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Abstract
Heterotaxy syndrome (HS) constitutes a spectrum of anomalies arising from embryological errors that result in
abnormalities of lateralization involving thoraco-abdominal viscera and culminate in loss of normal asymmetric
arrangement of these organs. Besides the unique challenges involved in planning and execution of surgical proce-
dures aimed at correction or palliation of these anomalies, they have the potential to cause profound physiological
and immunological consequences in the individual patient due to their cardiac and extra-cardiac manifestations. This
article aims to review the literature on this rare and extraordinary subset of developmental anomalies with the
intention of familiarizing the reader on the modes of presentation, manifestations, and the variations thereof while
dealing with this anomaly. In our institutional experience with HS, 75 consecutive patients were seen between
January 2011 and September 2018. Of these, 48 (64%) were confirmed to have isomerism of right atrial appendages
(IRAA) and the rest had isomerism of left atrial appendages (ILAA). The cardiac and extra-cardiac manifestations of
these patients were listed out. Fifty-four patients (34 with IRAA and 20 with ILAA) underwent 83 surgical proce-
dures. While 49 patients were palliated on the univentricular pathway, 5 underwent biventricular repair. The in-
hospital mortality was 7 (13%) in both groups combined (5 for patients with IRAA and 2 for ILAA). In conclusion,
the surgical management of HS is associated with satisfactory outcomes in current era.
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Introduction

The heterotaxy syndrome (HS) occurs in approximately 1 per
10,000 live births. It is characterized by abnormal lateraliza-
tion of the abdominal and thoracic organs including the cardi-
ac atria. The term heterotaxy is used interchangeably with
“visceral heterotaxy” and “heterotaxy syndrome” [1]. In this
condition, organs that typically develop asymmetrically are
noted to display symmetry and mirror image patterns. The
heterotaxy syndrome is usually associated with complex

cardiovascular malformations and almost 3% of all congenital
cardiac anomalies occur in the setting of HS [2].

Definitions and terminology

Situs solitus: Normal position of thoracic and abdominal or-
gans with the cardiac base to apex axis pointing left. The liver
and stomach bubble are on the right and left sides, respective-
ly. In addition, the morphological right (short, wide, and
straight) and left (long, narrow, and curved) bronchi are con-
cordant (Fig. 1)

Situs inversus: Opposite or mirror image of normal
Situs ambiguous: Uncertain, indeterminate, or ambiguous

position of thoracic and abdominal organs which are posi-
tioned in such a way that they have neither normal nor
mirror-imaged arrangement

Heterotaxy:Heteros (Gr.)—other/different, taxis (Gr.)—ar-
rangement. Abnormal development and arrangement of left
and right-sided structures

* Ravi Agarwal
ravagarwal@gmail.com

1 Division of Pediatric Cardiac Surgery, The Madras Medical Mission,
4-A, Dr. J.J. Nagar, Mogappair, Chennai, Tamil Nadu, India

2 Department of Pediatric Cardiology, The Madras Medical Mission,
4-A, Dr. J.J. Nagar, Mogappair, Chennai, Tamil Nadu, India

https://doi.org/10.1007/s12055-020-00935-y
Indian Journal of Thoracic and Cardiovascular Surgery (January 2021) 37 (Suppl 1):S67–S81

/Published online: 27 March 2020

http://crossmark.crossref.org/dialog/?doi=10.1007/s12055-020-00935-y&domain=pdf
http://orcid.org/0000-0001-8082-5464
mailto:ravagarwal@gmail.com


Isomerism: Isos (Gr.)—equal. Meros (Gr.)—part.
Morphological symmetry of bilateral structures which are nor-
mally asymmetrical

Molecular genetics of heterotaxy syndrome

In a developing fetus, left-right patterning occurs at an early stage
during embryogenesis, before organ formation. Heterotaxy syn-
drome is primarily induced by abnormalities of left-right axis
determination during early embryonic development.

During normal embryogenesis, the initial break in symmetry
occurs at the primitive node as a leftward “nodal flow” caused by
the unidirectional rotation of nodal cell cilia. This flow generates
asymmetry signals which are transmitted towards the left lateral
plate mesoderm (LPM) and activate the left-side specific growth
and transcription factors (including Nodal, Lefty2, and Pitx2c)
which in turn instruct the left lateral plate to generate left-sided
structures [3]. Right-sided structures appear to develop from the
right lateral plate by default.

Pitx2 is a major laterality gene which plays an important role
in the asymmetric organogenesis of heart and other visceral or-
gans. Pitx2c is a left-right asymmetric isoform which along with
some unidentified factors regulates the asymmetric organ mor-
phogenesis in the left side of body. Its dysfunction is associated
with severe cardiac malformations including right isomerism.

In humans, the genes which have been associated with left-
right laterality and heterotaxy syndrome are ZIC3, NODAL,
CFC1, ACVR2B, LEFTY2, CITED2, andGDF1. Mutations in
at least 20 genes have been identified in people with
heterotaxy syndrome [3].

Causes of heterotaxy syndrome

Heterotaxy syndrome can occur in isolation or could be a
feature of other genetic syndromes like primary ciliary

dyskinesia (Kartagener syndrome). Combinations of rare mu-
tations in genes which control early embryonic left-right pat-
terning and environmental insults during early embryogenesis
probably cause most of the cases [4].

1. Genetic abnormalities:

a. Sporadic genetic mutations like in ZIC3 gene
2. Non-genetic or environmental etiology: data based on

Baltimore-Washington infant study [5]

a. Maternal diabetes (odds ratio 5.5)
b. Family history of malformations (odds ratio 5.1)
c. Cocaine use by mother during first trimester (odds

ratio 3.7)

Modes of inheritance

1. Autosomal dominant inheritance with incomplete
penetrance

2. Autosomal recessive inheritance as evidenced by off-
spring of unaffected parents and in consanguinity. This
pattern is seen in primary ciliary dyskinesia

3. X-linked inheritance (rare) [4]

Morphological aspects of the heterotaxy
syndrome

The HS affects multiple organ systems within the body resulting
in a spectrum of anatomical defects that have widespread phys-
iological and immunological consequences. The various mor-
phological patterns are best understood under the headings of
cardiac and extra-cardiac anatomical features of the syndrome.

