
Br HeartJ 1981; 45: 589-93

Non-invasive diagnosis of mitral regurgitation
by Doppler echocardiography*
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SUMMARY The value ofDoppler echocardiography for the non-invasive diagnosis ofmitral regurgitation
was studied blindly in 161 consecutive invasively investigated adult patients. Regurgitation was graded
from 0 to 3 at selective left ventricular angiography. The Doppler echocardiographic examination was
considered to be positive when a disturbed systolic flow was found within the left atrium behind the
aorta or the anterior leaflet of the mitral valve. The test was considered to be negative in the absence of a
regurgitant jet. The level of the signal to noise ratio was checked by the recording of the ventricular
filling flow. The study was performed in 131 cases from the left side of the sternum and in 101 cases
from the apex. There were no false positives and thus the specificity was 100 per cent. The 20 false
negatives were all in patients with grade 1 regurgitation. Thus only some (33%) instances of mild
regurgitation were misdiagnosed, and the sensitivity for moderate to severe mitral regurgitation was 100
per cent.

The clinical diagnosis of isolated mitral regurgitation
is usually simple, but it can be difficult in the
presence of other lesions or of prosthetic structures
producing murmurs. Among the methods of non-
invasive exploration, echocardiography provides
only inconstant and indirect evidence and the
phonomechanogram can produce incorrect results.
This means that, even today, diagnosis in certain
cases can only be made by angiography, so it is
important to develop a reliable non-invasive
method for the assessment of mitral regurgitation.
The principle of the pulsed Doppler velocimeter,

the limitations of this technique, and the equip-
ment used have already been described in other
reports.1-4

Doppler echocardiography has already been pro-
posed in this context,3 6-8 but available studies are
either fragmentary,3 6 8 or relate to children only.7
The purpose of the present work was therefore to
evaluate the sensitivity and specificity of this
method in adults.

Methods of examination

Two methods were used. One is based on con-
ventional echocardiographic technique, from the
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left edge of the sternum, and the other involves an
apical approach.

PARASTERNAL APPROACH (Fig. 1)
The patient is placed in a supine or left lateral
position. The transducer is located on the third or
fourth intercostal space. The aorta and mitral valve
are identified by echo. The measurement volume
is placed in the left atrium, behind the posterior
wall of the aorta or the anterior leaflet of the mitral
valve. It is advisable to start the screening using a
thick measurement volume, subsequently proceed-
ing with a thin volume. The surface of the mitral
orifice is explored by displacement of the transducer
and electronic gate, looking for a systolic jet. Fig. 2
shows an example where the septum, anterior
leaflet of the mitral valve, and posterior wall of the
left atrium are easily distinguishable. The two
continuous black lines indicate the position of the
measurement volume. It will be noted that the
diastolic inlet flow is not clearly recorded, though
pronounced systolic regurgitation exists.

APICAL APPROACH (Fig. 3)
This is similar in principle to that used for explora-
tion of mitral stenosis. The patient is positioned
on his left side, and the transducer is located at the
apex beat, identified by palpation.
The ultrasound beam is oriented so as to display
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Fig. 1 Illustration of the parasternal approach with
the probe in the third intercostal space and the
measuring volume within the left atrium (see text).
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he anterior leaflet of the mitral valve. The measure-
nent volume is located behind the systolic position
f this leaflet.
It should be noted, however, that the measure-

nent volume should be placed behind the mitral
ralve in the systolic configuration, as opposed to the
liastolic, namely in a considerably more posterior
)osition than th4 used for recording the diastolic
nlet flow, for detection of regurgitation. It is im-
)ortant to obtain a position in the left atrium, and
lot in the left ventricle, and this is achieved by
neans of echocardiographic identification, making it
ossible to distinguish the left atrial posterior wall,
vhich is fine and relatively stable. Once the correct
osition has been secured, careful movement of the
ransducer can be used to explore the mitral an-
ulus in the search for turbulent flow.

rLOW ANALYSIS
Vith the two approaches, the rasping, turbulent
urge characteristics of mitral regurgitation make it
ossible to distinguish the latter from left inlet flow
rom the pulmonary veins. According to the set of
ilters, only the systolic component of the latter is
ecorded, but in this case the flow is regular and
vithout turbulence. With both techniques, diag-
losis of a continent valve is based on the absence of
egurgitant flow. It is therefore appropriate in all
ases to check that the performance of the unit is
ufficient to detect the presence of a posssible jet, by
ecording the diastolic filling flow.

