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IT HAS LONG BEEN KNOWN THAT THE MOST COMPLEX

combinations of cardiac malformations are those
found in the setting of the so-called “splenic syn-

dromes”.1 Many aspects of these syndromes have
been controversial over recent years, not least the
presence or absence of features of isomerism within
the heart.2,3 Recent experience with genetic manipu-
lation of mice, nonetheless, has now shown that it is
possible to generate unequivocal evidence of cardiac
isomerism, particularly in those animals which show
features of right isomerism when the genes responsi-
ble for morphologically leftness are knocked out.4

Furthermore, when the crucial philosophical principle
known as the “morphological method”5 is applied to
the hearts of patients known to have visceral hetero-
taxy, it is equally clear that patients falling within
these groups, when judged on the extent of the pecti-
nate muscles relative to the atrioventricular junctions,
exhibit isomerism of either the morphologically right
or left atrial appendages.3 The morphological method5

states that one variable feature in any structure should
not be used as the criterion of another feature that is
itself variable. Application of this principle to identifi-
cation of the atrial chambers shows that venous con-
nections, known to be markedly variable in the setting
of visceral heterotaxy,1,3,6 should not be used to arbi-
trate atrial arrangement, or “situs”. Instead, those
wishing to determine atrial arrangement should use
the most constant feature of the atrial chambers to

distinguish morphologically rightness from leftness,
and ideally establish whether this chosen feature is
independent of changes that might be induced by
altered haemodynamics. Fortunately, the extent of
the pectinate muscles within the atrial appendages
as judged relative to the atrioventricular junctions
has been shown to serve this purpose, and has also
been shown to distinguish between morphologically
right and left atrial appendages in the setting of vis-
ceral heterotaxy.3 On this basis, it is possible to strat-
ify patients with visceral heterotaxy into those with
isomerism of either the morphologically right or left
atrial appendages.3 For the most part, these distinc-
tions correlate with the presence or absence of the
spleen, or multiple spleens, respectively. But this is not
always the case.7 In situations where there is dishar-
mony between the arrangements of the organs of the
various bodily systems, nonetheless, this does not
mean that the arrangement is “ambiguous”. Rather, it
means that the observer should take the necessary time
to describe the patterns in each system, pointing out
the discrepancies, if any, between the arrangement of
the atrial appendages within the heart and the patterns
of formation of the thoracic and abdominal organs,
particularly the spleen. When considering the heart in
this fashion, it will then become apparent that patients
with functionally univentricular hearts will be encoun-
tered most frequently in the setting of isomerism of
the morphologically right atrial appendages, and that
these patients potentially have a poor prognosis.8

Patients with isomerism of the morphologically left
appendages can also be found, less frequently, with
functionally univentricular hearts, albeit that the find-
ing of isomerism in this latter setting is less likely to
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impact on clinical management. In this review, we will
discuss all the implications of the finding of patients
having a functionally univentricular heart in the set-
ting of isomeric atrial appendages.

Bodily arrangement

It is now well established that there are four basic pat-
terns of arrangement of the organs. In the usual pat-
tern, also known as “situs solitus” (Fig. 1: left-hand
panel), then the muscles, nerves and vascular system
of the trunks and limbs show evidence of symmetry,
while the bodily organs are lateralized, with the lungs
and bronchial tree showing obvious differences on the
right and left sides, and within the abdomen the liver
being predominantly right sided, while the stomach
and spleen are left sided. Within the heart itself, the
atrial appendage containing pectinate muscles that
extend all round the atrioventricular junction is right
sided, while the tubular appendage with pectinate
muscles confined within it is left sided. In a very small
proportion of the population, all of these features,
including the arrangement of the atrial appendages,
are mirror imaged, an arrangement usually called
“situs inversus”, although the essence of the difference
is mirror imagery rather than “upside-downness”
(Fig. 1: right-hand panel). In a significantly larger
proportion of the population when compared to
those having mirror imagery, but small in compari-
son to those having the usual arrangement, there is
symmetry not only of the parietal structures, but
also the lungs and bronchial tree, and the atrial
appendages. In these settings, the abdominal organs

are jumbled up, producing the situation known as
visceral heterotaxy (Fig. 2). When analysed in terms
of the thoracic organs or atrial appendages, the mor-
phologic patterns can be distinguished as showing
evidence of right isomerism (Fig. 2: left-hand panel)
or left isomerism (Fig. 2: right-hand panel). Diagnosis
of the bodily arrangement, and the arrangement of
the atrial appendages, nonetheless, gives no informa-
tion concerning the venoatrial connections, nor the
arrangement of the rest of the heart. It is the task of
the diagnostician seeking to define the cardiac malfor-
mation in the setting of visceral heterotaxy, therefore,
first to establish the presence of right as opposed to
left isomerism, and then to demonstrate the abnor-
malities present at the atrioventricular and ventriculo-
arterial junctions, as well as determining the structure
of the ventricular mass.

