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Summary

To determine the accuracy and reliability of measurements of mitral flow velocity and pressure
gradients obtained from continuous wave Doppler (CWD) echocardiography, the left ventricular pres-
sure, pulmonary capillary wedge pressure and CWD echo were simultaneously recorded simul-
taneously for 22 patients with mitral stenosis. An ultrasonic transducer was placed over the left
ventricular apex to direct the ultrasonic beam parallel with the mitral flow. High-pitched audio signals
were used to determine whether the ultrasonic beam direction was appropriate. The angle formed by
the beam direction and the blood flow was assumed to be zero when a good Doppler echo was recorded.
The maximum flow velocity and pressure gradients calculated from CWD echo were compared with
pressure gradients obtained by catheterization. These were analyzed during the same heart beats.

The results were as follows:

Good recordings of pressures and CWD echograms were obtained for 17 patients, and their data
were used for the analysis. The maximum flow velocity through the mitral valve obtained by CWD
echography was very similar to the pressure gradients obtained by catheterization in terms of phases
and patterns. The pressure gradients (x) calculated from CWD using a simplified Bernoulli’s equation
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correlated well with those (y) measured at the same time on pressure tracings (y=1.2x+1.5, r=0.92,
p<0.001). Mean diastolic pressure gradients (X) obtained by CWD echography also correlated well
with those (Y) recorded at catheterization (Y =1.2X+40.15, r=0.95).

Based on these results, we conclude that CWD echography is a reliable, noninvasive method to
measure the pressure gradient across the mitral valve in patients with mitral stenosis.
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Fig. 1. Continuous wave Doppler echocardiograms recorded from a normal subject (A)

and a patient with mitral stenosis (B).

A transducer is placed over the left ventricular apex. The flow toward the transducer is seen above
the zero line. The white line shows the direction of the ultrasonic beam to obtain appropriate Dop-
pler signals. The peak of the maximum flow velocity across the mitral valve is 0.9 m/sec in the left

panel and 2.2 m/sec in the right one.
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Fig. 2. Measurements of mean pressure gradient using the microcomputer method in a
patient with mitral stenosis.

The upper panel shows the continuous wave Doppler echogram. The left lower panel is the velocity
curve and the right lower one is the pressure gradient curve obtained from the third heart beat (black
arrow) by the computer method using a light pen.
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Fig. 3. Simultaneous recording of left ventricular pressure (LV pre.), pulmonary capillary

wedge pressure (PCW pre.) and continuous wave Doppler echogram from a patient with

mitral stenosis and atrial fibrillation.

The mitral flow velocity changes from beat to beat and in parallel with corresponding pressure grad-
ient between LV pressure and PCW pressure, indicating that the flow velocity obtained by Doppler
echography reflects closely pressure gradient across the mitral valve.
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Fig. 4. Simultaneous recording of left ventricular pressure (L.V pre.), pulmonary capillary
wedge pressure (PCW pre.) and continuous wave Doppler (CWD) echogram from a patient

with mitral stenosis and sinus rhythm.

The left panel is the actual recording. The right upper panel shows the pressure curves obtained by
superimposition of the V wave of PCW pressure on the descending curve of the LV pressure to correct
the time difference between LV pressure and PCW pressure. The right lower one is the pressure gra-
dient curve across the mitral valve obtained manually from the upper one. Note that the timing and pat-
tern of the CWD echogram are similar to those of the pressure gradient curve across the mitral valve.
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Fig. 5. Simultaneous recording of left ventricular pressure (LV pre.), pulmonary capillary
wedge pressure (PCW pre.) and continuous wave Doppler echogram before and after bicycle
ergometer exercise of a patient with mitral stenosis.

With exercise, the maximum velocity of mitral flow increases in parallel with the increment of

the pressure gradients.

Mo CWD == —jc L <P LTy, CWD
T 3= G605 Mk mEEE L, JEREE I
WACHUBUC KM 5 2 & s &z,

Fig. 5 (3 ergometer exercise HHifif% O
WIE, CWD = = —[[mFiEx Ry AT
HANTHEEGEFHRICHEAL TV a5, FL LD
IR LR LT Wb, AT 2 U
T, CWD = o — o ifi## i JEiEzio K& &
KHBILTEELTWB Z b nb

3. EEOEHEIZEITS CWD Ta—A5E5ht-
ERELERBRNSBONEREDOLSE

Fig. 6 13 Fig. 4 & [Fl—00 o fLiE £ #ss
FEMBRB LT CWD = a—nbknizd 0r,
YE = TRLELDTHS. LW T —F VIR
7> 515 5 A T FEERAE I T 3 AR L dh# % 4
ELTHLATEY, CWD =a—n6 ki
FERGEWIE X 8 B ORE L0 £ %7 % Bernoulli o

FHXLLME L TERLZLOTHZ. FhE
NOFHED S K T2 L R & Rl — 030 T Hog
THE, MFFLILS—HLTEY, EEEOHED
ERLLTWS.

Fig. 7 3 di# & CWD = = — 3EA o 2304
SN 17 Flic T, (EEO LMAOEE OB
BRI BEEY, FNFhoFETEHSTR
AR TROTHLELDTH S, WiFici
B (r=092) 2REhs, CWD = o
— P BRD LEBEOHIZ, LhTF—FAhbk
O TAEIC IR THREE 20 23 /NG LT v B 2 &
MWRENTZ. ThbEL CWD za—pbkoi
JEFE D E 124535 &, JEf#RD &Rk 7
lZ—F L.

4. HOREADTEHEREDHE

) =qs7mzavra—s—%Hw T CWD
T 3= b5 N & A 555 S

— 1103 —



QB! *{EEY ﬁ'%, [ES:8

mmHg

20} Cath.

10

(o}

mois N~

201 CWD
10}

ol—sé 4 +

Fig. 6. Comparison of the pressure gradients
across the mitral valve calculated from the
Doppler flow velocity curve and that recorded at
catheterization in the same patient as shown in
Fig. 4.

The pressure gradient curve from CWD is similar
to that from catheterization in terms of timing and
amplitude.
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Fig. 7. Comparison of pressure gradients from
catheterization and those from continuous wave
Doppler echography in simultaneous recordings
of 17 patients with mitral stenosis.

The correlation is excellent, but the pressure gradi-
ents from catheterization are about 1.2 times of those
from continuous wave Doppler echogram.
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Fig. 8. Comparison of mean pressure gradients
from catheterization and those from continuous
wave Doppler (CWD) echography on simul-
taneous recordings.

The mean pressure gradient from CWD echo-
graphy is measured by the computer method using a
light pen. The correlation is excellent, but the mean
pressure gradient from CWD tends to underestimate
the value obtained by catheterization.
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Fig. 9. Comparison of mean pressure gradients
from catheterization and those from continuous
wave Doppler (CWD) echography on simul-
taneous recordings.

The mean pressure gradient from CWD echo-
graphy is measured by the 3 points method. An in-
stantaneous gradient from CWD echogram is meas-
ured at 3 points (the end of the rapid decline in left
ventricular pressure during the rapid filling period, the
beginning of the steep rise in the pressure and
midway between these two points), and the mean of
these three is given as the mean pressure gradient.
The correlation is excellent, but the value from
CWD is slightly less than that from catheterization.
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