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Cardiac malpositions

Definitions
Cardiac malposition may be defined as any heart other than a
left-sided heart in a situs solitus individual [1]. The term is
also used to describe abnormal spatial arrangements of the
individual cardiac segments – atria, ventricles and the great
arteries – and thus encompasses a much wider range of
anomalies. This section on cardiac malpositions covers mal-
position of the heart as a whole (dextro-/mesocardia) and
selected malpositions of individual cardiac segments ( juxta-
position of the atrial appendages, isolated ventricular inver-
sion and anatomically corrected malposition). Heterotaxy
syndromes, the complexity of which arises from abnormal
spatial organization of the thoraco-abdominal organs and the
associated anomalies of multiple cardiac segments, are discussed
separately. Cardiac malposition due to ectopia cordis is not
addressed in this chapter.

Dextrocardia and mesocardia are terms indicating the position
of the heart and the direction of its major axis: base-to-apex
axis pointing to the right in dextrocardia, caudally in meso-
cardia [2]. Situs inversus refers to the mirror-image reversal 
of the normal thoraco-abdominal visceral arrangement (see
Chapter 3). Situs inversus is generally associated with dex-
trocardia, referred to as situs inversus totalis, but may be rarely
seen with levocardia. Dextroposition refers to cardiac displace-
ment to the right hemithorax by extracardiac factors such as
a hypoplastic right lung, and does not imply any intracardiac
anomalies. Another term commonly used in the literature is
dextroversion, or pivotal dextrocardia. It usually describes dex-
trocardia with situs solitus, where the cardiac apex appears as
having been rotated from the left hemithorax to the right. 

Juxtaposition of the atrial appendages (JAA) refers to malposi-
tion of either of the two atrial appendages. In situs solitus,
juxtaposition of the morphologically left atrial appendage

places both atrial appendages on the right side of the great
arteries (commonly referred to as right JAA); in situs 
inversus, juxtaposition of the morphologically left atrial
appendage places both atrial appendages to the left side of 
the great arteries [3]. Similar terminology applies to juxta-
position of the morphologically right atrial appendage [4]. 

Isolated ventricular inversion is a term first used in 1966 [5] to
describe a rare situation where ventricular inversion is not
associated with transposition of the great arteries as in the
usual case of “corrected” transposition. Instead, the case ori-
ginally presented displayed thoraco-abdominal situs solitus,
L-loop ventricles and normally related great arteries with
normal ventriculo-arterial alignment. The definition also
applies to atrial situs inversus with D-loop ventricles and
inversely normally related great arteries (segmental set:
{I,D,I}) [6]. Strictly speaking, cases of atrial isomerism should
be excluded, although there are reports of “isolated” ventri-
cular inversion in the setting of heterotaxy syndrome [7,8]. 

Anatomically corrected malposition of the great arteries (ACM), 
a term introduced by Van Praagh et al. [9] in 1971, is an
equally rare anomaly with similarities to isolated ventricular
inversion. In ACM, the great arteries arise from the appropri-
ate ventricles despite an abnormal spatial interrelationship,
resulting in arterial trunks situated in parallel instead of 
spiraling around each other [10]. Thus, in D-loop ventricles,
the aorta is positioned leftward and anterior to the pulmonary
artery; in L-loop ventricles, the aorta is rightward and ante-
rior to the pulmonary artery. Other spatial arrangements of
the great arteries have also been described, and, currently,
the diagnostic criteria include ventriculo-arterial concordance
and parallel arrangement of the arterial trunks even in cases
of rightward and posterior aortic position [10]. The presence
of bilateral conus, initially considered an integral part of the
diagnosis, was later found to be nonessential, and rare cases
have been described with only subaortic [11], bilaterally
absent [12], or even only subpulmonary [10] conus. 

Incidences
The incidence of fetal dextrocardia is reported as 220 to 830
per 100 000 fetuses referred for echocardiography [13,14].
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Postnatally, dextrocardia is reported in 2.8% of cyanotic 
congenital heart disease and 0.4% of acyanotic heart disease
[15]. The most common type of dextrocardia in the general
population is associated with situs inversus totalis. The
prevalence of situs inversus is approximately 1 in 10 000 for
situs inversus totalis [16] and 1 in 22 000 for situs inversus
with levocardia [17]. Situs solitus or situs ambiguus in the
setting of dextrocardia are associated with cardiovascular
malformations at a higher frequency. Situs inversus with 
levocardia, which incorporates heterotaxy syndrome patients
in some series, is also associated with a very high rate of car-
diovascular malformations. In contrast, situs inversus totalis
is found with normal intracardiac anatomy in up to 89% of
cases [14]. 

The incidence of juxtaposition of the atrial appendages was
280 per 100 000 cases in a clinical echocardiographic series
[18] and 760 per 100 000 in an autopsy series [19]. Isolated
ventricular inversion and ACM are very rare anomalies and
only case reports or small case series exist in the literature.

Etiology
Unlike the genetics of situs inversus and heterotaxy syn-
drome, which have been extensively studied (see “Heterotaxy
syndrome” below), the genetic basis of dextrocardia and the
rare forms of cardiac malposition described here is not pre-
cisely known. Mutations affecting laterality and left–right
asymmetry affect ventricular looping and frequently result in
complex congenital heart disease [20].

Morphology and classification
Developmental considerations 
Dextrocardia in D-loop ventricles is probably related to arrested
migration of the cardiac apex to the left hemithorax, a pro-
cess that normally occurs between 23 and 35 days of gesta-
tion. L-loop ventricles, however, have a natural tendency to
migrate to the right hemithorax, which explains the high
incidence of dextrocardia in this type of looping.

During the early period of cardiac morphogenesis (at and
prior to 23 days of gestation), left-sided JAA is normal. Between
23 and 27 days of gestation, the conotruncus migrates to the
left of the right atrial appendage, as the ventricular D-loop
slowly swings from right to left during the fourth and fifth
weeks of fetal development. Failure of this leftward move-
ment of the ventricular apex results in left juxtaposition of
the right atrial appendage (JRAA) and dextrocardia, and
explains the high rate of concurrence of these two anomalies. 

The embryogenesis of both isolated ventricular inversion
[5] and ACM [21] is believed to be twisting of the ventricles
and great arteries in different directions during early cardio-
vascular development. Isolated ventricular inversion typ-
ically occurs with normal conotruncal development in the
setting of a ventricular L-loop. In contrast, ACM occurs most
commonly with leftward twisting of the conotruncus with a
normal ventricular D-loop. 

Anatomy
As mentioned before, a broad spectrum of cardiac anomalies
can accompany dextrocardia, especially in the setting of atrial
situs solitus and ambiguus, ranging from an isolated ven-
tricular septal defect (VSD) to the most complex forms of 
cyanotic heart disease. In the case of situs inversus totalis
(segmental set: {I,L,I}), the most commonly reported con-
genital heart defects are tetralogy of Fallot and VSD [22], 
but rarer conditions such as single coronary ostium and hypo-
plastic left heart syndrome have been reported [23,24]. The
aortic arch is usually right-sided [25].

Juxtaposition of the right atrial appendage (to the left in
situs solitus, to the right in situs inversus) is a syndrome of
major congenital heart disease, the salient features of which
are tricuspid atresia or extreme stenosis in 40–60%, right
ventricular (RV) hypoplasia or absence in 71–74%, subaortic
or bilateral conus in 71–100%, pulmonary outflow tract
obstruction in 52%, VSD in 88%, and secundum atrial septal
defect (ASD) in 71% [4,26]. Transposition of the great arter-
ies is particularly common, having been reported in up to
two-thirds of the cases of JRAA [27]. Dextrocardia is another
common association, occurring twice as commonly in JRAA
as in a control series without JRAA [26,28]. 

