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Simple transposition of the great arteries (TGA) is a cyanotic heart disease that accounts for 5%
to 7% of all congenital heart diseases. It is commonly underdiagnosed in utero, with prenatal
detection rates of less than 50%. Simple TGA is characterized by ventriculoarterial discordance,
atrioventricular concordance, and a parallel relationship of TGA. The prenatal diagnosis of
TGA influences postnatal outcomes and therefore requires planned delivery and perinatal
management. For these reasons, it is important to identify the key ultrasound markers of TGA
to improve the prenatal diagnosis and consequently provide perinatal assistance. The presence
of two vessels instead of three in the three-vessel tracheal view, a parallel course of TGA, and
identification of the origin of each of TGA are the key markers for diagnosing TGA. In addition to
the classical ultrasound signs, other two-dimensional ultrasound markers such as an abnormal
right convexity of the aorta, an I-shaped aorta, and the "boomerang sign” may also be used
to diagnose TGA in the prenatal period. When accessible, an automatic approach using four-
dimensional technologies such as spatio-temporal image correlation and sonographically-based
volume computer-aided analysis may improve the prenatal diagnosis of TGA. This study aimed to
review the ultrasound markers that can be used in the antenatal diagnosis of TGA, with a focus
on the tools used by ultrasonographers, the obstetric and fetal medicine team, and perinatal
cardiologists to improve the diagnosis of this condition.
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Introduction

The diagnosis of several congenital heart diseases (CHDs) has improved by evaluating the outflow
tracts in the four-chamber view during cardiac screening and by using advanced ultrasound
technologies such as three-dimensional (3D) and four-dimensional (4D) ultrasonography/
echocardiography [1-3]. However, simple transposition of the great arteries (TGA) is one of the CHDs
that is most commonly underdiagnosed in utero. In most prenatal series, the reported detection rate
of TGA is less than 50% [4-8].
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TGA, which comprises 5% to 7% of all CHDs, is characterized
by ventriculoarterial (VA) discordance, atrioventricular (AV)
concordance, and a parallel relationship of TGA [9-12]. Due to the
presence of abnormalities in the ventricular outflow tract, a variety
of key ultrasound markers involving the left ventricle (LV) and right
ventricle (RV) outflow tracts have been described. The presence
of two vessels instead of three in the three-vessel tracheal view,
a parallel course of TGA, and identification of the origin of each
of TGA are the key markers for diagnosing this condition [13-
15]. However, the reasons for the low rate of TGA detection in the
prenatal period remain unclear. Classically, the fetal diagnosis of
TGA is based on identification of the bifurcation of the great vessel
(pulmonary artery), which arises from the posterior ventricle (LV),
and is aided by the parallel course of TGA. However, the pulmonary
artery branches at the LV outflow tract view are difficult to visualize.
This fact may explain why the prenatal diagnosis of TGA remains
a challenge, especially in patients with simple TGA whose four-
chamber view appears normal.

TGA is one of the most common causes of cyanosis and is a life-
threatening neonatal cardiac malformation. The prenatal diagnosis
of TGA may have an impact on postnatal outcomes and therefore
requires planned delivery and perinatal management [3,7,8,16,17].
Accordingly, this study aimed to review the ultrasound markers that
can be used in the antenatal diagnosis of TGA, with a focus on the
tools used by ultrasonographers, the obstetric and fetal medicine
team, and perinatal cardiologists to improve the diagnosis.

Normal
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TGA: Terminology and Morphology

TGA is a CHD in which the aortic artery emerges from the anterior
ventricle (morphological RV) while the pulmonary artery originates
from the posterior ventricle (morphological LV). Previous definitions
of TGA highlighted the abnormal relationship between TGA, which
led to the inclusion of other cardiac malformations such as double-
outlet RV, univentricular AV connections ("single ventricles"), or
tricuspid atresia. In this setting, the term "complete TGA" was used
to avoid ambiguity in the description of TGA. Complete transposition
is characterized by AV concordance and VA discordance and can
exist with a normal (solitus) or mirror-imaged (inversus) arrangement
of the atria, but this category does not include hearts with atrial
isomerism (Fig. 1). It is important to differentiate between TGA and
congenitally corrected transposition of TGA, which is characterized
by ventricular inversion aided by a transposed relationship of TGA
(discordant VA and AV connections) (Fig. 2).

