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The initial presentation of congenital heart
disease in adult life is now uncommon. The
specialty of adult congenital heart disease is
largely concerned with long term follow up of
patients with previously diagnosed lesions,
many of whom have undergone a palliative or
theoretically corrective procedure, and who are
best managed by an appropriate specialist in a
tertiary centre. Although congenital heart
disease is an uncommon problem for the
general cardiologist, he or she may be faced
with a patient with an undiagnosed defect, may
be asked to look after a patient with a complex
lesion for geographical or other reasons, or may
have to manage a patient who usually attends a
tertiary centre but is admitted acutely with an
associated illness or is pregnant. Often the
exact diagnosis and previous surgical treatment
is not accurately known to the echocardiogra-
pher, who is then faced with the problem of
determining the basic diagnosis and previous
surgical treatment before assessing the cardiac
status.

In pregnancy, deterioration in the patient
with a significant cardiac lesion is a recognised
complication. Reassessment of minor or previ-
ously corrected abnormalities may be required,
and benign murmurs are more easily heard and
their significance may be questioned.

The requirements for a service for adults
with congenital heart disease has been well
considered in the report commissioned by the
Canadian Cardiovascular Society at the 1996
consensus conference on adult congenital
heart disease. The most recent amendments to
this were done in August 1998 and are
available on the internet.1 Recommendations
are made on diagnosis, investigation, and
follow up assessment. An important part is the
requirement for echocardiography and in this
review we will expand upon these guidelines.

Echocardiography is the mainstay in the
diagnosis and follow up assessment of most
patients with congenital heart disease. The lit-
erature in adults is relatively sparse, however,
comprising largely case reports of unusual
lesions rather than information on the common
problems. Some extrapolation from experience
in adolescents or younger subjects is therefore
necessary. Transthoracic images in adults may
be suYciently clear for clinical use but of poor
quality for illustrative purposes, and we have
chosen to use a number of images from adoles-
cents. Where it is diYcult to obtain diagnostic
images from a precordial site, transoesophageal
echocardiography will usually give good quality
images, particularly of posterior structures.
Rather than repeatedly stating this for indi-
vidual conditions the reader can assume this
unless a statement is made to the contrary. In

addition it may often be necessary to move the
patient to lie on the left or right side as neces-
sary to obtain the optimal images. The best
position for specific complex lesions cannot be
predicted with certainty and the echocardio-
grapher should try a number of these as appro-
priate. In many paediatric centres four cham-
ber views are shown with the apex of the
scanning plane at the bottom to provide a more
easily appreciated image. However, most adult
centres show them with the apex upward so we
have followed this practice.

Consideration is given to the echocardio-
graphic findings in the primary diagnosis of
defects commonly presenting in adult life, and
those being followed to identify the develop-
ment of complications of known defects,
whether they be relatively simple unoperated
lesions or the more complex ones following
surgery. A number of publications provide
detailed information on cardiac morphology,
terminology, and echocardiography but these
are most relevant to initial diagnosis of
complex lesions and cannot be considered in
detail in this review.2–4

In adult cardiology practice the initial
diagnosis of a congenital cardiac defect is an
uncommon, though regular, occurrence. Most
of these lesions are relatively “simple” in terms
of cardiac anatomy and are easily recognised,
but occasionally more complex ones present a
diagnostic problem. There is no definitive
information on the presentation of congenital
heart disease in adults, but representation of
the defects likely to present late can be
obtained from two studies in the German
literature. One study involved 183 newly diag-
nosed defects in 161 patients of whom 20%
were referred for surgery,5 and the other
involved 178 adults undergoing primary surgi-
cal correction6 (table 1). The literature con-
tains many reports of the primary diagnosis of
less common defects such as cor triatriatum,
corrected transposition, coronary artery fistula,
and sinus of Valsalva aneurysm, these largely
having been accepted for publication because
of their rarity value.

Atrial septal defect
Atrial septal defects are detected regularly at an
adult echocardiography service as an incidental
finding; study of the atrial septum is also
undertaken to exclude a defect in young
patients with a stroke7 or before undertaking
activities such as diving.8 The defect can be in
the central part of the atrial septum (the ostium
secundum defect found in 66% of late present-
ing defects), high in the septum in relation to
the entrance of the superior vena cava (sinus
venosus defect found in 10%), or low between
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the coronary sinus orifice and the inferior vena
cava (coronary sinus defect found in less than
5%). The ostium primum atrial septal defect,
classified as a partial atrioventricular septal
defect, lies low in the septum, and reaches up to
the crux of the heart and the atrioventricular
valves (15% of adult atrial septal defects), and
is associated with anomalies of the inlet valves.
A report on the echocardiographic findings in

24 458 patients aged 16–84 found atrial septal
anomalies in 294 subjects: secundum defects in
46%, primum defects in 11%, atrial septal
aneurysms in 24%, and superior sinus venosus
defects with anomalous pulmonary venous
return in 6%. A patent foramen ovale was
found in 13% of this group and in the total
group of 24 458 it could be demonstrated in
0.16% with transthoracic imaging and in 5.7%
with transoesophageal imaging.9

An atrial septal defect should be suspected
on echocardiography if there is evidence of
right ventricular volume overload (table 2),10

characterised on a standard long axis M mode
study by right ventricle enlargement and para-
doxical septal motion (fig 1). The latter
describes the appearance in systole that the
ventricular septum moves anteriorly or shows
little movement. The size of the left to right
shunt through the atrial septal defect is
reflected in the right ventricular dimension,11

but the appearance is also found with other
causes of volume overload, such as anomalous
pulmonary venous drainage or tricuspid or
pulmonary regurgitation. An apical, paraster-
nal or subcostal four chamber view is used to
show the atrial septum (fig 2). The subcostal
view should be sought since the intra-atrial
septum is perpendicular to the ultrasound
beam giving optimal images.12 Even with good
equipment and careful study it can be diYcult
to diagnose a secundum lesion on cross

Table 1 Percentage of specific diagnoses reported on initial
recognition6 and primary correction6 of congenital heart
disease in adult life

Initial diagnosis
in 61 adult
patients

Primary corrective
surgery in 178 adult
patients

ASD or aneurysm 39 57
VSD or aneurysm 15 3
Pulmonary stenosis 8 3
Valve or subaortic

stenosis 5 5
APVD 4 3
AVSD 4 5
Arterial duct 4 3
Coarctation 3 7
Ebstein’s anomaly 1 3
Tetralogy of Fallot <1 3
Univentricular heart <1 1
Cor triatriatum <1 <1
Corrected TGA <1 <1

ASD, atrial septal defect; VSD, ventricular septal defect; APVD,
anomalous pulmonary venous drainage; AVSD, atrioventricular
septal defect; TGA, transposition of the great arteries.

