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Background—It is advocated that heterotaxy should be segregated into right or left isomerism according to atrial appendage
morphology. However, atrial situs determination is often based on the pattern of associated findings rather than on
atrial morphology itself, which can be difficult to define. The objective was to assess how often concordant patterns
of isomerism classified by atrial appendage morphology, bronchopulmonary pattern, and splenic status are breached
using cardiac magnetic resonance or computed tomography. The secondary objective was to determine the feasibility of
defining atrial appendage morphology using cardiac magnetic resonance or computed tomography.
Methods and Results—Retrospective review of 114 pediatric patients (median, 2.4 years; range, 1 day–17.9 years) with
heterotaxy who underwent cardiac magnetic resonance or computed tomography was performed to evaluate atrial
appendage, bronchopulmonary, and visceral organ arrangements. Atrial appendage and splenic anatomy were not
definable in 17 of 114 (15%) and 4 of 114 (3.5%) patients, respectively. In the remaining 93 patients, 39% had classic
right isomerism (bilateral right atrial appendages, right bronchopulmonary pattern, and asplenia) and 40% had classic left
isomerism (bilateral left atrial appendages, left bronchopulmonary pattern, and polysplenia). Classic pattern of isomerism
was breached in 20 of 93 (21.5%) patients: 13 (65%) displayed incongruent abdominal situs, 5 (25%) incongruent
bronchial situs, 1 (5%) had discrepant appendage morphology, and 1 (5%) incongruent situs at all levels.
Conclusions—Atrial appendage morphology is difficult to assess and not always indicative of bronchopulmonary or
abdominal situs. Discordance between bronchopulmonary branching, atrial appendage arrangement, and splenic
status was identified in >20% patients with heterotaxy. Independent description of each organ system is required
when arrangements are disharmonious among different organ systems.  (Circ Cardiovasc Imaging. 2018;11:e006917.
DOI: 10.1161/CIRCIMAGING.117.006917.)
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A

n abnormal arrangement of the internal organs is a harbinger of congenital heart diseases that are frequently
complex. This condition has been described using contentious terms: heterotaxy and isomerisms.1 As these terms
have not been used uniformly, the International Society for
Nomenclature of Paediatric and Congenital Heart Disease
proposed the following definitions in 20072:

Isomerism in the context of the congenitally malformed heart is a situation where some paired structures on opposite sides of the left-right axis of the body
are, in morphologic terms, symmetrical mirror images
of each other.
Situs ambiguus is an abnormality in which there are
components of situs solitus and situs inversus in the
same person. Therefore, the thoraco-abdominal organs are positioned in such a way that they have neither normal nor mirror-imaged arrangements.

See Editorial by Sanders and Geva
See Clinical Perspective
Heterotaxy is an abnormality where the internal
thoraco-abdominal organs demonstrate abnormal arrangement across the left-right axis of the body. By
this Committee convention, heterotaxy does not include normal and mirror-imaged arrangements of the
internal organs that are also known as “situs solitus”
and “situs inversus.”

In general, heterotaxy encompasses 2 separate entities,
right and left isomerisms, the former being usually associated with asplenia and the latter with polysplenia. As the
International Society for Nomenclature of Paediatric and
Congenital Heart Disease pointed out, however, there are
cases that breach the general rules of left versus right isomerism.2 In day-to-day practice with cross-sectional imaging, we
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have experienced that not all heterotaxy cases are consistently
classifiable as right or left isomerism, therefore falling into the
category of situs ambiguus as defined above. Moreover, it is a
challenging task to assess the shape of the atrial appendages
and distribution of the pectinate muscles as Uemura et al3,4
and Anderson5 have proposed by echocardiography and crosssectional imaging. Therefore, in vivo atrial situs determination
seems to be based more on the general pattern of the associated cardiovascular and noncardiovascular findings than on
the actual assessment of the atrial morphology.
In this article, we sought to assess how frequently the general rules of heterotaxy and isomerisms are breached and how
reliable and feasible it is to define the atrial appendage morphology using cardiovascular magnetic resonance (CMR) or
computed tomography (CT).