The primary morphological characteristics of TGA are follows: (1)
the atria connect to their respective ventricles (AV concordance)
with disagreement of the arteries in relation to the ventricles (VA
discordance), (2) the interventricular septum does not present the
normal curvature of a normal heart, and (3) TGA are in a parallel
arrangement, and the aortic valve is positioned anteriorly and to the
right of the pulmonary valve (dextro-TGA [d-TGA]) [18,19].

The types of TGA are as follows: d-TGA, in which the aortic valve
is positioned at the front and the right side of the pulmonary valve;

Fig. 1. Schematic of the normal circulation and the abnormal circulation in transposition of the great arteries. The schematic images
show the normal physiological circulation and the parallel circulation in transposition of the great arteries (fetal circulation). Ao, aorta;
DA, ductus arteriosus; Fo, foramen ovale; LA, left atrium; LV, left ventricle; PA, pulmonary artery; RA, right atrium; RV, right ventricle; TGA,

transposition of the great arteries.
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levo-TGA, in which the aortic valve is located at the left of the
pulmonary valve; simple TGA, where there are no associated cardiac
anomalies; and complex TGA, in which the transposed arteries
coexist with other cardiac malformations. Simple TGA is more
common than the complex form [20]. The more common associated
cardiac anomalies are ventricular septal defects (with a certain
degree of malalignment of the outlet septum) and LV or RV outflow
tract obstructions. If the outlet septum is deviated posteriorly and
leftward, sub-pulmonary stenosis is suspected. On the contrary,
when the outlet septum is deviated anteriorly and rightward, sub-
aortic stenosis may occur with a fibrous continuity between the
pulmonary and mitral valves. LV outflow tract (LVOT) obstruction is
more common in TGA patients with ventricular septal defect. Other
congenital cardiac anomalies are coronary anomalies, right aortic
arch, and anomalous venous connections (systemic or pulmonary
veins). These anomalies are more frequent in TGA patients with
ventricular septal defects.

Chromosomal and extracardiac anomalies are rarely present in
patients with TGA; therefore, controversy remains regarding whether
fetal karyotype collection is indicated. This CHD is more frequent in
fetuses of pregnant women with pre-gestational diabetes mellitus,
with a history of exposure to pesticides, or with a history of retinoic
acid use (first trimester) [5,21].
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Fig. 2. Abnormal four-chamber view in congenitally corrected
transposition of the great arteries. Note that the anatomical right
ventricle is on the left and the anatomical left ventricle is on the
contralateral side. The ventricular inversion aided by a transposed
relationship of the great arteries enables this diagnosis by fetal
cardiac ultrasonography. L, left side; LA, left atrium; M, mitral valve;
mLV, morphological left ventricle; mRV, morphological right ventricle;
R, right side; RA, right atrium; T, tricuspid valve.
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Methods

For this review, a search strategy was constructed to identify studies
on the prenatal diagnosis of TGA published in English in PubMed
from 2007 to 2020. The following Medical Subject Headings terms
were used: "prenatal diagnosis,” "ultrasound cardiac screening,"
"fetal echocardiography,” "transposition of the great arteries,"
and "transposition of vessels.” Studies were analyzed if they were
published between 2007 and March 2020 and evaluated the key
ultrasound markers used in making the antenatal diagnosis of TGA.
Case reports, review studies, duplicate studies, studies on predictors
of neonatal outcomes of TGA, and those that aimed at examining
the impact of the prenatal diagnosis of TGA on postnatal outcomes
were excluded. A total of 82 related manuscripts were found after
screening titles and abstracts. After applying the inclusion and
exclusion criteria, the full text of six manuscripts was examined. Two
studies were added after analyzing the selected studies and their
references, for a total of eight studies that were selected (Fig. 3).

