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Summary

The purpose of the present echocardiographic study is to determine the timing and order of both
mitral and tricuspid valve openings in normal subjects and to provide the basic data for evaluating
diastolic hemodynamics in cardiac patients.

The subjects consisted of three groups: (i) 30 normal young cases in which the opening of both
valves was recorded, (ii) 8 cases with idiopathic atrial fibrillation in which the relationship between
preceding R-R and early diastolic intervals was determined, and (iii) 10 cases in which the effect of the
direction of the ultrasonic beam on mitral valve echograms was evaluated. By applying dual echo-
cardiography or phonoechocardiography, the interval from the aortic component of the second heart
sound (IIA) to the point of maximal anterior opening (E), the isovolumic relaxation period from ITA
to the onset of opening (D’) and opening slope of the anterior leaflet were measured in each valve
echogram.

Careful recording was mandatory for measurements because even slight angulation of the trans-
ducer toward the mitral ring induced the timing of D’ point and opening slope to vary. Respiratory
variation was observed on the movements of both valves. During inspiration mitral valve opening
occurred further from ITA or did not change in timing, but the tricuspid valve opened prematurely.
During expiratory phase, the mitral valve opened nearly simultaneously with the tricuspid valve.
The measurements were: IIA-E interval=99.8+13.1 (mean+SD), 104.5+20.6 msec; IIA-D’ interval
=47.2+9.9, 48.3£13.1 msec; opening slope=301+76, 264 +59 mm/sec, in mitral and tricuspid valve
echograms, respectively. In cases with atrial fibrillation, these measurements were nearly constant
regardless of varied preceding R-R intervals in 8 mitral and in one tricuspid valve echograms.

It was expected from observing the effect of R-R intervals on valve opening in a case of valvular
disease that diastolic hemodynamics could be evaluated by analysing the timing and order of both
valvular openings, especially in relation to the preceding R-R intervals in atrial fibrillation.
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Fig. 1. Dual echocardiogram from a case of congestive cardiomyopathy (courtesy of Dr.
Ernest Craige).

It is shown that tricuspid valve (TV) has a delayed opening comparing to that of the mitral valve
(MV), and that inspiration (Insp.) induces TV opening to occur slightly earlier but has no effect on
MYV opening. Paradoxical pulse is not observed in this case. Figures show the time intervals between

both maximal opening points of MV and TV.
PA and MA =phonocardiogram at the pulmonary and mitral area; Exp.=expiration; IIA=aortic

component of the second heart sound.
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Fig. 2. Representative dual M-mode (A) and two-dimensional (B) echograms showing
the determination of the timing of both valvular openings.

Two straight lines in a parasternal three-chamber view (B) reveals the direction of the two ultra-
sonic beams for recording dual echograms of MV and TV (A). It was recorded from a 10-year-old

healthy boy. It is shown that both valves open simultaneously in this case.
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Fig. 3. Measurements technique in the normal mitral valve echogram (MYV).

E is the point of maximal opening and D’ is the point of the onset of rapid anterior motion deter-
mined by tangent line (opening slope). The interval from the aortic component of the second heart
sound (ITA) to D’ is left ventricular isovolumic relaxation period. The same measurements are

made also on the tracing of the tricuspid valve echogram.
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Fig. 4. Dual echocardiogram showing the effect of the direction of the ultrasonic beam
on diastolic time intervals of normal mitral valve echogram.

It is taken from a 28-year-old male. Upper recording reveals the standard echogram and lower
recording is made by angulating the another beam toward the mitral ring. Both points E occur simuil-
taneously but points D’ are not coincident, 15 msec apart in this case.
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Table 1. Normal values of early diastolic time
intervals in normal subjects

MV TV
1IA-E 99.8+13.1  104.5+20.6 msec
1IA-D’ 47.2+ 9.9 48.3+13.1 msec
Opening slope  301+76 264+59 mm/sec

n=30; age=13.8+6.5 years old.
Heart rate averaged 73.1%9.9 /min. and IIA-IIP
interval is 26.8+7.4 msec.
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Fig. 5. Dual echogram demonstrating the respiratory effect on the movements of both
atrioventricular valves in a normal subject.

The tricuspid valve (TV) opening which occurs following that of mitral valve (IMV) during expira-
tion is shown to become reversed with inspiration (arrows).
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Fig. 6. Phonoechocardiogram of the mltral valve from a case with isolated atrial fibrilla-

tion.

The IIA-E and IIA-D’ intervals are constantly 115, 70 msec. respectively and have no correlation
with the length of the preceding R-R intervals throughout one cycle of the expiratory apnea. It
should be noted that opening slope is also constant.
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Fig. 7. Relationship between the IIA-E and
preceding R-R intervals determined from
mitral valve echograms of the same case as
in Fig. 6.

The IIA-E interval is nearly constant within the
range of 100 to 125 msec. regardless of the variation
of the R-R intervals.
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Fig. 8. Phonoechocardiogram (A) and two-dimensional (B) echocardiogram from a
40-year-old female with mitral and tricuspid valve disease.

The mitral valve echogram shows stenotic pattern reflecting rheumatic mitral stenosis with previous
commissurotomy. Tricuspid opening snap (T-OS) is observed to precede that of the mitral valve
(E). It should be noted that the length of IIA-T-OS interval has a positive relationship with that
of the preceding R-R interval. IIA-T-OS of the heart beat, 3 after the shorter preceding R-R in-
terval becomes abbreviated to 55 msec. comparing to 85 msec. of the beat, 2 after the long diastolic
interval. On the other hand, left-sided corresponding interval (IIA-ME) does not vary so much. This
finding appears to suggest the presence of significant tricuspid transvalvular pressure gradient
comparing to probably mild mitral pressure gradient. Panel B is a parastennal four-chamber view
demonstrating the stenosis of both mitral and tricuspid valves. Association with tricuspid regurgi-
tation is also confirmed by contrast echocardiography in this case.
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