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Established Facts
• Fetal dextrocardia is usually associated with a wide spectrum of cardiac defects that are often complex,
making this condition conceptually difficult to understand and diagnose.
• Four-dimensional sonography with spatiotemporal image correlation (STIC) can facilitate examination of the fetal heart; however, analyzing STIC volume datasets is operator dependent and can be very
challenging, especially when the heart is abnormal.
• A novel method known as Fetal Intelligent Navigation Echocardiography (FINE) automatically generates and displays nine standard fetal echocardiography views in normal hearts by applying intelligent
navigation technology to STIC volume datasets.

Novel Insights
• The FINE method may be applied successfully to fetal dextrocardia with complex congenital heart disease, and demonstrates both abnormal fetal cardiac anatomy and complex anatomic relationships.
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Abstract
Fetal dextrocardia is a type of cardiac malposition where the
major axis from base to apex points to the right side. This
condition is usually associated with a wide spectrum of complex cardiac defects. As a result, dextrocardia is conceptually
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Introduction

Assessment of fetal cardiac axis and position is routinely performed on prenatal ultrasound examinations.
Primary dextrocardia is a type of cardiac malposition
where the major axis of the heart (from base to apex along
the interventricular septum) points to the right, and is
due to an intrinsic developmental abnormality [1–5].
This should be distinguished from secondary dextrocardia (or dextroposition), in which the heart is shifted into
the right chest due to pathology related to the diaphragm,
lung, pleura, or other adjoining tissues, while the cardiac
apex points to the left [2, 4–6]. The term dextrocardia,
however, describes only the position of the cardiac axis,
and does not convey information about chamber organization and cardiac anatomy [2, 3, 4, 7–10].
The incidence of fetal primary dextrocardia has been
reported to be 0.22–0.83% in tertiary fetal cardiology
units [2, 4, 5]. Since fetal dextrocardia is usually associated with a wide spectrum of cardiac defects that are often
complex [2, 4, 5, 11], this condition is conceptually difficult to understand and diagnose [3, 7, 11]. Therefore, using ultrasound, a careful segmental analysis of cardiac
anatomy is important to analyze and define the anatomical relationships [8]. Yet, this task can be very difficult
2
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even for experienced sonologists, making prenatal diagnosis challenging.
There is a growing body of evidence suggesting that
four-dimensional (4D) sonography with spatiotemporal
image correlation (STIC) can facilitate examination of
the fetal heart [12–26]. STIC technology allows acquisition of a fetal cardiac volume dataset and displays a cine
loop of a complete single cardiac cycle in motion [13–15,
27, 28]. Such volume datasets allow sonologists to extract
and display cardiac planes in any orientation. Therefore,
4D sonography with STIC has been proposed in both cardiac screening and the prenatal diagnosis of congenital
heart disease [29–35], since it improves the identification
of complex intracardiac relationships [12]. Yet, the manipulation and analysis of STIC volume datasets is operator dependent and can be an arduous task, especially
when the fetal heart is abnormal.
Recently, a novel method known as fetal intelligent
navigation echocardiography (FINE) was developed,
which automatically generates and displays nine standard
fetal echocardiography views in normal hearts by applying “intelligent navigation” technology to STIC volume
datasets [12, 36–39]. FINE can simplify examination of
the fetal heart and reduce operator dependency [36].
Moreover, in cases of congenital heart disease, FINE is
able to demonstrate abnormal fetal cardiac anatomy in
multiple echocardiography views [36]. However, such
method has never been applied thus far to cases of fetal
cardiac malposition, such as dextrocardia.
We report herein for the first time, a case of situs solitus and dextrocardia with complex congenital heart disease (tricuspid atresia type II, D-transposition of the great
vessels, hypoplastic right ventricle, coarctation of the aorta, ventricular septal defect [VSD], and atrial septal defect) that was diagnosed in the third trimester using FINE.
Such method was invaluable in demonstrating the specific abnormalities and defining the complex anatomic
relationships, which had been very difficult to do on realtime echocardiography.
Clinical Case
A 28-year-old, healthy multiparous (G5, P2022) patient was
referred to our research ultrasound unit at 35 weeks of gestation
for a complex congenital heart defect. We examined the patient at
the Detroit Medical Center/Wayne State University, and the Perinatology Research Branch of NICHD, NIH, DHHS. She was enrolled in a research protocol approved by the Institutional Review
Board of NICHD, NIH, and by the Human Investigation Committee of Wayne State University. The patient provided written informed consent for the use of sonographic images for research
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difficult to understand and diagnose on prenatal ultrasound.
The advantage of four-dimensional sonography with spatiotemporal image correlation (STIC) is that this modality can
facilitate fetal cardiac examination. A novel method known
as fetal intelligent navigation echocardiography (FINE) allows automatic generation of nine standard fetal echocardiography views in normal hearts by applying intelligent
navigation technology to STIC volume datasets. In fetuses
with congenital heart disease, FINE is also able to demonstrate abnormal cardiac anatomy and relationships when
there is normal cardiac axis and position. However, this technology has never been applied to cases of cardiac malposition. We report herein for the first time, a case of fetal dextrocardia and situs solitus with complex congenital heart disease in which the FINE method was invaluable in diagnosing
multiple abnormalities and defining complex anatomic relationships. We also review the literature on prenatal sonographic diagnosis of dextrocardia (with an emphasis on situs
solitus), as well as tricuspid atresia with its associated cardiac
features.
This is a work of the US Government and is not subject

