B (7a# SSD-870) #H\TxRAT-.

EBEOVFATY —VRT AL )V HEEREY A
VeSAVvERLIE A=Y Fra s a—F —
(NEC PC-LT) i2HR DA%, il EOBERE
E—A LMD AERFR (0) 2<v=271T
5z, cheiEnsE L CAERERITY, BE
EEOLRAETY —Y AT LIHESWIOEERE
WMERL, AEMEREFER LK.

— 191 —



& ITHE A, @

FEOFHMEERMNT 5 BT, EERAT4
DEZEWMAMFE 2, FFFHE - R 3.5 MHz £
flF, #YIRUAKEK 4KHz) s rw
BHEEERMG ETHEL, thZhAERME
SER U 7. (D RERER O R IE S o MLk i 2
100% & U 75T 0.0 REBE 5 o Mk E K 1 96.5%,
B ERIIBEN T 87.2%, MEHLT 98.6%
DMLFEFE T & - 7=. Kinetic energy (KE =MV?)
PRBCHELZEZ 5, zhEh 100%, 94%,
59%, 93% TbH -7z

wime LT, miicx L TBERE—L DA
AN 40° D EoBE, HEER RGO/
FHEA MO EFER L0 kinetic energy X, >
KRELEE Rilfihtg ORI RBAMBE I, FEHH
HERI (p<0.05) /haFR&h, AERFEK
IV Z20FEEI RS Aol LEEH>TFy 7
T—WEEBED Y 2T ) —&2F)H L FEE
BRoa v — & —0HEix, MiEwso el
FMICEBR LB b pLEZLNI.

X [

1) Kondo Y, Kyo S, Matsumura M, Omoto R: Com-
puter analysis of two-dimensional Doppler: In-
fluence of frame rate, scanning direction and
incident angle. Jpn J Med Ultrasonics 15: 1-10,
1988

2) Sahn D: Instruction and physical factors related
to visualization of stenotic and regurgitant jet by
Doppler color flow mapping. J Am Coll Cardiol
12: 1354-1365, 1988

3) Kyo S, Kondo Y, Takamoto S, Matsumura M,
Yokote Y, Omoto R: Effect of scanning direc-
tion and frame rate on the area of flow image in
phased-array color Doppler echocardiography. ]
Am Coll Cardiol 11: 98A, 1988

4) B B, IR, BF B BEE— BEAR

=: Fy 75 —Bi@HEERE#RD computer 4347. H

FBEFHHB L 53: 417418, 1988

FF O OR8 TEERET, gk B Ry S —WiER

SRE GO EINMREECET 2 RE. B BERERY

£ 50: 547-548, 1987

6) Kyo S, Kondo Y, Takamoto S, Matsumura M,

5

~

7

~

8

=

9)

10)

11)

12)

13)

14)

—192 —

Yokote Y, Omoto R: Scanning frame rate and
direction dependent variability in flow image of
phased-array color Doppler: Computer-graphic
analysis. Circulation 76 (Suppl 1V): 526, 1987

BF GREL AT, BF R, LB R, B
Fo R BTN, REARZ: NAEREHE
BICBT B F v 7S MERREGROBEL : o
FrUHEE - AX v UHA - ARBEOREBOR
1. B/NRIEERERAEE 5 384-388, 1990

Omoto R, Yokote Y, Takamoto S, Kyo S, Ueda
K, Asano H, Namekawa K, Kasai C, Kondo Y,
Koyano A: The development of real-time two-
dimensional Doppler echocardiography and its
clinical significance in acquired valvular disease.
Jpn Heart J 25: 325-340, 1984

Miyatake K, Izumi S, Mitsunori O, Kinoshita
N, Asanuma H, Nakagawa H, Yamamoto K,
Takamiya H, Nimura Y: Semiquantitative grad-
ing of severity of mitral regurgitation by real-time
two-dimensional Doppler flow imaging technique.
J Am Coll Cardiol 7: 82-88, 1986

Kyo S, Omoto R, Takamoto S, Ueda K, Emoto
H, Asano H, Yokote Y: Real-time two-dimen-
sional Doppler echocardiography in congenital
heart disease: Its clinical significance. J Cardiogr
14: 785-801, 1984

Smith MD, Spain MG, Grayburn PA, Kwan
OL, Nissen S, DeMaria AN: Intraobserver and
interobserver variability in the quantitation of
regurgitant jet area in patients with mitral and
aortic regurgitation. Circulation 74 (Suppl 2):
II-131, 1986 (abstr)

Kwan OL, Spain MG, Booth DC, Smith MD,
DeMaria AN: Temporal variability in the size
of the flow disturbance by color Doppler flow
imaging in patients with valvular regurgitation.
Circulation 74 (Suppl 2): 11-145, 1986 (abstr)
Wong M, Matsumura M, Suzuki K, Omoto R:
Technical and biologic sources of variability in
the mapping of aortic, mitral and tricuspid color
flow jet. Am J Cardiol 60: 847-851, 1987

Kyo S, Takamoto S, Takanawa E, Matsumura
M, Yokote Y, Omoto R: Does color flow mapping
allow the cath. lab. to be bypassed in surgery of
congenital heart disease? in Color Doppler Flow
Imaging (Roelandt J ed). Martinus Nijhoff,
Dordrecht, 1986 pp 107-121