Cardiac manifestations

Understanding the cardiac manifestations of the HS requires
in turn, understanding the abnormal anatomical arrangements
of the heart with emphasis on the morphology of the atrial
appendages, the form and type of ventricular looping, the
connections across the atrio-ventricular and ventriculo-
arterial junction, and the relationship of the great arteries.
Furthermore, position of the cardiac mass and cardiac apex,
and abnormal connections of the systemic and pulmonary
veins to the respective atria also need to be described.

Cardiac relations and the arrangement of cardiac structures
relative to each other are best described by one of two inde-
pendent and exclusive descriptive systems: the “segmental
approach” developed by Van Praagh et al. [6] and the

Fig. 1 Computerized tomogram showing normal bronchial anatomy,
right bronchus is short and broad while left is long and narrow
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“sequential segmental approach” developed by the European
Pediatric Cardiac Code popularized by Anderson et al. [7, 8].

Atrial situs

Atrial situs refers to the arrangement of the atrial chambers on
the basis of their sidedness: lateralization. Normal lateraliza-
tion refers to the situation in situs solitus wherein the normally
right-sided and left-sided structures develop on the right and
left sides, respectively.

(a) The right atrial appendage is short, broad, and blunt,
while the left is long, narrow, and pointed.

(b) Interatrial septum contains the oval fossa which on the
right side contains the limbus while on the left it contains
the flap valve.

(c) The terminal (supra diaphragmatic) portion of the
inferior caval vein (IVC) is a reliable (though not
infallible) guide to the situs of the atria. In normal
hearts with situs solitus, the IVC lies to the right
side of the spine and opposite the location of the
descending thoracic aorta that lies on the left of the
spine. This relationship is obviously reversed in the
heart with mirror image arrangement (situs
inversus). However in hearts with heterotaxy, this
methodical relationship is altered. In the setting of
isomerism of right atrial appendage (IRAA), the
IVC lies on the same side as the descending tho-
racic aorta, while in isomerism of left atrial ap-
pendage (ILAA), the IVC is frequently interrupted
with no connection to the atrium; the azygous or
hemiazygos veins draining the lower body to the
heart.

(d) Another method to assess the situs of the atrial chambers
is the morphological characteristics of the pectinate mus-
cles and their extent within the vestibules of the respec-
tive atrioventricular junctions [9]. In the morphological
right atrium, the pectinate muscles surround the vestibule
and reach the crux of the heart while they are confined
within the appendage on the left side.

As described above, in hearts with heterotaxy, two possi-
bilities exist: namely IRAA or that of ILAA, respectively; it is
the appendages that are isomeric, and not the atria themselves.
However, Van Praagh et al. consider that the concept of atrial
isomerism is erroneous both anatomically and conceptually,
because in their view partial mirror imagery does not qualify
for isomerism [10].

Though IRAA is closely associated with absence of the
spleen (asplenia syndrome) and ILAA with multiple spleens
(polysplenia syndrome), these do not always constitute a reli-
able correlation.

Ventricular looping

The interrelationship of the ventricles, their constituent parts
like the atrioventricular junction, the ventriculo-arterial con-
nection, the ventricular mass, and the apex together make up
the topology of the ventricles.

In HS, particularly in the setting of IRAA, a univentricular
atrioventricular connection is common. However, when the
atrioventricular connection (alignment) in the setting of
heterotaxy is biventricular in nature, the heart is necessarily
situs ambiguous or “mixed” in alignment [1]. This is because,
when the atrial appendages are isomeric and one of the atrio-
ventricular connections is concordant in nature, the other has
to be necessarily discordant. The corresponding atrioventric-
ular valve determines the respective ventricle in this instance.
A common atrioventricular valve is frequent in these situa-
tions particularly in IRAA.

Similarly, in HS the nature of the ventriculo-arterial con-
nection is disturbed and variable. While all combinations and
patterns are possible, pulmonary stenosis/atresia and discor-
dant ventriculo-arterial connections are more frequent with
IRAA while concordant connections with varying levels of
left ventricular outflow obstruction are common with ILAA.

In heterotaxy, it is also mandatory to describe the position
of the cardiac mass in the chest as well as the orientation of the
cardiac apex. “Dextrocardia” refers to the situation when the
cardiac mass is on the right side while “dextroversion” is
defined as when the cardiac apex points right. Similarly,
“levocardia” and “levoversion” refers to the left-sided orien-
tation of the cardiac mass and apex, respectively.
“Mesocardia” is present when the cardiac mass occupies the
midline of the chest cavity.

Veno-atrial connections

The anomalies of veno-atrial connections constitute the hall-
mark of HS. All combinations are possible with either type of
isomerism; in many instances these anomalies dominate the
clinical picture and influence surgical decisions.

Total anomalous pulmonary venous connection (TAPVC)
is frequent in hearts with IRAA and so is the absence of cor-
onary sinus. Interruption of the inferior caval vein with conti-
nuity through the azygous or hemiazygous system is likewise
frequent in the setting of ILAA. Superior caval veins (SVC)
occurring bilaterally are frequent in both subsets of HS,
though presence of a coronary sinus in this setting occurs only
in the subset of ILAA.

Extra-cardiac manifestations

While heterotaxy may exist independent of any congenital
heart defect, it has traditionally been the cardiac manifesta-
tions that have attracted most attention. However, systemic
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involvement in HS is the rule; autopsy studies have shown a
particular propensity for midline defects in patients with
asplenia and polysplenia syndromes [11].

Immunological system

Immunological derangements expose patients with HS to in-
fections particularly with encapsulated organisms and require
prophylactic antibiotics and vaccinations [12]. Risk estimation
models have identified that asplenia was associated with in-
creased risk following cardiac surgery [13]. Howell-Jolly bod-
ies and percentage of pitted erythrocytes are sensitive tests to
assess splenic function.