Prenatal Diagnosis of TGA by
Ultrasonography and Echocardiography

The guidelines for fetal cardiac screening examination and training
programs can maximize the detection rates of CHD, especially in
low-risk fetuses. Since 2013, the International Society of Ultrasound

Identification:
Electronic search
*PubMed (n=82)

Excluded
72 studies” _
*Did not meet the eligibility |
criteria
v
Screening
6 Studies were selected by titles and
abstracts

\ A
2 Studies were added analyzing the
selected studies and their references

\ 4

Included
8 Studies

Fig. 3. Flowchart of the inclusion of articles for review. The
flowchart shows the records which were identified after an
electronic search of the manuscripts that were published during
2007 to 2020 on the prenatal ultrasound marks used in making the
diagnosis of transposition of the great arteries.
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in Obstetrics and Gynecology and the American Institute of
Ultrasound in Medicine added evaluation of the outflow tracts to the
four-chamber view for cardiac ultrasound screening. This approach
improved the sensitivity of ultrasound screening for CHD from
approximately 30% to 69%-83% [2]. In this setting, the three-
vessel view and three-vessel tracheal view were also included in the
cardiac ultrasound screening protocol, which involves evaluating the
aorta, pulmonary artery, and superior vena cava [2]. The assessment
of the size, alignment, and arrangement of those vessels was
performed at the aforementioned upper mediastinum views [13,22-
24]. Despite improvements in cardiac screening and its impact on a
variety of CHDs, the antenatal diagnosis of TGA has not improved.
Consequently, this study aimed to review studies published from
2007 to March 2020 that described the ultrasound markers of TGA
and important tools for making the fetal diagnosis of TGA.

In 2007, McGahan et al. [25] described nine neonates with
TGA, of whom four were diagnosed in utero. The mortality rate in
neonates with no prenatal diagnosis of TGA was 25%, while that
in neonates with a prenatal diagnosis was 0%, with an overall
mortality of 11%. In this retrospective review, the techniques used
in performing obstetric ultrasonography and fetal echocardiography
of patients with TGA (n=9) were revised. In TGA patients with
associated cardiac anomalies, cardiac abnormalities were shown
on the four-chamber view (abnormal cardiac axis, ventricular
septal defect, and size discrepancy of cardiac chambers), and this
condition could be more easily detected during the prenatal period
than simple TGA. After reviewing the cine clips of patients whose
diagnosis of TGA was missed, the researchers observed that the

Nathalie Jeanne Bravo-Valenzuela, et al.

outflow tract views can be used to detect this CHD prenatally.
The authors suggested that the best method to diagnose TGA is
to assess the outflow tract based on the following steps: (1) the
relationship between the aorta and pulmonary artery should be
determined (Fig. 4), (2) the anatomic characteristics of the arteries
arising from each ventricle should be defined (Fig. 5), and (3) the
LVOT should be carefully assessed to determine whether an arch
or a bifurcation of TGA arises from the LV. Fetuses with TGA have
abnormal outflow tracts showing a parallel relationship with TGA

Fig. 4. Parallel relationship of the great arteries in transposition
of the great arteries. Outflow tract views show the parallelism
of the great arteries in transposition of the great arteries (aorta
[Ao], anterior [A] and pulmonary artery [PA], posterior [P]). LV, left
ventricle; RV, right ventricle; TGA, transposition of the great arteries.

Fig. 5. Characteristics of the ventricular outflow tracts in transposition of the great arteries.

A fetal echocardiogram performed at 29 weeks of gestation shows the characteristics of each vessel in the right and left outflow tracts. Note
that the aorta (Ao) arises from the right ventricle (RV) and appears as a long vessel (A), while the pulmonary artery (PA) originates from the
left ventricle (LV), which presents as a bifurcation and appears triangular in shape (B). LVOT, LV outflow tract; RVOT, RV outflow tract.
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and with the vessel bifurcation (pulmonary artery) arising from the
LVOT. The authors highlighted the importance of demonstrating
that the pulmonary artery arises from the LV, with the image of its
bifurcation resembling the head of a baby bird with an open beak.
This sign was described as the "baby bird's beak image" (Fig. 6).