Anatomic distinction of right versus left
isomerism within the heart

As emphasized, it is only the appendages within the
heart that show the anatomic features of isomerism.
Thus, in the patient with right isomerism, the pecti-
nate muscles extend round both atrioventricular
junctions, meeting at the crux of the heart. In very
many patients showing such isomerism of the right
atrial appendages, there is a common atrioventricu-
lar junction rather than separate right and left junc-
tions, and the extent of the pectinate muscles is then
clear cut in autopsied specimens (Fig. 3). The situa-
tion is less obvious for the clinician, although as we
will discuss, knowledge of the morphologic patterns

Figure 1.
The Figures show the usual (left-hand panel) and mirror-imaged
(right-hand panel) patterns of arrangement of the thoracic and
abdominal organs. As can be seen, there are morphologically differ-
ent features on the right and left sides of the body. The features char-
acteristic of the morphologically right side are coloured blue, while
those characteristic for the morphologically left side are coloured red.
Within the heart, it is the appendages that are different. RAA,
LAA: right and left atrial appendages.

Figure 2.
These Figures show the isomeric bodily arrangements using the same
colour codes as for Figure 1. Right isomerism (left-hand panel) is
usually, but not always, associated with absence of the spleen, while
left isomerism (right-hand panel) is typically found with multiple
spleens, albeit that exceptions can occur. In these cases with dishar-
mony between the systems of organs, it is necessary to describe each
system separately. RAA, LAA: right and left atrial appendages.

16S01-06.qxd  1/6/06  12:34 PM  Page 36

https://doi.org/10.1017/S1047951105002301 Published online by Cambridge University Press

https://doi.org/10.1017/S1047951105002301


should now make it easier for the echocardiographer
to diagnose as right or left isomerism. An important
clue to the presence of right isomerism, nonetheless,
is found in the universal absence of the coronary sinus.
Failure to find a venous channel within the left-sided
atrioventricular junction, therefore, is strong evidence
for the existence of either isomerism or mirror-imaged
arrangement, with right isomerism being the most
likely diagnosis. When there is left isomerism, then
both of the appendages are typically narrow and tube-
like, having a narrow junction with the bodies of the
right- and left-sided atriums. This feature, however,
is less reliable than finding the pectinate muscles
confined within the tubular appendages, both atrial
vestibules being smooth when traced to the cardiac
crux (Fig. 4). The finding of smooth vestibules on
both sides has yet to be proven as being of diagnostic
value to the echocardiographer, a possibility we will
discuss below.

The functionally univentricular heart in the
setting of isomeric atrial appendages

As pointed out recently by Freedom et al.,8 the combi-
nation of a functionally univentricular heart in the
setting of isomeric right atrial appendages continues
to constitute one of the most egregious forms of 

congenital cardiac disease. Indeed, functionally uni-
ventricular hearts are much more frequent in the set-
ting of right as opposed to left isomerism, and serve as
one of the distinguishing features of the two types of
isomerism. Any form of functionally univentricular
heart can be found with right isomerism, but double
inlet ventricle is by far the commonest atrioventricular
connection, and typically through a common atrioven-
tricular valve (Fig. 5). The dominant ventricle can be
of left, right or indeterminate morphology. When
considering the overall number of patients with right
isomerism having double inlet ventricle, then the
majority will prove to have a dominant left ventricle.
When considering the overall cohorts of patients with
double inlet right ventricle, or double inlet to a soli-
tary and indeterminate ventricle, in contrast, a sig-
nificant proportion will be found to have isomeric
atrial appendages, typically with the double inlet atri-
oventricular connection guarded by a common atri-
oventricular valve. When the common valve opens 
to a dominant right ventricle, then the left ventricle 
is incomplete and hypoplastic. It can be difficult,
nonetheless, to make the distinction between biventric-
ular atrioventricular connections through a common
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Figure 3.
This photograph shows isomerism of the right atrial appendages in
the setting of a heart with a common atrioventricular junction. The
pectinate muscles extend to the crux of the heart (star) on both sides.

