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Summary
To determine proper operative procedures for aortic regurgitation (AR), we attempted to eval-
uate the severity of AR by two-dimensional Doppler echocardiography (TDE), using 15 mongrel
dogs with experimentally-induced AR. Furthermore, the left ventricular (L'V) suction method was
investigated for the significance in estimating the severity of AR, cardiac outputs were measured by
the thermodilution technique, TDE, and electromagnetic flowmeter (EMF). The values obtained
by each method were compared. In dogs with AR, regurgitant fraction (RF) was calculated from
stroke volumes obtained by TDE and EMF, as follows :
RF[TDE] = (LVO-RVO)/LVO
(LVO: left ventricular output; RVO: right ventricular output)
RF[EMF] = [total stroke volume (T)—effective stroke volume (E)]/T
The effects of alterations in afterload and pump flow rates on regurgitant fractions and re-
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gurgitant volumes measured by the LV suction method were also studied.

The following results were obtained :

1. Good correlations were observed between RVO and LVO measured by TDE, and those
measured by the thermodilution technique and EMF, respectively.

2. In dogs with AR, regurgitant fractions measured by TDE correlated well with those
measured by EMF. These results strongly suggested that the Doppler index (RF) was accurate and
useful for estimating the severity of AR clinically.

3. Regurgitant volumes measured by the LV suction method were not influenced by the pump
flow rate, and they correlated well with square root values of the mean diastolic pressure in the
aorta. In the LV suction method, Bernoulli’s theorem held good between the regurgitant volumes
and the mean diastolic pressures in the aorta of the dogs with AR.

4. Considering the factors of mean diastolic pressure in the aorta and diastolic time, re-
gurgitant volumes measured by EMF in the beating heart showed excellent agreement with those
measured by the LV suction method in ventricular fibrillation. Therefore, to evaluate quantitatively
the pathophysiological changes of the aortic valve in patients with AR, we should estimate the
severity of AR using regurgitant volumes corrected for the cardiac cycle at the same mean dia-

stolic pressure in the aorta.
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Fig. 1. Ascending aortic flow pattern and flow integral pattern obtained by electromagnetic

flowmeter (EMF) in a dog with AR.

Cardiac output=EXHR; Regurgitant fraction=(T—E)/T; AR=aortic regurgitation; T =total
stroke volume ; E=effective stroke volume; HR =heart rate.
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DOPPLER SIGNALS

Fig. 2. Flow velocity patterns in the left ventricular and right ventricular outflow tracts.
Cardiac output (CO)=7=(D/2)?x [ Vmax X 1/cos § Xx HR.
Regurgitant fraction (RF)=(LVO—-RVO)/LVO.
D =mid-systolic diameter of the ventricular outflow tract; Vmax=instantaneous maximum Dop-
pler shift frequency; #=Doppler angle against the long axis of the ventricular outflow tract; LVO=

left ventricular output; RVO=right ventricular output.
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Fig. 3. Schematic drawing of the left ventricu-
lar (LV) suction method.

Ao=aorta; PA=pulmonary artery; LA=left atri-
um; LV=left ventricle; RA=right atrium; RV=
right ventricle.
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Fig. 4. Comparison of cardiac outputs obtained
by thermodilution technique, Doppler and EMF.
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Fig. 5. Relationship between left ventricular out-
put and right ventricular output measured by
Doppler method.

Doppler sample volume is positioned at the center
of the ventricular outflow tract (open circle) and at
the center of the main artery (closed circle).

Table 1. Location of perforation sites in aortic
valve in dogs with AR

Location No. of perforations
Bottom of the aortic cusp 28
Marginal portion 5
Sinus of Valsalva 2
(occluded by thrombus) (1)
Total 35
PREOLNRP 2T,

2. HREOLE

FRMR 10801z THEBRA AR Z{ERIL, + T
OREMRT %, WHOEMEH L, AR ElkoRF
fili 47> 7. FFIFLKE 35 T, ZOEWALITFE
28, HEAWS, SAVARFA2ThHoN &
FIALAMARICCRAE L FIS 1 HlEE D b h iz
(Table 1).
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Fig. 6. Changes in EMF and Doppler signals from a dog with artificially-induced AR.
AR-1=moderate AR ; AR-2=severe AR.

L, BREREO S —BLE BRIAHIELTY
pra
BREFEREE F 777 — BRI X 2 ¥R % i+
% &, WFRBEME DL TiE00E 5 < A
b otent, WE oI EAHBRE r=03882 (p<
0.005) &, EAFfHREzEw bhie (Fig. 7). &
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Fig. 7. Relationship between regurgitant fractions
calculated by EMF and Doppler method.

3. A= suction method
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REAT 5L, RERILY S 0BG MLIE O FHH E
B (v) LA (p) L ORI,

_ /%
V_J_gg

DEAFEMA I T 5. #HEE (RV: regurgitant
volume) FHEHILEHE (S) ICHHBHE (v) &F
CTRdbhded, ZoERIY, HEHRE
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75.
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Fig. 8. Relationships between afterload (mean diastolic pressure in the aorta) and regurgitant
volume (left), and between square root value of afterload and regurgitant volume (right) obtained

by LV suction method.
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Fig. 9. Relationship between pump flow rate and

regurgitant volume measured by LV suction meth-

od at the same mean diastolic pressure in the aorta.
Longitudinal bars indicate mean=+SD.

L7 (Fig. 8). AR ER I hE o b
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ERHIE L. ¥, S4BOUTE L BAT
DOEHRIE L o Miziz, zhZhEERK r=
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Fig. 10. Relationship between regurgitant volumes
measured by EMF and LV suction methods at the
same mean diastolic pressure in the aorta.

Closed circles show the regurgitant volume (RV)
and open circles show the one corrected for cardiac
cycle, as follows:

Corrected EMF RV

RR time

EME RV diastolic time

w5 (Fig. 11). 2z, DEHICE LHET
Biewic, BREFEFO¥FHEIC R-R time/di-
astolic time #3& U, A= suction method Dff
L@ L7z & = 5, open circle IR+ X 51T,
FixB < —B LT (r=0.983, p<0.005) (Fig. 10).
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Fig. 11. Comparison of flow patterns by EMF and LV suction methods.
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