Examination of the Fetal Heart Using FINE
On the same day but several hours later, the patient came to our
research ultrasound unit and a 4D sonographic examination with
STIC was performed. As soon as she arrived, the patient imposed
specific time constraints and therefore, the fetal cardiac examination was performed expeditiously and was limited in nature. We
noted fetal growth restriction (estimated fetal weight <5th percentile) and a decreased amniotic fluid index of 7.9 cm. Yet, despite
the advanced gestational age, amniotic fluid volume, and extreme
obesity, we immediately recognized that conditions were appropriate to acquire STIC volume datasets [27, 28]. For example, the
fetal spine was located at the 6-o’clock position, there was minimal
shadowing of the four-chamber view and upper mediastinum, as
well as absent fetal breathing and gross movements [28]. Therefore, within 6 min of beginning the ultrasound examination, multiple STIC volume datasets of the fetal heart were acquired from
the apical four-chamber view by transverse sweeps through the
fetal chest. The patient was asked to momentarily suspend breathing during STIC acquisition. The acquisition time was 10 s, while
the acquisition angle was 40°.

A single STIC volume dataset considered to be of highest quality was chosen for analysis by FINE. Next, using the Anatomic
Box® feature, seven anatomical structures of the fetal heart were
marked on the screen to generate an internal geometrical model of
such heart [36–38]. The structures in sequential order are: (1)
cross-section of the aorta at the level of the stomach; (2) crosssection of the aorta at the level of the four-chamber view; (3) crux;
(4) right atrial wall; (5) pulmonary valve; (6) cross-section of the
superior vena cava; and (7) transverse aortic arch. Once marking
is completed, FINE allows nine standard fetal echocardiography
views to be automatically generated and displayed: (1) four chamber; (2) five chamber; (3) left ventricular outflow tract; (4) shortaxis view of great vessels/right ventricular outflow tract; (5) threevessels and trachea (3VT); (6) abdomen/stomach; (7) ductal arch;
(8) aortic arch; and (9) superior and inferior venae cavae [12, 36,
38].
The nine fetal echocardiography views are displayed simultaneously in a single template as nine diagnostic planes (Fig. 1 and
see online suppl. Videoclip S1; for all online suppl. material, see
www.karger.com/doi/10.1159/000468929). As part of the FINE
method, the operator-independent Virtual Intelligent Sonographer Assistance (VIS-Assistance®) tool can also be activated for
each of the nine cardiac diagnostic planes. This tool essentially
functions as a virtual sonologist which “scans” the STIC volume in
a targeted way (as a videoclip) to yield additional information
within a specified territory of the diagnostic plane [12, 36–38].
Since VIS-Assistance® navigates and explores the surrounding
structures in each of the nine diagnostic planes, it accomplishes the
following: (1) improves the success of obtaining the fetal echocardiography view of interest; (2) provides additional information
that is not evident in the diagnostic plane; (3) reduces the falsepositive rate; and (4) improves the quality of the fetal cardiac examination [12, 36–38]. Indeed, we have found VIS-Assistance®
to be particularly informative and valuable in cases of congenital heart disease [36, 39]. It is noteworthy that in three VIS-Assistance® views, the following structures are also automatically
shown in the videoclip: (1) 3VT: three-vessel view and transverse
aortic arch; (2) abdomen/stomach: stomach and four-chamber
view (to determine situs); and (3) four-chamber: atrial septum
(both septum primum and septum secundum) and pulmonary
veins [12, 36, 38].
An additional novel feature of FINE is that automatic labeling
occurs of the nine echocardiography views (i.e., diagnostic planes),
anatomical structures, left and right sides of the fetus, and cranial
and caudal ends [36, 37]. The purpose of such labeling is to assist
readers of images in recognizing anatomical structures, and also to
allow the images generated by FINE for a particular case to be compared with what is considered normal [37]. Automatic labeling is
an optional feature and may be activated or turned off.
After applying the FINE (or 5D Heart) method to the STIC volume dataset, we noted that all nine echocardiography views were
abnormal (Fig. 1 and see online suppl. Videoclip S1). The 3VT diagnostic plane/VIS-Assistance® shows the well-developed leftward
pulmonary artery arising from the dilated morphologic left ventricle, while a hypoplastic aorta is rightward and anterior to the pulmonary artery, and arises from the hypoplastic morphologic right
ventricle (i.e., D-transposition of the great vessels). A few points are
noteworthy. The degree of hypoplasia of the aorta is related to the
size of the right ventricle, as well as the size of the VSD. In the 3VT
view of a normal heart, the transverse aortic arch/isthmus merge
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purposes. It is noteworthy that since its original invention [36], the
FINE method has been integrated into a commercially available
ultrasound platform (UGEO WS80A; Samsung Healthcare, Seoul,
Korea) and is known as 5D Heart technology.
Her past medical history was significant for a bicornuate uterus
with the fetus located in the right horn, vaginal septum, and two
prior cesarean deliveries. The patient’s prepregnancy body mass
index was 40.5, which is classified as extremely obese [40, 41].
The patient had presented late into prenatal care (27 gestational weeks) to another physician, and was transferred to our Maternal-Fetal Medicine clinic at 29 weeks due to the fetal cardiac diagnosis. Ultrasound examinations had been performed by both the
clinical ultrasound unit and pediatric cardiology, in which dextrocardia was diagnosed. However, based upon real-time fetal echocardiography examinations, it was not clear as to whether there
was a hypoplastic right or left heart, situs solitus or situs ambiguous, atrioventricular discordance (ventricular inversion), congenitally corrected transposition of the great vessels, or anomalous
pulmonary venous return. Amniocentesis testing had been declined by the patient. However, noninvasive prenatal screening
showed a male fetus with a low risk for trisomy 21, 18, 13, monosomy X, and triploidy.
At 35 weeks of gestation, the patient underwent a fetal echocardiographic examination by pediatric cardiology. Such study was
noted to be technically difficult and suboptimal due to advanced
gestational age and significantly decreased amniotic fluid volume.
Therefore, the imaging planes were suboptimally obtained. The following was noted on the exam: (1) situs ambiguous with dextrocardia; (2) ventricular inversion with congenitally corrected transposition of the great vessels; (3) common atrium; (4) while the superior
vena cava was identified returning to the atrial mass, the inferior
vena cava was not identified, and an interrupted inferior vena cava
with azygos vein continuation could not be excluded; (5) pulmonary veins were not identified; (6) severely hypoplastic tricuspid
valve (vs. atresia) and enlarged mitral valve with dysplastic leaflets;
(7) hypoplastic right ventricle and dilated left ventricle; (8) intact
ventricular septum; (9) moderately dilated pulmonary valve annulus and aortic valve atresia; and (10) ductal arch appeared widely
patent; however, the aortic arch was not well visualized.

