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Summary

The sensitivity and specificity of detecting and estimating mitral regurgitation were assessed by
two-dimensional pulsed Doppler echocardiography (PDE) for 85 patients, aged 17 to 79 years. Mitral
regurgitation was clinically diagnosed in 10 patients, and confirmed by angiography in 60 patients.
Using real time two-dimensional images and M-mode displays, the sample volumes were taken at 36
sites, including the mitral ostium, the left atrium, and the left ventricular inflow tract. Doppler signals
were analyzed by the FFT method and the diagnosis of mitral regurgitation was based on the systolic
turbulence with a wide range of velocities greater than +1 KHz. The results obtained were as follows:

1. In 61 of 70 cases with mitral regurgitation, distinctly abnormal systolic Doppler signals were
detected at the mitral ostium or within the left atrium, which were not recorded in the other 15 cases
without angiocardiographically documented mitral regurgitation. The signals had either unidirec-
tional or bidirectional wide frequency-band patterns, which were thought to indicate the systolic turbu-
lence caused by mitral regurgitation, because these were occasionally recorded beyond the second heart
sound, and increased with the administration of methoxamine and diminished after the inhalation of
amy] nitrite.

2. When mitral regurgitation was graded I°, II°, ITI° and IV® based on Sellers’ classification,
a PDE sensitivity for detecting mitral regurgitation was 78.1, 89.5, 100 and 1009, respectively. When
approaches were divided by the parasternal long-axis, parasternal short-axis and apical long-axis, a
PDE sensitivity was 80.0, 74.2, and 70.09,, respectively.

3. The PDE was highly sensitive in diagnosing mitral regurgitation due to rheumatic valvular
disease, mitral valve prolapse or ruptured chordae tendineae (sensitivity 1009,), but it was less sensitive
in ischemic heart disease, dilated cardiomyopathy or hypertrophic cardiomyopathy.

4. Nine cases in which mitral regurgitation was missed dy PDE, mitral regurgitation was mild
(seven cases: Sellers I°, two cases: Sellers II°). No false positives were found. The overall sensitivity
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of the PDE was 87.19%, with a specificity of 100%, a diagnostic accuracy of 89.4%, and a predictive
value of 1009,.

5. By displaying the distribution of systolic turbulence on parasternal or apical long-axis images
(flow mapping), the direction and the extent of the regurgitant flow in the left atrium were clearly
visualized. The localization of the regurgitant flow at the mitral ostium was visualized in parasternal
short-axis images by the flow mapping method.

6. Mitral regurgitation was judged semi-quantitatively by PDE as 1+, 2+, 34 and 4+, according
to the area of distribution of systolic turbulence in the parasternal or apical long-axis images. In Sellers
III° or IV® mitral regurgitation, a significant correlation was noted between the PDE and angiographic
assessment of the severity of mitral regurgitation. However, in patients with decreased left ventricular
function mitral regurgitation was occasionally misdiagnosed or underestimated using PDE.

7. Atthe left ventricular inflow tract obtained from the apical long-axis approach, a ““systolic flow *’
away from the transducer was often detected, especially in severe mitral regurgitation. It was thought
to reflect the regurgitant flow from the left ventricle to the left atrium. The incidence of this flow was
5.0% for Sellers I°, 8.3, for II°, and 1009, for III° or IV©.

8. Patients with the maximum velocity of the systolic flow in mid-systole had mitral regurgitation
due to various etiological entities, and about half of those with the maximum velocity in late systole
had ruptured chordae tendineae associated with severe mitral regurgitation. Further precise study is
necessary to analyze the relationship between the timing of the maximum velocity and the etiology or

the grade of mitral regurgitation.
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Table 1. Patient selection

SR - 75— X B EIEH B AR&AE D I

Etiology of mitral LVG (+) LVG (-) Total
regurgitation (MR) MR (—-) MRI° MRII° MRIII° MRIV® MR (+) o
Ischemic heart disease 13 13 5 1 1 33
Rheumatic valvular disease 6 4 1 4 15
Dilated cardiomyopathy 6 3 1 1 11
Mitral valve prolapse 2 5 1 2 10
Hypertrophic cardiomyopathy s 1 1 7
Ruptured chordae tendineae 3 1 4
After mitral valve surgery 1 1 1 3
Infective endocarditis 1 1
Marfan syndrome 1 1
Total 15 32 19 6 3 10 85

Abbreviations: LVG =left ventriculography ; MR =mitral regurgitation.

