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Anomalous origin of the left coronary artery from
the pulmonary trunk: elucidation with colour
Doppler flow mapping

A B Houston, J C S Pollock, W B Doig, J Gnanapragasam, M P G Jamieson, S Lilley,
E P Murtagh

Abstract
Four infants and children with anomalous
connection of the left coronary artery to
the pulmonary trunk were studied with
colour Doppler flow mapping. In three
the diagnosis was only suspected when
the colour Doppler study showed dilated
intraseptal and epicardial vessels and an

abnormal flow signal into the pulmon-
ary artery in diastole; this latter signal
localised the exact site of communica-
tion, which was not apparent on angio-

cardiography. Two of these patients had
previously had operations for severe
mitral regurgitation, the diagnosis of
anomalous left coronary artery having
been previously considered in one but
missed despite aortic root angiography.
The colour study in the fourth was

largely confirmatory, operation without
catheterisation being undertaken on the
basis of the echocardiographic images.
By contrast in two infants subsequently
seen with congestive cardiomyopathy the
demonstration of flow direction in the
left coronary artery confirmed thzat it
was normally connected to the aorta.
Colour Doppler flow mapping can

show flow direction in the left coronary
artery and from the mouth of an

anomalous coronary artery into the
pulmonary artery, thus simplifing the
diagnosis and allowing the site of the
connection of the left coronary artery to
the pulmonary artery to be determined
with precision.
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The demonstration of the origin of an

anomalous left coronary artery from the pul-
monary trunk with ultrasound can be difficult
and surgical correction without catheterisa-
tion has only recently been reported.' Doppler
ultrasound has the potential to show flow in or

from an anomalous artery but although pulsed
Doppler can show abnormal flow patterns in
the pulmonary artery2 this is of limited value.
Colour Doppler flow mapping will better
show the site and direction of flow in or from
a coronary artery in relation to the echocar-
diographic image, and should thus resolve
diagnostic difficulties in doubtful cases.

We report on the findings with colour Dop-
pler flow mapping in the assessment of four

patients with anomalous connection of the left
coronary artery to the pulmonary trunk, with
particular reference to its value in providing
information additional to that obtained with
imaging ultrasound and angiography. In addi-
-tion, we report the Doppler ultrasound
appearances of the coronary arteries in two
infants with congestive cardiomyopathy
examined after the benefits of the technique in
such patients became apparent.

Patients and methods
Imaging and Doppler studies were performed
using a Vingmed CFM 700 system. A routine
M mode and cross sectional study was perfor-
med and when the diagnosis of anomalous
connection of the left coronary artery was
suspected or considered the echocardio-
graphic investigation was directed to the
demonstration of the left coronary artery. The
colour Doppler was used to show the direc-
tion of flow in the left coronary artery or its
main branches and to show flow from the
anomalous artery into the pulmonary artery.
The presence of flow signals in dilated epicar-
dial and intraseptal collateral vessels was also
sought.
The origin of the left coronary artery may

be confused with the transverse sinus in the
short axis view of the great arteries.3 To avoid
this mistake the distal part of the artery
should be sought by tilting the transducer
inferiorly towards the left ventricular outflow
tract. In this view more of the proximal part
of the artery (probably the anterior descend-
ing) may be shown passing anteriorly. With a
normal connection of the left coronary artery
to the aorta the flow in this artery will be
towards the transducer (red in fig 1).

Results
Four patients with anomalous connection of
the left coronary artery have been diagnosed
since the introduction of colour Doppler flow
mapping to our unit in January 1987. One was
diagnosed in infancy (2 months) and the
others were aged 3, 6, and 7 years. Cardiac
catheterisation was performed in two, and
surgical reimplantation of the anomalous
coronary artery in three, including one with-
out catheterisation.
Two infants with congestive cardio-

myopathy were subsequently seen and the
diagnosis of an anomalous left coronary artery
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Figure 1 Colour Dopplerflow mapping of modified short axis view of thegreat arteries
in an infant with congestive cardiomyopathy showing the left main coronary artery lying
behind the pulmonary artery. The ultrasound system displaysflow awayfrom the
transducer as blue and towards it as red to orange. The red linearflow signal in the left
coronary artery indicatesflow towards the transducer. Flow isfrom the origin towards
the bifurcation-that is, normalflow direction.