Gastrointestinal system

Intestinal malrotation, biliary atresia, and midline liver are the
commonest anomalies though they may also have anomalies
like annular pancreas, duodenal atresia, trachea-esophageal
fistula, and anal atresia.

Respiratory system

Primary ciliary dyskinesia may cause pulmonary complica-
tions in patients with HS [14]. This may be related to inade-
quate clearance of secretions, atelectasis, and recurrent chest
infections.

Genitourinary system

Almost 26% of patients with HS have anomalies of the gen-
itourinary system [11]. Anomalies like horseshoe kidney, hy-
poplastic or dysplastic kidney are common.

Central nervous system

Abnormalities of the central nervous system like hydroceph-
alus, absence of the corpus callosum, meningomyelocele, etc.
can be encountered in HS.

Other anomalies

Higher platelet counts and increased incidence of thromboem-
bolism have been mentioned in association with asplenia syn-
drome [15].

Congenital porto-systemic venous connections (Abernethy
malformation) are frequently associated with polysplenia syn-
drome and univentricular heart [16]. These patients are also
prone to develop pulmonary arteriovenous malformations af-
ter total cavo-pulmonary shunt (Kawashima operation).

Classification of HS

Patients with heterotaxy are classified into two subsets based
on the morphological symmetry (isomerism) of their atrial
appendages.

Isomerism of right atrial appendage (asplenia
syndrome)

“Right isomerism is defined as a subset of heterotaxy where
some paired structures on opposite sides of the left-right axis
of the body are symmetrical mirror-images of each other, and
have the morphology of the normal right sides structures” [1].
Right isomerism is also called Ivemark syndrome. Several
studies have demonstrated a strong predilection (80%) for
IRAA in the Asian population [17, 18].

The features of right isomerism can be summarized as follows:
1. Cardiac position: Usually abnormal, displaying either

dextrocardia or mesocardia. However, levocardia may also
be seen.

2. Morphology of the atrial appendage: Both atrial append-
ages display the morphological features of the right atrial ap-
pendage (broad-based, triangular shape) (Fig. 2).

3. Systemic venous return: Bilateral SVC occurs in almost
71%of cases.When twoSVCs are present, they typically connect
to the top corner of corresponding atrium. IVC drains into one of
the atria; hepatic venous drainage may well be to the contralateral
atrium. Coronary sinus is absent in almost 100% cases.

4. Pulmonary venous drainage: Frequent occurrence of
extra-cardiac TAPVC with more than 50% incidence. May
be obstructed frequently.

5. Inter artrial septum: Common atrium frequent.
6. Atrioventricular junction: Complete atrioventricular sep-

tal defect (AVSD) with common atrioventricular valve (93%).
7. Atrioventricular connection: Frequently univentricular

in nature (70%) with a solitary ventricular chamber.
8. Ventricular outflow: Pulmonary stenosis or atresia is

frequent (96%); systemic arterial outflow obstruction is rare.

Fig. 2 Computerized tomogram showing bilateral appendages of right
atrial morphology
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9. Ventriculo-arterial connection: Frequently abnormal
(95%). Discordant connections and double outlet right ventri-
cle are common (82%).

10. Conduction system: Bilateral sino-atrial node, one in each
atrium. Two atrioventricular (AV) nodes may be present with
sling of conduction tissue. Atrial tachyarrhythmias are common.

11. Extra-cardiac anomalies

(a) Spleen: Characteristically absent. If present (10–15%),
abnormal and hypo functional.

(b) Lungs and bronchi: Two trilobed lungs with bilateral
eparterial bronchi (Fig. 3)

(c) Liver: Central and transverse (Fig. 4)
(d) Bowel: Malrotation less frequent.

Isomerism of left atrial appendage (polysplenia
syndrome)

It is defined as “a subset of Heterotaxy where some paired
structures on opposite sides of the left-right axis of the body
are symmetrical mirror images of each other and have the
morphology of normal left sided structures” [1].

These patients have bilateral bi-lobed lungs with hyparterial
bronchi and multiple spleens (polysplenia). The cardiac anoma-
lies associated with left isomerism are as follows:

1. Cardiac position: Abnormal in 40–50% cases.
2. Atrial appendage: Both display morphology of left atrial

appendage.
3. Systemic veins

(a) Bilateral SVC occurs in two thirds of patients; one may
connect to the coronary sinus.

(b) IVC interruption and azygous extension to right or left
SVC occurs exclusively in patients with left atrial isom-
erism; the incidence is about 80%. When the IVC con-
nects directly to atria from below, it may connect to the

left- or right-sided atrium. Similarly, hepatic veins may
connect to both atria or to both sides of a common
atrium.

4. Pulmonary venous return: Partial anomalous pulmonary
venous connection (PAPVC) can be seen in > 50% cases due
to bilateral atrial connection of ipsilateral pulmonary veins or
due to septal malalignment. Rarely TAPVC may be present.

5. Interatrial septum: AV septal defect is common (but
prevalence is higher in right atrial isomerism), most patients
have a common atrioventricular orifice. Very rarely the atrial
septum is well formed and intact.

6. Atrioventricular connection: The atrioventricular con-
nection is biventricular but ambiguous in 75%.

7. Ventriculo-arterial connection: Ventriculo-arterial con-
nection is either discordant or double outlet right ventricle in
20–30%.

8. Ventricular outflow: Unobstructed pulmonary outflow is
common, 50% have pulmonary stenosis and < 10% may have
pulmonary atresia. Sub-aortic obstruction may occur in 22%.

9. Conduction system

(a) Absence of sinus node in most cases; if present, it is
abnormally positioned and hypoplastic. Clinically mani-
fests as slow atrial or junctional rhythm and abnormal
axis of P waves on electrocardiogram (ECG)

(b) Complete heart block may occur in some neonates with
left atrial isomerism.

Disharmonious patterns of heterotaxy
and isomerism

The classification of heterotaxy in left and right atrial isomer-
ism relies on the morphology of atrial appendages which

Fig. 3 Computerized tomogram showing bilateral right bronchial
anatomy in a patient with right atrial isomerism

Fig. 4 Computerized tomogram of abdomen showing transverse liver
and right-sided stomach in a patient with right atrial isomerism. Spleen
is absent
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sometimes is challenging to assess in vivo by echocardiogra-
phy and other cross-sectional imaging. Therefore in clinical
setting, sometimes the atrial situs determination is based on
the general pattern of associated cardiovascular and other non-
cardiac findings rather than actual and accurate assessment of
atrial morphology.