Table 2 Atrial septal defect (ASD)

Suspect if M mode evidence of right ventricular volume
overload

+ increased size and abnormal septal motion
Image atrial septum with 4 chamber views for secundum or

primum defect
Tilt anteriorly for sinus venosus defect if no other apparent
Contrast imaging studies if uncertain if ASD present
Transoesophageal echocardiography for definitive imaging of

ASD
Measure the size of the defect and assess rim of atrial tissue
Measure right ventricular pressure from tricuspid regurgitation

signal
Remember other causes of right ventricular volume overload

+ check for significant tricuspid or pulmonary
regurgitation

+ look for an anomalous vein

Figure 1 M mode study from a patient with a large secundum atrial septal defect. There is
marked increase in the right ventricle diastolic dimension, and paradoxical septal motion
with the septum moving in parallel with the posterior left ventricular wall. RV, right
ventricle; LV, left ventricle.

Figure 2 Parasternal four chamber view in a patient with
a large secundum atrial septal defect. There is enlargement
of the right ventricle and a large gap in the central part of
the atrial septum. RA, right atrium; LA, left atrium; others
as before.

Figure 3 Cross sectional and colour images of a high sinus
venosus atrial septal defect. The scanning plane has been
tilted upwards to show the entry of the superior vena cava,
which is shown to override the atrial septum. An anomalous
pulmonary vein is not shown. SVC, superior vena cava;
others as before.
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sectional echocardiography. A superior sinus
venosus defect can theoretically be shown by
more anterior angulation of the scanning plane
to show the high septum at its junction with the
superior vena cava, which appears to override
the defect (fig 3), but transoesophageal echo-
cardiography is usually needed. A number of
adults have an aneurysm of the atrial septum,
apparent as a central bulge into the right
atrium (fig 4). In itself this is of no clinical sig-
nificance unless there is a defect. Where an
atrial septal defect is considered to be present
this should be confirmed using colour Doppler
which, in addition, may also show a defect not

apparent on imaging. Care should be taken not
to mistake the signal of flow into the right
atrium from the superior vena cava or tricuspid
regurgitation for atrial septal defect flow. Spec-
tral Doppler is of little practical value. It shows
transatrial flow to be mainly left to right with a
very brief signal of right to left flow in early
systole.

Atrial lesions are diYcult to image with
transthoracic echocardiography; septal drop-
out is common and its finding does not confirm
the presence of a defect, particularly if present
in only one view. Transoesophageal imaging is
a more sensitive way to detect and characterise
an atrial septal defect,13 14 which is readily
demonstrated in a transverse plane. The
secundum defect lies centrally (fig 5) and the
sinus venosus more superiorly (fig 6), with the
mouth of the superior vena cava overriding its
superior margin.14 Transoesophageal imaging
is essential during transcatheter closure of a
secundum atrial septal defect, to define the
margins of the defect15 and assist with deploy-
ment of the device.

The foramen ovale has been shown to be
“probe patent” in up to 25% of the population
at postmortem examination16 and in about 6%
with transoesophageal imaging.9 A patent
foramen ovale or a small atrial septal defect
may be significant as a potential source of right
to left shunt and of relevance to divers or in the
aetiology of a paradoxical embolism. Their dis-
tinction is of little practical clinical importance.
Exclusion or confirmation of the presence of a
small atrial communication is improved for
both thoracic and oesophageal imaging by the
use of an echocardiographic contrast
medium.17 A “negative contrast eVect” with
non-contrast containing blood crossing into
the right atrium provides direct evidence of a
shunt. Transoesophageal echocardiography
with contrast has been shown to be the most
sensitive technique for detection of a patent
foramen ovale and, if taken as the “gold stand-
ard”, the sensitivity of detection is 7% for
transthoracic echocardiography, rising to 50%
if contrast is used, and 79% for transoesopha-
geal echocardiography. Transoesophageal im-
aging is also useful in the detection and assess-
ment of atrial septal aneurysms, which have

Figure 4 Cross sectional and colour images from a woman with an atrial septal aneurysm. (A) The aneurysm bulges into the right atrium and there are
areas of echo dropout which might suggest a defect. (B) Colour is necessary to determine whether there is a defect and identify its site.

Figure 5 Transoesophageal echocardiography images in a patient with a large secundum
atrial septal defect showing the defect and flow from the left to right atrium. The defect
reaches to near the aorta and only a small edge of atrial septum is seen next to it at this
margin. Ao, aortic root; others as before.

Figure 6 Transoesophageal echocardiography images in a patient with a sinus venosus
atrial septal defect showing the defect (arrow) and flow from the left (LA) to right (RA)
atrium. The defect is shown in the upper and posterior part of the septum at the entrance of
the superior vena cava.
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been reported in 2–10% of patients undergoing
transoesophageal echocardiography, with
many associated with atrial shunting.18

The pulmonary artery pressure should be
estimated from the signal of tricuspid regurgi-
tation. Common associations with an atrial
septal defect should be sought, in particular
mitral valve prolapse or an anomalous pulmo-
nary vein, reported as 10% with secundum and
80% with sinus venosus defects.19 Anomalous
pulmonary venous drainage occurs when one
or more of the pulmonary veins enter the
systemic venous system or right atrium. The
haemodynamic eVect is similar to that of an
atrial septal defect and echocardiography will
show right ventricular volume overload. If no
cause for this is readily apparent it is prudent to
search for an anomalous vein which may enter
the innominate (fig 7), superior vena cava, right
atrium, or inferior vena cava. They can be dif-
ficult to image and colour Doppler may
simplify their recognition. A right upper
pulmonary vein draining into the superior vena
cava associated with a sinus venosus defect can
be diYcult to show, even with transoesophageal
echocardiography.

