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Summary

Using pulsed Doppler echocardiography, left ventricular inflow flow volume (LVIV) and outflow
flow volume (LVOYV) were noninvasively determined, and the ratio of pulmonary to systemic flow (Qp/
Qs) was evaluated as the ratio of LVIV to LVOV (LVIV/LVOV). Thirty patients with ventricular
septal defect (VSD) were studied, and 47 cardiac patients without aortic or mitral valve disease or
intracardiac shunt served as controls. LVOV was derived from the left ventricular ejection flow
velocity and the outflow tract diameter immediately proximal to the aortic valve ring. LVIV was
derived from the transmitral flow velocity and the M-mode tracing of mitral valve motion. Doppler-
determined cardiac outputs (COin and COout) were calculated as the products of LVIV or LVOV
as and heart rates. Cardiac outputs were also determined by the dye dilution method (COdye)
references for comparison with Doppler-determined cardiac outputs.

There were good correlations between COdye and COin (y=1.18x—243, r=0.85, p<0.005,
SEE=1026 m//min) and between COdye and COout (y=1.16x—323, r=0.90, p<0.005, SEE=
639 m//min). LVIV and LVOV correlated well in the controls (y=0.95x+5.3, r=0.94, p<0.005,
SEE=6.6ml). LVIV/LVOV was 0.97+0.1 (mean=+SD) in the controls ; whereas LVIV/LVOYV (1.86
+0.90) was significantly higher in patients with VSD (p<0.01) and this ratio correlated well with
Qp/Qs by an oximetry (r=0.98, SEE=0.20, n=14), including patients associated with pulmonary
regurgitation,

These findings indicate that our method permits determination of LVIV with a high degree of
accuracy and that the Doppler-determined LVIV/LVOV is clinically useful to evaluate accurately
the magnitude of shunt flows in patients with VSD.
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Fig. 1.

Two-dimensional (2D) and M-mode echocardiograms illustrating measurement
methods (left ventricular outflow method).

A: Parasternal long-axis view of 2D echocardiogram (left) with an ultrasonic beam direction for
M-mode echocardiogram (right) as perpendicular as possible to the long-axis of the aorta to measure

the diameter of the left ventricular outflow tract just proximal to the aortic valve ring.
B: Apical long-axis view illustrating the position of the sample volume just proximal to the aortic
valve ring is shown on the left.

The pulsed Doppler echocardiogram showing left ventricular out-
flow velocity is shown on the right.
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Fig. 2. Two-dimensional (2D) and M-mode echocardiograms illustrating measurement me-
thods (left ventricular inflow method).

A: With the M-mode beam as perpendicular as possible to the transverse line between the mitral
valve and the apex, the parasternal long-axis view (left) is obtained for the measurement of the mean
mitral orifice area. M-mode recording of the mitral valve motion for the measurement of mitral
orifice area is shown on the right.

B: Apical four-chamber view of the heart with the sample volume positioned near the tips of
the mitral valve leaflets with alignment between the ultrasound beam and the flow direction (left).
Doppler recording of the transmitral flow velocity is shown on the right. The transmitral flow
velocity integral is obtained by digitizing the area under the flow velocity curve.
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Fig. 3. Schematic representation of measurement methods.

A: The mean left ventricular cavity during diastole is represented as an inner circle and the mean
mitral orifice area (CSAin) during diastole as a shaded area.

O=central point of the anterior mitral leaflet during diastole; Ca, Cp=anterior and posterior
commissures; D=mean diameter of the left ventricle during diastole=(D1+D2)/2; h=mean am-
plitude of mitral valve opening (MVamp=[(D1+D2)/2] - (A1/A2)) during diastole ; 4x=mean distance
between the posterior mitral leaflet and the posterior left ventricular wall during diastole. D1, D2,
A1l and A2 are shown in panel C.

B: Representing the configuration of the mitral valve when it is closed. The diagram illustrates
the mean left ventricular chamber during diastole as an inner circle.

O’=central point of the mitral valve; Ca,Cp=anterior and posterior commissures; D=mean
diameter of the left ventricle during diastole; d=distance between central point of the mitral valve
and the posterior left ventricular wall=(d1+d2)/2, where d1 and d2 are shown in panel C; 4y=
vertical distance between commissures and central point of the mitral valve; 4z=distance between

commissures and lateral ventricular wall.

WEB/N=REEIC X Y RD T
# S

BB 47 FIh 6 i M £— Fhza—Ho
EEFREICEE 2 Wicw, EEFAREEE
(CSAin) 0BHHMBREETH - 7z. LEHEXER
B Bk % Table 1 (2R
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COdye (y) & COin (x) OmFPHEShic
20 fliz BT, WFRIc y=1.18x—243,r=0.85,
p<0.005, SEE=1026 m//min DiHEEMRE L iz
(Fig. 4).