However, there is growing evidence that the twomost com-
mon methods of classifying HS (based on morphology of
atrial appendage and status of spleen) are frequently inconsis-
tent with the expected pattern of cardiac and non-cardiac
anomalies. Yim et al. [19] in a retrospective analysis of non-
invasive imaging data (based on cardiac magnetic resonance
imaging, computerized tomographic scan, or both) of 114 pa-
tients with heterotaxy have demonstrated that the general fea-
tures of classic isomerism were breached in > 20% patients
and the inconsistency was more prevalent with polysplenia
compared to asplenia syndrome. The study demonstrated that
polysplenia was associated with inconsistent anatomy of atrial
appendages in 21% and inappropriate bronchopulmonary
branching pattern in 25% cases.

They further observed that the determination of
bronchopulmonary relationship (eparterial or hyparterial)
based on computerized tomography (CT) or magnetic reso-
nance imaging (MRI) was more consistent with the right or
left atrial isomeric pattern.

This study emphasized that the cardiac and extra-cardiac
manifestations which are classically described with left and
right atrial isomerism are mere statistical associations and
not rules [20]. Accurate diagnosis should take into account
the variability and unpredictability of this complex heart con-
dition and should include independent description of each
organ system to dispel any ambiguity; particularly when there
is disharmony between different systems of organs.

Clinical presentation and diagnosis

There are no clinical features which are specific to atrial isom-
erism; the manifestations depend on the specific cardiac
anomaly present in a particular case.

Radiography

Although the precise intra-cardiac diagnosis cannot be made
by the radiologist, characteristic radiologic findings of specific
cardiovascular malformations may be apparent on the chest
radiograph. Position of the heart such as levocardia,
mesocardia, or dextrocardia is evident on chest X-ray.

A transverse liver seen as a midline shadow in an X-ray
would point to visceral heterotaxy.

The evaluation of pulmonary vasculature and lung fields
may reveal oligemia or hyperemia based on the physiology
resulting from a particular cardiovascular malformation.

The chest radiograph can also be useful to raise the suspi-
cion of TAPVC, particularly if the drainage is obstructed.

Bronchial isomerism can be assessed by comparing bron-
chial lengths on chest X-ray. A ratio of bronchial lengths less
than 1.5 is indicative of bronchial isomerism. Once bronchial
isomerism is confirmed, right isomerism can be distinguished
from left isomerism by measuring the bronchial angles.
Angles less than 135° are consistent with left isomerism while
angles greater indicate right isomerism [21].

Electrocardiography

Though the majority of patients with heterotaxy may have
sinus rhythm, many would not always show sinus rhythm on
24 hHolter monitoring. In some patients with right isomerism,
P waves of both right and left atrial origin may be seen at
different times due to presence of bilateral sinus nodes [22].

In left isomerism, the sinus node may be hypoplastic and
slowing of heart rate may be noticed with age; pacemaker may
be required later in life [23, 24]. Patients with left isomerism
may also exhibit varying degrees of atrioventricular block
especially when associated with atrioventricular septal defect,
which is rarely seen in patients with right isomerism.

Although rare, a variety of supraventricular arrhythmia
substrates are found in adults with atrial isomerism. The types
of supraventricular tachycardia reported are macro reentrant
atrial tachycardia, focal atrial tachycardia, and atrial fibrilla-
tion. Unusual tachycardia mechanisms have also been occa-
sionally reported, such as twin AV nodal reentrant tachycardia
[25].

Abdominal ultrasound

In the past, heterotaxy was typically segregated into the sub-
sets of so-called asplenia and polysplenia syndromes. Though
HS cannot be strictly classified thus, it is important nonethe-
less to specifically delineate splenic anatomy by abdominal
ultrasound. In right isomerism, typically the spleen is absent
and in left isomerism multiple splenules may be present.

Abdominal ultrasonography identifies position of aorta,
IVC, and position of the liver. Major liver mass is on the right
side in situs solitus, on the left in situs inversus, and transverse
in situs ambiguous. Ultrasound of the abdomen would also
identify the presence or absence of abnormalities of the biliary
tree and the orientation of mesenteric vessels.

Echocardiography

The important anatomical features of cardiac anomaly associ-
ated with HS can be delineated by Doppler echocardiography
even in newborns and infants.

Approximately one third of the patients with HS have
dextrocardia. In left isomerism, the suprarenal segment of
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IVC is interrupted with azygous continuation to either a left or
right SVC. A cross-sectional view of the abdomen at the level
of the spine will determine the arrangement of the aorta, IVC,
and azygous veins. In right isomerism, the IVC is to the same
side of the spine as aorta, either slightly anterior or to the left
of the aorta and in left isomerism, the azygous vein is posterior
to the aorta in the paravertebral space [26].

It is important to clearly delineate the connections and drain-
age of all systemic and pulmonary veins in patients with HS.
TAPVC to a systemic vein has been found in about two thirds
of patients with right isomerism, whereas it is rare with left isom-
erism. Presence of obstruction to pulmonary venous drainage is
an important finding to necessitate early surgical intervention.

An abnormality of the atrioventricular canal portion of the
heart is common to all the patients with HS. The echocardiogra-
phy must clearly delineate the status of interatrial septum, atrio-
ventricular valves, inter-ventricular septum, and atrioventricular
connections. Presence or absence and the degree of atrioventric-
ular valve incompetence have implications for surgical strategy
as well as long-term prognosis of the patient.

The ventriculo-arterial alignment as seen by echocardiogra-
phy defining the relative alignment of the great vessels to a
ventricular septal defect is essential to plan surgical strategy.
Many of the heterotaxy patients have double outlet right ventricle
and transposition of great vessels. Pulmonary stenosis or atresia
is fairly common in right isomerism and is also seen in almost
half the patients with left isomerism. Systemic outflow obstruc-
tion should also be looked for in left isomerism patients.