Atrioventricular septal defect
An atrioventricular septal defect occurs when
the atrial and ventricular septae do not fuse,
leaving a confluent defect with a common

atrioventricular valve ring. In the partial defect
(or a primum atrial septal defect) there are two
separate atrioventricular valve orifices, with the
anterior leaflet divided into left and right com-
ponents inserted directly into the rim of the
ventricular septum; in a complete defect the
anterior leaflet is free floating, allowing shunt-
ing between both the atria and ventricles. In
association the left (mitral) component of the
valve has an apparent anterior cleft at the point
of apposition of the abnormal central and
lateral leaflets, and regurgitation is common.

In the primum defect there will be evidence
of right ventricular volume overload on M
mode echocardiography. A four chamber view
will show the gap between the septae, with the
anterior valve leaflets attached to the rim of the
ventricular septum at the same level rather than
the usual oVsetting20 21 (fig 8); colour Doppler
shows flow through the atrial defect. Detailed
anatomy of the atrioventricular valve can be
ascertained from a subcostal short axis view,22

but this is diYcult in adults and the main
importance is to assess the degree of regurgita-
tion. After surgical correction of these defects
residual shunts should not be large, but valve
regurgitation is common and the aim of long
term follow up is largely to keep this under
review. In addition subaortic stenosis can
develop after repair and should be sought.

Persistent arterial duct
A duct can be shown in a suprasternal arch
view, short axis view of the great arteries, or a
parasaggittal view23 from the upper left sternal
edge as a continuation of the pulmonary artery
into the descending aorta (fig 9) (table 3). Col-
our Doppler simplifies diagnosis and should
show a continuous flame shaped jet arising at
the mouth of the duct (distal main pulmonary
artery near junction with the left pulmonary
artery) and directed along the superolateral
wall of the main pulmonary artery.24 The spec-

Figure 7 Left parasaggital view in a patient with partial
anomalous pulmonary venous drainage of the left upper
pulmonary vein to the innominate. The pulmonary vein
enters a left ascending vein (LSVC) which joins the
innominate vein (Inn vein). Colour shows the flow is
upwards to the innominate.

Figure 8 Parasternal four chamber view in a patient with
an ostium primum atrial septal defect. The atrioventricular
valves are attached to the edge of the ventricular septum at
the same level and there is a large gap in the septum
primum between the ventricular and the atrial septae.

Table 3 Patent ductus arteriosus

Identify with imaging and colour Doppler studies
+ short axis great artery and aortic arch views of distal main

pulmonary artery
Spectral recording of ductal flow signal to assess pulmonary

pressure
Check right ventricular pressure from signal of tricuspid

regurgitation

Figure 9 Left parasaggital view of the arterial duct in a
teenage girl. The duct is shown as a continuation of the
main pulmonary artery (MPA) into the descending aorta
(Desc Ao). Ao Arch, aortic arch; others as before.
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tral signal in a patient with low pulmonary
artery pressure shows continuous flow, with
highest velocity in mid-systole and lowest at
end diastole (fig 10), the audio signal sounding
very much like that heard with the stethoscope.
With pulmonary artery pressure at systemic
level the ductal flow is bidirectional, from the
aorta to pulmonary artery in diastole and pul-
monary artery to aorta in systole (fig 11).
Transoesophageal echocardiography may show
the ductal flow signal in patients where
satisfactory transthoracic images cannot be
obtained.25 26 It is important to be aware that
tiny ducts not audible with the stethoscope (the
“silent duct”) (fig 12) can be shown with
colour Doppler and are best considered as a
normal variant,27 similar to physiological mitral
regurgitation.

A similar clinical finding of a continuous
murmur (but in a relatively low position) is

heard with a coronary artery or sinus of
Valsalva fistula. A coronary artery fistula can
present at any age.28 On echocardiography the
coronary artery will be dilated29 (fig 13), and
with a fistula from the left coronary system this
is immediately recognisable on a parasternal
long axis view as a circular echo free space just
posterior to the aortic root. Colour Doppler
will show flow into the communicating cham-
ber (fig 13).30 A sinus of Valsalva fistula is rec-
ognised from the colour flow signal from the
aortic root into the appropriate chamber (usu-
ally right ventricle or right atrium) (fig 14).31

Ventricular septal defect
Small ventricular septal defects are diYcult to
show with imaging alone; identification will
require colour Doppler demonstration of flow
through the ventricular septum into the right
ventricle (fig 15), the Doppler signal generally
being towards the transducer but on occasions
away from it (table 4). The best echocardio-
graphic view will be dependent on the
ventricular septal defect site. The study should
include standard precordial views but a more
medial position may be helpful for some apical
defects. The echocardiographic identification
of the site of a ventricular septal defect has been
well described.32 33 The spectral Doppler signal
shows a rapid early systolic rise to a mid-
systolic peak and rapid late systolic fall (fig 16),
its shape rather similar to that of atrioventricu-
lar valve regurgitation. The maximum velocity
of flow through the defect provides a relatively
accurate measurement of the pressure diVer-
ence between the ventricles.34 35 The right ven-
tricular pressure can theoretically be estimated
by subtracting the interventricular pressure
gradient from systolic blood pressure—that is,
the left ventricular pressure. However, there are
potential inaccuracies in this calculation so it is
more prudent to take the velocity into account;
a high velocity indicates low right ventricular
and pulmonary pressure and a low velocity a
high pressure. With Eisenmenger’s syndrome
the signal is of low velocity and shows bidirec-
tional flow (fig 17). Transoesophageal imaging
will provide a clear image of the defect when
standard views are unsatisfactory (fig 18).
Although early reports suggested that the shunt
could be quantitated by measuring the vessel

Figure 10 Spectral Doppler signal of ductal flow in ductus arteriosus with low pulmonary
artery pressure. The signal is a continuous one reaching its maximum velocity (4.3 m/s) in
mid-systole and then falls oV until just after the R wave.

Figure 11 Left parasternal views in a woman with Eisenmenger’s syndrome and patent
ductus arteriosus. The duct is imaged as a continuation of the main pulmonary artery
(MPA) into the descending aorta (DAo). Flow is bidirectional, from the pulmonary artery
to aorta in systole (top) and aorta to pulmonary artery in diastole (bottom).