iubjects

Phese two methods were studied in patients who
vere to undergo catheterisation. Ultrasound ex-
)loration was carried out by a physician who had no

Anterior
mitral valve

ileaflet
iMelasurement Fig. 2 Example of recording
volume obtained using the parasternal

_t.- approach (see text).
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Table Comparison between Doppler echocardiography
and angiography

Fig. 3 Illustration of the apical approach. The probe
is at the site of the apex beat (see text).

'knowledge of the clinical and investigative data
of the patients. Examinations were made of 161
consecutive patients, whose ages varied between
5 and 75 (mean: 40); 72 were male and 89 were
-female. One-hundred and thirty-one were studied
by the parasternal approach, 101 by the apical
approach, and 71 by both.

Regurgitation was assessed by means of selective
left ventricular angiography, in the right anterior
-oblique projection, with injection of Renografin at a

flow-rate of 50 ml in three seconds, with a frame
-speed of 50/second. A four-stage semiquantification
technique was used as follows. 0: absence of re-

Angiographic grade

Doppler 0 1 2 3
LSE - 41 11 0 0

4- 0 32 36 11
Apical - 31 9 0 0

+ 0 28 26 7

LSE: approach by left stemal edge.
Apical: approach by the apex.
Doppler +: presence of rasping systolic flow in left atrium.
Doppler-: absence of rasping systolic flow in left atrium, but
signal to noise ratio validated by recording diastolic filling flow.

gurgitation; 1: slight regurgitation with no total
opacification of the left atrium in any case; 2: regur-
gitation with total opacification of the atrium only
after a number of systoles; and 3: severe regurgi-
tation giving total opacification of the left atrium
on the first systole.

Results

The results are given in the Table. It will be noted
that there is no difference between the two ap-
proaches. There are no false positive results, and
specificity is therefore 100 per cent. If mild regurgi-
tation is excluded (grade 1), there are no false
negative results, and sensitivity is also 100 per cent.
On the other hand, with mild regurgitation

sensitivity is less good (74% for the parasternal ap-
proach, and 76% for the apical approach). These
problems of the detection of mild regurgitation
explain the sensitivity values for regurgitation of all
severity, respectively 88 and 87 per cent.

Discussion

METHOD
The parasternal approach was the first to be
described.5 It has advantages. The flows to be re-
corded are at moderate depth, and the size of the
ultrasound window with this site makes it possible
to vary the angles ofincidence and to scan the surface
of the mitral ring without difficulty. The widespread
use of this site in echocardiography results in
familiarity with the echo landmarks. Furthermore,
this method can be used without difficulty on
artificial valves. On the other hand, this approach
has the drawback of providing an angle of incidence
frequently close to the perpendicular to the flow,
and thus unfavourable for Doppler measurement.
Indeed, this makes it necessary to vary the angles of
incidence before arriving at a negative conclusion.
The apical approach is more recent.6 Its ad-

vantages and disadvantages are in mirror image
with those of the parasternal approach. The flows
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to be recorded are further from the transducer,
and therefore more difficult to measure. The
possible range of angles of incidence is more re-
stricted, and it is sometimes difficult to obtain a
correct angle, and even harder to scan the mitral
surface. In the case of an artificial valve, the
multiple echoes from the prostheses make identifi-
cation of the left atrium a delicate matter. On the
other hand, a position parallel to the flow is more
often obtained.
The very disturbed characteristics of the re-

gurgitant flow make its measurement by Doppler
effect difficult,9 particularly in cases where the
signal to noise ratio is poor. The amplitude of the
curves obtained, already substantially influenced
by problems of angle, therefore has no significance
in this case, even using the apical approach.
There is also the problem of pulmonary venous

flow. Experiments with animals have shown that
this flow has characteristics comparable with those
of vena caval flow.'0 There are two essential
anterograde components, one systolic and clearly
predominant, the other protodiastolic and meso-
diastolic, and with much lower amplitude. These
two components have low velocities, and are
measured at great depth and at distinctly un-
favourable incidence. It can easily be understood
that with the use of filters, Doppler echocardio-
graphic recording of these flows can give two
separate components, or only one, quasi-exclusive
systolic component.