CT and MRI

Although echocardiography is the first-line investigation, car-
diovascular magnetic resonance (CMR) is now the gold stan-
dard imaging modality and is useful for assessment of cardiac
and vascular structures and function. CMR and CT are also
useful for the study of other organs within the chest and ab-
dominal cavities. Echocardiography and CMR are preferred
as they involve no radiation hazard. However, the newer
multi-detector computerized tomography (MDCT) scanners
have the advantage of evaluating cardiac morphology, great
vessel angiography, and abdominal viscera at acceptable radi-
ation doses.

Cardiac catheterization

If cardiac CT or CMR are not available or inconclusive, car-
diac catheterization can be performed to delineate the cardiac
anatomy and study the hemodynamics for surgical planning. It
helps in delineation of pulmonary artery anatomy, measure-
ment of pulmonary artery pressure, and calculation of pulmo-
nary vascular resistance for single ventricle palliation.

It is also useful in identification and treatment of rare extra-
cardiac anomalies such as pulmonary arteriovenous

malformation (Fig. 5) and congenital extra-hepatic porto-sys-
temic shunt (Abernethy malformation) found in association
with polysplenia.

Prenatal diagnosis

1. Fetal echocardiography should be carried out in a segmental
approach using standardized anatomical planes along with
pulsed wave and color Doppler imaging.

Left isomerism is diagnosed when two of the following
findings are present: [27].

i. Situs ambiguous (discordant laterality of stomach, portal
sinus, or gallbladder)

ii. Azygous continuation of interrupted inferior vena cava
iii. Early fetal heart block
iv. Complete AV septal defect or other structural heart

disease

Right isomerism is diagnosed in presence of at least two of
the following findings: [27].

i. Situs ambiguous
ii. Structural heart defect i.e. complete AV septal defect
iii. Juxtaposition of inferior vena cava and descending aorta

Although most features of heterotaxy syndrome can be
diagnosed accurately by fetal echocardiography, pulmonary
venous obstruction and coarctation of aorta are difficult to
diagnose prenatally [28].

2. Fetal MIR:While fetal echocardiography is still the most
commonly used modality to image the fetus, MRI has

Fig. 5 Pulmonary angiogram depicting extensive pulmonary arterio-
venous malformation in the right lung of a patient with left atrial isomer-
ism post Kawashima operation
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advantages for evaluation of the central nervous system,
bronchopulmonary, and abdominal malformations. More re-
cently, cardiac malformations have increasingly been identi-
fied using fetal MRI. The technique offers improved delinea-
tion of anatomy when compared to fetal echocardiography; it
provides multiple viewing planes and is not limited by mater-
nal obesity, oligohydramnios, or the fetal lie [29].

Surgical management

The syndrome of heterotaxy constitutes a spectrum of anomalies
that involve multiple organ systems. Treatment of these patients
is therefore determined by the nature of various cardiac and
extra-cardiac abnormalities. The associated extra-cardiac anom-
alies, such as ciliary dysfunction, intestinal malrotation, and
asplenia, are known to influence the early postoperative morbid-
ity as well as the long-term outcomes.

In many instances, in fact the majority, surgical treatment is
palliative in nature due to failure to achieve complete anatomical
reconstruction. As with all patients having congenital cardiac
anomalies, patients with HS too have two modes of surgical
options available to them, i.e., biventricular repair or
univentricular type operations.

A significant number of these patients require initial palliation
during the neonatal period dictated by the anatomy as well as the
degree of pulmonary or systemic outflow obstruction.
Accordingly, the baby may require a systemic to pulmonary
artery shunt, pulmonary artery banding, TAPVC repair, or repair
of coarctation/Norwood operation. Subsequently, they may un-
dergo a definitive surgical procedure or may require multiple
palliative operations along their eventual single ventricle
pathway.

Biventricular repair

A significant minority of patients born with HS are considered to
be suitable candidates for biventricular repair.

Patients with left isomerism in general are more suited for
possible biventricular repair strategies. These patients more fre-
quently have balanced atrioventricular septal defects and con-
cordant atrioventricular connections albeit with anomalies of
systemic and pulmonary venous return. Biventricular anatomi-
cal repair though difficult can be achieved by complex intra-
atrial baffling along with the repair of AV septal defect which is
usually associated in these cases [30]. It must however be borne
in mind that many of these patients with left isomerism have
propensity to develop left ventricular outflow tract narrowing
leading to sub-aortic stenosis that may require reoperations in
future.

Unlike left isomerism, patients with right isomerism have
less likelihood of having anatomical features conducive to
biventricular repair. Successful biventricular repair has

however been reported in this subset as well [31–33] and
can be considered in carefully selected patients.
Biventricular repair in this group of patients may require com-
plex intraventricular baffle, repair of AV septal defect, place-
ment of right ventricle (RV) to pulmonary artery (PA) conduit,
and TAPVC repair.

1.1 Patient selection for biventricular repair: the morpho-
logical characteristics of patients with HS are so variable that
there are no clear guidelines to determine suitability for
biventricular repair and each case has to be considered on its
own merits. However, presence of few favorable anatomic
features is essential to attempt biventricular repair [32].

a. Two ventricles of adequate volume and function. In a
publication from Children’s Hospital Boston [32], pres-
ence of unbalanced ventricle was identified as an indepen-
dent risk factor for death (hazard ratio 29.6; p = 0.006)

b. Septatable atrioventricular valves
c. Veno-atrial connections which can be safely baffled to

respective ventricles

1.2 Outcome of biventricular repair:

a. Mortality: rate ranges from 4 to 20% in different series
[32, 33]

b. Presence of atrioventricular valve incompetence and
anomalous pulmonary venous drainage should not be
considered absolute contraindications for biventricular re-
pair and they have not been found to contribute to
mortality.

c. Arrhythmias:

i. Postoperative atrioventricular block may occur in 30–
40% patients after biventricular repair due to morpho-
logical variations and complexity of ventricular septal
defect (VSD) closure.

ii. Tachyarrhythmias including junctional tachycardia,
ectopic atrial tachycardia, and ventricular tachycardia
may occur in 16.5% patients [32]

d. Reinterventions and reoperation: Catheter-based
reintervention and reoperations are required for 23 and
30% patients, respectively. Pulmonary stenosis, pulmo-
nary atresia, and common AV valve were identified as
independent predictors for the need of reintervention
and reoperation [32].

e. Gastrointestinal complications: Perioperative bowel per-
foration due to gut malrotation has been reported [33]
and is one of the causes of perioperative morbidity and
mortality. High index of suspicion should be maintained
in babies having prolonged ileus in postoperative period.