Figure 12 Colour Doppler demonstration of flow through
the duct into the pulmonary artery in a woman with a
“silent” duct. PA, pulmonary artery; AO, aorta; others as
before.
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area with imaging and mean flow velocity with
Doppler, this has not been substantiated and is
of little practical value. Increase in left sided
chamber dimensions would be consistent with
high pulmonary blood flow.

When there is outlet extension of a membra-
nous defect into a subaortic position the
Venturi eVect can suck the right coronary cusp
down causing prolapse (fig 19) and aortic
regurgitation.36

Pulmonary valve disease
Images of the right ventricular outflow tract,
pulmonary valve, and artery are best obtained
using either a parasternal short axis great artery
view, or a low parasternal four chamber view
with upward angulation (table 5). The exact
site of obstruction can be diYcult to ascertain37

but colour Doppler may be helpful. Trans-
oesophageal echocardiography may provide

additional information,38 but in general echo-
cardiography is poor at visualising the pulmo-
nary artery anatomy, particularly distal lesions,
and non-invasive assessment is better under-
taken with magnetic resonance imaging
(MRI). Since the pulmonary artery pressure is
low in pulmonary stenosis, there is little diVer-
ence between the instantaneous and peak to
peak gradients; the spectral Doppler assess-

Figure 13 Images from a man with a fistula from the right coronary artery to the right atrium. The transoesophageal image (left) shows a very dilated
right coronary artery which passes anteriorly and then sharply posteriorly. The transthoracic image (right) shows the jet flowing into the right atrium
towards the right wall and then anteriorly; others as before.

Figure 14 Colour Doppler image in a man with a sinus of
Valsalva aneurysm showing flow from the aortic root into
the right atrium.

Table 4 Ventricular septal defect

Identify with imaging and colour Doppler studies of
ventricular septum
+ long axis, short axis and 4 chamber sweeps

Record spectral velocity through the septum and calculate
right ventricular pressure

If subaortic defect check for right coronary cusp prolapse and
aortic regurgitation

Check right ventricular pressure from signal of tricuspid
regurgitation

Measure left atrial and ventricular sizes for increase caused by
large shunt

Figure 15 Colour Doppler image of a tiny apical
ventricular septal defect (VSD). The defect cannot be
shown with imaging alone but is readily identified with
colour.

Figure 16 Spectral Doppler recording of flow through a
small ventricular septal defect from left to right ventricle. It
demonstrates a sharp rise in systole to the mid-systolic
plateau and then a sharp fall at end systole. The maximum
velocity of about 4 m/s represents a pressure diVerence
between the ventricles of about 64 mm Hg.
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ment of gradient bears a close relation to a
simultaneously measured one,39 though it
varies considerably with the patient’s physio-
logical state.40

Pulmonary regurgitation on Doppler is a
physiological finding in 90% of normal

subjects,41 the signal being a narrow one
passing only a very short distance into the right
ventricle. Echocardiographic criteria to assess
the severity of pulmonary regurgitation are
largely subjective. It is generally accepted that
increasing severity of regurgitation is suggested
by increasing right ventricular volume overload
(large right ventricle and paradoxical septal
motion) and more distal retrograde flow in the
pulmonary arterial tree, and the further the jet
reaches back into the right ventricle.

Tetralogy of Fallot
Patients with tetralogy of Fallot attending an
adult echocardiography service have usually
had radical reparative surgery. The common
residual lesions are pulmonary regurgitation or
obstruction at right ventricular outflow tract or
branch level, and occasionally a residual
ventricular septal defect or tricuspid regurgita-
tion.

Obstructive lesions are sought using the
techniques described for pulmonary stenosis
with transthoracic or transoesophageal (fig 20)
imaging. A high velocity spectral signal will
indicate an obstructive lesion, but since there
can be narrowing at more than one level and a
distal lesion may not be visualised, it is not
possible to ensure that there is not an
additional lesion. Doppler does not give an
accurate estimate of gradient at branch level. A
high right ventricular pressure assessed from
the signal of tricuspid regurgitation indicates
significant obstruction or pulmonary hyper-
tension. If there is severe tricuspid regurgita-
tion the right ventricle may not generate a high
pressure and a significant obstruction can
occur without a high right ventricular pressure
or gradient (table 6).

Moderate to severe pulmonary regurgitation
occurs in up to 30% of patients after valvotomy
or a transannular patch.42 In this situation there
is a large right ventricle and outflow tract (fig

Figure 17 Spectral Doppler recording of flow through a ventricular septal defect in a
woman with Eisenmenger’s syndrome. The velocity is low (maximum 2.3 m/s) and the
pattern demonstrates flow from left to right (above the line) in systole and bidirectional in
diastole.

Figure 18 Transoesophageal study showing a mid-muscular
ventricular septal defect in a man in whom it was poorly
seen with transthoracic echocardiography.

Figure 19 Long axis views in a patient with subaortic ventricular septal defect and aortic
valve prolapse. The image shows that the right coronary cusp is prolapsing into the defect
and limiting its size and the colour demonstrates the residual flow through the lower part of
the ventricular septal defect.

Table 5 Pulmonary stenosis

Identify area of narrowing with imaging and colour Doppler
studies
+ parasternal outflow tract and short axis great artery views

Measure maximum spectral velocity at any areas of aliasing
Assess severity of pulmonary regurgitation
+ right ventricular size and backflow from pulmonary artery

into the ventricle
Check right ventricular pressure from signal of tricuspid

regurgitation
Transoesophageal imaging may be of assistance
Remember in distal obstruction imaging poor and spectral

velocity unreliable

Table 6 Postoperative complete repair of tetralogy of Fallot

Measure right ventricular size and assess function
Assess septal motion and right ventricular hypertrophy
Image and colour of right ventricular outflow tract, pulmonary

artery and branches
Measure maximum velocity at any areas of aliasing
Assess pulmonary and tricuspid regurgitation from colour

signals
Measure right ventricular pressure from tricuspid regurgitation

velocity
Look for a residual ventricular septal defect
Measure aortic root size and look for aortic regurgitation
Remember in distal obstruction imaging poor and spectral

velocity unreliable
+ right ventricular pressure may give better indication of

obstruction
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21), and severity of regurgitation may be
assessed from the right ventricular volume
overload and the Doppler backflow signal in
the pulmonary artery and into the right ventri-
cle, as previously described. There may be a
residual ventricular septal defect but the shunt
size is diYcult to assess. The aortic root
dimension is increased in childhood as part of
the condition and this may be still be apparent
in adult life.42

Pulmonary artery conduit
Obstruction in a pulmonary artery conduit
develops from calcification of a biological valve
or the ingrowth of tissue. Good images are sel-
dom obtained, even in slim children, and MRI
is a better way to demonstrate narrowing.43 The
shape of the prosthesis means that a spectral
Doppler signal is likely to underestimate the
transconduit gradient. Similar problems arise
with transoesophageal echocardiography. Most
of these patients will have tricuspid regurgita-
tion and serial measurements of right ventricu-
lar pressure is the best echocardiographic
means of assessing the progression of any
obstruction (table 7).