Figure 2 Colour Dopplerflow mapping of short axis view ofgreat artery origins in
diastole showingflowfrom the anomalous coronary into the pulmonary artery (blue)
just distal to the valve sinuses and insignificant pulmonary regurgitation (orange).

was considered but not confirmed. Catheter-
isation was undertaken in one who also had
tuberous sclerosis with mitral regurgitation.

ANOMALOUS LEFT CORONARY ARTERY: NO
PREVIOUS OPERATION
Two patients had clinical signs of mitral
regurgitation. The first was found to have an

asymptomatic murmur at 6 years of age with
the electrocardiogram showing left ventricular
hypertrophy but no ischaemic changes. The
second presented at the age of 8 weeks with
cardiac failure and ischaemic changes on the
electrocardiogram. In both, echocardiography
showed a dilated left ventricle with decreased
contractility, affecting the posterior wall more
than the septum. There were bright echoes

from the papillary muscles, particularly the
lateral one. An image of the aortic root
initially suggested that the left coronary artery
arose from the aorta, but that there was an
enlarged right coronary in the infant. Spectral
and colour Doppler confirmed the presence of
mitral regurgitation.

Patient 1
In the first patient, the child of 6, the diag-
nosis was not suspected clinically but routine
colour study of the pulmonary artery showed
flow from a discrete position in the medial
wall just distal to the valve sinus into the
centre of the vessel, most apparent in diastole
(fig 2). In this view a circular echo free space
was then apparent at the point of origin of the
flow and adjustment of the scanning plane
showed this to be an artery with flow from it
into the pulmonary artery. When this artery
was traced medially it was shown that al-
though it lay in close apposition to the aorta it
did not enter it, and an image could be
obtained showing the artery and the structure
initially thought to be the coronary artery but
presumed to be the transverse sinus.' In addi-
tion, the colour images of the septum and
ventricular walls showed striking and abnor-
mal flow signals (similar to those in fig 4
described below) resulting from flow in
dilated collateral vessels.

Patient 2
In the second case, the infant, the diagnosis
was suspected on the basis of the clinical signs
and the initial electrocardiographic and
echocardiographic studies. A colour Doppler
flow mapping study of the pulmonary artery
again showed flow into the main pulmonary
artery similar to that in fig 2. More detailed
echocardiographic studies showed an artery
arising from the pulmonary artery and bifur-
cating; colour Doppler flow mapping showed
that the flow was from the two branches into
the main one (fig 3) and thus from the coron-
ary artery into the pulmonary artery. Flow in
the epicardial and septal vessels was not
shown, presumably because the collaterals
were not developed at this young age.

In the older child catheterisation provided
confirmatory images of the lesion before sur-
gical reimplantation, which was undertaken
without catheterisation in the infant.

ANOMALOUS LEFT CORONARY ARTERY: PREVIOUS
MITRAL VALVE SURGERY
Two children who had undergone mitral valve
repair or replacement at the ages of 6 months
and 2 years were reassessed 3 and 5 years after
operation.

Patient 3
One girl presented with cardiac failure and
wuas diagnosed by angiocardiography as hav-
ing endocardial fibroelastosis at the age of 4
months, but at 23 months severe mitral regur-
gitation with apparently improved function
was diagnosed. The possibility of an
anomalous coronary artery was considered but
aortic root angiography was interpreted as
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showing normal right and left coronaries.
After mitral valve annuloplasty at 2 years 3
months her condition improved considerably.
At 8 years old she was symptom free. An
ultrasound study performed to assess ven-

tricular and mitral valve function showed sat-

isfactory ventricular function and minimal
regurgitation.
The colour Doppler flow mapping study

showed prominent flow signals in the septum

(fig 4) and ventricular walls; these were con-

sidered to be in dilated intraseptal and epicar-
dial vessels respectively. Study of the origins
of the great arteries then showed a flow signal
that was most clear in diastole passing into the
right pulmonary artery just at the bifurcation.