a VSD was demonstrated, and it is evident that the severely hypoplastic right ventricle is truly hypoplastic (i.e., not hypoplastic due
to an azimuth issue) [36, 37]. Pulmonary veins were difficult to
visualize, and therefore it was unclear which atrium they were entering. The five-chamber view diagnostic plane showed findings
similar to that of the four-chamber view, as well as the VSD.
Through VIS-Assistance®, the proximal portion of the superior
vena cava is seen entering the right atrium, and the severely hypoplastic right ventricle remains small in size.
In the left ventricular outflow tract diagnostic plane/VIS-Assistance®, both ventricles can be seen, with the well-developed pulmonary artery arising from the left ventricle (Fig. 1 and see online
suppl. Videoclip S1). The diagnostic plane of the short-axis view
of great vessels/right ventricular outflow tract appears abnormal.
VIS-Assistance® shows the pulmonary artery arising from the left

Color version available online

with the pulmonary trunk/ductus arteriosus into the descending
aorta in a “V-shape” configuration [42]. Both vessels point to the
left of the trachea (central and anterior to the spine), and the superior vena cava is located to the right of the aortic arch, and anterior
to the trachea [42]. Yet, for the case herein, the 3VT view shows a
“Y-shape” configuration, in which the aorta is anterior to the pulmonary artery (Fig. 1 and see online suppl. Videoclip S1).
The four-chamber view diagnostic plane demonstrated dextrocardia, a dilated left ventricle, enlarged mitral valve with redundancy in leaflet tissue, severely hypoplastic right ventricle, tricuspid atresia caused by a thick membrane, enlarged right atrium, and
large interatrial communication (widely patent foramen ovale vs.
atrial septal defect) (Fig. 1 and see online suppl. Videoclip S1). The
morphologic left ventricle was identified by its fine apical trabeculations and smooth septal surface. By activating VIS-Assistance®,

(For legend see next page.)
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VIS-Assistance®) that is reported here for the first time to obtain
the aortic arch. Triple VIS-Assistance® works in the following
manner. For a given original diagnostic plane (e.g., DP original),
after VIS-Assistance® is activated and a new echocardiography
plane is obtained (DP new 1), one may replace the original diagnostic plane with this new plane so that it appears in the template
of nine echocardiography views. This is accomplished by pressing
a button titled “Update Diagnostic Plane” on the ultrasound machine. If VIS-Assistance® is activated again for “DP new 1,” and a
new plane (DP new 2) is chosen to replace DP new 1, this is known
as double VIS-Assistance®. When activating VIS-Assistance® a
third time so that a new plane (DP new 3) replaces DP new 2 in the
template of nine echocardiography views, this action is known as
triple VIS-Assistance®. By implementing such a technique, the ascending aorta was identified arising from the hypoplastic right
ventricle, and narrowing in the transverse aortic arch and isthmus
region is apparent, consistent with coarctation of the aorta (Fig. 1
and see online suppl. Videoclip S1). Finally, the venae cavae diagnostic plane/VIS-Assistance® shows the superior and inferior
vena cava entering the right atrium. The same view also shows tricuspid atresia, and both ventricles.
It is noteworthy that automatic labeling was correct for all the
echocardiography views except for three: (1) five chamber; (2)
short-axis view of great vessels/right ventricular outflow tract; and
(3) ductal arch. Thus, in summary FINE showed dextrocardia, situs solitus, tricuspid atresia, hypoplastic right ventricle, dilated left
ventricle with enlarged mitral valve, enlarged right atrium, Dtransposition of the great vessels, coarctation of the aorta, VSD,

Fig. 1. Application of the fetal intelligent navigation echocardiography (FINE) method to a spatiotemporal image correlation
(STIC) volume dataset of a fetus with dextrocardia, situs solitus,
and complex congenital heart disease at 35 weeks of gestation (also
see online suppl. Videoclip S1). Nine cardiac diagnostic planes are
displayed automatically in a single template with automatic labeling of the fetal left and right sides, cranial and caudal direction,
each diagnostic plane, and anatomical structures. All of the nine
echocardiography views are abnormal (diagnostic planes and/or
Virtual Intelligent Sonographer Assistance [VIS-Assistance®]).
The three-vessel and trachea view diagnostic plane shows the welldeveloped leftward pulmonary artery arising from the dilated left
ventricle, while a hypoplastic aorta is rightward and anterior to the
pulmonary artery, and arises from the hypoplastic right ventricle
(ventricle not shown in this frame) (i.e., D-transposition of the
great vessels). Note that the three-vessel and trachea view shows a
“Y-shape” configuration, in which the aorta is anterior to the pulmonary artery. In addition, automatic labeling by FINE is correct.
The four-chamber view diagnostic plane shows dextrocardia, a dilated left ventricle, enlarged mitral valve with redundancy in leaflet
tissue, severely hypoplastic right ventricle, tricuspid atresia caused
by a thick membrane, enlarged right atrium, and large interatrial
communication. Note that automatic labeling of all four chambers
by FINE is correct. The five-chamber view diagnostic plane shows
findings similar to those of the four-chamber view, as well as a ventricular septal defect. The “Ao” label here does not actually point
to the aorta itself; however, the label is precisely where the aorta
should exit from the hypoplastic right ventricle. In the left ven-