Juxtaposition of the left atrial appendage (JLAA; to the
right in situs solitus, to the left in situs inversus) is more com-
monly associated with normal conus, but major cardiovascu-
lar malformations are typically present: stenosis or atresia of
the mitral valve or a left-sided tricuspid valve in 69%, aortic
outflow obstruction or atresia in 39%, common atrioventri-
cular valve in 28%, and heterotaxy syndrome in 28% [3].

Isolated ventricular inversion is an example of heart dis-
ease with ventriculo-arterial concordance but atrioventricu-
lar discordance [29]. The great arteries, which have a normal
spatial interrelationship, arise lower than usual from the
ventricular cavities and have normal ventriculo-arterial align-
ments. The segmental sets applicable to this entity are {S,L,S},
the most commonly recognized form, and {I,D,I}, which is
exceedingly rare [6]. Additional intracardiac defects, such as
VSD, hypoplastic tricuspid valve with RV hypoplasia, and
coarctation of the aorta, have been described [30].

In ACM, the ventriculo-arterial alignments are also con-
cordant but the ventriculo-arterial connections are markedly
abnormal [28]. As a rule, the great arteries are not normally
interrelated (i.e., parallel arterial trunks). The circulation is
potentially normal, depending on the atrioventricular align-
ments, but most described cases have additional intracardiac
defects. Deficient ventricular septation has been described 
in the majority of them. JRAA, abnormal right atrioventricu-
lar junction with right heart hypoplasia, and obstruction of
the subpulmonary or subaortic outflow tracts are frequent
associations. Another interesting observation is the high fre-
quency of anomalies of coronary origin (single coronary
artery or both coronary arteries arising from the right sinus of
Valsalva) in this group of patients [10,31]. 
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Pathophysiology
The presentation of dextrocardia can vary from incidental
discovery after a chest X-ray is taken for unrelated reasons, to
presentation with critical symptoms of cyanotic heart disease
when dextrocardia is part of a complex cardiovascular mal-
formation. In the case of situs inversus totalis, the majority of
cases have no associated congenital heart disease and should
have a normal life span.

Juxtaposition of the atrial appendages does not cause any
hemodynamic disturbance, yet it is frequently associated
with complex cardiovascular anatomy requiring interven-
tion [18]. Because of the association of JAA with transposition
of the great arteries, balloon atrial septostomy is a common
procedure. In such cases, diagnosis of JAA prior to the pro-
cedure is important in order to avoid the potential rupture 
of the juxtaposed appendage during balloon inflation and
pull-back [26,32]. 

Isolated ventricular inversion is associated with transposi-
tion physiology, and profound cyanosis in the neonatal
period is usually present. The opposite is true for ACM,
where, in the absence of other anomalies, the circulation is
normal. The pathophysiology in ACM is usually the result of
associated intracardiac lesions, which are frequently present.

Imaging
General goals of the examination
The main objectives of echocardiographic examination in the
setting of cardiac malposition can be summarized as follows:

• Determination of the location of the heart in the thorax
and direction of the cardiac apex.
• Identification of individual cardiac segments and careful
attention to their alignments and connections.
• In JAA, particular attention to the atrial outlet and ventricle
associated with the juxtaposed appendage and examination
for conotruncal abnormalities, which are more commonly
seen in JRAA.
• Identification of associated intracardiac anomalies.

Dextrocardia
When the heart is in the right chest, a distinction should be
made between a rightward and a leftward apex (true dextro-
cardia versus dextroposition) (Fig. 28.1a,b). During all imaging,

DextropositionDextrocardia(a) (b)

Figure 28.1 Dextrocardia (a) versus dextroposition (b).

RV

LV

Ao

RA

Figure 28.2 Situs inversus totalis. (a) Subxiphoid long-axis image of 
situs inversus totalis {I,L,I} with a membranous ventricular septal defect
(arrowhead). (b) Right parasternal short-axis image of situs inversus totalis

RA

RVOT

LA

TV

with a membranous ventricular septal defect (not shown). Ao, aorta; LA, left
atrium; LV, left ventricle; RA, right atrium; RV, right ventricle; RVOT, right
ventricular outflow tract; TV, tricuspid valve.

(a) (b)
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care should be taken to maintain true right–left orientation.
In the subxiphoid long-axis view, dextrocardia is, thus, dis-
played with the apex to the left of the videoscreen (Fig. 28.2a
and Videoclip 28.1). The normal short-axis orientation, 
however, is maintained, but sweeping occurs from left to
right (base to apex). In the apical 4-chamber view the probe
is placed on the right chest with the notch pointing to the left,
resulting in normal orientation on the display screen. For the
parasternal long-axis view the probe is placed on the right
chest with the notch, by convention, pointing to the left
shoulder. This results in the normal display of the cardiac
apex on the left of the videoscreen. To obtain the parasternal
short-axis view, the probe is rotated clockwise from the

parasternal long axis, with the notch now pointing to the left
hip (Fig. 28.2b). Left parasternal long- and short-axis views
can also be utilized and have been found helpful in delineat-
ing great artery relationships [2]. Any type of heart malfor-
mation can occur in dextrocardia, so the same segmental
approach should apply for right-sided hearts as left-sided
hearts. 

Juxtaposition of the atrial appendages
Juxtaposition is best visualized from subxiphoid long- and
short-axis views (Fig. 28.3 and Videoclip 28.2) and the
parasternal short-axis view (Fig. 28.4 and Videoclip 28.3)
[18]. The juxtaposed atrial appendage is always superior to

RA
LV

Critical TS

HRV

Juxtaposed
RA Appendage

Figure 28.3 Subxiphoid image of leftward
juxtaposition of the right atrial appendage in
the setting of critical tricuspid stenosis (TS) 
and severely hypoplastic right ventricle (HRV).
RA, right atrium; LV, left ventricle.

Transposed
MPA

Juxtaposed
RA Appendage

LUPV
LA

RA

RVOT

Figure 28.4 Parasternal image of leftward
juxtaposition of the right atrial appendage
(LJRAA). Horizontal orientation of the atrial
septum is typically seen with the juxtaposed
atrial appendages. In this case there is
juxtaposition of the right atrial (RA) appendage
in the setting of transposition of the great
arteries. LA, left atrium; LUPV, left upper
pulmonary vein; MPA, main pulmonary artery;
RA, right atrium; RVOT, right ventricular
outflow tract.
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the normally positioned appendage and adjacent to the great
arteries. Abnormal spatial orientation of the atrial septum 
is frequently, but not universally, present [27,32]. Isolated
imaging of the juxtaposed atrial appendage is best in a nearly
coronal plane from a high thoracic or suprasternal window
[18]. Transesophageal imaging is also readily diagnostic of
JAA, especially in the adult patient. Features include lateral
deviation of the mid-portion of the atrial septum on the
midesophageal 4-chamber view and a frontal orientation 
of the antero-superior portion with more cranial imaging
[33]. The extension of the venous component of the atrial
cavity to the juxtaposed atrial appendage may also be well
demonstrated.

Isolated ventricular inversion and ACM
As always, imaging is dictated by the segmental approach to
diagnosis. Observations unique to isolated ventricular inver-
sion, as described by Pasquini et al. [29], are as follows:
• The ventriculo-arterial alignments and connections are
normal with aortic-mitral valve fibrous continuity and sub-
pulmonary conus.
• The infundibulum runs more vertical than in the solitus
normal heart and the great arteries appear to run parallel
from subxiphoid long-axis views but they appear to cross
from parasternal long-axis views (Figs 28.5 and 28.6a,b;
Videoclip 28.4).
• Interrogation of the atrial septum often reveals a sealed
foramen ovale or a very restrictive secundum atrial septal
defect (ASD) [34], contributing to the severe cyanosis that is
usually the presenting feature.