2. BERERELETHBMEEONL

COdye (y) & COout (x) OFHEPHES L
26 Fliz BT, FFREIc y=1.16 x—323,r=0.90,
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(Fig. 5).
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LVIV r LVOV off# MNEE S hiosh Bt
41 plic BT, A, LVIV 2 643+
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C: M-mode echocardiogram of the mitral valve for measuring the mean mitral orifice area (CSAin)

(paper speed of 50 mm/sec).

D,=diameter of the left ventricle at the opening point of the mitral valve; D,=diameter of left
ventricle at the closing point of the mitral valve; d,=distance between the opening point of the
mitral valve and the posterior left ventricular wall; d,=distance between the closing point of the
mitral valve and the posterior left ventricular wall; A,=area enclosed between the anterior and
posterior mitral leaflets; A,=area formed by points a, a’, b’ and b.

D: mean mitral orifice area (CASin), determined using certain assumptions and with simplifica-

tions, is represented by the shaded area.

0: the angle is defined as 2 cos™![(D/2—d)/(D/2)]. Other abbreviations as in panels A, B and C.

Yoot dBEETIE, LVIVILVOV 1
097+0.1, LVIV ¢t LVOV oficit, y=
0.95x+5.3, r=0.94, p<0.005, SEE=6.6 ml »
B2 7EAE L7 (Fig. 7). COin & COout o
iz b kg, y=0.97 x+250, r=092, p<0.005,
SEE =566 ml/min n#aEE238® & h - (Fig. 8).
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Fig. 4. Comparison of cardiac output calculated
using left ventricular inflow method (COin) and
using dye dilution method (COdye) in the con-
trols.

There is a good correlation between the two methods
(y=1.18x—243, r=0.85, p<0.005, SEE=1026 m!//min,
n=20). Dotted lines represent 95% confidence
limits.
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Fig. 5. Comparison of cardiac output calculated
using left ventricular outflow method (COout) and
using dye dilution method (COdye) in the con-
trols.

There is a good correlation between the two methods
(y=1.16x—323, r=0.90, p<0.005, SEE=639 m//min,
n=26). Dotted lines represent 95% confidence
limits.
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Fig. 6. Doppler-determined left ventricular in-

flow and outflow flow volumes (LVIV and LVOV)

and the ratios (LVIV/LVOV) in the controls and
in patients with VSD.

No significant differences are observed between
LVIV and LVOV in the controls, but in patients with
VSD, LVIV is higher than LVOV (p<0.01). LVIV/
LVOV is higher in patients with VSD than in the
controls (p<0.01).

126
100}
S
E
> .00
o) 5 0%
> o
ur & g% =0.95x+5.3
o(f:;dg) °° i:0.94
0f /9 g6 o 70,005
P %3 SEE=6.6 ml
27
25
1 :/L L L " ) )
0 25 50 75 100 125
LVIV (m2)

Fig. 7. Comparison of Doppler-determined left
ventricular inflow and outflow flow volumes (LVIV
and LVOV) in the controls.

There is a good correlation between LVIV and LVOV
(y=0.95x+5.3, r=0.94, p<0.005, SEE=6.6 m//min).
Dotted lines represent 95% confidence limits.
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There is a good correlation between the two meth-
ods (y=0.97x+250, r=0.92, p<0.005, SEE= 566 mi/
min, n=41). Dotted lines represent 95% confidence
limits.
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Fig. 9. Comparison of the ratio of pulmonary to
systemic flow (Qp/Qs) determined invasively with
Doppler-determined LVIV/LVOV in patients with
VSD.

Qp/Qs is in agreement with LVIV/LVOV (y=0.96x
+0.16, r=0.97, p<0.005, SEE=0.23, n=16). Broken
lines indicate 95% confidence limit of theregression.

{—Z L7 (No.15,21,25 28). %7, MiBIR
RO 4 5 T-fEF (No. 15, 16) iz T b,
LVIV/LVOV iz kY ikttt 2 #HET 25 2 &
BAEETH o7z, Lo L—F, KEIMRFEELICAE
v, KBIRFER S 7 o F77E L iEs] (No.
18, 27) ¢k, Fy 75 —#kicks LVIV/ILVOV
13, BUAYICRD IR X 0 @O EHME S h
BHEAICH - Tz,

E &

AFFEICL Y, EERAMITEELZFWT—ME
HHES ICLHHEZEET S5 L, EEE
AR (LVIV) L £x5iHE (LVOV) kb b,
JEBMAY I ik (Qp/Qs) kw3 Lt
A ThHZ LIRENT.

