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Editorial

Doppler ultrasound and the apparently normal heart

Doppler ultrasound is such a sensitive means of demon-
strating blood flow that it is now possible to detect flow
patterns that previously went unrecognised and that
might have been considered to be the result of a cardiac
abnormality which warranted medical follow up, anti-
biotic prophylaxis against infective endocarditis, and even
treatment. It now seems appropriate to attempt to distin-
guish between Doppler findings that should be regarded
as normal variants and other findings which represent
minor abnormalities. For practical clinical purposes,
however, it may be more important to consider the man-
agement of minor abnormalities that cannot be detected
clinically but are shown with Doppler ultrasound.
Regurgitation through apparently normal valves is the
most widely recognised of these abnormalities but others
include small congenital defects and flow velocities just
above quoted normal values.

Frequency ofphysiological regurgitation
Doppler ultrasound demonstrates regurgitation not
detectable by clinical examination through valves that are
normal on echocardiographic imaging. This was quickly
recognised by Hatle and Angelsen' and subsequently has
been widely studied. Such studies led to the acceptance
of the concept of regurgitation through normal valves.
The term "silent" or "physiological" has been coined
for such regurgitation. In several precordial studies on
healthy subjects of various ages differences in the fre-
quency of Doppler detected regurgitation have been
reported. Jobic et al summarise these studies in their arti-
cle on page 109.2 Pulmonary, tricuspid, and mitral regur-
gitation commonly can be demonstrated in apparently
normal hearts in all age groups.3 4 Jobic et al found them
in 100%, 100%, and 56% respectively.2 The reported
incidence of aortic regurgitation varies considerably.
Some investigators never found it in children or young
adults.4 It does occur, albeit rarely, in this age group and
becomes a definite entity in older patients, with the inci-
dence increasing progressively with age from forty years5 6
to a reported rate of 89% in those over eighty.5 It has also
been suggested that regurgitation through all valves
increases with age as part of a degenerative or "wear and
tear process. If this is the case it may not be termino-
logically correct to call the regurgitation "physiological",
but rather "insignificant" and related to the changes
occurring in the valve. The term "physiological", how-
ever, conveys the concept that such regurgitation is a
common finding in healthy subjects, has no pathological
significance, and should be regarded as normal.
Continuing use of the term "physiological" should ensure
that the finding is not regarded as abnormal.

Criteria
Studies of the incidence of "physiological regurgitation"
have considered the criteria used to define its presence. It
is generally agreed that the signal on colour Doppler
echocardiography should be localised to the immediate
area of the valve coaptation site and its duration should
be between 100 and 200 ms on colour M mode4 or spec-
tral Doppler echocardiography.6 Some would suggest that
the velocity should be about that expected from the
Bernoulli formula, but because a signal may not be pre-
sent throughout the whole of systole or diastole the maxi-
mum velocity and pressure drop cannot always be
measured. Sahn and Maciel consider that it is necessary
to show acceleration of retrograde flow across the valve, if
possible with aliasing at the regurgitant site-to suggest
true regurgitation through a restrictive valve orifice rather
than backflow as blood is pushed by the closing valve.7
These are essential considerations in scientific studies of
physiological regurgitation-but what is their relevance to
clinical cardiology? Physiological regurgitation can be
diagnosed with some confidence when the regurgitant
flow on spectral or colour Doppler is confined to the area
very close to the valve, though it has been demonstrated
by colour Doppler as far as 2-0 cm and even 3 0 cm from
the valve.2 As with most physiological variables, however,
there is unlikely to be a clear cut-off point at which regur-
gitation can be considered to be physiological or patho-
logical, and it will not always be possible to distinguish
between physiological and mild pathological regurgita-
tion. An attempt to do so brings in all the problems of
trying to determine the severity of regurgitation with
Doppler echocardiography-physiological variation with
time, Doppler filter and gain settings, the colour algo-
rithm used, and the fact that the extent of the colour jet is
more dependent on the driving pressure than on its
volume.8 In addition there are differences in the ability of
different ultrasound machines to demonstrate regurgita-
tion on spectral and colour Doppler echocardiography9
and the findings in one cardiology laboratory will not
necessarily be comparable to those in another using dif-
ferent equipment and operators. With transoesophageal
echocardiography it is likely that regurgitation will be
detected more frequently.
What action should be taken when trivial regurgitation