tricular outflow tract diagnostic plane, the well-developed pulmonary artery arises from the left ventricle (not well shown in this
frame). For the short-axis view of great vessels/right ventricular
outflow tract, VIS-Assistance® was activated to show this plane,
which appears abnormal. The pulmonary artery arises from the
dilated left ventricle (the “RV” automatic label is incorrect here).
In the abdomen view diagnostic plane, visceroatrial situs solitus
was determined by the location of the inferior vena cava (anterior
and right of the spine), descending aorta (posterior and left of the
spine), hepatic venous drainage (not shown here), right-sided liver, and stomach on the left side. For the ductal arch view, VISAssistance® was activated to show this image, which appears abnormal. The pulmonary artery arises from the dilated left ventricle
(the “RV” automatic label is incorrect here). For the aortic arch
view, triple VIS-Assistance® was performed to obtain the plane displayed here. The ascending aorta is seen arising from the hypoplastic right ventricle, and narrowing in the transverse aortic arch and
isthmus region is consistent with coarctation of the aorta. Note
that automatic labeling of the aortic arch view by FINE is correct.
The venae cavae diagnostic plane shows the superior and inferior
vena cava entering the right atrium. In the superior part of the image, tricuspid atresia (between the right atrium and ventricle), is
shown. A, transverse aortic arch; Ao, aorta; Desc., descending;
IVC, inferior vena cava; LA, left atrium; LV, left ventricle; P, pulmonary artery; PA, pulmonary artery; RA, right atrium; RV, right
ventricle; RVOT, right ventricular outflow tract; S, superior vena
cava; SVC, superior vena cava; Trans., transverse.
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ventricle, inferior vena cava entering the right atrium, Eustachian
valve, and a hepatic vein.
In the abdomen/stomach view diagnostic plane/VIS-Assistance®, visceroatrial situs solitus was determined by the location
of the inferior vena cava (anterior and right of the spine), descending aorta (posterior and left of the spine), hepatic venous drainage,
right-sided liver, and stomach on the left side (see online suppl.
Videoclip S2). The VIS-Assistance® videoclip shows the inferior
vena cava as well as the hepatic vein entering the right atrium on
the right side. Moreover, the videoclip also shows dextrocardia, a
dilated left ventricle, enlarged mitral valve with redundancy in
leaflet tissue, severely hypoplastic right ventricle, tricuspid atresia
caused by a thick membrane, enlarged right atrium, large interatrial communication (widely patent foramen ovale vs. atrial septal
defect), and VSD (see online suppl. Videoclip S2). Because of the
targeted automatic navigational movements in the abdomen/
stomach view VIS-Assistance®, the 3VT itself (with the findings
described previously) is also included in the videoclip. There was
no evidence of the “double vessel” sign (dilated azygos vein and
aorta), which is diagnostic of interrupted inferior vena cava with
azygos continuation [43]. For the ductal arch view, the diagnostic
plane appears abnormal. VIS-Assistance® shows what appears to
be the “ductal arch”; however, the pulmonary artery is arising from
the left ventricle. The inferior vena cava and hepatic vein enter the
right atrium, and the Eustachian valve is visible.
In the aortic arch diagnostic plane, the aortic arch was initially
not apparent. However, we took advantage of the technology
which underpins FINE, and implemented a technique (called triple

Fig. 2. Postnatal echocardiogram of the subcostal four-chamber

and large interatrial communication. The pulmonary veins were
difficult to visualize.
Delivery and Postnatal Course
Serial ultrasound examinations were performed for fetal growth
restriction, in which the estimated fetal weight and amniotic fluid
volume were calculated, and evaluation of the biophysical profile
score, and fetal Doppler velocimetry. At 37 weeks of gestation, the
estimated fetal weight was 1,877 g (<5th percentile), the abdominal
circumference lagged by 7 weeks, and there was oligohydramnios.
The patient was sent to the hospital for evaluation, and nonstress
testing was nonreactive. The next day, a repeat cesarean section and
bilateral tubal ligation were performed. A uterine didelphys was
identified with the fetus located in the right horn. The male neonate
weighed 1,690 g, Apgar scores were 6 and 7 (1 and 5 min, respectively), and the umbilical cord arterial pH was 6.997.
After birth, the complex cardiac defect was confirmed by transthoracic echocardiography (Fig. 2 and see online suppl. Videoclip
S3) and cardiac catheterization. In addition, leftward juxtaposition
of the atrial appendages was noted. Pulmonary venous return was
normal into the left atrium. A moderate-sized atrial septal defect
was identified in the secundum portion of the atrial septum, along
with a large redundant fossa ovalis aneurysm. There were no extracardiac anomalies noted. Dextrocardia and a left-sided stomach
bubble were also apparent on the chest X-ray (Fig. 3). A diagram
that conceptually depicts the congenital heart defect postnatally is
shown in Figure 4.
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Fig. 3. Chest radiograph in the neonate shows dextrocardia, with

discordant location of the cardiac apex (right-sided) relative to the
stomach (left-sided). The feeding tube (thin, white line) is seen
coursing leftward into the stomach bubble. The liver is located on
the right side. R, neonatal right side.