Methods
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The data, analytic methods, and study materials will not be made
available to other researchers for purposes of reproducing the results or replicating the procedure. In this retrospective study, we
reviewed all pediatric patients diagnosed with heterotaxy that underwent CMR, CT, or both at our institution between 1991 and
2016. A systematic search for patients from the institutional radiology database with the terms heterotaxy, isomerism, asplenia, or
polysplenia was conducted. All cases were reviewed case-by-case
to determine the arrangements of bronchopulmonary segments, the
lengths of main bronchi, the morphology of the atrial appendages,
and the arrangement of the visceral organs. Excluded were patients
with studies of insufficient image quality or coverage to allow for
detailed segmental analyses. The study was approved by the institutional research ethics board.

Assessment of Atrial Appendages
Each case was assessed by consensus among 2 observers (D.Y. and
S.J.Y.) whether they had morphologically right or left atrial appendages by CT and CMR as determined by the shape of the appendage and extent of the pectinate muscles, following descriptions by
Uemura et al3,4 and Anderson.5 The appendages were further assessed
using multiplanar reformatting if their morphology was not evident
from standard imaging planes (Figure 1). The cases where the atrial
appendage morphology was not able to be defined by cross-sectional
imaging were recorded.

Assessment of Bronchopulmonary Arrangement
The bronchopulmonary relationship was assessed using CT or CMR
images obtained or reconstructed in coronal or oblique coronal
planes, and cases were categorized into situs solitus, situs inversus,
right isomeric, and left isomeric patterns. If it was not possible to
define the bronchial branching pattern, it was considered to be indeterminate. A right side pattern of bronchopulmonary relationship was
defined as the descending branch of the pulmonary artery coursing
backward below the upper lobar bronchus (hypbronchial pulmonary
artery—eparterial bronchus).6,7 Conversely, a left-sided pattern of the
bronchopulmonary relationship was defined as the pulmonary artery
coursing backward over the upper lobar bronchus (epbronchial pulmonary artery—hyparterial bronchus).

Assessment of Bronchial Length
The lengths of the right and left bronchi were measured from the
tracheobronchial bifurcation to the origins of the upper lobar bronchi. The bronchial lengths were considered symmetrical if the ratio
between the 2 was <1.5 and asymmetrical when ≥1.5.8 Asymmetrical
bronchial length has been proposed to be typical of situs solitus or
inversus of the bronchi.8 Cases where the bronchial length was incongruent with the bronchopulmonary pattern were noted.

Assessment of Splenic Status
The splenic status was defined by the number and the configuration
of the spleen or spleens. Multiple discrete spleens were defined as
polysplenia. A single spleen with a lobulated or round contour was
regarded as a variant of polysplenia.9 The spleen was considered
to be normal when a single spleen showed smooth and crescentic
configuration.

Diagnosis of Left or Right Isomerism
The diagnosis of heterotaxy was based on the abnormal visceroatrial-thoracic arrangement across the left–right axis of the body.9,10
Patients were classified to have classic features of right isomerism if
they exhibited a bilateral eparterial bronchial branching pattern, bilateral morphological right atrial appendages, and abnormal visceral
arrangement with asplenia (Figure 2A and 2B). Features considered
in classic left isomerism included a bilateral hyparterial bronchial
branching pattern and morphological left atrial appendages and polysplenia (Figure 3). The cases that deviated from these 2 classic patterns of heterotaxy were studied.

Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics version
22 (IBM, Armonk, NY). Results are presented as median with ranges
or numbers with percentages as appropriate.

Results
There were 150 cases that returned from our search criteria
of key words. Cases were excluded if they were mistakenly
diagnosed as heterotaxy (n=15), did not have sufficient coverage to determine thoracic and abdominal situs (n=14), or
if the imaging quality was insufficient (n=7). The remaining
114 cases with heterotaxy, with a median age of 2.4 years
(range, 1 day–17.9 years) at the time of cross-sectional imaging, were included. Thirty-five patients had CTs available, 50
patients had CMR studies, and the remaining 29 had both CT
and CMR studies. The indications for cross-sectional imaging included anatomic delineation, assessment of pulmonary
arteries or veins, pre-Glenn or Fontan operations, assessment
of the post-Fontan circulation, or as a work-up before cardiac
transplantation.