In 2008, Rizzo et al. [26] showed that the use of sonographically-
based volume computer-aided analysis (sonography-based
automated volume count [sono-AV(]) software enabled automatic

< < S s 1L

Fig. 6. The "baby bird's beak" sign. The left ventricle outflow tract
(LVOT) view shows that the pulmonary artery (PA) arises from the
left ventricle in a case of transposition of the great arteries. Note
that the bifurcation of PA forms an image of a bird's beak. RV, right

ventricle.

ULTRASONOGRAPHY

retrieval of the abnormal ventricular outflow tracts in all fetuses
with TGA included in their study. The 4D spatio-temporal image
correlation (STIC) cardiac volumes of 12 fetuses with TGA at 18
to 23 weeks of gestation were retrospectively evaluated. Ten of
the fetuses had TGA and the other two had congenitally corrected
TGA. This study demonstrated that the automatic reconstruction
of the ventricular outflow tracts using this technique (sono-AVC)
may facilitate the identification of abnormal AV connections.
Furthermore, the results of this study were in agreement with the
data presented by Vinals et al. [15], who used a manual multiplanar
approach on 4D STIC volumes in fetuses with TGA (Fig. 7). Indeed,
Rizzo et al. [26] concluded that this automatic approach (sono-
AVC) may improve the prenatal diagnosis of TGA by showing the
automatic reconstruction of the outflow tracts from a 4D cardiac
volume acquired from a standard four-chamber view. Studies have
described the advantages of 3D and 4D ultrasonography in the
diagnosis of CHD [15,27-29]. However, those technologies are not
always available on ultrasound machines during routine obstetric
cardiac screening and/or fetal echocardiography.

Moreover, Shih et al. [30] presented a retrospective analysis of
cardiac volumes using the STIC technique in 56 fetuses with CHD
and 30 controls. The authors observed that in those with TGA (10 of
56 fetuses), the great vessels were disposed side by side, resembling
a Japanese fictional character, created by Sanrio, called "Keroppi"
(Fig. 8). This sign was described as the "big-eyed frog" and was

Fig. 7. Assessment of the abnormal relationship of the great arteries using spatio-temporal image correlation software with color
Doppler ultrasonography in transposition of the great arteries. The aorta (Ao) is located anteriorly and to the right of the pulmonary artery
(PA). This advanced technology enables the reconstruction of the outflow tracts off-line in patients with transposition of the great arteries
and ventricular septal defect. A, anterior; LV, left ventricle; P, posterior; RV, right ventricle; RVOT, RV outflow tract; VSD, ventricular septal

defect.
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found to be useful in improving the diagnosis of TGA.

Tongsong et al. [31] evaluated the effectiveness of the three-
vessel tracheal view in 106 fetuses diagnosed with CHD, and
reported a detection rate of 70.8%. In this study, only two vessels
(aorta and superior vena cava) were detected in all fetuses with
TGA instead of three in the three-vessel tracheal view ("misnomer
three vessels") (Fig. 9). However, this is not a pathognomonic sign
of TGA, since in truncus arteriosus and double-outlet RV, the three-
vessel tracheal view is a misnomer due to the abnormal relationship
between TGA in which the aorta is located anteriorly. Furthermore,

Fig. 8. The "big-eyed frog" sign detected using spatio-temporal
image correlation in transposition of the great arteries. Note that
the main pulmonary artery (PA) is situated side by side with the
aorta (Ao), resembling the Sanrio frog character ("Keroppi").
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other studies demonstrated that the "misnomer three vessels" is not
present in all cases of TGA, especially in the three-vessel tracheal
view [15,30]. In this setting, this finding provides a strong suspicion
of TGA, but it is not a pathognomonic sign since it can also be
observed in fetuses with common arterial trunk and some forms of
double-outlet RV. Consequently, additional ultrasound findings have
been used to improve the diagnosis of TGA in fetuses.