The infant had a prolonged and complicated postnatal course
and remained in the hospital until 8 months of age. Due to his low
birth weight, he underwent an initial “hybrid procedure” at 2
weeks of life, characterized by ductal stenting and bilateral pulmonary artery band placement, in order to establish secure systemic
outflow and a controlled source of pulmonary blood flow (Fig. 5
and 6, see online suppl. Videoclip S4). At 5 months of age, a Norwood reconstruction of the aortic arch with Sano modification was
performed to proceed with single-ventricle palliation. The infant
experienced multiple complications throughout the hospital
course, including hypoxemia, pericardial effusions, infections,
thromboses, and stroke, requiring multiple interventions and extracorporeal membrane oxygenation (ECMO) support. The patient was eventually discharged home, but was readmitted 2
months later with sepsis, disseminated intravascular coagulation,
and multi-organ failure. Despite all efforts, he expired during that
hospitalization.

Discussion

Intelligent Navigation Technology and Characteristics
of FINE
We report herein the first case of fetal dextrocardia
with situs solitus and complex congenital heart disease
Yeo/Luewan/Markush/Gill/Romero
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view at day 1 of life (also see online suppl. Videoclip S3). Dextrocardia is evident (cardiac axis from base to apex pointing to the
neonatal right side), along with a dilated left ventricle and hypoplastic right ventricle. There is a thick membrane between the right
atrium and ventricle where the tricuspid valve should be, but no
true connection (tricuspid atresia). There is redundant atrial septal
tissue bowing from right to left into the left atrium and a moderatesized atrial septal defect in the secundum portion of the atrial septum. The ventricular septal defect is not seen in this imaging plane.
LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.

Color version available online

Color version available online
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Right
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Fig. 5. Pediatric echocardiogram performed at 2 weeks of life after
hybrid procedure showing the subcostal four-chamber view (also
see online suppl. Videoclip S4). Left, gray scale; right, color Doppler. Dextrocardia is evident (cardiac axis from base to apex pointing to the neonatal right side), along with a dilated left ventricle
and hypoplastic right ventricle. There is a membrane between the
right atrium and ventricle, but with no true connection (tricuspid
atresia). Color flow is demonstrated from the left to right ventricle
through the small, restrictive ventricular septal defect. More superiorly in the image, a stent (circular, white echogenic structure) is
visualized in the main pulmonary artery from the previous hybrid
procedure. Note that the color Doppler bar orientation does not
correspond to the color Doppler flow depicted in the heart, because the image has been flipped for illustrative purposes. LV, left
ventricle; RV, right ventricle; VSD, ventricular septal defect.

Color version available online

Fig. 4. Postnatal diagram of the current case (for conceptual purposes only). The left side of the diagram corresponds with the neonatal right side. There is dextrocardia, tricuspid atresia (thick
membrane in red), hypoplastic right ventricle, enlarged right atrium, dilated left ventricle, D-transposition of the great vessels (welldeveloped leftward pulmonary artery arises from the left-sided
morphologic left ventricle, while a hypoplastic aorta is rightward
and anterior to the pulmonary artery, arising from the right-sided
morphologic right ventricle), coarctation of the aorta (black arrows point to narrowing of the isthmus), and ventricular septal
defect (VSD) (white arrow). TV, tricuspid valve.

b

hybrid procedure showing the great vessels exiting the ventricles
(also see online suppl. Videoclip S4). Dextrocardia is evident (cardiac axis from base to apex pointing to the neonatal right side),
along with a dilated left ventricle and hypoplastic right ventricle.
a The pulmonary artery is seen exiting from the left ventricle (blue
color), and the initial portion of the pulmonary artery bifurcation
is seen on the gray scale image. At the top of the image, a stent (cir-