Detection of ACM is based on morphologic analysis of the
individual cardiac segments and detailed imaging of the con-
otruncal region. Malposition of the great arteries is identified

by the abnormal ventriculo-arterial connections. ACM is rec-
ognized as the presence of concordant ventriculo-arterial
alignments despite abnormal ventriculo-arterial connections
(Fig. 28.7a,b and Videoclip 28.5). 

Prenatal assessment
Identification of abnormal position of the heart in the thorax
is easily accomplished in the obstetrical ultrasound exam,
and is a major reason for referral for detailed fetal echo-
cardiography. Differentiation between true dextrocardia 
and secondary dextroposition is the first important step of
the fetal echocardiogram. Although intrathoracic pathology,
including diaphragmatic hernia, cystic adenomatoid malfor-
mation of the lung, bronchogenic cysts, and pericardial and
pulmonary tumors, is the main reason for dextroposition,
there are also reported cases of dextroposition without
intrathoracic space-occupying lesions [35]. These cases are
associated with right lung hypoplasia and diminutive right
pulmonary artery, and the most common cardiac defect
encountered is scimitar syndrome. 

Fetal diagnosis of JAA is almost always made in the 
setting of complex heart disease. The atrial appendages
should be carefully examined in cases of dextrocardia, 
tricuspid atresia, transposition of the great arteries, and 
double-outlet right ventricle – the diagnoses most commonly
associated with JAA [18]. JAA is often first suspected on the
3-vessel view, where abnormal vascular spaces are seen to
the left or right of the cross-section of the arterial trunks [36]
(Fig. 28.8).

Isolated ventricular inversion and ACM have rarely been
diagnosed in utero [37], but the diagnosis can be accom-
plished by detailed sequential segmental analysis of the 
cardiac anatomy. 

PA

Ao

RA
LV

RV

Figure 28.5 Subxiphoid long-axis image of
isolated ventricular inversion with solitus atria,
L-loop ventricles, and normally related great
arteries with subpulmonary conus. Ao, aorta;
LV, left ventricle; PA, pulmonary artery; 
RA, right atrium; RV, right ventricle.
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Preoperative and postoperative assessment
All the above-described cardiac malpositions have a tend-
ency to coexist. The careful search for – and identification of
– all associated anomalies is of paramount importance prior
to surgical correction. The objectives of postoperative assess-
ment are dictated by the procedures performed.

The importance of accurate diagnosis of JAA prior to 
balloon atrial septostomy has been stressed. In addition,
identification of the juxtaposed appendages before intra-
atrial baffle procedures is important because such juxtaposi-
tion may require revision of the surgical technique of atrial
baffle procedures [38].

Isolated ventricular inversion can be managed surgically
with an atrial switch procedure that corrects the transposition

physiology and maintains the left ventricle on the systemic
side of the circulation. Associated intracardiac defects need to
be accurately diagnosed preoperatively and repaired at the
same time. The most common associated defect is a VSD, and
correct diagnosis of the ventricular inversion is important
prior to patch closure of the defect so that complete heart
block can be avoided. In these cases the conduction system
runs on the right-sided left ventricular side of the septum so
the patch needs to be placed on the left side [39].

In cases of ACM, the atrioventricular connections should be
ascertained first. The majority of reported cases have concordant
atrioventricular connections and, thus, normal physiology of
the circulation. However, almost all have VSDs, and JAA and
obstruction of the subpulmonary or subaortic outflow tracts

LV outflow
LV RV inflow

LA

PA

Ao

LV Papillary
Muscles

RVOT

RV

Figure 28.6 Subxiphoid short-axis images of
isolated ventricular inversion at the level of the
great arteries (a) and of the ventricles (b),
showing the abnormal spatial relationship of
the L-looped ventricles with normally
positioned great arteries. Ao, aorta; LA, left
atrium; LV, left ventricle; PA, pulmonary artery;
RV, right ventricle; RVOT, right ventricular
outflow tract. (b)

(a)
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are frequent associations. A significant percentage of cases
also have solitary coronary arteries. Less commonly, the 
atrioventricular connections are discordant and the patients
present as having physiologically uncorrected transposition.
In those cases, the appendages are typically not malposed,
but the ventricular septum is again almost always deficient
and subaortic obstruction is frequent. A smaller percentage
of the reported cases of ACM also have atresia of the right
ventricular (RV) inflow or double-inlet left ventricle (LV).
The commonly associated anomalies in this subgroup are
JAA, obstruction of the subpulmonary outflow tract and
abnormal coronary arterial pattern [31].

Heterotaxy syndrome

Definitions
In contrast to the remarkable external symmetry of all verte-
brates, including humans, the internal organs normally are
asymmetrically positioned along the left–right axis [40]. This
asymmetry refers to both lateralization of unpaired organs
(e.g., heart, liver, spleen, and stomach) as well as morphologic
differences of paired organs (lungs, bronchi, atrial append-
ages) that do not allow them to be mirror images of each
other. The term heterotaxy refers to the failure to generate

Ascending
Aorta Banded

MPA

RV

RA

MV
Straddling TV

Dextrocardia

LA

LV

Figure 28.7 Anatomically corrected
malposition of the great arteries: apical 
4-chamber views showing atrial situs solitus
with atrioventricular discordance and
ventriculo-arterial concordance in the setting 
of dextrocardia. There is a large ventricular
septal defect, and the left-sided tricuspid valve
(TV) is straddling over the defect (a). Angled
anteriorly the rightward and anterior aorta is
shown to be aligned with the right-sided left
ventricle, whereas the leftward and posterior
main pulmonary artery (MPA) is aligned with
the left-sided right ventricle. (b). The
segmental set is {S,L,D}, and the aorta is
supported by a subaortic conus. LA, left atrium;
LV, left ventricle; MV, mitral valve; RA, right
atrium; RV, right ventricle.(b)

(a)
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normal left–right asymmetry, and it is defined as the pres-
ence of a pattern of spatial organization of the thoracic and
abdominal viscera that is neither that of situs solitus nor that
of complete situs inversus (mirror image of normal) [41]. The
situs inconsistency extends to the cardiac segments (atria,
ventricles, and great arteries) and, in combination with the
abnormalities of the systemic and pulmonary veins, forms
the basis for the complexity of the cardiac defects found in
heterotaxy syndrome patients.

The encountered anomalies are conventionally grouped 
in two categories: (i) asplenia syndrome, also known as right
atrial isomerism, and (ii) polysplenia syndrome, also known
as left atrial isomerism. The distinction between the two
groups is based on the common concurrence of different
anomalies, although there is a wide variation of the abnorm-
alities found in any given patient. There is also a smaller
group with single right-sided spleen in which the cardio-
vascular malformations are very similar to the asplenia syn-
drome group [41]. As a rule, the cardiac lesions in asplenia
syndrome are more complex and the prognosis is poorer. 
It is important to emphasize that in heterotaxy syndrome,
the splenic malformations are not the fundamental abnor-
mality, and they probably represent one of the effects of the
teratogenic process rather than the cause of it. In the litera-
ture, the terms asplenia and polysplenia versus right and left
atrial isomerism, respectively, are used almost interchange-
ably. It is generally acknowledged that no system of nomen-
clature for heterotaxy syndrome is entirely accurate in terms
of anatomic definition or etiologic classification. To the fullest
extent possible, the thoraco-abdominal visceral situs, all 
cardiovascular malformations and any identified associated
anomaly should be described separately for each patient util-
izing a systematic, that is, a segmental, approach.