The coronaries were then examined in detail
and showed a large right coronary artery but
no left coronary artery arising,from the aortic
root. There was also a dilated vessel with flow
from it into the right pulmonary artery just
distal to the bifurcation (fig 5). Subsequent
right coronary angiography confirmed that
there was an anomalous left coronary artery
arising from the pulmonary artery, but its
exact point of origin could not be ascertained.
At operation the anomalous artery was found
to arise from the proximal right pulmonary
artery as had been shown by Doppler examin-
ation. Subsequent review of her original
echocardiographic studies showed increased
echogenicity of the lateral papillary muscle
and a large right coronary.

Patient 4
The other patient presented at 5 months with
cardiac failure and signs of mitral regurgita-
tion. The electrocardiogram showed evidence
of biventricular hypertrophy without
ischaemia. Ventriculography confirmed severe
mitral regurgitation and an aortic root injection
was not performed. Valve replacement was
undertaken and produced considerable clinical
improvement. On review at 3 years he was well
and the electrocardiogram showed evidence of
borderline left ventricular hypertrophy but no
ST changes. Colour Doppler showed dilated
collateral vessels and flow into the pulmonary
artery from an anomalous coronary artery.

Subsequent review of his original echocar-
diographic studies showed an increase in the
echogenicity of the papillary muscles, par-
ticularly the lateral. He has not yet undergone
surgical reimplantation.

Figure 4 Colour Doppler
flow mapping of modified
short axis view through the
ventricles showing the
ventricular septum with
flow (orange) in the
dilated collateral vessels in
the myocardium of the
septum. LV, left ventricle;
RV, right ventricle.

Figure 3 Colour Doppler
flow mapping of stillframe
from video recording
showing a high parasternal
view of the pulmonary
artery adjusted to show the
anomalous vessel with flow
(blue and red) from its
branches towards the left
main coronary artery.
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Figure 5 Colour Doppler
flow mapping of short axis
view ofgreat artery origins
in diastole showingflow
from the anomalous
coronary into the
pulmonary artery
(orange). Note that the
signal and thus the artery
origin is into the right
pulmonary artery (RPA)
just distal to the
bifurcation, differentfrom
that infigure 2. Flow in
the aorta (AO) is also
coded in orange.

CONGESTIVE CARDIOMYOPATHY: NORMAL LEFT
CORONARY ARTERY
Patient 5
An 8 month infant presented with cardiac
failure, and left ventricular hypertrophy but
little ischaemia on electrocardiography.
Echocardiography showed a dilated and sym-

metrically poorly contracting left ventricle and
colour Doppler showed no abnormal flow
signals. Short axis views of the great arteries
showed an apparently normal origin of the left
coronary artery. When the scanning plane was

tilted inferiorly as previously described, the
anterior extension of this artery was apparent.
Colour Doppler showed flow in this artery
towards the transducer (fig 1) and thus from the
aorta towards the distal aspect of this artery,
representing a normal connection.

Patient 6
In a 2 week infant presenting with cardiac
failure echocardiography showed intramyocar-
dial tumours suggesting the diagnosis of
tuberous sclerosis which was confirmed by
Wood's light examination. Initial response to
medical treatment was not continued and she
became worse with mitral regurgitation and
cardiac failure. Echocardiographic examina-
tion suggested normal origin of the coronary

arteries and colour Doppler showed a normal
direction of flow in the artery, thus confirming
the assessment.

Discussion
Anomalous origin of a coronary artery from the
pulmonary trunk is a relatively uncommon
lesion. Aortic root angiography can be incon-
clusive4 and the lesion may not be diagnosed
without a selective injection into the right
coronary artery.