cular, white echogenic structure) is visualized in the main pulmonary artery from the previous hybrid procedure. b From the right
ventricle, there is flow (blue color) through the aorta, which is
smaller, rightward, and anterior to the larger pulmonary artery.
Note that the color Doppler bar orientation does not correspond
to the color Doppler flow depicted in the heart, because the image
has been flipped for illustrative purposes. AO, aorta; LV, left ventricle; PA, pulmonary artery; RV, right ventricle.
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Fig. 6. Pediatric echocardiogram performed at 2 weeks of life after
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was not evident in the diagnostic plane [36] (Fig. 1 and
see online suppl. Videoclip S1). When compared to manual navigation within a STIC volume dataset by the sonologist, VIS-Assistance® has several unique characteristics and advantages [37]: (1) automatic navigation
through the volume dataset; (2) consistent navigational
movements through the volume each time that VIS-Assistance® is activated; (3) time duration of VIS-Assistance® is typically shorter (less than 4 min); and (4) the
types of navigational movements through the volume are
unique and would be difficult or impossible to perform
otherwise.
We also found that the simultaneous display of multiple fetal echocardiography views (Fig. 1 and see online
suppl. Videoclip S1) was very useful and informative,
since: (1) anatomical features of the complex cardiac defect could be visualized and compared side-by-side; and
(2) the same abnormality could be confirmed in multiple
views at the same time (e.g., hypoplasia of the transverse
aortic arch) [36].
Automatic labeling through intelligent navigation of
anatomical structures within the diagnostic planes is possible because the system “infers” the actual location of
structures in space [37]. For the case herein, automatic
labeling of anatomical structures was correct for six of the
nine echocardiography views, and was correct in labeling
all diagnostic planes, left and right sides of the fetus, and
cranial and caudal ends. This is consistent with our expectations, since in cases of complex congenital heart disease, we have found that the automatic labeling feature of
the FINE method may not always be appropriate. It is
noteworthy that despite the dextrocardia, labeling of the
cardiac chambers in the four-chamber view diagnostic
plane was accurate because our case was consistent with
type II dextrocardia (or dextroversion) as classified by Arcilla and Gasul (see below) [1].
When the FINE method was developed, we proposed
using this as an aid for examination of the fetal heart in
the population at large, rather than to diagnose specific
congenital heart defects [36]. However, through further
experience with such method, we have found that in cases of cardiac anomalies, FINE is able to demonstrate abnormal cardiac anatomy successfully [36]. Even in the
setting of complex congenital heart disease, FINE can automatically generate informative fetal echocardiography
views. In addition, we have recently reported that by combining color or bidirectional power Doppler with FINE
(known as 5D Heart Color), abnormal hemodynamic
flow is demonstrated and the anatomic diagnosis is corroborated [39].
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successfully diagnosed using the FINE method. Situs solitus refers to the normal arrangement of organs and vessels within the body. Specifically, atriovisceral situs solitus is characterized by the right inferior vena cava and
superior vena cava connecting to the systemic right atrium on the right side of the heart, with a right-sided liver
and left-sided stomach [44]. In the current case, although
the cardiac axis from base to apex was directed rightward,
and the fetal heart was located in the right side of the
chest, there was still successful generation of nine fetal
echocardiography views using a combination of diagnostic planes and/or VIS-Assistance®. This is possible because of the intelligent navigation technology which underpins FINE [37]. Marking anatomical structures in different planes of the heart using intelligent navigation
allows inferences of the anatomical relationships in multiple dimensions and therefore, geometrical reconstruction of the fetal heart is possible [36]. Indeed, a unique
characteristic of FINE is that the method is adaptive (i.e.,
“fits” the anatomy of each particular case under examination) [36, 37], similar to a professional tailor who makes
unique modifications to the garment based upon a client’s body shape and posture. Specifically, the successful
display of cardiac diagnostic planes occurs in the presence of anatomic variability (e.g., cardiac axis and geometry) [36]. Moreover, all seven fetal anatomical structures
which are marked using Anatomic Box® are cardiac
structures and not that of the chest. Therefore, even with
positional changes of the fetal heart (e.g., dextrocardia),
the FINE method is still applicable and successful.
Manual navigation of a volume dataset by the operator
is the traditional method of examining anatomical areas
of interest in multiple sectional planes [37]. Yet, this requires operating the x, y, z controls, scaling, and parallel
shifting. As a result, the retrieval and display of relevant
diagnostic planes is often time-consuming, challenging,
and tedious. Moreover, interrogating STIC volume datasets requires substantial knowledge of anatomy, considerable expertise, and tools used for interrogation (i.e.,
software) [37]. In contrast, intelligent navigation interrogates STIC volume datasets, and then automatically extracts and displays the diagnostic planes.
The “virtual” sonographer tool VIS-Assistance® was
invaluable in this case of congenital heart disease because
it delineated the complex anatomical relationships very
well, which had been difficult to do in real-time sonography (see online suppl. Videoclip S2). This allowed us to
make a more confident diagnosis and was also helpful in
education and teaching. In addition, VIS-Assistance®
provided information (e.g., coarctation of the aorta) that

Dextrocardia and Confusion in Terminology
The position of the heart in the chest, and the orientation of the cardiac apex should be described separately,
since these features can vary independently from each
other, and have no definitive association with other cardiac relationships and connections [45]. Indeed, there is
confusion in the literature and no general consensus as to
the definition of dextrocardia. This term is most commonly understood to mean a heart lying predominantly
in the right hemithorax [46]. Others describe dextrocardia as both cardiac placement on the anatomic right side,
and a cardiac apex that points to the anatomic right [47].
Many authors use the definition of primary dextrocardia,
a cardiac malposition in which the major axis of the heart
(from base to apex along the interventricular septum)
points to the right, and is due to an intrinsic developmental abnormality [1–5]. It is noteworthy, however, that in
this context, dextrocardia only describes the position of
the cardiac axis, and does not convey information about
chamber organization and cardiac anatomy [2–4, 7–10].
In 1961, Arcilla and Gasul evaluated the clinical, angiographic, and autopsy results on 50 patients with congenital dextrocardia, and classified this into 5 major types:
(1) type I (mirror-image dextrocardia); (2) type II (dextroversion complex); (3) type III (mixed dextrocardia);
(4) type IV (congenital dextroposition); and (5) type V
(congenital extrinsic) [1]. In such classification, types 1
through IV represent the intrinsic group of dextrocardia,
since this is caused by a developmental anomaly of the
primitive heart tube. In contrast, for type V dextrocardia
the abnormal cardiac position is due to displacement by
congenital anomalies of the lungs, diaphragm, or chest
cage [1]. Based upon the classification system of Arcilla
and Gasul, the case reported herein is consistent with type
II dextrocardia (i.e., relationship of the cardiac chambers
are normal; the right atrium and right ventricle are situated to the right of, and posterior to the corresponding
systemic chambers). Essentially, type II dextrocardia is a
simple rotation or pivoting of the heart to the right along
the horizontal plane, with the atria as a fulcrum [7, 48]. In
a 1968 morphologic study of 41 cases of dextrocardia, Lev
et al. [7] identified 5 such cases of dextroversion, in which
all of them were associated with situs solitus, which is also
consistent with our findings.
Wilkinson and Acerete, as well as others, have noted
that even more complicated definitions or additional
terms about dextrocardia have been reported, and do not
believe these are desirable since such terms are not universally understood and may be confusing (i.e., secondary dextrocardia, extrinsic dextrocardia, mixed dextro-