Aortic disease
Most adult cardiologists and technicians have
considerable experience with aortic valve disease
and this will not be considered. Left ventricular
outflow tract obstruction can occur at subvalve
or supravalvar level (table 8).

In a parasternal long axis view a subaortic
fibromuscular or membranous obstruction
may be shown (fig 22). The complete margin is
often not apparent and if there is doubt colour
Doppler will indicate that the obstruction is
below valve level. An apical long axis or five
chamber view44 better shows the subaortic
obstruction; when there is doubt, trans-
oesophageal imaging will provide very clear
images of the left ventricular outflow tract45 46

(fig 23). With M mode echocardiography sub-
aortic stenosis is suggested by early closure and
coarse systolic fluttering of the aortic valve.47

Spectral Doppler assessment of peak instanta-
neous pressure gradient in subaortic stenosis
must be interpreted with caution since under-
estimation and overestimation can occur. Sub-
aortic stenosis is almost invariably associated
with mild aortic regurgitation and if a subaor-
tic membrane is present the aortic valve must
be carefully examined for distortion and regur-
gitation. Supravalvar aortic stenosis can be
demonstrated in long axis views of the ascend-
ing aorta with imaging and colour Doppler. It
can take the form of a relatively discrete

Figure 20 Transoesophageal image of the main
pulmonary artery (MPA) and left pulmonary artery
(LPA) in a patient who has undergone repair of tetralogy
of Fallot. The narrowing in the MPA is indicated by the
increased flow velocity on colour Doppler. The LPA and its
branches are of good size with no narrowed areas.

Figure 21 Views along the right ventricular outflow tract (RVOT) and main pulmonary
artery in a patient who has undergone repair of tetralogy of Fallot. The right ventricle,
outflow tract and pulmonary artery are dilated and there is jet of pulmonary regurgitation
occupying the full width of the pulmonary ring.

Table 7 Right ventricle to pulmonary artery conduit

Measure right ventricular size and assess function
Attempt to image conduit and measure maximum velocity at

any areas of aliasing
Measure right ventricular pressure from tricuspid regurgitation

velocity
Transoesophageal echocardiography study may help but may

also be inconclusive
Remember that imaging and Doppler are most unreliable
+ right ventricular pressure gives better indication of

obstruction
+ MRI may be more appropriate

Table 8 Aortic stenosis

Assess the aortic valve morphology and sub- and supravalve
areas

Measure the aortic root (at 3 levels if dilated)
Measure left ventricle dimensions and assess function
Measure septal and posterior wall thickness to quantify

hypertrophy
Identify area of narrowing with imaging and colour Doppler

studies
Measure maximum spectral velocity from at least 2 sites
+ apical 5 chamber, suprasternal, right parasternal

Assess severity of aortic regurgitation
+ left ventricular size and width of backflow jet into the

ventricle
Transoesophageal imaging may be of assistance to determine

site of obstruction
Remember spectral assessment of gradient unreliable in

subaortic stenosis

Figure 22 Long axis view in a patent with a subaortic
membrane (arrow).
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narrowing at the upper margin of the sinus of
Valsalva or hypoplasia of a segment.

Coarctation of the aorta
Coarctation will not be detected with echo-
cardiography unless there is clinical suspicion
and suprasternal study is undertaken for
abnormal flow in the descending aorta. In
addition the presence of unexpectedly marked
aorta dilation with aortic valve disease raises
the question of an associated coarctation. The
echocardiographic examination should con-
centrate on the assessment of obstruction or
aortic dilatation at the coarctation site and aor-
tic valve function (table 9).

The arch and descending aorta can be visu-
alised from the suprasternal notch. Images suf-
ficiently clear to show a coarctation can be
obtained in children,48 but this may be diYcult
in adults and clear images of diVuse narrowing
or a discrete shelf like constriction are seen only
occasionally.49 Colour Doppler may highlight
the area of abnormal flow and allow the
narrowed area to be identified when this is not
visible on the image. Transoesophageal study
may add clarity.49 With a short axis view of the
aorta the area of narrowing and turbulence is
apparent as the probe is moved up or down; a
long axis view will show the narrow segment
better. MRI is a superior method of delineating
aortic morphology.50 This is particularly impor-
tant when following patients for aneurysm
development; echocardiography should not be
relied upon.

The spectral Doppler signal in significant
obstruction is continuous with a mid-systolic
peak and more gradual fall which continues

with low velocity throughout diastole (fig 24).
With less severe obstruction the signal may be
of relatively high velocity but be entirely systo-
lic (fig 24). The maximum Doppler and
measured catheter gradients correlate poorly
with both instantaneous and peak to peak
values, whether performed in a primary
coarctation51 52 or after surgery.53

Ebstein’s anomaly
Ebstein’s anomaly is characterised by variable
degrees of apical displacement of the septal
leaflet and regurgitation of the tricuspid valve.
A four chamber view shows the apical displace-
ment (fig 25) and regurgitation of the tricuspid
valve (table 10).54 The tricuspid ring can
usually be demonstrated in its normal position,
and should not be mistaken for the tricuspid
valve leaflets.

Congenitally corrected transposition of
the great arteries
Corrected transposition of the great arteries is
alternatively called l-transposition of the great
arteries or, in morphological terms, situs

Figure 23 Transoesophageal echocardiography image of a
subaortic membrane which is very closely related to the
aortic valve and diYcult to show with transthoracic
imaging. AOV, aortic valve; LVOT, left ventricular outflow
tract; others as before.