Incidence
Despite the continuing problems with classification and 
terminology that make most series difficult to interpret, the
majority of the published studies estimate the incidence of
heterotaxy at 10–14 per 100 000 livebirths [42–46]. The 
relative frequency of heterotaxy syndrome is reported as
2.3–4.2% of congenital heart disease [42,44].

Etiology
Heterotaxy is due to a lack of regulation of left–right asym-
metry and it appears to be highly heterogeneous genetically.
Studies in humans and the iv/iv and inv mouse models 
suggest an autosomal recessive pattern of inheritance with
variable penetrance, but polygenic or multifactorial causes
have also been implicated, and familial cases [47–49], auto-
somal dominant, recessive and X-linked inheritance have all
been described. In terms of environmental factors, vertebrate
studies have shown a role for maternal diabetes [45] and
retinoic acid [50] exposure in utero.

A link between ciliary motility and the regulation of
left–right asymmetry was proposed when it was observed
that a significant number of individuals with primary ciliary
dyskinesia also have situs inversus. The malfunctioning
monocilia of afflicted humans result in random generation 
of asymmetry or even abnormal symmetry as observed in
heterotaxy [51]. How cilia affect lateralization goes back to
the fetal node, a transient midline structure that is covered
with specialized monocilia. The prevailing model to explain
how fluid flow directed by ciliary movement in the early
embryonic stages confers left–right asymmetry proposes that
signaling proteins such as sonic hedgehog (Shh), fibroblast
growth factor, or Nodal are swept to the left side of the 
embryonic node where they initiate downstream signaling

Ant Ao

Post MPA

RA

Spine

Juxtaposed
RA Appendage

DORV {S,D,A}
w/ tricuspid
atresia

Figure 28.8 Fetal 4-chamber view of
leftward juxtaposition of the right atrial
appendage (LJRAA), angled anteriorly showing
the abnormal spatial relationship of the great
arteries – aorta rightward and anterior,
pulmonary artery leftward and posterior. The
juxtaposed right atrial appendage is seen
traversing behind the pulmonary trunk to the
left of the great vessels. Ant Ao, anterior aorta;
DORV, double-outlet right ventricle; MPA, main
pulmonary artery; RA, right atrium.
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vestibule can reliably distinguish between left and right atrial
appendages. In hearts with isomeric appendages, there is
either bilateral extension of the pectinate muscles in cases of
right atrial isomerism, or continuity between the vestibule of
the atrioventricular junction and the smooth-walled venous
component of the atrium without interposition of pectinate
muscles in cases of left atrial isomerism [57]. Because the
identification of internal anatomy, size and location of the
appendages is not always feasible by echocardiography, we
propose the combination of multiple criteria in order to 
classify correctly patients with heterotaxy.

The usual constellation of symptoms in asplenia syndrome
includes: total anomalous pulmonary venous connection,
usually to a systemic vein; bilateral superior venae cavae;
unroofed coronary sinus; common atrium; complete com-
mon atrioventricular canal (CCAVC); a high incidence of 
single ventricle, usually of right morphology; pulmonary
stenosis or atresia; and transposition of the great arteries 
(Fig. 28.9a–d and Videoclip 28.6). In polysplenia syndrome,
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pathways [52]. Disruption of the midline barrier separating
left from right may permit a mixing of molecules that are
normally asymmetrically distributed in early embryos, result-
ing in abnormal organ sidedness later in development. Nine
genes have so far been linked to nonsyndromic human later-
ality disorders [40]. Despite these advances, the determinants
of laterality are still not completely understood, and the cor-
relation of genotype with phenotype remains at an early stage.

Morphology and classification
Developmental considerations
The major events in normal cardiac development that appear
to be arrested or absent in heterotaxy syndrome occur largely
during the fifth week of gestation [53], and the hearts of
many patients with heterotaxy syndrome bear a remarkable
resemblance to the heart of a normal embryo at 35 days of
gestation. More specifically, the growth of the endocardial
cushions, septation of the conotruncus, lobation of the lungs
and rotation of the gut begin between days 28 and 35 of 
gestation [54] whereas the spleen is present at about 32 days
and is well demarcated by 35–36 days [53].

Anatomy
According to Van Praagh et al. [41] the fulfillment of at least
4 of the 12 criteria outlined in Table 28.1 correctly identifies
patients with heterotaxy syndrome. The atrial appendages
merit special mention as a diagnostic criterion, because they
have been considered by many [55,56] to be the unifying
link in the definition and classification of patients with het-
erotaxy syndrome. Whether isomerism accurately applies to
the heart or not, it is true that the appendages frequently
share characteristics of a right atrial appendage in asplenia
syndrome and of a left atrial appendage in polysplenia 
syndrome. It has been suggested that the extent of the pec-
tinate muscles relative to the muscular atrioventricular

Table 28.1 Criteria for visceral heterotaxy and abnormal visceral symmetry

1 Thoraco-abdominal situs inconsistency
2 Abnormally symmetric lung lobes
3 Abnormally symmetric bronchial branching pattern
4 Abnormal symmetry of the liver
5 Unusual or abnormal systemic venous connections
6 Unroofed coronary sinus
7 Abnormal pulmonary venous connections or drainage
8 Similarities in the shape and morphology of the atrial appendages
9 Abnormal mesenteric attachments

10 Abnormal bowel location +/– malrotation
11 Asplenia, polysplenia or single right-sided spleen 
12 Abnormal position and/or size of the pancreas

Posterior
Oblique Vein

RLPV

RA
LA

Desc
Aorta

LLPV

Figure 28.9 Heterotaxy syndrome most
consistent with asplenia. (a–d) Sequential
subxiphoid long-axis images from
posterior/inferior to anterior/superior showing
the typical constellation of findings in asplenia
syndrome in a patient with double-outlet right
ventricle {A,L,L}: bilateral superior venae cavae,
totally anomalous pulmonary venous
connections, nearly common atrium, complete
common atrioventricular canal, and severe
subpulmonary stenosis with bilateral conus.
Asc, ascending; AV, atrioventricular; Desc,
descending; LA, left atrium; LLPV, left lower
pulmonary vein; LPA, left pulmonary artery; 
LV, left ventricle; MPA, main pulmonary artery;
PV, pulmonary valve; RA, right atrium; 
RLPV, right lower pulmonary vein; RPA, right
pulmonary artery; RV, right ventricle; 
SVC, superior vena cava.(a)
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Figure 28.9 (continued )
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as a rule, the cardiovascular anomalies are not as severe and
usually consist of: interrupted inferior vena cava with azygos
continuation; bilateral superior venae cavae; pulmonary
veins draining to ipsilateral atria; CAVC in 50%; left ven-
tricular outflow tract obstruction; rarely, transposition of 
the great arteries; and, uncommonly, pulmonary stenosis
(Fig. 28.10a,b and Videoclip 28.7). The various cardiac
anomalies frequently encountered in the heterotaxy syn-
drome and their incidences in reported series are listed in
Table 28.2. Additional details of the encountered anomalies
are given below.

Systemic venous connections
Interrupted inferior vena cava used to be considered patho-
gnomonic for polysplenia syndrome, but recent case reports

have shown that it can rarely be associated with asplenia syn-
drome as well [47,58]. In cases with interrupted inferior
vena cava, the hepatic veins connect with the anatomic 
right atrium directly, either as a single trunk or separate 
connections of the left and right hepatic veins. When the
inferior vena cava is intact, the hepatic veins join it in the
majority of the cases, although in about one-third of cases,
the hepatic veins draining the lobe of the liver opposite to 
the inferior vena cava connect with the atrium directly 
(Fig. 28.11).