Classic Versus Deviating Isomeric Patterns
The splenic anatomy could not be reliably defined in 4
(3.5%) cases, and the atrial appendage morphology was
undefinable in 17 (15%) by CT or CMR (Figure 4). In the
remaining 93 patients, classic right or left isomerism of
the atrial appendages, bronchopulmonary branching, and
splenic arrangement was present in 36 (38.7%) (Figure 2A
and 2B) and 37 (39.8%) patients, respectively (Figure 3).
The remaining 20 (21.5%) displayed breach to the classic
patterns of right or left isomerism (Table 1; Figures 5–8).
Among these 20 patients, 16 had polysplenia, 1 asplenia,
and 3 had a normal single spleen. Inconsistent abdominal
situs, bronchial situs, or atrial situs respectively from classic isomerism was observed in 13 (65%), 5 (25%), and 1
(5%) case while 1 (5%) had discordant situs arrangements
at all 3 levels (Figure 5). All cases showing a laterialized
situs, that is, solitus or inversus of either atrial appendage or
bronchopulmonary arrangement (or both) were associated
with polysplenia, which was the most common combination
(Table 1).
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Figure 1. Multiplanar reformat and
3-dimensional volume-rendered images
of a case of situs solitus with tetralogy
of Fallot. The short-axis image on the
right upper panel was obtained through
the lower part of the atrium immediately
above the atrioventricular junction. The
imaging plane is marked with a red line
on the 4-chamber image and 2-chamber
image of the right ventricle on the left
hand panels. The right atrial appendage
(R-AA) is triangular in shape, and its pectinate muscles (arrows) are seen all around
the right atrial wall. The left atrial appendage (L-AA) is narrow and elongated. There
are no identifiable pectinate muscles
along the left atrial wall. Ao indicates
aorta; LA, left atrium; LV, left ventricle; PT,
pulmonary trunk; RA, right atrium; and RV,
right ventricle.

Variations in Segmental Findings
Bronchopulmonary Pattern and Bronchial Length
The bronchopulmonary relationship and bronchial lengths were
able to be reliably assessed in all patients. In 103 of 114 (90%) of
cases, the bilateral eparterial or hyparterial locations of the upper
lobe bronchi were consistent with a right (n=54) or left (n=49)
isomeric pattern, respectively (Figures 2 and 3). In the remaining 11 (10%), the bronchopulmonary relationship was either
normal (n=7) or inverted (n=4; Figure 6), all in the presence of
abnormal abdominal visceral arrangement with polysplenia. In
8 (7%) cases, the lengths of the bronchi were significantly different despite the classic isomeric relationship between the bronchi and pulmonary arteries (Figure 7A and 7B). In these cases,
the bronchial length ratio was >1.5, indicating a situs solitus or
inversus pattern by way of length despite an isomeric right (n=4)
or left (n=4) bronchopulmonary relationship.
Splenic Status
The distribution of cases according to the splenic status is
outlined in Figure 8. Asplenia was found in 43 of 110 (39%)
patients with definable splenic anatomy, and this was associated with right isomeric pattern of bronchopulmonary branching in all. After exclusion of 6 patients with asplenia with
nondefinable atrial appendage morphology, there was concordance between asplenia and right isomerism of atrial appendages in 36 of 37 (97%) patients. One patient with asplenia had
left-isomeric atrial appendages and right isomeric bronchopulmonary branching (Figure 7B; Table 1).
Polysplenia was found in 63 of 110 (57%) patients with
definable anatomy and consisted of multiple spleens in 56
(89%) and a single lobulated or round spleen in 7 (11%).
Polysplenia was associated with a left bronchopulmonary