Table 9 Coarctation of the aorta

Suprasternal view of descending aorta for anatomy and
presence of turbulent flow

Spectral measurement of maximum velocity and assessment of
diastolic pattern

Remember imaging not a good technique for aneurysm
assessment
+MRI more appropriate

Measure left ventricular systolic and diastolic dimensions and
assess function

Quantify left ventricular hypertrophy
Assess aortic valve morphology, severity of regurgitation and

Doppler gradient

Figure 24 Spectral recordings of flow in the distal aortic
arch from patients with mild (upper) and severe (lower)
coarctation. In addition to the higher velocity of the severe
obstruction the signal continues throughout diastole while in
the less severe one the signal is only systolic.

Table 10 Ebstein’s anomaly

Demonstrate anterior displacement of septal tricuspid leaflet
on 4 chamber view

Study colour signal of tricuspid regurgitation and try to assess
severity

Remember not to mistake the tricuspid ring (normal position)
for the valve
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solitus with atrioventricular and ventriculoarte-
rial discordance. It is particularly important to
be able to diagnose this condition, which can
be poorly recognised by adult cardiologists.
Pulmonary stenosis, ventricular septal defect,
or tricuspid valve anomalies are recognised
associations. The systemic ventricle is a mor-
phological right one and the tricuspid valve is
often displaced, as in Ebstein’s anomaly, and
regurgitant.

Corrected transposition of the great arteries
was long considered as a possible diagnosis if a
satisfactory M mode sweep could not be
obtained and should be considered if there is
diYculty in obtaining a long axis view (table
11). This occurs because the ventricular
septum lies in a more anteroposterior plane
than usual, and the aorta is positioned
anteriorly and is separated by an infundibulum
from the left sided inlet (tricuspid) valve.
Echocardiographic diagnosis requires identifi-
cation of the ventricular morphology. The
tricuspid valve always enters the right ventricle;
it is identified in a four chamber view by its
more apical insertion into the ventricular
septum (fig 26) or septal attachments of its
chordae, and in a long axis view by discontinu-
ity between it and the great artery outlet. The
mitral valve enters the left ventricle, is nearer
the crux of the heart, has no chordal attach-

ments to the septum, and is continuous with
the great artery. The aorta lies anterior and to
the left of, and has a parallel upward course
with, the pulmonary artery and a short axis
view shows the great arteries as two circles with
the left one (aorta) anterior and to the left of
the right one (pulmonary artery). The arteries
are identified by the long upward course of the
aorta and the bifurcation of the pulmonary
artery. It is important to evaluate the tricuspid
valve in detail for any displacement and the
degree of tricuspid regurgitation.55 The abnor-
mal ventricular relation means that assessment
of chamber sizes is diYcult and normal
accepted values for M mode dimensions
cannot be applied. Serial measurements from
cross sectional images are worthwhile and can
give some indication of progression.

Cor triatriatum
Cor triatriatum is a rare condition but it may
well present in adult life and the literature con-
tains many references to its diagnosis with
ultrasound in adults. The pulmonary veins
come together posteriorly but there is a
membrane between their confluence and the
mitral valve. This can obstruct pulmonary
venous return and the condition may cause
pulmonary venous hypertension or mimic
mitral stenosis. The size of the orifice between
the two parts of the left atrium determines the
severity of obstruction and thus symptoms and
age of presentation. Echocardiographically the
condition is first suspected by the appearance
of a linear structure in the left atrium in a long
axis view and a four chamber view will confirm
that this is a definite structure and not an arte-
fact (table 12). Adjustment of the scanning
plane may show the orifice and colour Doppler
will confirm its location. Spectral Doppler can
then be used to assess the pulmonary pressure
from tricuspid regurgitation and measure the

Figure 25 Four chamber view in a patient with Ebstein’s
anomaly of the tricuspid valve showing it to be apically
displaced. The left ventricle (LV) and atrium (LA) are
small and the right atrium (RA) large consisting of the true
atrium and the “atrialised” right ventricle (RV).

Table 11 Corrected transposition of the great arteries

Consider the diagnosis if there is diYculty in obtaining a long
axis view

Identify the left sided ventricle as a morphological right
ventricle
+ more apical position of its atrioventricular valve
+ chordae attached to the septum
+ discontinuity (infundibulum) between its inlet valve and

great artery
Confirm the right sided ventricle as a morphological left

ventricle
+ less apical position of its atrioventricular valve
+ chordae not attached to the septum
+ continuity (no infundibulum) between its inlet valve and

great artery
Demonstrate great artery roots as 2 circles in a short axis view
+ identify the anterior left artery as aorta from its long

upward course
+ identify the posterior right artery as pulmonary artery

from its branching
Assess any apical displacement or regurgitation of the tricuspid

(left) valve
Check for presence of ventricular septal defect or pulmonary

stenosis

Figure 26 Four chamber view in a patient with corrected
transposition of the great arteries. The left sided valve is
more apically positioned indicating a left sided right
ventricle (RV) and thus a right sided left ventricle (LV).

Table 12 Cor triatriatum

Consider the diagnosis if a linear echo is found in the left
atrium in long axis view

Confirm the presence of a linear echo in the left atrium in 4
chamber view

Show membrane orifice and increased velocity with colour
Doppler

Measure maximum and mean velocity with spectral Doppler
Assess right ventricular pressure from signal of tricuspid

regurgitation
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maximum and mean gradients across the
membrane. It has been reported that severe
obstruction is indicated by a maximum Dop-
pler velocity of greater than 2 m/s.56 In diYcult
cases transoesophageal echocardiography
readily shows the membrane57 and transmem-
brane gradients can also be measured.