Figure 4.
In this specimen, again with a common atrioventricular junction, it
is the morphologically left appendages that are arranged in isomeric
fashion. Both vestibules are smooth at the crux, albeit that there is some
spillage of the pectinate muscles out of the mouths of the appendages.
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valve and double inlet. It is the task of the echocar-
diographer in this setting, therefore, to determine the
proportion of the common junction committed to
the dominant as opposed to the incomplete ventri-
cle, and to correlate this with the size of the
hypoplastic left ventricle. It is also the task of the
echocardiographer to determine the competency of
the common valve, and to establish the precise
venoatrial connections, and the arrangements at the
ventriculo-arterial junctions. When both appendages
are of right morphology, then the pulmonary venous
connections must be anatomically abnormal even if
they return to the atrial chambers. In half of patients
with isomeric right appendages, the pulmonary veins
will drain to an extracardiac site. The other half are
just as important, since the pulmonary veins typi-
cally join together in a narrow midline confluence
that drains to the atrial roof (Fig. 5). The pulmonary
veins can drain anomalously to one or other atrial
chamber with a morphologically right appendage,
but this is unusual. Also important is to note the
universal absence of the coronary sinus. Due to this,
the coronary veins drain directly into the atrial cham-
bers, often crossing the atrioventricular junctions that
are extending for some distance within the atrial
musculature before terminating, frequently adjacent
to a venous orifice. These features should also now be
potentially recognizable by the echocardiographer. It
may be difficult for the echocardiographer to diag-
nose double inlet to a solitary and indeterminate ven-
tricle. This remains a diagnosis of exclusion for the
clinician, being made when it is impossible in life to
find the incomplete second ventricular chamber. At
the ventriculo-arterial junctions, the connections are
typically discordant or double outlet from the right
or solitary ventricle. Most typically, each arterial valve

is supported by its own infundibulum. In the setting
of right isomerism, the echocardiographer should
anticipate subpulmonary obstruction, or more likely
pulmonary atresia. It is also possible, nonetheless, to
find subaortic obstruction or atresia.

Obstruction in the aortic pathways is more likely
to be associated with isomeric left rather than right
atrial appendages. In the setting of the functionally
univentricular heart, this combination will typically
be found with hypoplasia of the left ventricle, and
with mitral atresia or stenosis with aortic atresia.
When encountered, the presence of the isomeric atrial
appendages is unlikely to create additional difficulties,
but the investigator needs to be aware of the likely
co-existence of interruption of the inferior caval vein,
with continuation of the venous pathways from the
abdomen through the azygos system of veins. When
both appendages are of left morphology, there is also
an abnormal disposition of the sinus node, with obvi-
ous correlations for interpretation of the electrocardio-
gram. Any form of functionally univentricular heart,
nonetheless, must be anticipated to co-exist in the
patient with isomeric left atrial appendages, so the
key to diagnosis is recognition of the presence of iso-
merism, and full sequential analysis of the atrioven-
tricular and ventriculo-arterial junctions.

In the setting of isomerism, the investigator should
always remember the importance of splenic morphol-
ogy, and take note of the fact that, while usually con-
cordant with the arrangement of the atrial appendages,
this is not always the case.7

Echocardiographic interrogation of the
patient with isomeric atrial appendages and
a functionally univentricular heart

As the surgical management of the malformations
found in patients with heterotaxy has improved, so it
has become necessary to establish accurately the
atrial arrangement of each individual patient. To cite
but one example, the association of abnormalities of
atrioventricular conduction with isomerism of the left
atrial appendages makes accurate identification valu-
able to the clinician. It is still the case, nonetheless,
that it is difficult for the echocardiographer precisely
to identify the nature of the appendages, so still it is
inferential findings that give the clue to the likeli-
hood of an isomeric arrangement.

Abdominal arrangement and the systemic veins
The echocardiographer begins the interrogation by
displaying the abdominal great vessels in a trans-
verse projection at the level of the tenth thoracic ver-
tebra. The transducer can then be tracked cephalad
to trace the inferior caval vein and hepatic veins until

Figure 5.
In this specimen, with double inlet through a common valve to a
dominant left ventricle, the isomerism of the right atrial appendages
is readily recognized. The pulmonary veins drain together through a
midline confluence. Note the absence of a coronary sinus.
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they connect with the heart. Though an alternative
approach might include a sagittal view of the
abdomen, such an approach may fail to identify some
details, such as the inferior caval vein crossing the mid-
line. In addition, defining the position of the aorta
relative to the midline of the spine is often simpler
using transverse scans. The inferior caval vein lies
within the liver, and can sit either to the right or the
left of the spine. Should the inferior caval vein be inter-
rupted, as is frequently the case with left isomerism,
then no structure will be found at the anticipated loca-
tion. Instead, an azygos vein will be found posterior
to both the liver and the aorta (Fig. 6). Scanning sag-
itally and parasternally will then demonstrate the
drainage of the azygos vein, which is to one or other of
the superior caval veins before reaching the atriums.