The severity of mitral regurgitation is judged angiographically based on Sellers’ classification (grade I°, II°

I11°, and IV°).
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Fig. 1. Flow mapping of abnormal Doppler signals and estimation of the degree of mitral
regurgitation by pulsed Doppler echocardiography.

The severity of mitral regurgitation is classified in four grades according to the extent of the
regurgitant flow in the left atrium. The distribution of the regurgitant flow is investigated by two-
dimensional pulsed Doppler echocardiography at the 36 sampling sites including the parasternal
long-axis (left), parasternal short-axis (middle) and apical long-axis (right) views.

Abbreviations: RV =right ventricle; LV =left ventricle; AO=aorta.
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Fig. 2. Mitral regurgitant flow in a patient with dilated cardiomyopathy.

Upper left: The white line indicates the direction of the ultrasonic beam on the apical long-axis image,
and the white asterisk represents the position of sample volume.

Middle left: Unidirectional turbulent flow in early systole in the left atrium.

Upper right: The direction of the ultrasonic beam and the sampling site on the parasternal long-axis
image.

Middle right: Bidirectional turbulent flow in early systole at the mitral ostium.

Bottom: Left ventriculograms (LVG) show ventricular dilatation and mitral regurgitation of Sellers
I1°. Arrows indicate the extent of regurgitant jet in the left atrium. No abnormality is observed in the
left coronary artery (LCA) or the right coronary artery (RCA) by coronary arteriograms.

Abbreviations. SV =sample volume; PCG =phonocardiogram; Flow=pulsed Doppler flow velocity
pattern; ECG =electrocardiogram.
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not detected

Incidence of each regurgitant flow pattern in three directions of the ultrasonic beam.

There is little relationship between the regurgitant flow pattern and the direction of the ultrasonic
beam. Bidirectional flow is most commonly seen in each approach.
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Intra-atrial flow patterns in mitral regurgitation
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MVP : Mitral Valve Prolapse

HCM : Hypertrophic Cardiomyopathy
RCT : Ruptured Chordae tendineae
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Fig. 4. Relationship between three regurgitant flow patterns and etiology of mitral re-

gurgitation.

Both unidirectional and bidirectional flows are recorded in patients with various etiologies of

mitral regurgitation.
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Fig. 5. Sensitivity in detecting mitral regurgitation by pulsed Doppler echocardiography

in mitral regurgitation.

When mitral regurgitation is divided for 1°, I1°, IT1I° and IV® based on Sellers’ classification, the
sensitivity of pulsed Doppler echocardiography is 78.1%,, 89.5%, 1009, and 1009, respectively. When

the methods of approach are categorized as the parasternal long-axis view, apical long-axis view and

parasternal short-axis view based on the direction of the ultrasonic beam, each sensitivity is 80.0%,
70.09%, and 74.29%,, respectively. The overall sensitivity in detecting mitral regurgitation is 87.19%,.
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Etiology of incompetent mitral valve
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Fig. 6. Sensitivity in detecting mitral regurgitation by pulsed Doppler echocardiography

for incompetent mitral valve.

The regurgitant jet in rheumatic valvular disease, mitral valve prolapse and ruptured chordae tendi-
neae is easily documented by pulsed Doppler echocardiography. However, the presence of mitral
regurgitation due to ischemic heart disease, dilated cardiomyopathy or hypertrophic cardiomyopathy
is sometimes overlooked (each sensitivity is 75.0%,, 90.99, and 71.49,, respectively).
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LVG Parasternal long-axis Flow mapping
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Fig. 7. Flow mapping of mitral regurgitation on the parasternal long-axis view.

Upper left: Left ventriculogram (LVG) demonstrates mitral regurgitation of Sellers II° in a patient
with anterior mitral leaflet prolapse.

Upper middle: The projection of the ultrasonic beam (white line), and the sampling site (white as-
terisk) on the parasternal long-axis image.