Pulmonary venous connections
Pulmonary venous obstruction can be due to extracardiac
obstruction or pulmonary venous hypoplasia [59]. In asplenia
syndrome totally anomalous pulmonary venous connection

Common
Atrium

Pulmonary
Veins

Branch
Pulmonary

Arteries

Desc
Aorta

LA

LV

MPA

Common
AV Valve Mesocardia

{A,D,S}

Ao

RV

Appendage

Left
SVC

Figure 28.10 (a,b) Heterotaxy syndrome
most consistent with polysplenia. Constellation
of findings most consistent with polysplenia
syndrome in a patient with mesocardia and
abdominal visceral situs ambiguus (segmental
set {A,D,S}): interrupted inferior vena cava with
left azygos continuation to the left superior
vena cava (SVC), common atrium, partial
atrioventricular (AV) canal with a common AV
valve, and normally related great arteries. 
Ao, aorta; Desc, descending; LA, left atrial; 
LV, left ventricle; MPA, main pulmonary artery;
RV, right ventricle.

(a)

(b)
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Table 28.2 Incidence of cardiac anomalies in heterotaxy syndrome

Dextrocardia
Interrupted IVC
Continuous IVC entering the RA
Continuous IVC entering the LA 
Hepatic veins entering the atria directly
Unroofed coronary sinus
Bilateral superior venae cavae
TAPVC to a systemic vein
Pulmonary veins to RA (partial or total)
Common atrium
Atrial situs solitus
Atrial situs inversus
Atrial situs ambiguus
CAVC
Pulmonary stenosis /atresia
Aortic valve hypoplasia/LVOT 

obstruction/coarctation
Single ventricle
TGA -D, -L/DORV
Abnormal coronary pattern
Aortic arch laterality:
Left 
Right

CAVC, complete common atrioventricular canal; DORV, double-outlet right ventricle; IVC, inferior vena cava; LA, left atrium; LVOT, left ventricular outflow
tract; RA, right atrium, TAPVC, totally anomalous pulmonary venous connection; TGA, transposition of the great arteries.

Asplenia syndrome (%)

27–41 [41,54,57,62,68,104,105]
0–3 [41,54,57,62,68,104,105]
48–77 [41,57,68,104]
20–52 [41,57,68,104]
16–38 [41,54,57,62,68,104,105]
32–100 [41,54,57,62,104,105]
38–71 [41,54,57,62,68,104,105]
31–87 [41,54,57,62,68,104,105]
2 –19 [41,57]
40–84 [54,57,62,68,105]
50 [41]
31 [41]
19 [41]
69–92 [41,54,57,62,68,104,105]
78–96 [41,54,57,62,68,104,105]
2–12 [41,54,57,62,68,105]

29–73 [41,54,57,62,68,104,105]
47–91 [41,54,57,62,68,104,105]
10–64 [54,57,62,104,105]

56 [104] 
32–49 [54,68,104] 

Single right-sided spleen (%)

0 [41]
0 [41]
80 [41]
20 [41]
0 [41]
80 [41]
40 [41]
60 [41]
0 [41]
0 [41]
40 [41]
60 [41]
0 [41]
40 [41]
100 [41]
0 [41]

60 [41]
100 [41]
NS
NS

Polysplenia syndrome (%)

27–45 [41,43,57,62,104–106]
65–92 [41,43,57,62,104–106] 
0–34 [41,57,104,106]
0–16 [41,57,104,106]
84–96 [41,43,57,62,104,105]
26–46 [41,43,57,62,104–106]
33–50 [41,43,57,62,104–106]
0–13 [41,43,57,104,106]
37–74 [41,43,57,104,106]
30–53 [41,43,57]
78 [41]
22 [41]
0 [41]
16–66 [41,43,57,104,106]
28–43 [41,43,57,104,106]
17–25 [41,43,62,106]

26–43 [41,43,62,104]
16–48 [41,43,62,104,106]
8–24 [62,106]

33 [104] 
67 [104]

Left IVC

Left
Hepatic Veins

Right
Hepatic Veins

Figure 28.11 Ipsilateral hepatic veins.
Subxiphoid long-axis view at the level of the
diaphragm showing the left hepatic veins
joining the left-sided intact inferior vena cava
(IVC) and the right hepatic veins draining
separately.
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is most commonly to a systemic vein and frequently obstructed,
whereas in polysplenia syndrome the pulmonary veins con-
nect normally but drain anomalously due to malposition of the
septum primum toward the anatomic left atrium (see below). 

Atrial septum
Common atrium is frequently seen in both asplenia and
polysplenia syndromes. Especially in asplenia syndrome,
both septum secundum and septum primum may be absent,
and only remnants of atrial septal tissue are recognized in
these patients, such as a fibromuscular strand that crosses the
inferior aspect of the common atrium (inferior limbic band of
the fossa ovale) or remnants of venous valve tissue. 

In polysplenia syndrome, it has been proposed that the
partially or totally anomalous pulmonary venous connec-
tion to the contralateral atrium is due to malposition of sep-
tum primum, probably secondary to the absence of septum
secundum [60]. The pulmonary veins appear to be con-
nected normally to the left atrial wall externally but drain to
the right atrium anomalously because of the malpositioned
septum primum. There is usually an interatrial communica-
tion of variable size between the septum primum and the
posterior atrial wall, which strictly speaking is not a foramen
ovale [53]. A sinoseptal defect, frequently in the form of
complete unroofing of the coronary sinus, is a common asso-
ciation, especially in patients with asplenia syndrome.

Atrioventricular valves
A partial or complete common atrioventricular (AV) canal 
is the most common cardiac malformation in both asplenia
and polysplenia syndromes. A strong association between an
unroofed coronary sinus and partial or complete AV canal
has been reported [61] regardless of the status of the spleen. 

Ventricles
L-looped ventricles are encountered in 22–38% of patients
with asplenia syndrome and in 12–30% of cases with
polysplenia syndrome [61,62]. Preoperative recognition of
ventricular looping is important because it can predict the
location of the specialized conduction tissue. L-looped ven-
tricles, irrespective of heterotaxy subgroup, usually have
dual AV nodes, one situated anterolaterally and the other
postero-inferiorly, occasionally with a “sling” of conduction
tissue connecting them [63]. D-looped ventricles in the 
setting of polysplenia syndrome usually possess a solitary 
AV node, situated where the ventricular septum meets the
atrioventricular junction postero-inferiorly; the AV conduc-
tion axis is often discontinuous, providing the substrate for
AV block.

The morphologic left ventricle in cases of asplenia syn-
drome with CAVC is reported to have morphologic vari-
ations of the AV valve apparatus that may contribute to the
valve insufficiency and ventricular dysfunction known to
complicate surgical repair. More specifically, a study con-
centrating on cases of balanced CAVC in the setting of 
heterotaxy syndrome reports a higher frequency of solitary
papillary muscles (Fig. 28.12), shorter and deviated dual
papillary muscles, and a smaller circumference of the mural
leaflet of the morphologic left ventricle in asplenia syndrome
compared with cases of CAVC in polysplenia syndrome or
absence of heterotaxy [64]. 

Ventriculo-arterial alignment
The rule in cases of asplenia syndrome is the presence 
of subaortic or bilateral conus with double-outlet right 
ventricle or transposition of the great arteries. In contrast,
polysplenia syndrome is characterized by the absence of

Single LV
Papillary
Muscle

Figure 28.12 Single left ventricular papillary
muscle. Subxiphoid short-axis image showing
the well-balanced common atrioventricular
valve and a single left ventricular (LV)
posteromedial papillary muscle.
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subaortic conus, even in cases of transposition [61]. Abnor-
mal connection of the pulmonary veins to a systemic vein,
irrespective of the heterotaxy subgroup, is almost always
associated with abnormal infundibulum (either subaortic or
bilateral) [61].