Prenatal Diagnosis of Dextrocardia and Association
with Congenital Heart Defects and Situs Type
It is known that in patients with situs solitus and dextrocardia, up to 96% will have abnormal intracardiac
anatomy [3, 44]. In a study of 125 patients (mean age 9.2
years) with dextrocardia who underwent echocardiography at a tertiary care center, 34.4% (n = 43) had situs solitus dextrocardia [3]. Of this specific group, 39.5% (n =
17) had discordant arterial connections, and only 7%
(n = 3) had normal intracardiac anatomy [3]. A retrospective chart review of dextrocardia at a tertiary care hospital
in Canada identified a total of 81 cases, of which 48 were
diagnosed prenatally, and 33 were diagnosed postnatally
[44]. Of all the cases with situs solitus and dextrocardia
(n = 27), cardiac malformations were present in 96% (n =
26), and they were often complex [44].
When fetal dextrocardia is identified, a comprehensive
assessment of fetal cardiac anatomy should be performed,
since this is associated with multiple and complex congenital cardiac anomalies [3]. Specifically, careful attention should be given to determining the situs of abdominal organs, relationship of atria to ventricles, great vessel
location, and venous drainage. Moreover, complex cardiac malformations are more frequent in the setting of
dextrocardia with situs solitus and situs ambiguous, than
with situs inversus [2–5, 9, 10]. Indeed, Table 1 shows that
in cases of fetal dextrocardia with situs solitus diagnosed
on prenatal ultrasound, the frequency of congenital heart
disease ranges from 50 to 100% [2, 4–6, 44, 48, 50].
In several studies of prenatally diagnosed dextrocardia, situs solitus was the most frequent type of situs (46–
60%) (Table 1) [2, 4, 50]. Bernasconi et al. [2] studied 81
fetuses with dextrocardia diagnosed at two tertiary care
centers of fetal cardiology. In this population, situs solitus
was the most common (47%; n = 38) type of situs, and
66% (25/38) of these cases had structural cardiac malformations. Similarly, a recent study reported the incidence
of situs solitus to be 46% in cases of primary dextrocardia

Prenatal Diagnosis of Dextrocardia Using
FINE

Fetal Diagn Ther
DOI: 10.1159/000468929

9

Downloaded by:
Boston Children's Hospital Medical Library
134.174.21.190 - 9/27/2017 9:44:00 PM

cardia, isolated dextrocardia, pivotal dextrocardia, dextroversion, dextrorotation, and dextroposition) [7, 45,
46]. Recently, Edwards and Maleszewski [49] have recommended that a descriptive process should be implemented, to include the location of the heart and cardiac
axis direction, so that specific terms can be avoided.
Moreover, a separate description of the location of the
heart and direction of the cardiac apex is not just an academic exercise, but is important because it can profoundly affect planned surgical interventions [45], and precise
communication is necessary.

Table 1. Cases of fetal dextrocardia and situs solitus diagnosed on prenatal ultrasound

First author, year
[Ref.]

Dextrocardia
cases, n

Definition of dextrocardia

Comstock, 1998
[48]

22

Walmsley, 2004
[5]

Situs type, % (n)

Frequency of CHD
with situs solitus and
dextrocardia, % (n)

SS

SI

SA

Defined as a right cardiac axisa
Any fetus with abnormal heart position
was not included

n.a.

n.a.

n.a.

68 (15) of all
dextrocardia cases had
CHD (frequency for
situs solitus alone
unavailable)

46

Right-sided position of the heart
(most of the heart located in the right
hemithorax)
Direction of apex was not a criterion

22 (10)

39 (18)

39 (18)

100 (10)

Bernasconi, 2005
[2]

81

Major axis of the heart points to the
right
Fetuses with dextroposition (heart
shifted into the right chest due to an
extracardiac abnormality) were
excluded

47 (38)

23 (19)

30 (24)

66 (25)

Bohun, 2007 [44]

81 total cases
48 diagnosed
prenatally
33 diagnosed
postnatally

Right-sided embryologic development
of the heart with most of the heart mass
positioned in the right hemithorax

33b (27) 37b (30) 30b (24)

For all cases of situs
solitus (diagnosed
both pre- and
postnatally), CHD was
found in 96% (26/27)

Falkensammer,
2008 [6]

26

Fetal heart positioned in the right chest,
with the apex pointing to the right

23 (6)

8 (2)

69 (18)

50 (3)

Ozkutlu, 2011
[50]

10

Heart located in the right hemithorax
with the apex pointing to the right

60 (6)

30 (3)

10 (1)

100 (6)

Oztunc, 2015 [4]

22

Right-sided positioning of the heart
(most of the heart in the right
hemithorax)
Direction of apex was not a criterion
Primary dextrocardia (due to
embryologic development)

46 (10)

18 (4)

36 (8)

80 (8)

n.a., not available; CHD, congenital heart disease; SA, situs ambiguous; SI, situs inversus; SS, situs solitus. a Cardiac axes from 25° to
the left of midline to anywhere in the midline or right chest. b No information on situs types for prenatally diagnosed cases only.