Botton:: A bidirectional low with wide spectrum is recorded in late systole at the above sampling
site (mitral ostium).

Upper right: Mapping the area of turbulent flow, represented by symbols (+) shows the extent of
the regurgitant flow directed toward the posterior region of the left atrium.
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Parasternal long-axis Parasternal short-axis Flow mapping

—

e
FLOW*F_f&W._, %

=330 MR 5 ,A. 2 Jﬁ%
Ecodns i e

s o Bt Ris w Fis Aedns. a B siaten
FLOW?-- = w‘ AR - T

P GGt

Fig. 8. Flow mapping of mitral regurgitation on the parasternal short-axis view.

This patient has aortic regurgitation and mitral regurgitation due to subacute bacterial endocarditis.

Upper left: Large vegetations (white arrows) are present at the right coronary cusp, noncoronary
cusp and anterior mitral leaflet.

Upper middle: The projections of the ultrasonic beam (A-F) and sampling sites (white stars) on the
parasternal short-axis image. A: anterolateral commissure side, D: central portion of the ostium,
F: posteromedial commissure side. Panel A, B: Few signals are recorded in systole at the sampling
site A or B. Panel C, D, E and F: Bidirectional turbulent flows are detected at the sampling sites C,
D, Eand F.

Flow mapping on the mitral ostium: The localization of the regurgitant flow is revealed except on
the anterolateral commissure side. Black arrows indicate the vegetations on the anterior mitral leaflet.
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Fig. 9. Angiographic and pulsed Doppler echo-
cardiographic correlation of mitral regurgitation.
Poor correlation is noted between Sellers’ clas-
sification and the grading by pulsed Doppler
technique (Doppler) in mild mitral regurgitation.
Nine false negative cases are present in grade I° and
II° mitral regurgitation. Abbreviations: EF =ejection
fraction calculated by left ventriculography (LVG).
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Old anteroseptal infarction Mitral valve prolapse Ruptured chordae tendineae
Fig. 10. Systolic flow away from the transducer in the left ventricular inflow tract re-
corded from the apical long-axis view.

Upper left: Left ventriculogram (LVG) shows Sellers I° mitral regurgitation (MR) in a patient
with old anteroseptal myocardial infarction. Arrows indicate the extent of the regurgitant flow.

Lower left: No abnormal systolic signals are obtained in the same patient.

Upper middle: LVG reveals Sellers 11° mitral regurgitation in a patient with mitral valve prolapse.

Lower middle: Systolic flow away from the transducer is detected with the maximum velocity in
midsystole.

Upper right: Sellers I11° mitral regurgitation in a patient with ruptured chordae tendineae.

Lower right: Systolic flow away from the transducer with the maximum velocity in late systole.
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MRWV °

Fig. 11. Incidence of systolic flow away from
the transducer in the left ventricular inflow
tract.

Systolic retrograde flow is detected in all patients
with Sellers III° and IV® mitral regurgitation (MR),
but it is rare in patients with Sellers I° and 11° MR.
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Fig. 12. Regurgitant flow patterns at the mitral ostium after the administration of methoxa-
mine or amyl nitrite in the same patient as in Fig. 7.

Upper: When sample volume is placed at the mitral ostium on the parasternal long-axis view, tur-
bulent flow is recorded in late systole.

Middle: After 5 mg of methoxamine administered intravenously, an increase in the duration and
frequency of turbulence is demonstrated. Note also the decrease of S1 and the increase of S2 with
provoked late systolic murmur on the simultaneous phonocardiogram obtained from the apex.

Lower: Inhalation of amyl nitrite decreases turbulent low and increases the intensity of S1.

These facts suggest that the disturbed flow with wide spectral velocity pattern reflects the mitral
regurgitant flow.
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Fig. 13. The mitral flow pattern in a patient with primary biliary cirrhosis.

This 48-year-old woman has no clinical evidence of mitral regurgitation, however, an abnormal
bidirectional systolic flow is documented with a relatively narrow range of velocity.

Left: The direction of the Doppler beam (white line) and the sampling site (white dot) on the

parasternal long-axis view.

Right: False positive Doppler pattern recorded at the mitral ostium.
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