Fig. 4 shows a typical example: the septum,
mitral valve anterior leaflet root, and double
posterior wall of the left atrium. This duplication is
generally recognised as corresponding to the point
of connection with a pulmonary vein." The same
essentially systolic flow can be recorded in front of
this double wall, or between the two walls. In this

I' i|l I Ia

O Left atrium

-r w-

Fig. 4 Recording of a pulmonary vein flow. The sample
volume indicated by the black arrow is positioned
between the anterior and the posterior wall of the
pulmonary vein. Only the systolic component of the
flow is accurately recorded (see text).

particular case, the measurement volume is between
the two walls.

RESULTS

With the parasternal approach, the mediocre
sensitivity of detection of mild regurgitation can
certainly be attributed to the fact that, irrespective
of its size, very localised regurgitation can escape
detection during scanning but it is more probable
that the combined problems of incidence, signal to
noise ratio, and the difficulty of measuring turbulent
flow, intervene in this context. On the other hand,
specificity is very good, contradicting a short
summary published in 1974.12 It appears difficult
to accept the problems of sensitivity encountered in
angiography, to explain these earlier results. The
role of the pulmonary veins is probably of prime
importance, but this was not mentioned.
The apical approach appeared of less value in a

preliminary study,3 using the first prototype of the
equipment. Since then progress has been made.
Echocardiographic circuits with improved sensi-
tivity make it possible to check more accurately
that the measurement volume is correctly in the left
atrium and not in the left ventricle. Progress with
Doppler circuits, combined with improvements in
transducer design, ensure substantially improved
sensitivity characteristics. All this indicates to what
extent the Doppler echocardiographic method is
still in full development, and how necessary it is to
take into account the characteristics of each in-
strument in order to obtain valid results from its
use.
Some attempts at quantification of leaks have

been published. Kalmanson et al.6 used a ratio
between the area under the diastolic wave and one
over the systolic wave, with presentation of antero-
grade flows as positive, and regurgitant flows as
negative. This technique, however, has a number
of difficulties. Firstly, simultaneous accurate re-
cordings of diastolic flow and regurgitation are rarely
obtained, and secondly, the mean regurgitation
velocity is difficult to measure accurately because
of its turbulent character. The different velocities
measured are poor reflections of instantaneous flow
rates, because of major variations in section areas.
Finally, there is no reason why flow and regurgita-
tion should be parallel. They are therefore viewed
from difficult angles, and the ratio between them
also depends on these angles.
An alternative approach8 consists in making a

rough assessment of surge diameter and extension
of the turbulence into the left atrium. This method
suffers from limitations of M-mode identification,
and remains, therefore, partially subjective. Further-
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more, the equipment incorporates a threshold
system, preventing measurement of frequencies
in the interference produced by the transducer and
electronic circuits. When the signal to noise ratio is
mediocre (obese patient, excessive scan depth), the
results depend substantially on adjusting the
instrument. Thus we did not attempt to study this
type of quantification, though our day-to-day
practice with the thinner patients is in accord with
the results that have been presented. The combined
use of pulsed Doppler and cross-sectional echo-
cardiography has been described recently,13 and
seems to allow a more precise evaluation of the
extension of the regurgitant flow within the left
atrium but further studies are needed.

Finally, it should be noted that the two ap-
proaches can both be used on patients with artificial
valves. Only the echocardiographic identification
points are changed. In these cases, the parasternal
approach is simpler, being less sensitive to multiple
echoes or variations in ultrasound velocity intro-
duced by prosthetic substances.

Conclusion

Doppler echocardiography can be used at present
for the diagnosis of mitral regurgitation. Even
highly localised and moderate leaks can give a
clearly identifiable signal. Specitivity is very good,
if care is taken to differentiate correctly between
mitral regurgitation and flows from the pulmonary
veins. Sensitivity is also good when regurgitation
is at least of moderate severity. With the current
state of development of the equipment, only a few,
highly discrete regurgitation jets escape detection.
This method can also be applied in the case of
artificial valves.

We wish to express our gratitude to Mr Alain
Barbet, Mr Michael Xhaard, and Mr Jean-Paul
Guglielmi for technical assistance.
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