The hepatic venous connections are best identified
using both transverse and parasagittal views. Complete
identification of the drainage of the hepatic veins is
crucial when a patient has a functionally univentric-
ular heart in the setting of isomerism, since the hepatic
veins must be incorporated into any proposed total
cavopulmonary connection. Failure to include all
hepatic veins in the systemic venous system can result
in significant right-to-left shunting after surgery.

The atriums and their appendages
Although still difficult, using modern day cross-
sectional echocardiography, it should be possible 
to display reliably the morphology of the atrial
appendages, based upon their distinctive shape and
the nature of their junctions with the rest of the atrial
chamber.9 An atrial appendage is morphologically

right if it has a broad junction with the rest of the
atrial chamber. An appendage is morphologically left
if it displays a narrow junction with the rest of the
atrial chamber, and if the orifice has the same 
or smaller width as the proximal portion of the
appendage. Obviously the echocardiographer will
need to identify two broad-based appendages so as to
diagnose right isomerism, and two tubular and nar-
row appendages to make the diagnosis of left iso-
merism, although there is always the danger that
mistakes will be made if it is not possible, with cer-
tainty, to identify the extent of the pectinate mus-
cles. Both transverse and sagittal image planes can
help identify these features, while interrogation from
the suprasternal transverse plane also permits differ-
entiation of the appendages. As discussed above, in
the past the relationship of the aorta and the inferior
caval vein and the hepatic veins as seen in subcostal
planes was used so as to make the diagnosis of iso-
merism by inference.10 Unfortunately, such algo-
rithms as proposed by Huhta et al.,10 do not always
agree with direct assessment of the morphology of the
appendages. Nowadays, we have also recognized that
identification of the coronary sinus in subcostal trans-
verse images is an invaluable guide to the presence of
isomerism. The coronary sinus is always absent in
patients with right isomerism, and in many patients
with left isomerism. So, if this structure is not found
in the left-sided atrioventricular junction, this is
strong evidence for the presence of either an isomeric
arrangement, or of mirror-imaged arrangement.

Pulmonary veins
Given that, in patients with right isomerism, the pul-
monary veins frequently drain to an extracardiac site,
or to a narrow confluence in the midline that drains to
the atrial roof, sufficient attention must be given fully
to define the pulmonary venous anatomy. Subcostal
transverse scanning, or interrogation from the apical
window, are usually satisfactory when seeking to iden-
tify the midline confluence between the pulmonary
veins and the atrial roof that is characteristic of right
isomerism (Fig. 7). To define totally anomalous sub-
diaphragmatic drainage of pulmonary veins, the
echocardiographer should begin by displaying the
abdominal great vessels in a transverse view. It is often
possible to visualize a descending vertical vein in cross-
section in this fashion. The aorta is the circular struc-
ture adjacent to the vertebral column. If there is an
enlarged azygos vein, this structure is also typically
adjacent to the vertebral column. Descending vertical
veins are usually circular structures. The descending
vertical vein can be traced to its termination, almost
always a junction with the portal venous system. Often
the easiest way to identify an ascending vertical vein
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Figure 6.
This subcostal transverse scan demonstrates the typical situation seen
with interruption of the inferior caval vein in the setting of iso-
merism of the left atrial appendages. The dilated azygos vein
(AzV), located posterior to the aorta (Ao) and adjacent with the
veterbras, carries the venous return from the abdomen to the heart.
Hepatic veins (Hep veins) are also shown.
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is to survey the entire superior aspect of the pulmonary
venous confluence between the pulmonary hilums.
The ascending vertical vein should be tracked until
it connects to the systemic venous system (Fig. 8). A
sagittal view can also be helpful, particularly if there
is a short connecting vein between the confluence
and the right superior caval vein. It is the mixed type
of totally anomalous pulmonary venous connection
that is most difficult to identify, owing to the absence
of an easily discernible confluence. In order to avoid
overlooking this variant, it is essential that the
echocardiographer identifies all four pulmonary veins.