To summarize, the survival after biventricular repair for
babies with HS is excellent in patients who have favorable
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anatomy but they are prone for arrhythmias and
reinterventions/reoperations. It has been observed that the sur-
vival reported after single ventricle palliation for HS is com-
parable to that reported for biventricular repair, but the func-
tional status was better preserved for patients who had
biventricular repair [32].

Univentricular repair

The majority of patients with heterotaxy (almost all with right
atrial isomerism and significant numbers with left atrial isom-
erism) do not have anatomy amenable to biventricular repair.
Complex malformations characterized by combination of si-
tus ambiguous, double inlet ventricle, straddling atrioventric-
ular valves, unbalanced ventricles with common atrioventric-
ular valve, and malformations like criss-cross atrioventricular
relationship preclude biventricular repair in these patients.

Univentricular palliation for babies with HS and single
ventricle physiology becomes more challenging due to the
presence of additional morphological features like TAPVC,
atrioventricular valve anomalies, pulmonary atresia, and con-
duction abnormalities including tachyarrhythmias and heart
block; all of which are considered to be risk factors for in-
creased morbidity and mortality.

Many of these children require palliative procedures in ear-
ly infancy to achieve balanced pulmonary blood flow, unob-
structed pulmonary venous return, and systemic outflow. The
aim of these early interventions is to prepare them for bidirec-
tional cavo-pulmonary shunt and eventual Fontan type final
palliation.

2.1 Indications for single ventricle palliation in HS:

a. Extreme hypoplasia of either ventricle
b. Inability to achieve two separate AV valves of adequate

size and competence
c. Veno-atrial connections which preclude complete separa-

tion of systemic and pulmonary venous return
d. Non-committed or remote VSD in the setting of double

outlet right ventricle (relative contraindication for
biventricular repair)

2.2 Complexities, risk factors, and outcome
a. Anomalous pulmonary venous connection: Neonates

with HS, single ventricle physiology, and anomalous pulmo-
nary venous connection are a particularly challenging subset
to manage; especially when the pulmonary venous drainage is
significantly obstructed. Various series have reported a mor-
tality of 33 to 64% during initial palliation [34, 35]. In this
situation it is very difficult to assess the amount of antegrade
pulmonary blood flow (except in patients with pulmonary
atresia) and a surgical procedure involving the repair of
TAPVC combined with a systemic to pulmonary artery shunt
is most likely to yield a predictable outcome [36].

The outcome of TAPVC repair in patients with HS was
studied in a multi-institutional cohort selected from the STS
database which included patients from the year 2000 to
January 2014 and the results were published in 2015 [37].
The authors concluded that there is substantial early mortality
in patients with HS undergoing repair of TAPVC and that the
outcomes are worse when the patients have functionally
univentricular physiology (mortality rate 43% for single ven-
tricle group vs. 30% for non-single ventricle group, p = 0.03).

b. Atrioventricular valve incompetence: Many patients
with HS have a common atrioventricular valve which is prone
to develop progressive regurgitation over time. In this situa-
tion, early reduction of volume overload on the single ventri-
cle is very important and superior cavo-pulmonary anastomo-
sis should be performed at an early age.

Significant incompetence of AV valves is a factor associat-
ed with poor long-term outcome and AV valve repair should
be performed whenever indicated, even during neonatal palli-
ation. Leaflet apposition, cleft closure, Alfieri type of repair,
and segmental annuloplasty techniques have been employed
to achieve competence of regurgitant common AV valves. If
one component of the valve is grossly incompetent and the
other is of adequate size and competence, the leaking valve
can be closed completely using a pericardial patch.

c. IVC interruption and azygous or hemiazygous continu-
ation: Particularly important in the setting of left atrial isom-
erism is the issue of interruption of the IVC, in which instance,
the bidirectional cavo-pulmonary connection (Kawashima op-
eration) in effect routes all systemic venous blood to the pul-
monary circulation with the only exception of hepatic veins.
This may result in significant long-term morbidity due to de-
velopment of pulmonary arteriovenous malformations
(PAVMs) caused by non-inclusion of hepatic factor in the
pulmonary circulation. In a follow-up study of children who
underwent Kawashima operation for HS and IVC interrup-
tion, 58% developed pulmonary AVMs within a median
follow-up duration of 5 years [38]. These patients necessarily
require subsequent completion of a Fontan procedure to redi-
rect the hepatic venous blood to the lungs [39].

Although these PAVMs regress in most cases after redirec-
tion of hepatic venous blood to the pulmonary circulation, the
surgery carries high operative risk and sometimes the PAVMs
may not regress completely. The emphasis now is not to treat
but to prevent the development of PAVMs in such cases and
the following recommendations have been made by Vouhe in
his editorial commentary [40]:

i. At the time of Kawashima procedure, antegrade pulmo-
nary blood flow should be maintained if pulmonary steno-
sis is severe enough to allow low pulmonary pressure. This
may be particularly relevant if the patient is not an ideal
candidate for eventual Fontan completion due to atrioven-
tricular valve incompetence or ventricular dysfunction.
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ii. Fontan completion should be performed electively 1–
2 years after the Kawashima procedure, when the criteria
for a successful Fontan procedure are met. Care should be
taken to avoid streaming of hepatic venous blood to a
single lung.

iii. In an ideal Fontan candidate, single stage total cavo-
pulmonary connection without intervening Kawashima
procedure could be an option.