In 2013, Menahem et al. [32] reviewed 21 fetuses whose prenatal
diagnosis of TGA was confirmed postnatally. In all cases of TGA,
the authors observed an abnormal right convexity of the vessel
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Fig. 9. Three-vessel (3V) view in a fetus with transposition
of the great arteries. The 'misnomer 3V': only two vessels
(aorta [Ao] and superior vena cava [SVC]) are identified in this view
due to the anterior position of the Ao in relation to the pulmonary
artery. The arterial vessel appears as a long vessel (Ao) with a
marked "l-shape". 2V, two-vessel view; 3VV, three-vessel view.

Fig. 10. Assessment of the right
ventricle (RV) outflow tract (RVOT)
view in a case of transposition of the
great arteries. Fetal echocardiogram of
a fetus with simple transposition of the
great arteries at 28 weeks of gestation
shows the rightward (convex) curvature
of the RVOT. Ao, aorta.
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Table 1. Summary of the reviewed articles

No. of cases with Gestational age

Study d-TGA wk) Conclusion
McGahan et al. (2007) [25] 9 18-24 This study observed that the detailed analysis of the outflow tract views were the
(4 diagnosed keys for performing the prenatal detection of TGA: a parallel relationship of great
in utero) arteries and bifurcation of the vessel (pulmonary artery) arising from the LVOT.
Rizzo et al. (2008) [26] 10 18-23 The authors demonstrated that automatic reconstruction of the ventricular outflow
tracts by STIC with sono-AVC may improve the prenatal diagnosis of TGA. All fetuses
with TGA included in this study were diagnosed by using this technology.
Shih et al. (2008) [30] 10 21-37 It was demonstrated that the great arteries in TGA are positioned side-by-side
by applying the STIC software, resembling a Japanese fictional character, created
by Sanrio, called "Keroppi." The authors named this the "big-eyed frog" sign and
concluded that it may be useful for improving the prenatal diagnosis of TGA.
Tongsong et al. (2010) [31] 5 16—39 In this study, the authors observed there were only two vessels (aorta and superior
(mean, 26) vena cava) in all cases of TGA instead of three in the 3VV ("misnomer 3 vessels").
Menahem et al. (2013) [32] 21 Firstand second  In all cases of TGA, the authors observed an abnormal right convexity of the vessel
trimesters (aorta) arising from the RV instead the normal convexity to left observed in normal
hearts, in which the pulmonary artery is the vessel arising from RV.
Ishii et al. (2013) [33] 31 16—41 The authors described the "I-sign." The long vessel (aorta) arising from the RV (the
"l-shaped" vessel) was observed in 96.8% of cases of TGA.
Palatnik et al. (2015) [34] 24 18-26 The authors observed the "I-sign" in all fetuses with d-TGA in the 3V and 3VT and
concluded that this sign is an important tool for the prenatal diagnosis of TGA.
Ravi et al. (2018) [35] 127 2143 The authors attributed the temporal increase on the antenatal diagnosis of TGA to
(prenatal diagnosis: (mean) improvements in outflow tract screening that were aided by the four-chamber view
n=47) on routine obstetric ultrasound in accordance with the corresponding.
Bravo-Valenzuela et al. 8 First trimester In this study, the rightward convex curvature of the RV outflow that was described

(2019) [36] previously by Menahem et al. [32] was described as the "boomerang sign." The
authors concluded that the boomerang sign is an easier and earlier novel marker of
TGA, highlighting the importance of having a spatial understanding of the reverse
curvature of the RVOT that occurs in TGA.

d-TGA, dextro-transposition of the great arteries; TGA, transposition of the great arteries; LVOT, left ventricle outflow; STIC, spatio-temporal image correlation; sono-AVC,

sonography-based automated volume count; 3VV, three-vessel view; RV, right ventricle; 3V, three vessels; 3VT, three vessels and trachea view; RVOT, right ventricle outflow.