Atrioventricular connections
Though a variety of atrioventricular connections 
can be identified in patients with isomeric atrial
appendages, it is double inlet through a common valve
that is found most frequently in the setting of the
functionally univentricular heart. When seen in this
setting, the left ventricle is usually dominant,
although a dominant right ventricle is not uncommon.
The relationship of the common atrioventricular valve
to the respective ventricles, and delineation of the sub-
valvar apparatus, is best achieved in subcostal trans-
verse and sagittal planes (Fig. 9). From the standpoint
of echocardiographic imaging, it is important to
determine if the heart is indeed functionally univen-
tricular. While considerable attention has been given
to specific measures of left ventricular hypoplasia in
normal atrioventricular connections, much less has
been reported regarding assessment of ventricular ade-
quacy in the setting of a common atrioventricular
junction. In examining subjects with small left ven-
tricles and common atrioventricular junction, Cohen
et al.,11 assessed the commitment of the common valve
to the respective ventricles from a subcostal long-axial
oblique plane.11 They suggested that, when less than
one-third of the common valvar orifice was commit-
ted to the left ventricle, the left ventricle would not
support systemic circulation, and hence the heart
would be functionally univentricular. Earlier studies
had suggested that presence of a single papillary
muscle precluded the use of the left ventricle 
as the systemic ventricle.9 Subsequent studies have
shown that the architecture of the papillary muscles

Figure 7.
This apical image demonstrates the midline confluence of the pul-
monary veins that drains to the roof of the atrium in a patient with
right isomerism.

Figure 8.
This image obtained from the suprasternal notch in a patient with
right isomerism shows the presence of a vertical vein (VVn), drain-
ing superiorly (red flow) into the brachiocephalic vein (I Vn), and
the blue flow in the superior caval vein (SCVn), as these vessels
course over the transverse aorta (Ao).

Figure 9.
In this subcostal transverse image from a patient with right iso-
merism and a right-sided heart, the two atriums (A) are separated
by a remnant of atrial septal strand. The area below this is part of
the atrioventricular septal defect. A common atrioventricular valve,
guarding a common atrioventricular junction, is connected mostly to
the larger left ventricle (V), but in part to the inferior incomplete
right ventricle. The pulmonary venous confluence (PV) is seen imme-
diately above the roof of the atrium. Ao: aorta.
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is an imperfect measure of left ventricular hypopla-
sia.11,12 More recent data suggest that an effective
commitment of less than one-third of the common
valve to the right ventricle would similarly characterize
a functionally univentricular heart.13 Less commonly,
it is possible to find double inlet through two valves
to the dominant ventricle, almost always of left ven-
tricular morphology. In this variant, subcostal and
apical imaging defines the size and relationship of
the two atrioventricular valves. Insufficiency of atri-
oventricular valves is best assessed using colour
Doppler in apical or parasternal long-axis imaging
planes (Fig. 10).

Ventriculo-arterial connections
These are markedly variable, though double outlet
from the right ventricle is most commonly seen (Fig.
11). Discordant ventriculo-arterial pattern is also
prevalent. The subcostal sagittal scan is usually ideal
for defining the connections and relationships of the
great arterial trunks, as well as the presence of obstruc-
tion or stenosis in the outflow tracts. In those with
double outlet right ventricle, it is frequent to find
bilateral infundibulums, although this should no
longer be considered a defining feature of the connec-
tion. Whenever there is subaortic obstruction, how-
ever, the echocardiographer should also look for the
presence of aortic coarctation. Careful delineation of
the size of the subaortic area, and the diameter of the
aortic valve, as well as the excursion of the leaflets,
are important. While some patients can be managed
by repair of the coarctation and limitation of flow of
blood to the lungs by banding the pulmonary trunk,

those with more severe aortic or subaortic obstruc-
tion may require a Damus–Kaye–Stansel procedure
to ensure adequate systemic blood flow. Finding sig-
nificant reversal of flow subsequent to colour or pulse
Doppler interrogation of the transverse aortic arch
imaged from a suprasternal plane would support the
latter approach. Pulmonary stenosis or atresia can also
be visualized in various planes. Subcostal sagittal
imaging is usually ideal to delineate the subpulmonary
region, whereas parasternal long- and short-axis planes
provide better visualization of the pulmonary valve
itself, as well as the right and left pulmonary arteries.

Conclusion

In patients with isomeric atrial appendages, a detailed
segmental approach to non-invasive imaging is of
great importance. Though common associations occur
within the spectrum of right and left isomerism, a
detailed approach, with particular attention to mor-
phology of the atrial appendages, is needed fully to
describe and treat in appropriate fashion the patients
with these complex cardiac lesions.
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