Pulmonary outflow tract obstruction
Pulmonary stenosis or atresia is very common, especially in
asplenia syndrome, and, together with pulmonary venous
obstruction, constitutes one of the most severe problems in
the newborn period. A study of 72 post-mortem cases of
asplenia syndrome [60] reported an interesting association
between these two problems. Specifically, when the pul-
monary artery branches were severely hypoplastic, stenotic
or discontinuous, anomalous pulmonary venous connec-
tions were more probable (86% versus 51% with pulmonary
arteries that were only mildly hypoplastic or normal).
Pulmonary venous obstruction was also more common
(57% versus 24%).

Aortic outflow tract obstruction
In post-mortem studies [62,65], subaortic obstruction was
seen in 4–10% of patients with asplenia syndrome, and in
28–33% of patients with polysplenia syndrome. Van Praagh
et al. described in detail the pathologic findings and clarified
the anatomic basis of the malformation [65]. More specific-
ally, there was no subaortic conus in any of their cases, 
and the obstruction was caused by the following lesions 
(Fig. 28.13):
• redundant leaflet of the tricuspid valve;
• aneurysm of the membranous septum;

• excessive fibrous tissue from the mitral or common AV valve;
• hypoplasia of the mitral valve and left ventricle;
• malposition of the conal septum.

Aortic arch, brachiocephalic vessels and patent ductus
arteriosus 
Coarctation of the aorta and interrupted aortic arch are 
relatively uncommon, especially in asplenia syndrome 
(Fig. 28.14a,b). The incidence of right aortic arch is given in
Table 28.2. In our database, out of 56 cases with heterotaxy
syndrome, right aortic arch was diagnosed in 39% (all with
mirror-image branching). Isolated left innominate artery has
also rarely been described (three cases), with both asplenia
and polysplenia syndromes. Two of these three cases had
associated aortic atresia [66]. Another reported association is
the presence of bilateral ductus arteriosus in 25% of cases
with pulmonary atresia and asplenia syndrome [67].

Noncardiac anomalies
In asplenia syndrome, in addition to the frequently encoun-
tered bronchial symmetry with bilateral trilobed lungs and
eparterial bronchi, a midline liver is present in the majority 
of the cases whereas gastrointestinal and genitourinary
anomalies are present in one-third and one-tenth of patients,
respectively [68]. The most common gastrointestinal abnorm-
ality is intestinal malrotation.

In polysplenia syndrome, the incidence of extracardiac
anomalies is higher, with these occurring in 36% of patients
in the largest clinical series to date [43]. Gastrointestinal
anomalies are common, with biliary atresia and intest-
inal malrotation occurring in 11% and 13% of patients,

SubAo
Membrane

AoPA

RV
TV

Leaflets

Conal
Septum

Figure 28.13 Mechanisms of ventricular
outflow tract obstruction. Subxiphoid long-axis
image angled anteriorly showing the different
mechanisms of obstruction of the systemic
outflow in heterotaxy syndrome, with critical
obstruction in the systemic outflow due to
posterior malalignment of conal septum,
discrete subaortic membrane, tricuspid valve
attachments and aortic valve hypoplasia. 
Ao, aorta; PA, pulmonary artery; RV, right
ventricle; SubAo, subaortic; TV, tricuspid valve.
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respectively, whereas genitourinary and neurologic abnor-
malities occur in 6% and 4% of patients, respectively. 

Pathophysiology
Cyanosis in the newborn period is the presenting symptom
in many patients with asplenia syndrome, due to the fre-
quent presence of pulmonary stenosis or atresia, as well as
common atrium and transposition physiology. In polysplenia
syndrome, pulmonary stenosis or atresia and transposition
physiology are relatively uncommon, making symptoms of
congestive heart failure from large left-to-right shunts the
predominant presenting picture. 

Conduction abnormalities are common in both groups 
of heterotaxy syndrome. There are dual sinus nodes in the
majority of asplenia syndrome cases, whereas in polysplenia
syndrome the sinus node tends to be hypoplastic and malpo-
sitioned [63]. Congenital complete atrioventricular block
mainly affects patients with polysplenia syndrome and is
responsible for fetal loss. It has been attributed to discontinu-
ity between the AV node and the ventricular conduction axis
[69]. Postnatally, it has been described in 7% of patients with
polysplenia syndrome [43]; additionally, there is a small 
percentage of patients who develop complete AV block 
postoperatively.

Left IJ Vein

LCCA

LSCA

RCCA

RSCA

LCCA

LSCA

Ductus-Descending
Aorta Continuum

LPA

MPA

Figure 28.14 (a,b) Complex interrupted
aortic arch type A in polysplenia syndrome.
Short- and long-axis suprasternal notch images
reveal a very unusual branching pattern of a
probably left aortic arch: the first vessel is the
left subclavian artery (LSCA), which arises from
the ascending aorta, 15 mm above the level of
the aortic annulus. The ascending aorta
continues for another 8 mm before it
trifurcates to the right subclavian (RSCA), right
common carotid (RCCA) and left common
carotid (LCCA) arteries. The distance between
the distal ascending aorta and the descending
aorta is measured at about 1 cm. IJ, internal
jugular; LPA, left pulmonary artery; MPA, main
pulmonary artery.

(a)

(b)

9781405174015_4_028.qxd  7/4/09  2:57 PM  Page 490



CHAPTER 28 Cardiac Malpositions and Heterotaxy Syndrome

491

The splenic abnormalities that accompany heterotaxy 
syndrome contribute significantly to morbidity and mortality
due to fulminant sepsis and should be promptly diagnosed
with a liver spleen scan in all patients. Howell–Jolly bodies
can be found irrespective of the anatomic status of the spleen
and are occasionally encountered in normal neonates. 
Because functional asplenia can develop with age [70] it is 
recommended that patients with heterotaxy syndrome, even
with documented multiple or solitary spleens, are monitored
regularly for Howell–Jolly bodies. Due to the risk of develop-
ing functional asplenia at a later stage, all patients should 
be vaccinated against the pneumococcus, and once Howell–
Jolly bodies are detected, prophylaxis with penicillin should
be initiated immediately. 

Imaging
The highly variable and often complex anatomy of hetero-
taxy requires an organized approach and an exhaustive
checklist of structures to be examined in order to determine
the diagnosis accurately, both pre- and postnatally. 

Goals of the examination
Our proposed checklist, as follows, involves determination of:
• abdominal visceral situs;
• mesocardia or dextrocardia;
• systemic venous connections, including hepatic veins;
• coronary sinus septum; 
• anatomy and drainage of pulmonary veins;
• atrial septum and atrial appendages;
• atrioventricular valve anatomy and function;
• ventricular size, morphology, looping and function;

• size and location of ventricular septal defect(s), potential
LV-to-aorta or -pulmonary artery baffle pathway in cases of
transposition of the great arteries with VSD or double-outlet
right ventricle;
• sources of pulmonary blood flow (including branch pulmon-
ary arteries, patent ductus arteriosus, and aortopulmonary
collaterals);
• systemic ventricular outflow tract for presence and type of
obstruction;
• aortic arch sidedness and branching pattern.