is found and it seems to be physiological? It is appropriate
to record the finding on the ultrasound report lest its
presence on a subsequent study be regarded as an alter-
ation, but it is essential to ensure that the requesting
physician is aware that this is a normal finding. Since this
is a normal variant there is no need to inform the patient
or his relatives; if it is raised in discussion it is important
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firmly to state that the finding is normal. This should
avoid the possibility of an imagined cardiac defect and
prevent the generation of a population of people with
iatrogenically created "heart disease".5'
Rheumatic fever
Left-sided valve regurgitation becomes clinically impor-
tant in areas where rheumatic fever is prevalent. An
apparently higher incidence of regurgitation has been
shown in subjects suspected of having rheumatic fever
but with no evidence of carditis.'0 It has thus been sug-
gested that the presence of regurgitation indicates carditis
and that consideration should be given to adding left-
sided regurgitation to the accepted Jones criteria for the
diagnosis of rheumatic fever. Whereas aortic regurgita-
tion in a young person is likely to be pathological the
same cannot be said for mitral regurgitation unless it is
clearly moderate or severe, and this should be apparent
clinically. Doppler criteria for regurgitation must be
applied carefully in rheumatic fever and their use by
those who are unaware of the concept of physiological
regurgitation could result in the overdiagnosis of
rheumatic carditis and perhaps even rheumatic fever.

Implications
Doppler untrasound shows flow through congenital
defects that are small and minor, cannot be detected
clinically, and would not have been diagnosed or investi-
gated in the past. Such flow patterns can be demon-
strated through a tiny ductus arteriosus," through a
ventricular or atrial septal defect, and through tiny
vessels, probably branches from coronary arteries, which
enter the pulmonary artery. Similarly it is now apparent
that tiny leaks persist after apparently clinically sucessful
surgical closure of a ductus arteriosus."2 Received wisdom
might indicate that such lesions, often with a high pres-
sure drop and thus flow velocity, could be associated
with the risk of infective endocarditis. And this could
extend to physiological regurgitation. No one has sug-
gested that antibiotic prophylaxis against infective endo-
carditis be given for physiological regurgitation, and I do
not routinely recommend prophylaxis for a silent ductus
or ventricular-septal defect. But is there a difference
between physiological mitral regurgitation and trivial
regurgitation with echocardiographic mitral valve pro-
lapse? Is the risk negligible because the jet does not
extend far into the receiving chamber and does not
impinge on the distal wall? Large, complex, and long-
term studies are required to answer these questions.
Because infective endocarditis can occur in an apparently
normal heart, however, such patients should have
detailed Doppler studies to determine whether a minor
abnormality is causally related to the infection. A corol-
lary might be that because unrecognised abnormalities,
such as these Doppler findings or a bicuspid aortic valve
or mitral valve prolapse, may be present in apparently
healthy individuals, all should receive antibiotic prophy-
laxis against infective endocarditis. But this calls into
question the management of minor cardiac defects rather
than the management of physiological regurgitation. If
several healthy people have a tiny ductus arteriosus and
none develops infective endocarditis related to this, is it
really correct to undertake trans-catheter or operative
closure ofa tiny duc jt jtbecause a murmur is audible?
Similarly if residual flow is shown on Doppler echocar-
diography after a procedure, should further intervention
be undertaken? The wisdom of intervention for a small
ductus arteriosus has even been questioned." It has also
been suggested that after the insertion of a ductal
occlusion device a small leak without a continuous

murmur should be accepted and that there is no need to
insert a second device,'4 '. though antibiotic prophylaxis
is probably prudent when prosthetic material is left in the
great vessels. The management of relatively minor
cardiac defects is further complicated by the Dutch
report that concluded that the risk of endocarditis as the
result of a medical or surgical procedure is small, and
questioned the efficacy of and the need for routine antibi-
otic prophylaxis in the prevention of infective endocardi-
tis.'6 The answers are not known and long-term studies
are needed.

Normal flow velocities in the ascending and descend-
ing aorta and pulmonary artery are less than 2 m/s." 18 If
there is a soft murmur and normal valve on imaging does
a slightly higher velocity of about 2 m/s indicate mild
stenosis, and is it thus appropriate to follow the patient
every few years and recommend antibiotic prophylaxis
against endocarditis? This carries the risk of heart disease
being imagined by the "patient": there were similar
problems with mitral prolapse in the past. It may well be
that such echocardiographic findings do represent a mild
abnormality but any problems, such as calcific aortic
stenosis, will not become apparent for years and regular
follow up will be unnecessary and inappropriate.
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