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Clinical Perspective

Heterotaxy syndrome is a rare and complex disorder of the chest and abdominal organ 
arrangements, and presents a diagnostic challenge to the radiologist. This article describes 
the morphological characteristics of heterotaxy and situs abnormalities, in particular left and 
right atrial isomerism, and suggests an approach in evaluating the spectrum of abnormalities 
associated with heterotaxy syndromes, using appropriate imaging modalities.

Introduction
Heterotaxy includes a spectrum of malformations involving abnormal right-left axis 
determination. Thoraco-abdominal visceral laterality is deranged, often accompanied by midline 
defects of the face and brain. The incidence of heterotaxy is 1 in 5000–7000 live births with 
congenital heart disease.1,2 Patients may present incidentally when a chest radiograph shows 
dextrocardia or a right-sided stomach bubble, or with symptoms associated with cardiac defects, 
intestinal obstruction or immune deficiencies. Despite current advances in medical and surgical 
management, the long-term prognosis remains guarded.1,3 Right isomerism has an overall 5-year 
survival of 30% – 74% whereas left isomerism, owing to the less complex associated cardiac 
defects, fares better, with survival of between 65% and 84%.1,2

Various human genes associated with heterotaxy syndrome have been identified with varying 
phenotypical expression.1,2,4 There are four embryonic phases where left-right development 
may be affected: (1) breaking of left-right symmetry at early embryogenesis; (2) transmission of 
asymmetric signals from the node to the lateral plate mesoderm; (3) asymmetric gene expression 
in the left lateral plate mesoderm; and (4) left-right asymmetric morphogenesis of the internal 
organs. If alteration occurs at the initial stages of embryogenesis, there is usually complete 
inversion of the left-right axis (situs inversus), whilst interference at a later stage might result in 
only some organs being affected, with randomised positioning of organs along the left-right axis 
(heterotaxy) and mirror image duplication of organs (isomerism).4

The term ‘situs’ refers to the position of the atria and viscera in relation to the midline. Situs solitus 
is the usual arrangement of organs and vessels within the body, inferred when the systemic atrium, 
trilobed lung, liver, gallbladder and inferior vena cava (IVC) are positioned on the right; and the 
pulmonary atrium, bilobed lung, aortic arch, cardiac apex and stomach bubble are positioned on the 
left. In situs inversus, the anatomical arrangement of these structures is reversed and is the mirror 
image of situs solitus. Any other presentation with visceral malposition/dysmorphism associated with 
indeterminate atrial arrangement and vascular anomalies is termed situs ambiguous or heterotaxy.3,5,6

Heterotaxy is subdivided into right or left isomerism, according to the atrial appendage anatomy. 
The atrium with a broad-based appendage receiving blood from the IVC, is called the systemic 
or right atrium. The atrium with a smaller, narrower appendage receiving blood from the 
pulmonary veins, is the pulmonary or left atrium.3,5 Common morphological characteristics of 
right and left isomerism are summarised in Table 1.1,2

Thorough radiological examination of every organ system is needed to delineate all rotational 
abnormalities and their associated complications in order to plan optimal management.1,2 The 
appropriate imaging approach to heterotaxy is summarised in Figure 1.3,6,7

Imaging findings
Chest
Cardiovascular
The presence or absence of normal situs solitus can be determined on chest radiography, as 
well as certain features that are commonly seen in heterotaxy, such as dextrocardia (Figure 2) 
or mesocardia (Figure 3), right-sided stomach bubble, right-sided aortic arch and midline liver 
(Figure 4).1,3
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Echocardiography defines the intracardiac and cardiovascular 
anatomy.1,2 Right or left isomerism is defined by the 
arrangement of the atrial appendages. There are four 
possible atrial appendage arrangements (Figure 5).1,8 Right 
isomerism (Figure 6) is characterised by bilateral broad-based 
pyramidal-shaped right atrial appendages, whereas left 
isomerism (Figure 7) is identified by bilateral finger-like left 
atrial appendages.1,8 Right isomerism commonly presents 
with atrioventricular canal defects (AVCD) (Figure 8), 
pulmonary stenosis or atresia, and transposition of the great 
arteries (TGA), with or without double outflow from the 
right ventricle (DORV) (Figure 9).1 Heart defects associated 
with left isomerism tend to be less complex. Total anomalous 
pulmonary venous return (TAPVR) is common in both forms 
of isomerism.