The examination begins with subxiphoid imaging to eva-
luate the abdominal viscera and establish the sidedness of 
the abdominal aorta and inferior vena cava (Fig. 28.15a–d).
Subsequently, the location of the heart in the chest and the
direction of the cardiac apex are determined. The same prin-
ciples as described above for imaging dextrocardia should be
applied. Following these initial steps, the cardiac segments
(atria, ventricles, and great arteries) and their connections
(AV junction and conotruncus) need to be analyzed inde-
pendently and characterized in terms of situs and alignments
following the principles of the segmental approach to dia-
gnosis [71–73]. Starting with the atrial situs, the right atrium
is identified based on the following characteristics:
1 the chamber receives a normal coronary sinus (not
unroofed);
2 the chamber receives the venae cavae (the suprahepatic
segment of the inferior vena cava, in cases of interruption);
3 the chamber has a larger, more anterior, broad-based and
triangular atrial appendage; 
4 the septal surface comprises the septum secundum;
5 the chamber has an identifiable crista terminalis. 

Liver

(a) Normal (b) Abdominal visceral 
situs inversus

(c) Consistent with 
asplenia syndrome

(d) Consistent with 
polysplenia syndrome

IVC
Stomach
Aorta
Spine

Liver
IVC
Stomach
Aorta
Spine

Liver

IVC

Aorta
Spine

Liver

Aorta
Dilated
azygous vein
Spine

Figure 28.15 Abdominal visceral situs. 
(a) Normal. (b) Abdominal visceral situs
inversus: left-sided liver with inferior vena cava
(IVC), right-sided stomach and right-sided
descending aorta. (c) Abdominal visceral situs
ambiguus consistent with asplenia syndrome:
midline liver with IVC and descending aorta on
the same side. (d) Abdominal visceral situs
ambiguus consistent with polysplenia
syndrome: midline liver with interrupted IVC
and dilated azygos vein.
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Based on the above criteria, Van Praagh and Van Praagh
were able correctly to diagnose atrial situs in 100% of their
post-mortem cases of polysplenia syndrome, 100% of cases
of right-sided spleen, and 81% of cases of asplenia syndrome
[74]. In the remaining cases of asplenia syndrome, the infe-
rior vena cava and the larger and more anterior appendage
were contralateral; the diagnosis of situs ambiguus was made
in those cases. 

The inferior vena cava, hepatic veins, and their atrial 
connections as well as the abdominal aorta and the azygos
vein termination to the superior vena cava are best seen from
subxiphoid long- and short-axis views (Fig. 28.16a,b) [75].
The hepatic vein connections can also be imaged from apical

views angled inferiorly toward the abdomen. The superior
vena cava on either side can be imaged using subxiphoid,
suprasternal, and high parasternal views [76]. Subxiphoid
views are also good for the imaging of pulmonary venous
connections below the diaphragm (Fig. 28.17a). Due to the
high frequency of pulmonary venous obstruction, especially
in asplenia syndrome, Doppler assessment of pulmonary
venous flow is of paramount importance. To increase the
sensitivity of the interrogation, filter settings should be low,
and each vein should be interrogated by color flow mapping
distal to the orifice for turbulent or high-velocity flow. 
In cases of pulmonary vein stenosis the Doppler flow pat-
tern is no longer laminar and triphasic; instead it becomes 

Spine

Dilated
Azygos Vein

Descending
Aorta

RA LA

Left IVC crossing
to the right

Figure 28.16 Systemic venous anomalies in
heterotaxy. (a) Subxiphoid short-axis image at
the level of the diaphragm showing the dilated
azygos vein located posterior to the aorta in the
setting of interrupted inferior vena cava in
polysplenia syndrome. (b) Subxiphoid short-
axis image showing a left-sided inferior vena
cava (IVC) crossing to the right and receiving 
all hepatic veins. This is a case of asplenia
syndrome with a single right ventricle and
severe pulmonary stenosis, status post-Fontan
takedown. LA, left atrium; RA, right atrium.

(a)

(b)
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turbulent and continuous (Fig. 28.17b) with a pattern remi-
niscent of a patent ductus arteriosus [77,78]. 

Imaging of the atrial appendages to determine their size
and location can be attempted from subxiphoid and para-
sternal short-axis views, but the internal anatomy is diffi-
cult to ascertain. The malpositioned septum primum is seen
well from subxiphoid long-axis and apical 4-chamber views
[53].

Imaging of the AV canal area is described in detail in
Chapter 15. The valve apparatus should be carefully evalu-
ated for abnormalities of the number, size and location of 
the papillary muscles, especially in asplenia syndrome [64].
Ventricular size and morphology need to be evaluated from

all available views; the method for determining the identity
of the ventricles and the ventricular looping has been descr-
ibed earlier (see Chapter 3). The outflow tracts can be imaged
from subxiphoid views, apical views angled anteriorly and
high parasternal views. The main pulmonary and branch
pulmonary arteries should all be measured. If aortic outflow
tract obstruction is present, coarctation should be suspected.

In cases with suboptimal transthoracic windows and an
inconclusive diagnosis, transesophageal echocardiography 
is recommended [79,80]. In such cases, cardiac magnetic 
resonance imaging can also be considered as a noninvasive
alternative [81,82] with the additional capability of delinea-
tion of the splenic status and the bronchial tree anatomy.

Pulmonary Veins
to Confluence

Obstructed
Infradiaphragmatic

Vertical Vein

Figure 28.17 Infradiaphragmatic total
anomalous pulmonary venous connections. 
(a) Subxiphoid long-axis 2D. (b) color Doppler
images of a vertical vein that accepts all
pulmonary veins and is directed below the
diaphragm into the hepatic portal venous
system with mild flow acceleration (mean
gradient of 4–5 mm Hg).

(a)

(b)
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Prenatal assessment
The most common reasons for referral in cases of fetal 
heterotaxy syndrome are abnormal position of the stomach
and/or heart, identified by obstetrical ultrasound examina-
tion, and fetal bradycardia. Prenatal diagnosis of hetero-
taxy syndrome has greatly improved over the last few years,
although the diagnosis of hepatic venous and inferior vena
caval connections is still not as accurate, with correct diagnosis
achieved in 62–67% of cases [83]. With respect to clinical
outcomes, prenatal diagnosis does not appear to confer any
survival advantage in either asplenia or polysplenia syn-
dromes [83], but it offers prospective parents valuable time
to reach an informed decision when they are faced with the
diagnosis of severe cardiac anomalies.

In cases of polysplenia syndrome, heart block and extra-
cardiac anomalies (biliary atresia, gastric volvulus, bowel 
malrotation) are risk factors for fetal and neonatal loss, and
long-term survival is reported at 14–52% [46,83,84]. It 
is known that heterotaxy syndrome patients with heart 
block have significantly lower ventricular and atrial rates
compared with those with other structural lesions or no
structural heart disease, and low ventricular rate appears 
to be a primary risk factor for perinatal loss [85]. In rare 
cases of association of polysplenia syndrome with ven-
tricular noncompaction, described both pre- [86] and 
postnatally [87,88], the prognosis is dismal, especially 
when heart block is also present. In asplenia syndrome 
diagnosed prenatally, long-term survival is reported at

Atretric
PV

LVHRV

Overriding
Aorta

Pulm
Veins Spine

Branch
PA’s

Unobstructed
TAPVC Connection

Figure 28.18 Fetal heterotaxy syndrome 
with total anomalous pulmonary venous
connections (TAPVC). Fetal echocardiogram 
at 26 weeks’ gestation with (a) 4-chamber. 
(b) long-axis images demonstrating
unobstructed TAPVC. The individual pulmonary
veins form a confluence behind the left atrium
and drain via a vertical vein to the left superior
vena cava. In addition to TAPVC, this fetus was
diagnosed as having levocardia with abdominal
situs inversus, tricuspid atresia (segmental set
{I,D,D}), pulmonary atresia, hypoplastic right
ventricle (HRV) and systemic venous anomalies
(left-sided intact inferior vena cava and bilateral
superior venae cavae). PA, pulmonary artery;
PV, pulmonary valve.