Fontan circuit
The Fontan procedure58 and its various modi-
fications are used to treat lesions characterised
by the presence of only one adequately
functioning ventricle, such as tricuspid atresia

or double inlet ventricle. The systemic venous
blood is channelled directly into the pulmonary
artery, bypassing the ventricle, while the
oxygenated pulmonary venous blood returns to
the left atrium and then to the single function-
ing ventricle and the aorta. The classic Fontan
procedure connects the right atrium to the
pulmonary artery directly by an anterior or
posterior anastomosis. Modifications have in-
cluded the use of intra- and extra-atrial
conduits (with or without a valve), incorpora-
tion of a hypoplastic ventricular chamber into
the circuit, and total cavopulmonary
connection59 (systemic veins to the right
pulmonary artery, the superior vena cava
directly and inferior vena cava by an intra- or
extra-atrial tunnel). Raised pressure in the
Fontan circuit (systemic venous pressure) can
have a deleterious eVect, either directly60 or
from the development of arrhythmias which
cause marked functional deterioration. Related
factors are obstruction to the anastomosis or an
increase in left atrial pressure from valve regur-
gitation or ventricular dysfunction. The use of
echocardiography in the assessment and man-
agement of the Fontan patient has been
reviewed in detail.61

The optimal planes for cross sectional imag-
ing vary between individuals and all conven-
tional views should be tried, including the right
parasternal position.62 The appearances will
vary with the underlying condition and the
surgical approach which has been undertaken.
Generally there is a single ventricle with an
atretic or absent connection (fig 27) or two
inlet valves (fig 28), one of which may have
been closed oV surgically. The scanning plane
should be moved and angled to view the venous
connections, atrium, and pulmonary arteries
for thrombus (table 13). It is diYcult to show
areas of narrowing with cross sectional imaging
alone and colour Doppler is less helpful in
highlighting the narrowing than in other
obstructive lesions because the velocities are
low. Residual atrial shunting across leaks in the
suture lines, an incompletely closed atrial sep-
tal defect, or a surgically created fenestration
can be detected with colour Doppler (fig 28) or
saline contrast injection. This is mainly right to
left (fig 28), though spectral study can show
brief flow in the other direction at the onset of
systole. A rough measurement of the size of the
defect may be obtained echocardiographically
but functional severity is better assessed by
saturation monitoring during exercise. Trans-
oesophageal study is particularly useful in
identifying thrombus,63 characterising atrial
shunts,64 65 and imaging posterior anasto-
moses,64 66 but may not add much to the
visualisation of anterior anastomoses.

SPECTRAL SIGNALS: ASSESSMENT OF SEVERITY OF

OBSTRUCTION AND VENOUS PRESSURE

Pulmonary artery pressure and flow are deter-
mined by anastomotic or conduit obstruction,
pulmonary vascular resistance, pulmonary ve-
nous atrial pressure (critically dependent on
ventricular end diastolic pressure and atrioven-
tricular valve function), and arguably the right
atrial systolic function.67 68 The pulmonary

Table 13 Fontan procedure

Assess ventricular diastolic diameter and contraction
Detect and quantify any left atrioventricular valve regurgitation
Record pulmonary artery, pulmonary vein and hepatic vein

spectral signal
Image Fontan circuit to detect any thrombus
Image and colour Doppler of Fontan circuit to detect any area

of obstruction
Image and colour Doppler for a residual intra-atrial leak
Transoesophageal imaging greatly improves quality of studies

Figure 27 Four chamber view in a patient with tricuspid
atresia and a Fontan repair. There is no apparent tricuspid
valve and a single ventricular chamber. There appears to be
a break in the atrial septum but this is echo dropout and
none was demonstrated with colour imaging.

Figure 28 Transthoracic apical four chamber study of total cavopulmonary connection.
The left image shows a double inlet ventricle and the proximity of the intra-atrial conduit to
the right valve and the right shows colour flow through a surgically created fenestration and
then through the atrioventricular valve to the ventricular chamber. The spectral Doppler
trace of flow through the fenestration (below) shows right to left flow which is continuous
and of relatively high velocity.
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pressure will be the same as central venous
pressure (or lower if there is an obstruction in
the circuit) and cannot be estimated by
ultrasound techniques. However, alterations in
the pulmonary artery, hepatic vein, and pulmo-
nary vein Doppler flow signals can reflect
pressure changes in the Fontan circuit.69 70 In a
normal functioning Fontan, the pulmonary
artery flow signal is typically triphasic71 (figs 29,
30). Initial forward flow occurs with right atrial
systole, followed by retrograde flow during
atrial relaxation. Forward flow is then restored,
probably by a combination of the slightly

delayed left atrial relaxation and systemic ven-
tricular systole, with a second peak at the time
of atrioventricular valve opening.70 In total
cavopulmonary connection the right atrium
has little or no influence, producing a biphasic
signal with the increased velocity in atrial
systole being absent (fig 30). All right sided
flow patterns demonstrate increased forward
velocities during inspiration and this is particu-
larly marked in total cavopulmonary connec-
tion.64 72 Because the pulmonary artery Dop-
pler signal is a composite of left and right heart
haemodynamics, serial analysis may prove use-
ful in monitoring the eVect of alterations in left
heart function on the Fontan circuit; however,
at present there are few data available to
substantiate this. With anastomotic obstruc-
tion the pulmonary artery flow signal becomes
more continuous with an increased mean
velocity. In the future magnetic resonance
velocity mapping techniques may improve on
the Doppler assessment of pulmonary artery
flow patterns.73

Atrioventricular valve regurgitation can in-
crease pressure in the pulmonary venous bed
and thus the Fontan circuit. The severity of
atrioventricular valve regurgitation should be
assessed using the standard methods.74 Sys-
temic ventricular function is almost universally
impaired75 76 and may progressively deteriorate.
Assessment of ventricular function with echo-
cardiography is diYcult but may be informative
if carried out using a consistent and well docu-
mented methodology. Radionuclide ventricu-
lography may be a more useful technique.

Transposition of the great arteries
INFLOW CORRECTION: MUSTARD OR SENNING

REPAIR

Transposition of the great arteries is character-
ised by origin of the aorta from the right
ventricle and the pulmonary artery from the
left. Until 10–20 years ago surgery took the
form of redirection of venous flow by the Mus-
tard or Senning procedure (fig 31). The right
ventricle remains the systemic one and func-
tional deterioration and tricuspid (systemic
atrioventricular) valve regurgitation77 78 are key
determinants of prognosis. It is also appropri-
ate to check for baZe obstruction or leak, left
ventricular outflow obstruction, or pulmonary
hypertension although they are not likely to
progress much after full growth has been
attained (table 14).78 The echocardiographic
features of Mustard and Senning repairs are
similar.

Figure 29 Transoesophageal study in a patient with a
classic Fontan showing flow through the anastomosis and
into the main pulmonary artery (MPA) on colour. The
spectral signal (below) shows the typical triphasic
appearance with forward flow (towards the transducer) in
atrial systole followed by a brief retrograde flow in atrial
relaxation and subsequent forward flow of lower velocity
until atrial systole. RAA, right atrial appendage.