Tricuspid Atresia
Tricuspid atresia is a cyanotic cardiac defect with congenital absence or agenesis of the tricuspid valve, occurring in 0.08 per 1,000 live births [51]. During prenatal
screening, the incidence is 1/15,000, or 0.47% of all car10
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diac defects detected [52]. In this condition, the right atrium is hypertrophied and dilated, there is an interatrial
communication (e.g., atrial septal defect or patent foramen ovale), and the right ventricle is hypoplastic. The mitral valve has a large orifice, and the left ventricle is dilated with wall hypertrophy. A VSD is almost always present, typically in the inlet septum. The vessel which arises
from the small right ventricle tends to be hypoplastic.
Thus, in the setting of concordant ventriculoarterial connection, pulmonary stenosis or atresia is frequently
found, especially when the VSD is small, and the aorta is
either normal, or slightly larger than normal [53]. HowYeo/Luewan/Markush/Gill/Romero
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diagnosed prenatally [4]. Of such cases, the frequency of
cardiac defects was 80% (8/10). In contrast, Walmsley et
al. [5] reported that situs solitus was the least frequent situs type (22%); however, 100% of the 10 fetuses with dextrocardia and situs solitus had a cardiac malformation
(Table 1).

ever, in cases of ventriculoarterial discordance (found in
the case herein), hypoplasia of the aortic arch, coarctation, or even aortic atresia may occur, depending upon
the size of the VSD [53, 54]. This is because in the setting
of tricuspid atresia and D-transposition of the great vessels, an increased portion of blood flows into the pulmonary artery and through the ductus arteriosus into the
descending aorta. As a result, flow through the aorta and
aortic arch is decreased.
In tricuspid atresia, the relationship of the great vessels
varies, and is the basis for classification types: (1) type I:
normally related great vessels (70–80% of cases); (2) type
II: D-transposition of the great vessels (12–25% of cases);
(3) type III: great vessel positional abnormalities other
than D-transposition of the great vessels (e.g., L-transposition of the great vessels); and (4) type IV: persistent
truncus arteriosus [55–57]. The case reported herein is
consistent with type II tricuspid atresia.
Juxtaposition of the atrial appendages is an associated
defect of tricuspid atresia [58, 59], and was noted in our
case postnatally (juxtaposition to the left side). This is a
rare condition in which both appendages, or one and part
of the other, lie adjacent on one side of the great arterial
pedicle [60]. In almost every case, this occurs in the setting of complex congenital heart disease, and its presence
usually indicates severe cyanotic heart disease [60, 61].
Left juxtaposition, in which both atrial appendages lie to
the left of the great vessels, is more common than right
juxtaposition. The incidence of left juxtaposed atrial appendages in tricuspid atresia has been reported to be
about 10% [59].
The combination of tricuspid atresia and dextrocardia
is extremely rare [62]. Van Praagh et al. [63] reviewed 136
patients with dextrocardia in an autopsy series. Tricuspid
atresia was found in only a single patient, and situs solitus
with L-transposition of the great vessels was identified. In
contrast, our fetus was affected with D-transposition of
the great vessels.
Tricuspid atresia or abnormalities in the tricuspid
valve combined with situs solitus and dextrocardia have
been reported in a handful of reports [3, 7, 44, 53, 62, 64,
65]. In 1968, Lev et al. [7] conducted a morphologic study
of 41 cases of dextrocardia. One male neonate at 4 days of
life had the following findings, which were almost identical to the current case: situs solitus, dextrocardia, tricuspid atresia, complete transposition of the great vessels,
VSD, coarctation of the aorta, aneurysm of the fossa ovalis, and juxtaposition of the atrial appendages. In addition, a patent ductus arteriosus and double left atrium
were identified [7].

In a 1980 case report, the authors described a 13-yearold boy with situs solitus, dextrocardia, tricuspid atresia,
D-transposition of the great vessels and subaortic conus,
atrial septal defect, and massive mitral valve insufficiency
with dilated left atrium [62]. At 8 months of age, he had
undergone a pulmonary artery banding procedure. Upon
presentation, a right atrial to pulmonary artery conduit
procedure and mitral valve replacement successfully repaired the child’s circulation, and he was completely asymptomatic 1 year after the surgery [62]. This case is very
similar to ours, but with a different postoperative outcome.
Two recent large studies have reported the postnatal
outcomes when tricuspid atresia has been diagnosed prenatally [53, 66]. In a multicenter study conducted at three
tertiary care institutions, the authors identified 88 fetuses
with tricuspid atresia and found an 83% survival at 1 year
for liveborn infants, with no subsequent deaths for 13
years [66]. Through multivariate analysis, two independent factors were significantly associated with an increase
in time-related mortality in those that were actively managed: (1) presence of a chromosomal anomaly or syndrome (hazard ratio, HR, 13.3; 95% CI 2.21–19.6); and (2)
the need for ECMO (HR 11.3; 95% CI 2.26–56.2) [66].
While our fetus did not have a chromosomal anomaly or
additional extracardiac defects, ECMO stabilization was
required postnatally, and is likely a surrogate for increased
morbidity. Another study of 54 cases of tricuspid atresia
found that the short-term overall survival in continuing
pregnancies was 89.2%, with the greatest loss rate occurring in the first year postnatally [53]. However, there was
an increase in the mortality rate in subsequent years [67].
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Conclusion

Fetal dextrocardia is usually associated with a wide
spectrum of cardiac defects that are complex. We report
for the first time a case of fetal dextrocardia and situs solitus with complex congenital heart disease in which FINE
was invaluable in diagnosing the multiple cardiac defects
and defining the complex anatomic relationships. Until
now, such technology has never been applied to cases of
fetal cardiac malposition.
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