(a)

(b)
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13–16% [83,89], mainly due to the complex intracar-
diac anomalies and the high surgical mortality of neonatal
repair.

In evaluating the fetus for possible heterotaxy syndrome, it
is essential to follow the same comprehensive approach as for
postnatal imaging. The first step is to determine the fetal lie
and position and, thus, distinguish the left and right side of
the fetus and the relative position of the thoracic and abdom-
inal organs. Dextrocardia is relatively common in heterotaxy
syndrome and should be ruled in or out early in the examina-
tion. Identification of atrial appendage morphology as well 
as the systemic venous connections will aid in differentiating
between the two subgroups of heterotaxy syndrome. The
atrial appendages [90] can be visualized from the 4-chamber

view angled cranially. In polysplenia syndrome, the inferior
vena cava is usually interrupted, and the dilated azygos can
be identified posterior to the aorta; in asplenia syndrome 
the inferior vena is intact and typically on the same side of
the spine as the aorta. Anomalous pulmonary venous con-
nections, more commonly seen with asplenia syndrome,
may be difficult to detect in utero, especially in cases with
pulmonary stenosis or atresia (Fig. 28.18a,b and Videoclip
28.8). That being said, with the color scale appropriately 
set to detect low flow rates and a narrowed sector to increase
the frame rate, it is feasible to arrive at an accurate diag-
nosis (Fig. 28.19) of even the most complex forms of 
pulmonary venous return [91]. The intracardiac anomalies
associated with heterotaxy syndrome are easy to identify
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Figure 28.19 Fetal obstructed total
anomalous pulmonary venous connections. 
(a) Fetal echocardiogram at 22 weeks’
gestation with an axial image showing bilateral
superior venae cavae, an anterior aorta, and 
a right-sided thoracic descending aorta. 
(b) Slight modification of the previous image
reveals the obstructed oblique vein that drains
the pulmonary veins to the right superior vena
cava (RSVC)–right atrial (RA) junction. 

(a)

(b)
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(Fig. 28.20), and ductal dependency can be accurately 
predicted. Complete heart block is readily identified in the
fetus because of the fetal bradycardia; the methods of 
assessment of fetal rhythm disturbances are described in
Chapter 42.

Detailed prenatal diagnosis allows for appropriate family
counseling. Because asplenia syndrome, in particular, is 
currently considered one of the worst forms of congenital
heart disease [92], it is very important to arrive at an accurate 
diagnosis in a timely manner and to be able to delineate all
management options for the families.

Preoperative assessment 
In the majority of cases, asplenia syndrome is best suited for a
single ventricle palliation due to the complex cardiovascular
anatomy [93,94]. Biventricular repair is only feasible in the
rare cases with two balanced ventricles and anatomy suitable
for a two-ventricle repair. In cases of borderline ventricular
hypoplasia, calculation of ventricular volumes is very import-
ant preoperatively, and a systemic–pulmonary shunt can be
placed for the purpose of increasing the ventricular volume
to facilitate intraventricular rerouting in addition to provid-
ing a stable source of pulmonary blood flow [95]. 

Left Azygos
Arch to LSVC

Figure 28.19 (c) Long-axis image shows a
prominent azygos arch draining into the left
superor vena cava (LSVC). The inferior vena
cava was intact and left-sided. The diagnosis
also included double-outlet right ventricle
{I,D,D}, complete common atrioventricular
canal and pulmonary stenosis. Ao, aorta; Asc,
ascending; Desc, descending; LA, left atrial;
MPA, main pulmonary artery; PA, pulmonary
artery.(c)

Common
AV Valve

RV

LV

Common
Atrium

Spine

Figure 28.20 Fetal heterotaxy syndrome 
with severe pulmonary stenosis. (a) Fetal
echocardiogram at 27 weeks’ gestation with a
4-chamber view showing levocardia, common
atrium and complete common atrioventricular
canal.(a)
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The systemic venous anatomy requires special attention in
preoperative patients with heterotaxy syndrome. An intact
inferior vena cava with a dilated azygos needs to be differ-
entiated from interrupted inferior vena cava with azygos
continuation in order to decide whether the azygos should 
be ligated [60]. An interconnecting venous sinus between
the inferior vena cava and the hepatic veins below their 
separate entry to the heart needs to be ruled out prior to the
Kawashima procedure [60,96]. It is also critically important
to evaluate for bilateral superior venae cavae, and the pres-
ence of an interconnecting vein should be determined before
deciding whether to perform a bilateral bidirectional or

cavopulmonary (i.e., Glenn) anastomosis. The exact location
of the entrance of the systemic veins to the heart needs to 
be determined in cases where a biventricular repair will be
attempted and atrial septation for separation of the pul-
monary and systemic venous flow is necessary [97].

Totally anomalous pulmonary venous connection in 
asplenia syndrome often presents with obstruction and 
may warrant emergency operation in the newborn period,
with a high mortality risk [59,94,98,99]. The techniques for
diagnosis of pulmonary venous obstruction have been descr-
ibed earlier. Additionally, based on a study of totally anoma-
lous pulmonary venous connection cases, 44% of which were

Conal
Septum

RV

LV

Ao

PA

Dilated Right
Azygos Vein

Left-sided
Desc Aorta

Cranial

Figure 28.20 (b) Imaging of the ventricular
outflows indicates the additional diagnoses of
double-outlet right ventricle {A,D,D}, anterior
aorta, and severe subvalvar and valvar
pulmonary stenosis. (c) Coronal image
demonstrates a dilated right azygos vein in the
setting of an interrupted inferior vena cava. The
cardiovascular findings in this fetus are most
consistent with polysplenia syndrome. Ao,
aorta; LV, left ventricle; RV, right ventricle; 
PA, pulmonary artery.

(b)

(c)
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in the setting of heterotaxy syndrome, the measurement 
of individual pulmonary vein size and use of the indexed 
pulmonary vein sum can predict long-term survival and the
probability of intrinsic pulmonary vein abnormalities preop-
eratively [100]. In cases of obstruction, the need for simulta-
neous shunt placement may be underestimated. The reverse
is also true: the relief of critical obstruction of pulmonary
blood flow may unmask obstructed total pulmonary venous
connections in heterotaxy syndrome [101]. 

Before performing the Fontan operation, the degree of AV
valve regurgitation needs to be assessed [102] because it
affects surgical outcome. The ventricular septum should also
be thoroughly interrogated and the type of VSD determined,
especially in cases of double-outlet right ventricle, where the
relation of the VSD to the aorta will determine the feasibility
of an LV-aorta baffle repair.

Postoperative assessment and imaging in the 
adult
The main focus of the postoperative and follow-up exam-
inations in patients with heterotaxy syndrome depends on
the type of procedure performed. Because the majority of 
heterotaxy syndrome patients require staged single-ventricle
palliation, the follow-up is as described in Chapter 27. After
correction of totally anomalous pulmonary venous connec-
tion, the individual pulmonary veins require special atten-
tion for evidence of stenosis, both at the anastomotic site
(Fig. 28.21) and more distally in the lumen of the veins.
Transesophageal echocardiography may be necessary for
pulmonary venous imaging in the adult. Ventricular func-
tion and AV valve regurgitation need to be carefully assessed
and followed longitudinally to determine the timing and 
feasibility of surgical repair. Despite the improved success

rate of corrective and palliative surgeries in recent years,
mortality remains high [43,68]. In case of severe AV valve
regurgitation and/or ventricular dysfunction, cardiac trans-
plantation may be the only surgical option, and results 
have been encouraging with reported 5-year survival that
favorably compares with results of palliative procedures
[103].
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