2D G60/DR106/FA4/P95/Frq Pen./13.0cm
C G50/4.00kHz/F1/FAS

(aorta) arising from the RV instead of the normal convexity to the

left observed in normal hearts, in which the pulmonary artery arises : W
from the RV. The rightward convexity of the great artery arising from :
the RV (aorta) was a reliable clue for diagnosing TGA (Fig. 10). In
fetuses with TGA, two vessels were demonstrated in the three-vessel
tracheal view.

In 2013, Ishii et al. [33] described a novel echocardiographic
marker for the prenatal diagnosis of TGA, an I-shaped aorta. In
this retrospective study, the data of 671 patients with CHD were
reviewed, of whom 31 had TGA. The "I-sign" was observed in
96.8% of fetuses with TGA and in 4.8% of fetuses with other CHDs.
The authors suggested that the long vessel (aorta) arising from the
RV ("I-shaped") should increase clinicians' suspicion of TGA during

Fig. 11. The "boomerang sign". A first-trimester fetal

routine ultrasound examinations (Fig. 9). Two years later, Palatnik et
al. [34] reviewed 24 fetuses with a prenatal diagnosis of TGA (from
18 to 26 weeks of gestation) focusing on the I-sign and concluded
that this sign is an important tool in diagnosing TGA. Moreover, the
I-sign was observed in all fetuses with d-TGA in whom the three-
vessel and three-vessel tracheal views were successfully obtained.
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echocardiogram shows reverse curvature of the right ventricle
outflow tract (RVOT) with a shape of a boomerang in a case of
transposition of the great arteries. Ao, aorta.
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In 2018, Ravi et al. [35] reviewed 127 fetuses with TGA between
2003 and 2015 in Alberta, Canada. Of them, 37% (n=47) were
diagnosed with TGA prenatally; however, the detection rate
increased from 14% in 2003-2010 to 77% in 2015. In this study,
the increase in the rate of antenatal diagnosis of TGA was attributed
to improvements in outflow tract screening aided by a four-chamber
view on routine obstetric ultrasound performed in accordance with
the corresponding guidelines.

In 2019, Bravo-Valenzuela et al. [36] reviewed eight fetuses
whose prenatal diagnosis of TGA at the first trimester was
confirmed postnatally. In all fetuses with TGA, two vessels instead
of three were detected on the three-vessel view, and the reverse
curvature of the vessel (aorta) was found to be arising from the RV.
By contrast, the RV outflow in fetuses with normal heart presents a
leftward curvature (pulmonary artery). In this study, the rightward
convex curvature of the RV outflow that was described previously
by Menahem et al. [32] was referred to as the "boomerang sign"
(Fig. 11). This sign served as a clue in diagnosing TGA in all cases.
This study concluded that the boomerang sign is an easier and
earlier novel marker of TGA, highlighting the special importance of
understanding the reverse curvature of the RV outflow tract that
occurs in TGA, with a focus on improving this diagnosis. The studies
analyzed in the present study are described in Table 1.

Conclusion

TGA is a critical CHD; however, it remains underdiagnosed
prenatally. Therefore, the antenatal diagnosis of TGA, especially
in cases of simple d-TGA, is crucial in reducing the morbidity and
mortality related to this cardiac anomaly. Accordingly, it is important
to determine reliable clues for diagnosing TGA by obstetric cardiac
screening and fetal echocardiography. In this setting, the "misnomer
three vessels" in which only two vessels are identified provides a
strong suspicion of TGA; however, this sign is not pathognomonic
and could be present in other conotruncal anomalies such as
common arterial trunk and some forms of double-outlet RV.
An |-shaped appearance of the arterial vessel in the fetal upper
mediastinum increases the suspicion of TGA. In this review, we
observed that detailed analyses of the outflow tracts on cardiac
ultrasound screening served as a clue to improve the diagnosis of
TGA in utero. The diagnosis of TGA in fetuses has been traditionally
confirmed by identifying the bifurcation of the vessel from the LVQT,
which is not easy to achieve. However, the LVOT should be assessed
if a long vessel with a rightward reverse curvature arises in the aorta.
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