d. Hepatic venous drainage and its inclusion in Fontan
pathway: Many times in patients with HS, the hepatic
veins may drain separate from the IVC to the contralat-
eral atrium; or in patients with interrupted IVC the hepat-
ic veins may drain individually to both sides of the com-
mon atrium. This anatomy should be carefully looked for
and if required the atrium should be opened after admin-
istration of cardioplegia to identify and include all the
hepatic veins in the Fontan pathway. Intra/extra-cardiac
technique of Fontan completion can be employed by
suturing the intra-cardiac portion of the conduit around
the IVC and hepatic veins [41]. Alternatively, if extra-
cardiac Fontan is being performed, the conduit can be
beveled to include the IVC and hepatic veins which have
been separated from the atriumwith a cuff of atrial tissue.

e. Outcome of single ventricle palliation for HS: The
overall outcome of children with HS is generally poor
and there is significant mortality before or at the time of
initial palliation. The results of first stage palliation in
neonates with HS and single ventricle physiology when
compared with that of non-heterotaxy babies revealed
that the heterotaxy babies exhibit more resource utiliza-
tion (duration of ventilation and stay in intensive care
unit), more complicated post-surgical course, higher op-
erative mortality, and lower overall survival [42, 43].

It was observed in one study that the risk of mortality
in patients with HS is highest at the time of first stage
palliation and during the inter-stage period before second
stage palliation. No mortality was reported after cavo-
pulmonary anastomosis, Kawashima procedure, and
Fontan completion [44]. The authors state that they rely
on early identification and treatment of residual or recur-
rent cardiac lesions, complete gastrointestinal system
workup to identify and surgically correct patients with
malrotation of gut, and aggressive home monitoring pro-
gram to achieve this successful outcome.

Factors affecting early outcomes and quality of life
following single ventricle palliation along the Fontan
pathway include presence of anomalous pulmonary ve-
nous return (particularly obstructed) and/or presence of
more than moderate atrioventricular valve regurgitation.
Significant atrioventricular valve insufficiency is usually
multifactorial and it is difficult to achieve satisfactory
long-term surgical outcome. Aggressive approach

towards repair of these has been shown to improve the
outcome following Fontan completion [44].

There are conflicting reports in literature about the mid- and
long-term results of Fontan operation in patients with single ven-
tricle physiology associated with HS compared to those who do
not have HS. Use of extra-cardiac conduit, early detection, and
repair of associated anomalies before the Fontan procedure have
resulted in improved early and mid-term outcomes [45]. Mayo
clinic group has also reported improved survival of this group of
patients in the latter part of their experience (1995 to 2004), but
during a median follow-up of 15 years there was a 46% incidence
of arrhythmias and 22% required permanent pacemaker [46]. Kim
et al. retrospectively reviewed 185 patients who had undergone
extra-cardiac Fontan procedure from 1996 to 2005 and compared
the outcome of patients who had HSwith non-heterotaxy patients.
The outcome was not found to be different between two groups
except higher incidence of early and late arrhythmias in patients
with HS [47]. The Pediatric Heart Network conducted a
multicentric cross-sectional study of 546 survivors of Fontan pro-
cedure including HS and non-HS patients. The patients with HS
had greater degree of AV valve incompetence on echocardiogra-
phy and higher incidence of arrhythmias; but there were no im-
portant differences in exercise performance and functional health
status between the two groups [48].

2.3 Heart transplantation for single ventricle physiology
with HS: A systematic review andmeta-analysis was conduct-
ed using all the citations from January 1998 to December
2017 dealing with the risk factors for death or heart transplan-
tation among patients with single ventricle physiology includ-
ing HS. The authors found that the rate of heart transplantation
was low in the high risk non-hypoplastic left heart syndrome
(HLHS) single ventricle population. Ventricular dysfunction
and systemic AV valve regurgitationwere identified as the risk
factors for death and heart transplantation in patients with
single ventricle physiology and HS. They recommend that
these simple predictors should be used to guide early referral
of these patients for advanced therapy including heart trans-
plantation [49].

Our institutional experience

The medical records of all patients who presented from 2011
to 2018 with a diagnosis of HS, situs ambiguous, and left or
right atrial isomerism were reviewed.

There were 75 patients with a diagnosis of HS; 48 were
identified as right atrial isomerism and 27 had features of left
atrial isomerism.

In patients with right atrial isomerism, there were 36 males
and 12 females with age ranging from 15 days to 31 years
(median age 3.5 years). The patients with left atrial isomerism
had 17 males and 10 females with age range from 1 month to
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Table 1 Morphological characteristics of right and left atrial isomerism

Serial no. Morphological feature Right isomerism (n = 48) Left isomerism (n = 27)

1 Gender

Male 36 (75%) 17 (63%)

Female 12 (25%) 10 (37%)

2 Cardiac position

Levocardia 29 (60.4%) 17 (63%)

Dextrocardia 18 (37.5%) 07 (26%)

Mesocardia 01 (2.08%) 03 (11%)

3 SVC position

Bilateral 32 (66.67%) 12 (44.44%)

Right SVC 13 (27.08%) 12 (44.44%)

Left SVC 03 (6.25%) 03 (11.11%)

4 IVC drainage

To right atrium 26 (54.17%) Nil

To left atrium 14 (29.17%) Nil

Hepatic veins to contralateral atrium 08 (16.66%) N/A

Interrupted IVC 27 (100%)

5 Aorto-caval juxtaposition 48 (100%) Nil

6 Coronary sinus

Absent 48 (100%) 16 (59.3%)

Present – 11 (40.7%)

7 Pulmonary veins

TAPVC 14/48 (29.1%) 02/27 (7.4%)

Obstructed 03/14 (21.4%) 0

Unobstructed 11/14 (78.6%) 02/02 (100%)

HAPVC Nil 02/27 (7.4%)

PAPVC 01/48 Nil

8 Interatrial septum

Common atrium 45 (93.75%) 22 (81.5%)

Small ASD/PFO 02 (4.16%) 04 (14.8%)

Intact atrial septum 01 (2.08%) 01 (3.7%)

9 Atrioventricular Valve

Common AV valve 37 (77.1%) 13 (48.1%)