It is not sufficient to find that the origin of a

coronary artery from the aorta cannot be shown

by echocardiography; it may be that the origin
has been missed. In addition, the transverse
sinus of the pericardium has been mistaken for
an aortic origin of the left coronary artery.3
Very rarely there can be origin of the circum-
flex and right coronary arteries from the aorta
with the anterior descending arising directly
from the pulmonary artery.5 The presence of a
dilated right coronary artery is helpful in
distinguishing the lesion from dilated car-
diomyopathy6 but is not diagnostic and can be
found in other defects. Furthermore, although
an abnormal artery may be seen it was reported
some years ago that it was not always possible
with imaging ultrasound to trace it into the
pulmonary artery.7 Modern imaging systems
make the recognition more simple but although
repair on the basis of the echocardiographic
image after inconclusive angiography has been
reported8 we are aware of only one previous
report of repair without catheterisation.'
We consider that if the left coronary artery

seems to arise from the aorta the scanning plane
must be adjusted to show its distal course, and
colour flow mapping should be used to deter-
mine whether the direction of flow is normal as
in fig 1 or abnormal as in fig 3. If modern high
quality imaging and colour Doppler systems
are used there should be little difficulty in
determining the origin and direction of flow in
the left coronary artery in infants but this may
be less easy in older patients. Although the flow
direction will vary with the pulmonary artery
pressure, this is likely to be retrograde by the
time signs and symptoms of anomalous left
coronary artery become apparent.

It is noteworthy that the cross sectional study
in all four patients with an anomalous left
coronary artery showed very bright echoes
from the papillary muscles, presumably the
result ofischaemic damage, which also resulted
in mitral regurgitation. It thus seems that
brightness of the papillary muscles and a
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dilated right coronary artery should alert the
examiner to the possibility ofan anomalous left
coronary artery if this was not previously
suspected.

In the three patients in whom the diagnosis
was not suspected clinically it was only sugges-
ted from the unusual flow signal in the pulmon-
ary artery (fig 2) or dilated myocardial and
epicardial collaterals vessels. The possibility of
an anomalous left coronary artery in patients
with the primary clinical feature of mitral
regurgitation has been highlighted by Noren et
al.8 The appearance of flow in the collateral
vessels is very striking and should alert the
examiner to the possibility of the diagnosis; it is
not clear at what age this becomes apparent but
it is not likely in the early months before good
collateral arteries have developed. The flow
direction in the septal and anterior and pos-
terior epicardial vessels was away from the
transducer when it was in the subcostal and
apical positions, indicating flow from the right
coronary towards the anterior descending and
circumflex coronary arteries. In the rare situa-
tion of anomalous origin of the anterior
descending coronary artery colour Doppler
should show flow into the pulmonary artery. It
is to be expected that flow will be in the same
direction in the septal and anterior epicardial
collateral vessels but in the opposite direction
(towards the transducer) in the posterior
epicardial ones. This should facilitate the
assessment ofthis condition which is otherwise
very difficult to recognise.
The site of connection of the anomalous

coronary to the pulmonary artery is usually just
distal to the pulmonary valve9 but this is not
always the case (see patient 3) and angiography
may not show its exact position. It can then be
difficult for the surgeon to locate it, and colour
Doppler provides the ideal means to demon-
strate clearly the site of the origin.
We consider that colour Doppler flow map-

ping used with good imaging is the most

appropriate ultrasound means for establishing
the diagnosis of anomalous origin of the left
coronary artery from the pulmonary artery.
The clarity of this demonstration, by adding
greatly to the other echocardiographic find-
ings, will allow surgical repair without recourse
to catheterisation in many patients. It provides
a unique means to ascertain the exact site of
origin of the anomalous artery and thus assists
the surgeon in the technical approach to the
procedure.

JG is in receipt of a grant from the Equipment Evaluation
Committee of the Scottish Home and Health Department.
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