branching pattern in 47 (75%) patients, right bronchopulmonary pattern in 5 (8%), and a normal (n=7) or inverted (n=4)
branching pattern in the remaining 11 patients (17%). After
exclusion of 10 patients who had nondefinable atrial appendage morphology, polysplenia was associated with left isomerism of the atrial appendages in 42 of 53 (79%) patients, right
isomerism in 3 of 53 (6%), and normal or inverted arrangement in 8 of 53 (15%).
Four patients (4%) had a solitary spleen with a smooth
crescentic contour that was small or normally sized (Figures 4
and 7A). Of these patients, right isomeric bronchopulmonary
branching and atrial appendages were observed in 2 patients,
and left-isomeric bronchopulmonary branching and atrial
appendages were present in 1 patient (Table 1 and Figure 8).
The remaining case of a solitary spleen displayed a right isomeric bronchopulmonary branching pattern and appendages
of undetermined morphology.
Overall, asplenia was associated with classic right isomerism of bronchopulmonary branching and atrial appendages in all
except 1 while polysplenia was associated with breached bronchopulmonary branching pattern in 16 of 63 (25%) and breached
arrangement of the atrial appendages in 11 of 53 (21%).
Cardiac Abnormalities
The majority of cases with classic or nonclassic heterotaxy
patterns had complex cardiac disease. Dextrocardia was present in 40 of 114 (35%) of the cohort and was observed in 14
of 36 (39%) and 11 of 37 (30%) with classic right and left
isomerism, respectively. An interrupted inferior vena cava was
present in 29 of 37 (78%) of classic left isomerism and no
cases of right isomerism. Bilateral superior vena cavae were
seen in 19 of 36 (53%) and 17 of 37 (46%) of classic right and
left isomerism cases, respectively.
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Figure 2. A, Heterotaxy with classic right isomerism and asplenia. Note the symmetrical hypbronchial pulmonary arteries (PA) and eparterial
upper lobar bronchi. Both side atrial appendages are triangular in shape with a wide orifice.
The right lobe of the liver wraps around the tiny
stomach (microgastria). There are duplicated
gallbladders (GB). B, The pectinate muscles
(arrows) are seen along the wall of both atria.
The airway branching is symmetrical with bilateral tracheal bronchi and short lengths of the
main bronchi (*). The liver extends around the
stomach. The abdominal aorta (DsAo) and the
inferior vena cava (IVC) are on the same side of
the spine, which is seen in the majority of the
cases of right isomerism. Ao indicates aorta;
NG, nasogastric; PT, pulmonary trunk; and
R-AA, morphologically right atrial appendage.

Classic right isomerism was associated with an atrioventricular septal defect in 35 of 36 (97%) cases, and 1 patient had
a double inlet ventricle of indeterminate morphology. Double
outlet right ventricle was observed in 26 of 35 (72%), discordant connections in 6 of 36 (17%), and concordant ventriculoarterial connections in 4 of 36 (11%) patients. Pulmonary
stenosis or atresia occurred in 28 of 36 (78%) patients with
classic right isomerism.
Classic left isomerism was associated with an atrioventricular septal defect in 25 of 37 (68%) patients, atrial and ventricular septal defects in 8 of 37 (22%), hypoplastic left heart
syndrome in 2 of 37 (5%), dextrocardia or levocardia with
otherwise normal intracardiac anatomy in 2 of 37 (5%). Left
isomerism was associated with concordant ventriculoarterial
connections in 22 of 37 (59%) patients, double outlet right
ventricle in 13 of 37 (35%), and discordant connections in 2 of
37 (5%) patients. Pulmonary stenosis or atresia occurred in 12
of 37 (32%) patients, and aortic stenosis or atresia was found
in 7 of 37 (19%) with classic left isomerism. Arrhythmias,
predominantly complete heart block, were more common in
patients with left isomerism (10 of 37; 27%) than with right
isomerism (2 of 35; 6%).

Discussion
Despite the fact that Aristotle observed the existence of asplenia and polysplenia and that the terms heterotaxy, isomerism,
and bilateral right or left sidedness have been used for >60