While echocardiography remains the first-line investigation, 
cardiovascular magnetic resonance (CMR) is now the gold 

FIGURE 1: Flow diagram illustrating the imaging approach to heterotaxy 
syndrome.

Imaging Approach to Heterotaxy

Chest Radiograph
• Situs of heart, liver and stomach bubble as well as pulmonary anatomy
 (R and/or I. bronchi and pulmonary arteries)

• Abdominal ultrasound: position of liver; presence/absence of spleen(s)
 presence/absence of the biliary tree; position of mesenteric vessels

Ultrasound

Fluoroscopy

Scan (CT / MRI / CMR)

• Echocardiogram: segmental analysis of the cardiac structures and any
 defects thereof; the continuity and relationship of the great vessels

• Barium swallow (with follow through): exclude intestinal malrotation

• CMR: Gold standard to define segmental cardiac anatomy and great vessels;
 minimally invasive; no exposure to ionizing radiation
• Abdominal MRI / CT: confirms / supplements the findings of ultrasound and
 fluoroscopy

• Barium enema: position of the caecum and colon
• ± Cardiac catheterization: angiography of the heart and great vessels;
 accurate haemodynamic assessment of the cardiac defect

TABLE 1: Common morphological characteristics of right and left isomerism.

Characteristics Right isomerism Left isomerism

Cardiovascular malformations single atrium with bilateral right atrial appendages
mesocardia/dextrocardia
single right ventricle
double-outlet right ventricle
atrioventricular discordance
right-sided aortic arch
malposition of the great arteries
pulmonary stenosis/atresia
bilateral SVCs
total pulmonary venous drainage

bilateral left atrial appendages
unbalanced ventricles
partial anomalous pulmonary venous drainage
persistent left IVC draining into the left atrium
interrupted hepatic portion of IVC
left SVC

Other malformations/dysfunction bilateral right−sided lungs and bronchi: short bronchus, 
trilobed lungs
asplenia
symmetrical liver
right-sided stomach
intestinal malrotation

bilateral left-sided lungs and bronchi: long bronchus, bilobed lungs
polysplenia
midline liver
extra-hepatic biliary atresia/hypoplasia
extra-hepatic portal vein atresia
intestinal malrotation

Source: Table from electronic poster C1214 (with permission)1

FIGURE 2: Frontal chest radiograph demonstrating dextrocardia with right-sided 
aortic arch and right-sided stomach bubble in right isomerism.

FIGURE 3: Frontal chest radiograph demonstrating mesocardia with right-sided 
stomach bubble with prominent pulmonary vasculature in right isomerism.
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FIGURE 4: Frontal chest radiograph demonstrating cardiomegaly with left-sided 
stomach bubble in left isomerism.

Usual arrangement Mirror-imaged arrangement

Isomerism of right appendages Isomerism of le
 appendages

FIGURE 5: Illustration of four possible atrial appendages.

FIGURE 6: 2D echocardiogram 4-chamber view demonstrating pyramidal-
shaped bilateral right atrial appendages.

FIGURE 7: 2D echocardiogram 4-chamber view demonstrating bilateral finger-
like atrial appendages in left isomerism.

FIGURE 8: 2D echocardiogram 4-chamber view demonstrating a large 
atrioventricular septal defect.