Two AV valves 11 (22.9%) 14 (51.9%)

Hypoplastic left AV valve Nil 02/14 (14.3%)

10 AV valve incompetence

No 08 (16.6%) 04 (14.8%)

Trivial/mild 25 (52.1%) 15 (55.5%)

Moderate 11 (22.9%) 06 (22.2%)

Severe 04 (8.3%) 02 (7.4%)

11 Inter-ventricular septum

Intact 01 (2.1%) 06 (22.2%)

Large VSD 47 (97.9%) 21 (77.8%)

12 Atrioventricular connection

Univentricular 41 (85.4%) 17 (63%)

Biventricular 07 (14.5%) 10 (37%)

13 Ventriculo-arterial connection

NRGA 09 (18.75%) 10 (37.03%)

DORV 37 (77.08%) 16 (59.26%)

TGA 02 (4.17%) 01 (3.7%)
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22 years (median age 3 years). The morphological features of
these patients are presented in Table 1.

Management strategies and outcome Among 48 patients
with right atrial isomerism, 34 patients underwent 57 surgical

Table 1 (continued)

Serial no. Morphological feature Right isomerism (n = 48) Left isomerism (n = 27)

14 Ventricular outflow

Pulmonary atresia 06/48 (12.5%) 04/27 (14.8%)

Pulmonary stenosis 38/48 (79.2%) 13/27 (48.1%)

Sub-aortic obstruction Nil 01/27 (3.7%)

15 Rhythm

Normal sinus rhythm 41/48 (85.4%) 11/27 (40.7%)

Ectopic atrial rhythm 05/48 (10.4%) 12/27 (44.4%)

Atrial flutter 01/48 (2.1%) Nil

Supraventricular arrhythmia 01/48 (2.1%) 02/27 (7.4%)

CHB Nil 02/27 (7.4%)

16 Pulmonary AV malformations Nil

Mild 01/27 (3.7%)

Extensive 04/27 (14.8%)

17 Liver

Midline 48 (100%) 16 (59.25%)

Right side Nil 09 (33.3%)

Left side Nil 02 (7.4%)

18 Spleen

Asplenia 40 (83.3%) not reported in 8 cases N/A

Polysplenia Nil Data not available

19 Abernathy malformation Nil 2/27 (7.4%)

Table 2 Management of patients with right atrial isomerism (n = 48)

Serial no. Procedure performed No. of patients Remarks

1 Biventricular repair (partial AV canal repair) 1 Alive, on follow-up moderate MR

2 Systemic artery to pulmonary artery shunt 3 Survived to next stage

3 Bidirectional cavo-pulmonary shunt 30 Survived to next stage

With TAPVC repair 4/30

4 Extra-cardiac Fontan completion 20 2/20 expired

With AV valve repair 2/20

With AV valve replacement 1/20

With pacemaker implantation 1/20

5 AV valve re-replacement in a patient with Fontan + AV valve replacement 1 Expired

6 TAPVC repair

With PA banding 1 Expired

BT shunt 1 Expired

7 Catheter-based interventions 2

Balloon pulmonary valvotomy 1/2 Unsuitable for single ventricle repair strategy
RVOT stenting 1/2

8 No interventions performed 12

High PA pressure 6

Parents refused surgery 5

Absent central PA’s 1
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procedures. One patient (2.08%) underwent biventricular re-
pair (repair of partial AV septal defect) and 33 (68.75%)
underwent single ventricle palliation; the procedures per-
formed are presented in Table 2.

Among the patients routed through single ventricle pathway,
six patients underwent concomitant TAPVC repair. Two of them
were performed in early infancy; concomitant PA banding or
aorto-pulmonary shunt was performed in one case each. Both
these patients expired. Four patients had TAPVC repair later in
life (age 4.5–7 years) and were performed at the time of bidirec-
tional cavo-pulmonary shunt. All four survived to the next stage.

Six patients did not qualify for surgical palliation due to
high pulmonary artery pressure and one due to absence of
central pulmonary arteries; five patients refused surgery (three
of them were high risk due to TAPVC with or without AV
valve incompetence). Two patients had catheter-based inter-
vention for palliation.

Out of 34 patients who underwent surgery, there were five
in-hospital deaths (14.7%). Two patients expired after TAPVC
repair in early infancy and two after staged Fontan completion.
One patient who had undergone Fontan completion with AV
valve replacement and permanent pacemaker implantation ear-
lier died after surgery for re-replacement of degenerated bio
prosthetic valve.

Twenty-seven patients were diagnosed as left atrial isom-
erism. Twenty of them underwent 26 surgical procedures out
of which 4 (20%) were biventricular repairs. The details of
surgical procedures are presented in Table 3.

Two patients did not qualify for single ventricle palliation
due to high pulmonary artery pressure and one had structurally
normal heart except for abnormal systemic venous connec-
tions and atrial tachycardia in the setting of left atrial isomer-
ism. Four patients are awaiting cavo-pulmonary anastomosis.

There were two in-hospital deaths (10%); one patient died
of cardiac tamponade following Fontan completion for

extensive bilateral pulmonary arteriovenous malformations.
Second patient had severe AV valve incompetence and ven-
tricular dysfunction with complete heart block late after
Kawashima procedure. This patient expired after epicardial
permanent pacemaker implantation.

Summary To summarize, HS is a generalized somatic laterality disorder
characterized by abnormal arrangement of thoracic and abdominal viscera.
It is associated with complex congenital cardiac malformations which are
usually grouped as isomerism of right or left atrial appendages. Most of the
cardiac anomalies associated with HS are managed by univentricular path-
way, albeit some are amenable for biventricular repair; more so in patients
with left atrial isomerism. Biventricular repair strategy provides excellent
long-term functional outcome but with a higher incidence of reinterventions
and reoperations. The results of univentricular palliation in this setting have
improved due to thoughtful early preparation and careful conduct of modified
Fontan procedure. Presence of obstructed TAPVC and significant atrioven-
tricular valve incompetence has been associated with poor outcome in pa-
tients with single ventricle physiology and aggressive approach towards their
repair is recommended.
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