years,11–14 there have been ongoing debates and controversies
on the concept of isomerism and how to describe cases with an
abnormal arrangement of the body organs.2,15–17 Although we
do not know the exact pathogenesis, there are individuals who
demonstrate dominance or duplication of normally right- or
left-sided structures resulting in right or left-isomeric patterns
of paired visceral organs, including lungs, bronchi, pulmonary
arteries, and atrial appendages. In addition, nonpaired organs
also tend to demonstrate right or left side dominance. When
the right side dominates, the liver is usually large and transverse, the normally right-sided structures, such as sinoatrial
node and gallbladder, can be duplicated (Figure 2A), and the
spleen, a normally left-sided organ, is usually not formed.
Interestingly, additional abnormalities, such as tracheal bronchus, can be seen on both sides17,18 (Figure 2B). When the left
side dominates, multiple spleens are commonly formed along
the greater curvature of the stomach, the liver tends to be
transverse and small, and the normally right-sided structures,
such as gallbladder, biliary tree, and portal vein, can be absent,
atretic or hypoplastic. Indeed, such interesting associations
are the foundation of the fascinating concept of right and left
isomerisms or bilateral right and left sidedness.11–13
It is, however, important to highlight that isomerism does
not mean that every body organ is arranged symmetrically.
Although the concept of isomerism does facilitate general
understanding of abnormal organ arrangement, it is not
always possible to define the situs unequivocally in terms
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Figure 3. Heterotaxy with classic left isomerism and polysplenia.
Both side atrial appendages are long and narrow. No pectinate
muscles are seen along the wall of either atrium. The main bronchi are symmetrically long. Note the epbronchial pulmonary arteries (PA) and the hyparterial upper lobar bronchi. Two spleens are
seen along the posterolateral wall of the stomach. Ao indicates
aorta; DsAo, descending aorta; IVC, inferior vena cava; and PT,
pulmonary trunk.

of isomerism. Exceptions to these general rules are not
infrequent.4,6,17 Our assessment of a relatively large patient
cohort showed that the general features of classic isomerism were breached in >20% of cases with heterotaxy and
far more commonly with polysplenia than with asplenia.
The modest association between polysplenia and hyparterial

bronchi with bilateral bilobed morphologically left lungs
is similarly found in other studies.9,19 However, compared
with left bronchopulmonary isomerism, right isomerism of
bronchopulmonary branching was more commonly associated with a breach of the thoraco-atrial-visceral concordance
rule. In addition, 7.5% of cases with definable anatomy at
all levels showed discrepancy between the arrangement of
the atrial appendages and the bronchopulmonary branching
pattern. The terms heterotaxy and isomerism are not interchangeable as a fair number of cases with heterotaxy do not
show either right or left isomerism, as listed in Table 1 and
exemplified by the cases shown in Figures 6 and 7. Although
the International Society for Nomenclature of Paediatric
and Congenital Heart Disease defined those cases as having situs ambiguus,2 the situs in these cases are not ambiguous or uncertain per se but instead can be described without
ambiguity if the thoraco-abdominal organ arrangement is
independently described. Our article supports the findings
outlined by the International Society for Nomenclature of
Paediatric and Congenital Heart Disease that independent
description of each system of organs removes any potential
ambiguity when arrangements are disharmonious among different systems of organs (Table 2).2
A widely adopted school of teaching situs assessment
emphasizes that all heterotaxy cases should be subcategorized
according to the morphology of the atrial appendages.1–5,15
Most recently, Tremblay et al17 were able to segregate all
188 postmortem specimens obtained from patients with
heterotaxy into either right or left isomerism based on the
atrial appendage morphology. If all heterotaxy cases were
to be segregated into either right or left isomerism based
on the same criteria, the cases illustrated in Figures 5 and 6
would not have any entity to be classified into. However, it
is wondered whether noninvasive imaging in living patients
can consistently and accurately assess the morphology of
the atrial appendages. In this study using CMR or CT, the
morphology of the atrial appendages could not be defined
in 15% of patients. Furthermore, it is doubtful whether we
truly rely on the atrial situs assignment based on the shape
of atrial appendages and the distribution of the pectinate
muscles in our daily practice. Quantitative measurements of
atrial appendages are difficult given the degree of appendage
variation and the complexity of its shape and morphology.
As is commonly the case in our institution, the atrial situs is
often assumed based on or with the cognizance of other cardiovascular and noncardiovascular key findings.2,6 Given the
fact that the atrial appendages are of little functional significance, and there is significant limitation in assessment of the
atrial appendages,20,21 it is neither logical nor always possible
to categorize heterotaxy cases into the right or left isomerism
of the atrial appendages. In fact, it should be acknowledged
that the atrial appendage is only one of several other organ
systems with a strong tendency toward symmetrical arrangement and therefore, does not represent the whole spectrum of
segmental abnormalities.
Although the use of atrial appendages in atrial situs determination by noninvasive imaging is debatable, the Bostonian
school uses the venous criteria for atrial situs determination; the atrium taking the drainage of all systemic veins or
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Table 1. Details of Cases Breaching the Classic Patterns of
Heterotaxy and Isomerism
Case
No
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Figure 4. Uncertain morphology of an atrial appendage. The
right-sided atrial appendage shows typical shape of the morphologically left atrial appendage (L-AA). The left-sided atrial
appendage (?-AA) shows ambiguous morphology. Note that the
abdominal situs seems to be situs solitus with a single spleen.
However, the airway showed a left-isomeric pattern. Ao indicates
aorta; and PA, pulmonary artery.