1. A=FHEkE (left ventricular outflow method)

EERHEZRIET 58, @%, KEIREEmH
PEHIhRERLRWY. & O, KBREOIE
FeREHA, B I OKRBIIRE R L & b ICREL
BWEWS Z EHFHEL RS LHALAERDL, K
BIRNECES) & & LI KEIRB L LA EZEL
T3 582022 LizRoT, ZoOEEER:
EETHMLERD BN, Tz iz, KBRF
R L ERHHERE, DANEZEBLERELEL
RN 7o HAERIE, BEEOR
EMNBEF L INRY 2 — L OMBIR—FTRE
ThH3HB, KERFPHEICYT AV ERY 2 —2b %
BLZLERARFRETHS. Likh->T, EEHHMH
BOKBRFETEH VR 2 —LE2EE,
oW EEEZALREL, EERHEZEHL
fr. Fi, YU ANVBMICBITIMFEES - 7 4
—VREHETRTREE RS RV, ETFKBIRD
MFEE7 e 7 4 —nicid, FHTH B LW OIRE
CEHTRNEWIHERDH BU®, L x,
TFROROMFEE S w 7 4 —VHEHETH D L L
Th, ¥ v PN AoHEE (EITRBIIREALHER,
BATES, TFATREMR) ickv, Fy77—ick
D3R b RIS KEREEREL 3.
b OFEEE, EBROFER OWiE L AFREE
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BREXVRDZEEE L OHBRICIVAELZLE
bhz®. —7F, EEHHEKICKT3LEES s
74—, EERHBCOES E£hT 50,
BEOLYHMTHA ) LRSS i, BE
DY & RHIFEAMER b, FEESTFEELR
Wieh—ETBLELLNS. Fi, WEEOH
Hicix, BEZM L RET 3 DEEN=RSh
5. Lo TERREOHAPHEL LS. M
T— FEEAVWREAET 354, BWBMLOE
e E— 22 BEHCERATZ 2 LALETHS
B, KRBIIRICIZERE OBRHICLE 5 §i 5 ER) S ELE
T57e0, BERY— L RilicH L TERICE
ATBZLEARTRETHS. LHrLAaRs, R
ZEHEEh7Z LERD R EoELSD BATIE,
KERATEER X O BB EEICETTHY, =0
FEI, M =— Fr—ap Bics LT Efic
BAShATWBZLERLTWS. %7z, £
MR, DANEZBELCEERERELETRAR
WZ bbb, ZORHEIZE T ARERE —LEY
DEHWEE L 2R LT IWE Bbhs. &5
I, A 0FETE, FHUT R EEHES L OE N
RYHARBICERShTWS Y, JIEEER4EL
BREN DIV EELZONRS. i, Ehi- 56
IR FE R 3 & OEBIIR ML R % Z B+ 2 LER L
WEWIFIEDL B B,

F4 OpkfE iz, COdye & COout i3, r=0.90
D RIFRAEEER L. LiedioT, COout =
HELLTHWSZ L3FYTHEEELLNS.

2. EEFHAME (left ventricular inflow method)
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W5 Zhid, BZ5H < HIERREREIEIERD

fBEF BB MEEIC X5 Qp/Qs DHEE

XYV KEWEDEEDRS. LiedoT, &
EFERICY > 7ARY 2 — L ZEHACITEY
REiEFREEORH 2, MIEROCY S RY
2 — A 2B HE I FEHMEROEE OB H
DETH 5.
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5. L2L, EERGOBRIELIEL, OFE
Mz X v BEL, IEEHICE X Y ICEWER
2725%. ZLTZ2OKEEL, BRRBRCHR,
260% LT3R, Zorfkix, WEEEHO
B, RUTERTBZ L3 T&Awv. Goldberg
B EiE IR E M L RE L 2SE, HHLLT
HH L bmHEIC KSR, 1644 ml 338K F b+
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BREERROBREBHLLTITIZLEEDT
wa.

#iERy 112 Fisher 59 nhEn L 5 iz, T
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Bz ERAOEREE Ko 2 LEXH D, K
BICREER = L BRE . Fx 0Bk ik, Fisher
nHE LR, M E— Fikd AWEERES 2
YL L, WL 21 ORER I UBHILEITY
Licky, FHEERODEEZEHLL Ei,
ZoFETE, M E—KLbza—Rickiys &
BRFHHES SOFHALR 2 BAREICER L, JIEICHES
REFTEIRTERSES X OB L.

Fox DEEAETIE, COin & COout ff, =5
Wiz LVIV ¢ LVOV roffiiczhZhBWig
AR EhZ =092 B8XU r=094). %/~
LVIV & LVOV ofEMICZAREEZ R DR,
ofe. LiehoT, LERFREHICBNT, B
ki LVIV/ILVOV »otE+ 52 L of
REMEFTR S hi.
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Fy 77 —ERWT, FEBMLAY i LT

— 833 —



B)Il, &, IEE g
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7o, FHBHAR LR & SR ML FEEE» > HH T %
ZLEMBREERZ LD BN, DX ) REFI
BT, fifkmiEz LVIV/ILVOV Xy
WETZZENARTHS. %, MBIIRMLEE
HEHWIEE, MBIIRFEHF T3 M
PEKFM s ATREER DS LeL, Hok
REEIRAERAE B LN ZEF B W T D,
LVIV/LVOV %RvikmiEt ##ET 252 &
DA TH 5.

kXY, BEEAVR-FyFI7—HicEY,
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(p<001). %7, LVIV/LVOV r#ifuyicsko
refifk it (Qp/Qs) DRz RWHEBIFE®
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L7
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