Figure 30 Diagrammatic representation of the spectral flow signals. With classic Fontan
there is a distinct peak of forward flow with atrial systole, but this is lost in the total
cavopulmonary connection (TCPC).

Table 14 Mustard or Senning procedure

Measure right (systemic) ventricular size and assess function
Assess systemic atrioventricular (tricuspid) regurgitation
Use colour flow imaging to assess systemic or venous baZe

obstruction
Use colour flow imaging to determine presence of baZe leak
If appropriate use contrast to look for obstruction or leak
Assess pulmonary pressure from velocity of mitral

regurgitation
Exclude left ventricular outflow tract obstruction
Use transoesophageal imaging if precordial ones are not

satisfactory
Remember the right ventricle is the systemic one and the left

the pulmonary
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A long axis view in a patient with inflow cor-
rection and normal pulmonary artery pressure
is striking in that the right ventricle is enlarged
with the ventricular septum pushed posteriorly
into a small, banana shaped left ventricle. This
feature diminishes with increasing pulmonary
pressure or, if there is a baZe leak, with volume
load of the left ventricle. The ventricular mor-
phology makes assessment of systemic ven-
tricular function impossible using the tech-
niques usually applied.79 Serial monitoring of
right ventricular diastolic diameter is useful
with an increase likely to indicate deterioration
in function. Right ventricular systolic function
is diYcult to assess with echocardiography;

ejection fraction correlates poorly with radio-
nuclide assessment, questioning the value of
such a measurement, particularly if it is a single
one.80 An attempt to assess function from “eye-
balling” contraction is very subjective but
allows the extremes to be recognised. Tricuspid
regurgitation is present in up to 70% of
subjects77; although echocardiographic assess-
ment of its severity is important the situation is
not analogous to a normal heart.

IDENTIFICATION OF BAFFLE OBSTRUCTION OR

LEAK

A reasonable approach to imaging the baZe is
to start with an apical four chamber view
showing the mitral valve and flow into it. The
plane is then adjusted and tilted to follow the
inferior limb to the inferior vena cava and the
superior limb to the superior vena cava. Colour
Doppler will help identify obstruction from
increased flow velocity (fig 32). The pulmonary
venous atrium is followed from its connection
with the right ventricle to the pulmonary veins
(fig 32). Transoesophageal imaging is often
required to obtain diagnostic information. Its
use with or without contrast is more sensitive in
detecting all types of baZe malfunction,80 par-
ticularly pulmonary venous limb obstruction.81

The transverse plane readily visualises the
superior limb, confluence, pulmonary venous
atrium, and any baZe leak. The longitudinal
plane can be diYcult to interpret, but provides
optimal imaging of the inferior limb.82 The
spectral signal of flow from the venae cavae is a
typical venous one, increasing in inspiration.
BaZe obstruction results in a relatively small
increase in peak velocity, perhaps up to 2 m/s,
but the signal becomes continuous with
reduced pulsatility83; also, the mean gradient
rises, usually to about 3–5 mm Hg, similar to
values obtained by direct measurement. Con-
trast echocardiography has been advocated for
detecting superior limb obstruction by demon-
strating flow down the azygous vein rather than
into the heart.84 Contrast can assist in identify-
ing the atria with filling of the systemic and
“negative” imaging of the pulmonary venous
atrium.

With a predominant systemic to pulmonary
baZe leak there may be cyanosis, which will be
worse on exercise. A pulmonary to systemic
shunt is analogous to an atrial septal defect and
may result in increase in size of the normally
small left ventricle (fig 33). It has been reported
that leaks producing a shunt of 25% or less are
unlikely to be detected,83 although this may be
improved by contrast studies.

Raised pulmonary pressure is common after
the Mustard operation77 and should be assessed
from the velocity of mitral regurgitation. Left
ventricular outflow tract obstruction may
develop secondary to the reversed roles of the
two ventricles, with systolic bowing of the ven-
tricular septum into the left ventricular outflow
tract. Echocardiographic findings include
systolic anterior movement of the anterior
mitral valve leaflet, fluttering and premature
closure of the pulmonary valve, and a dynamic,
increased spectral signal from the left ventricu-
lar outflow tract.

Figure 31 Schematic diagram demonstrating inflow
redirection in the Mustard and Senning procedure. An
intra-atrial baZe (IAB) is constructed from the mouth of
each of the venae cavae and channelled to the left of the
pulmonary veins to join and form a single channel directed
to the mitral valve (MV) orifice. The pulmonary venous
flow passes anterior to the inferior limb into the tricuspid
valve (TV) orifice. IVC, inferior vena cava; PVA,
pulmonary venous atrium; PVs, pulmonary veins; SVA,
systemic venous atrium; SVC, superior vena cava.

Figure 32 Modified subcostal transthoracic view in a Mustard correction with colour
Doppler demonstrating flow acceleration through the pulmonary venous atrial anastomosis
and the spectral signal showing continuous flow. PVA, pulmonary venous atrium; Pulm
veins, pulmonary veins.
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ANATOMICAL REPAIR

The arterial switch involves transection of the
great arteries and reanastomosis to the other
ventricular outlet, and reimplantation of the
coronaries in the new aortic root. It has super-
seded inflow correction in the UK since the
mid-1980s. The most common problems are
narrowing of the pulmonary artery at the anas-
tomotic site or in the branches from the
stretching necessary to locate it in the anterior
position. While pulmonary anastomotic steno-
sis can often be accurately assessed by
transthoracic echocardiography,85 adequate
imaging of the pulmonary branches may be
impossible.86 Spectral Doppler does not give an
accurate estimation of the severity of pulmo-
nary branch narrowing. Assessment of right
ventricular pressure may be the best technique
for following this echocardiographically but
MRI is much more sensitive at detecting
branch narrowing in these patients.87

Aortic anastomosis obstruction is not com-
mon. Aortic regurgitation is frequently ob-
served as a consequence of disruption of the
suspensory apparatus of the cusps during
anastomosis of the coronary buttons. It is
seldom haemodynamically significant,86 but
long term studies will be necessary to assess its
progression.
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