coronary sinus being regarded as the right atrium while the
atrium not taking any systemic veins (with an exception of the
superior vena cava associated with unroofed coronary sinus)
but taking all or half of the pulmonary veins being regarded as
the left atrium.16 In this regard, it would be clinically relevant
and important to describe the systemic and pulmonary venous
connections in terms of normal, mirror imaged or inverted,
or neither normal nor mirror imaged (Table 2). However,
it should be noted that the pulmonary and systemic venous
drainage (including separate hepatic veins and coronary sinus)
is extremely variable in patients with heterotaxy.

Arrangement
of the Atrial
Appendages

Bronchopulmonary
Situs
Splenic Status

Level of
Breaching

1

Right isomerism

Right isomerism

Polysplenia

Abdominal

2

Right isomerism

Right isomerism

Polysplenia

Abdominal

3

Right isomerism

Right isomerism

Polysplenia

Abdominal

4

Right isomerism

Right isomerism

Normal spleen

Abdominal

5

Right isomerism

Right isomerism

Normal spleen

Abdominal

6

Left isomerism

Left isomerism

Normal spleen

Abdominal

7

Left isomerism

Right isomerism

Asplenia

Appendages

8

Left isomerism

Right isomerism

Polysplenia

Bronchi

9

Left isomerism

Solitus

Polysplenia

Bronchi

10

Left isomerism

Solitus

Polysplenia

Bronchi

11

Left isomerism

Inversus

Polysplenia

Bronchi

12

Left isomerism

Inversus

Polysplenia

Bronchi

13

Solitus

Right isomerism

Polysplenia

All

14

Solitus

Solitus

Polysplenia

Abdominal

15

Solitus

Solitus

Polysplenia

Abdominal

16

Solitus

Solitus

Polysplenia

Abdominal

17

Solitus

Solitus

Polysplenia

Abdominal

18

Solitus

Solitus

Polysplenia

Abdominal

19

Inversus

Inversus

Polysplenia

Abdominal

20

Inversus

Inversus

Polysplenia

Abdominal

In our experience, the bronchopulmonary relationship
and bronchial lengths could be defined in all patients using
CT or CMR. As the bronchopulmonary relationship is more
consistently predictive of the splenic status and arrangement
of the atrial appendages than the bronchial length ratio, the
former is the preferred criterion for bronchopulmonary situs
determination. Loomba et al6 found discordances between
the identified bronchial isomerism and the presumed arrangement of the atrial appendages in ≈20% of the patients while
our clinical study and Tremblay et al’s17 pathological study
found discordances in 7.5% and 5%, respectively. The difference between our and Loomba’s study may have arisen from
the imaging modalities used and methods of assessment.
Loomba included plain chest radiographs as well as crosssectional images, used bronchial lengths and angles, and
assessed the atrial appendage morphology with inference
to other cardiovascular and noncardiovascular findings.6 In
contrast, we relied strictly on CMR and CT for assessment
of the bronchopulmonary relationship and determined atrial
situs by observing the shape of the appendages and distribution of pectinate muscles on CMR and CT images with
multiplanar reconstruction.

Limitations
This was a retrospective review of patients with heterotaxy
that underwent a cardiac CT or CMR as part of their clinical
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Figure 5. Disharmonious situs at all 3 levels. The atrial appendages show normal arrangement, the bronchopulmonary branching shows right isomeric pattern, and there is right-sided
polysplenia. The interrupted inferior vena cava connects to the
dilated azygos vein. Ao indicates aorta; DsAo, descending aorta;
L-AA, morphologically left atrial appendage; PA, pulmonary arteries; PT, pulmonary trunk; and R-AA, morphologically right atrial
appendage.