FIGURE 9: 2D echocardiograph colour Doppler 4-chamber view demonstrating 
classic double-outlet right ventricle.

standard imaging modality in this context and is useful for 
assessment of cardiac and vascular structures and function. 
Furthermore, CMR and computed tomography (CT) are 
both useful for the study of other organs within the chest 
and abdominal cavities.3 Echocardiography and CMR are 
preferred for the absence of ionising radiation.5 However, 
the newer multidetector CT (MDCT) scanners have the 
advantage of evaluating cardiac morphology, coronary 
vasculature, great vessels angiography and abdominal 
viscera at acceptable radiation doses.5
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FIGURE 10: Illustration showing the position of the aorta and IVC in right 
isomerism.
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FIGURE 11: Illustration showing interrupted IVC continuing with azygous or 
hemizygous vein. The aorta is located on the opposite side of the midline.
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FIGURE 12: Illustration of trilobed lungs with eparterial bronchus in right 
isomerism.
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FIGURE 13: Illustration of bilobed lungs with hyparterhal bronchus in left 
isomerism.

If cardiac CT or CMR are not available or not conclusive, 
cardiac catheterisation can be done to further delineate the 
cardiac anatomy as well as the location of the aorta and IVC for 
surgical planning, as was done in our hospital. Right isomerism 
is characterised by bilateral morphological right pulmonary 
arteries, as well as bilateral superior vena cavas (SVCs) (see 
the following video: https://youtu.be/bQggzTXTkDQ)1 and 
persistent left-sided IVC (see the following video: https://
youtu.be/Q2ZQOrhCK9g).1 The abdominal aorta and 
IVC are positioned on the ipsilateral side of the midline 
(Figure 10). Typical left isomerism is characterised by 
bilateral morphological left pulmonary arteries (see the 
following video: https://youtu.be/bvjAjwJMy9c)1 and 
IVC interruption at the supra-renal level with continuation 
as azygous or hemi-azygous to the SVC (see the following 
videos: https://youtu.be/b6_N5TKJldo https://youtu.
be/cuzHJuHVECc).1 The abdominal aorta and IVC are 
located on contra-lateral sides of the midline (Figure 11).1,2 
A persistent left SVC draining to the right atrium (RA) (see 
the following video https://youtu.be/r3FGdjA-SdM)1 may 
also be seen in left isomerism.1,3

Lungs
Bronchopulmonary anatomy is consistent with atrial 
appendage structures and reinforces the diagnosis of 
heterotaxy. Right isomerism is associated with trilobed 
lungs with eparterial bronchi (Figure 12) whereas left 
isomerism is associated with bilobed lungs with hyparterial 
bronchi (Figure 13).1,8 Major lung fissures can be identified 
on conventional CT as hypovascular lucent bands, or on 
high-resolution CT as sharp lines.1,9
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Abdomen
Abdominal ultrasound is performed to determine the 
presence or absence of the spleen, the position of the liver, 
the presence and position of the gallbladder, and the position 
of the mesenteric arteries.1,3

Asplenia in right isomerism has the complication of increased 
risk of infection. Polysplenia in left isomerism is more 
common in female subjects.3 There may be hyperclefting of 
the spleen or numerous separate splenules (from 5 to 16) 
located in the region of the greater curvature of the stomach.10 
Whilst the anatomy described is most typical, there is 
enormous variability and the splenules are not necessarily 
nonfunctional.7,10

Intestinal malrotation occurs in both right and left isomerism, 
with a slightly higher incidence in right isomerism. 
Fluoroscopic upper gastrointestinal examination (such as 
barium meal with follow-through) can show the duodenal 
and jejunal locations; there is often mal- or non-rotation 
with malposition of the duodenal-jejunal junction (DJJ) but 
the position of the small bowel beyond the DJJ is variable.7,10 
CT and MRI may be necessary if further anatomical detail is 
required.1,3

There is a direct association of bowel malrotation with 
abnormal morphology, malposition and inversion of the 
pancreas as both develop embryologically in the dorsal 
mesogastrium.10 It is also important to be aware of the 
position of the pre-duodenal portal vein and mesenteric 
arteries and veins if surgical procedures are to be 
performed. The latter vessels are useful as a marker for 
malrotation.7,10

Conclusion
Heterotaxy syndrome is associated with serious congenital 
heart defects as well as abnormalities in many other 
organ systems. Accurate and timeous investigation with 
appropriate imaging can greatly improve patient outcomes. 
As cardiac surgical techniques advance with increasing 
patient survival, so too will the need to investigate and 
address the many extra-cardiac systems involved.
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