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Summary

High pulse repetition frequency (HPRF) Doppler and continuous wave (CW) Doppler methods
were used to estimate the pressure gradient across the mitral valve. Twenty-two cases of mitral stenosis
and five cases of ischemic heart disease were studied. Both the HPRF and CW Doppler studies were
conducted during catheterization in all cases. In the Doppler study, pressure gradient was calculated
using the simplified Bernoulli’s formula. The HPRF device used was a type SSD-730 produced by
Aloka Co. It had a reference frequency of 2 MHz. Its minimum pulse repetition frequency was
4.2 KHz; its maximum, 19.2 KHz.

Among the 27 cases, the maximum flow velocity measured by the HPRF method at the level of
the mitral valve orifice was compared with that by the CW method. As the velocity increased, the
discrepancy of measured values between the two methods increased, but it was within 0.1 m/sec. There-
fore, there was a good correlation between the HPRF and CW methods (r=0.98).

The pressure gradient between time delay-corrected pulmonary artery wedge pressure and left
ventricular pressure was compared with that obtained by the HPRF method. Contrary to our expecta-
tions, the correlation coefficient between the two was not so high, and the pressure gradients calculated
by the HPRF method tended to be underestimated.

For eight patients in whom the left atrial pressure could be recorded, the pressure gradient between
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the left atrium and left ventricle was compared with that obtained by the HPRF method. There was
underestimation, and a good correlation coefficient was obtained.

When using pulmonary artery wedge pressure as a substitute for left atrial pressure, one must
realize that the time delay varies in every case and that the pressure pulse itself is not the same. When
the pressure gradient between the left atrium and left ventricle is used, a good correlation coefficient
can be obtained. Therefore, the flow velocity obtained by the HPRF method will reflect the true pre-
ssure gradient across the mitral valve.

The HPRF method proved to have a potential equal to that of the CW method for estimating

mitral valve flow velocity in mitral stenosis, and it may be used as a helpful diagnostic tool.
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Table 1. Study subjects

Mitral stenosis (MS) 14 cases

with mitral regurgitation (MR) 3

with aortic regurgitation (AR) 4

with tricuspid regurgitation (TR) 1
Ischemic heart disease 5
Total 27

% B

Aloka # SSD-730 % {ER L7z. FIRBEE
2MHz, <0 2938 LEAKKE: 42KHz »o
192KHz £ CRETH 5. LicHoT, ML
BERE—L0RT AER 0 EoBdix £37
mfsec, ¥urL_AVT7 M ELTH L—FMEIC 74
m/sec DMFHEAH aliasing #EZFZ L2 FR
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Fig. 1. Flow velocity patterns of mitral regurgitation detected at pulse repetition fre-

quencies of 4.2 KHz (left) and 19.2 KHz (right).

Left: Using the pulse repetition frequency of 4.2 KHz, aliasing develops, and it is impossible to
measure the velocity of the maximum regurgitant flow.

Right: Using the pulse repetition frequency of 19.2 KHz and shifted zero frequency level, the
maximum velocity of the regurgitant flow is correctly measured.
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Fig. 2. Flow velocity patterns in the left ventricular inflow tract in a case of mitral stenosis
by pulsed and continuous wave Doppler methods.

Simultaneous pulmonary artery wedge and left ventricular pressure curves are shown with Doppler
spectra.

PW=pulsed wave Doppler echocardiogram; CW =continuous wave Doppler echocardiogram;

PAwP=pulmonary artery wedge pressure; LVP=left ventricular pressure; S=sampling site; LV

=left ventricle; LA=left atrium.
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Fig. 3. Simultaneous recording of pulmonary artery wedge and left atrial pressures.

The pulmonary artery wedge pressure was measured using a 7 Fr. Swan-Ganz catheter and left
atrial pressure, using a 7 Fr. Shiley catheter which was inserted via the mitral valve (top figure).
The pulmonary artery wedge pressure curve has a time delay in relation to the left atrial pressure

(the average was about 100 msec in 8 cases).

PAw=pulmonary artery wedge pressure, LA =left atrial pressure.
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Fig. 4. Comparison of the maximum flow velocity measured by the pulsed Doppler method
at the level of mitral valve orifice with that by the continuous wave Doppler method.

As the velocity increases, the discrepancy between the two methods also increases, but it remains
within 0.1-0.2 m/sec. Thus, both methods give practically the same velocity.

V nax =maximum velocity ; PW=pulsed wave Doppler; CW =continuous wave Doppler.
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Fig. 5. Comparison of the time delay-corrected
pressure gradients obtained by the pulsed Doppler
method with those between pulmonary wedge
and left ventricular pressures obtained during
catheterization.

The correlation coefficient (r=0.74) is not so high,
and the pressure gradients calculated using the
Doppler method tend to be underestimated.

P/G =pressure gradient; PW=pulsed wave Dop-
pler; PAw=pulmonary artery wedge; LV =Ileft ven-
tricle; cath. =catheterization.
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Fig. 6. Comparison of the pressure gradients
obtained by the pulsed Doppler method with
those obtained directly during catheterization.
A tendency to underestimate does not occur and
a good correlation coefficient is obtained.
P/G=pressure gradient; PW=pulsed wave Dop-
pler; LA=left atrium; LV=left ventricle; PAw=
pulmonary artery wedge ; cath.=catheterization.
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Fig. 7. Comparison of the two kinds of pressure gradients (LA-LV and PAw-LV).
Despite the correction of the time delay, the pulmonary artery wedge pressure curve and the left
atrial pressure curve do not coincide each other. In the rapid filling phase, the pulmonary artery wedge

pressure is usualy higher than the left atrial pressure.

LA =left atrium; LV =left ventricle; PAw=pulmonary artery wedge.
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Fig. 8. Comparison of the two pressure gradients (LA-LV and PAw-LV) in a case of sinus
rhythm.

In the phase of atrial contraction, the gradient between left atrial and left ventricular pressures is
clearly present, but the gradint between pulmonary artery wedge pressure and left ventricular pressure
is nearly 0. This fact indicates that the true pressure gradient is not that between pulmonary artery
wedge position and left ventricle but between the left atrium and left ventricle.

LV =left ventricle; LA =left atrium; PAw=pulmonary artery wedge.
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Fig. 9. Relationship between pulmonary artery wedge pressure and left atrial pressure
in a dog.

A: The peaks of both pressure curves are nearly equal. Pulmonary artery wedge pressure has a time

delay of 100 msec.

B: The state of volume overload. Left atrial pressure is elevated. Pulmonary artery wedge pressure
is excessively elevated and has a time delay of 70 msec.

C: The state of hypovolemia. Left atrial pressure drops and the peak of pulmonary artery wedge
pressure is lower than that of left atrial pressure. The time delay is prolonged to 120 msec.

PAw=pulmonary artery wedge pressure; LA =left atrial pressure.
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