work-up. Cases without cross-sectional imaging were excluded
from the study. Cases were identified using key words associated with heterotaxy in imaging reports, thus patients with
heterotaxy may not have been accounted for if these key
words were not used in the report. Nevertheless, our patient
group is most likely representative of the larger cohort given

Figure 6. Disharmonious abdominal situs. The atrial appendages
and bronchi show situs inversus arrangement while there is leftsided polysplenia. The interrupted inferior vena cava connects
to the dilated azygos vein. Ao indicates aorta; DsAo, descending
aorta; L-AA, morphologically left atrial appendage; PA, pulmonary
arteries; PT, pulmonary trunk; and R-AA, morphologically right
atrial appendage.

the size and wide spectrum of heterotaxy features observed
in our study population. In addition, appendage determination
was subjective and based on a qualitative approach using our
knowledge of appendage shape and pectinate muscle extension. Although a quantitative morphometric approach could be
useful to standardize appendage geometry, it was not applied
in this multimodality study given its uncertain applicability in
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Figure 7. A, Disharmonious abdominal situs.
The atrial appendages show typical right isomeric arrangement. The relationship between
bronchi and pulmonary arterial (PA) branches
is that of right isomerism. However, the bronchial length is not symmetrical. The abdominal
organs show situs inversus arrangement. B, The
atrial appendages show left-isomeric arrangement. The bronchopulmonary branching is right
isomeric. There is asplenia. Ao indicates aorta;
DsAo, descending aorta; L-AA, morphologically
left atrial appendage; and PT, pulmonary trunk.

daily practice. One potential method to obtaining consistent
measurements is performing multiplanar reconstructions of
the appendages using 3-dimensional volume-rendered data;
however, not all of our cases had 3-dimensional volume data
sets available.

Summary
Although isomeric patterns of bronchopulmonary branching and arrangement of atrial appendages do exist and are
related strongly with the splenic status, the exceptions to

Figure 8. Distribution of the cases according to splenic status.

the general rules of heterotaxy and isomerisms are seen in
>20% of patients with neither situs solitus nor situs inversus. As not all patients with heterotaxy show isomeric patterns, the term heterotaxy cannot be replaced by the term
isomerism. Although the bronchopulmonary relationship
can be accurately assessed by CMR or CT, atrial appendage morphology is difficult to assess and often unreliable.
Independent description of each organ system is required
when arrangements are disharmonious among different
organ systems.
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Table 2. Proposed Diagnostic Approach to Heterotaxy
Splenic Status

Systemic and Pulmonary Venous
Connections

Bronchopulmonary Relationship

Arrangement of Atrial Appendages

Normal (solitus)

Normal (solitus)

Single left, normal

Normal*

Mirror imaged (inversus)

Mirror imaged (inversus)

Single right, normal

Mirror imaged†

Right isomerism

Right isomerism

Absent

Neither normal nor mirror imaged

Left isomerism

Left isomerism

Multiple Single
lobulated or round

Neither normal nor mirror imaged

Uncertain

Uncertain

Uncertain

Uncertain

Not assessed

Not assessed

Not assessed

Not assessed

*Systemic veins including coronary sinus and pulmonary veins connecting to the right-sided and left-sided atria, respectively.
†Systemic veins including coronary sinus and pulmonary veins connecting to the left-sided and right-sided atria, respectively.
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CLINICAL PERSPECTIVE
The diagnosis of heterotaxy in clinical practice is frequently inferred from other cardiovascular and noncardiovascular findings
rather than on atrial morphology, which can be difficult to define. Our focus was to determine how frequently classic patterns
of left and right isomerism are breached and how reliable and feasible it is to define atrial appendage morphology using cardiac
magnetic resonance or computed tomography. In this study of 114 children diagnosed with heterotaxy, the atrial appendage
morphology was not definable in 15%. Of the patients who had definable atrial appendages, 39% had classic right isomerism
(bilateral right atrial appendages, right bronchopulmonary pattern, and asplenia) and 40% had classic left isomerism (bilateral left
atrial appendages, left bronchopulmonary pattern, and polysplenia). A discordant pattern of organ arrangement from the classic
left or right isomerism was found in 21.5%. Given the frequency of disharmony and practical difficulties in assessing appendage
morphology, an independent description of organ systems is recommended in cases that breach the classic pattern of isomerism.
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