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diagnosis of a novel combination
of bilateral ductus arteriosus and
cardiovascular anomalies: a case
report and literature review
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Background: Bilateral ductus arteriosus (BDA) is a relatively rare vascular
malformation. According to the double arch theory, BDA is formed when
the distal ends of the sixth pairs of primitive arches on the left and right sides
have not regressed. We describe a fetus with prenatal echocardiographic
findings of BDA and right aortic arch mirror-image branching (RAA-MIB)
combined with congenital heart disease. Furthermore, to gain a deeper
understanding of the embryological mechanism of BDA, we review the
literature on all combinations of BDA present in 40 fetuses/infants.

Case summary: A 22-year-old female patient underwent fetal echocardiography
at 23 weeks of gestation. Both the two-dimensional (2D) grayscale image and
color Doppler flow imaging (CDFI) revealed dextro-transposition of the great
arteries combined with a ventricular septal defect and RAA-MIB. The following
scan revealed a rare vascular ring, which was identified as BDA extending from
the confluent of the left pulmonary artery and right pulmonary artery,
completely encircling the trachea to form an "O"-shaped vascular ring before
finally converging into the descending aorta. A persistent left superior vena
cava was also observed. We subsequently used four-dimensional (4D) color
Doppler imaging with the spatiotemporal image correlation (STIC) HD live flow
and STIC HD live flow silhouette mode to clearly display ventricular arterial
connectivity and the direction of vessel travel. Adjusting the image quality and
display angle is very important when applying STIC. The 4D images confirmed
our diagnosis. After multidisciplinary counseling and discussion with her
family, this female patient decided to terminate the pregnancy.

Abbreviations

BDA, bilateral ductus arteriosus; d-TGA, dextro-transposition of the great arteries; 2D, two-dimensional;
RAA, right aortic arch; VSD, ventricular septal defect; PLSVC, persistent left superior vena cava; 4D,
four-dimensional; STIC, spatiotemporal image correlation; LV, left ventricle; RV, right ventricle; MPA,
main pulmonary artery; Ao, aorta; Arch, aortic arch; LINA, left innominate artery; LCCA, left common
carotid artery; RCCA, right common carotid artery; LSA, left subclavian artery; RSA, right subclavian
artery; LDA, left ductus arteriosus; RDA, right ductus arteriosus; DAo, descending aorta; IPV, inferior
pulmonary vein; SPV, superior pulmonary vein; T, trachea; IVC, inferior vena cava; SVC, superior vena
cava; CS, coronary sinus; RAA-MIB, right aortic arch mirror-image branching; DAA, double aortic arch;
LAA, left aortic arch; RAA, right aortic arch; PA, pulmonary atresia; ILSA, isolated left subclavian artery;
ALSA, aberrant left subclavian artery; IRSA, isolated right subclavian artery; ARSA, aberrant right
subclavian artery; CHD, congenital heart disease; IAA, interruption of aortic arch; AVSD, atrioventricular
septal defect; PTA, persistent truncus arteriosus; SV, single ventricle.
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Conclusion: Our review of the literature summarized nine combinations classified into
three types of BDA and aortic arch pathology. However, our case differs because itis a
novel combination of intracardiac structural abnormalities and vascular rings in a fetus.
Prenatal ultrasound diagnosis of BDA is important and requires a combination of 2D
grayscale, CDFI, and STIC images to assist in scanning.

KEYWORDS

echocardiography, fetus, bilateral ductus arteriosus, right aortic arch, mirror-image
branching, dextro-transposition of the great arteries, spatiotemporal image correlation

1 Introduction

Bilateral ductus arteriosus (BDA) is a relatively rare vascular
malformation. In most neonatal cases, BDA is not patented and
is accompanied by pulmonary atresia (PA) and a non-confluent
pulmonary artery. Based on Edward’s hypothesis of the double
arch theory, BDA forms when the distal ends of the sixth
pairs of primitive arches on the left and right sides have not
regressed (1).

We describe the case of a fetus with prenatal echocardiographic
findings of BDA and right aortic arch mirror-image branching
(RAA-MIB), in addition to dextro-transposition of the great
arteries (d-TGA) and a persistent left superior vena cava
(PLSVC). This rare vascular ring is likely to compress the trachea
and esophagus. We report a novel association between
intracardiac structural abnormalities and vascular rings in a fetus.
Furthermore, we review the literature on all combinations of
BDA in fetuses and infants to gain a deeper understanding of the
embryological mechanism of BDA and to highlight the novel

combination of BDA observed in the present case.

2 Case presentation

A 22-year-old female patient, Gravida 3, Para 2 (G3P2),
underwent fetal echocardiography at 23 weeks of gestation. Both
the two-dimensional (2D) grayscale image and color Doppler
flow imaging (CDFI) revealed cardiac structural abnormalities.
The 2D grayscale imaging showed that the main pulmonary
artery (MPA) originated from the left ventricle (LV) and could
be seen overriding the interventricular septum, with left and
right blood vessels separating at the distal end (Figure 1A).
Furthermore, the aorta (Ao) was shown to originate completely
from the right ventricle (RV) (Figure 1B). The above signs
indicated that the fetus had d-TGA combined with a ventricular
septal defect (VSD). 2D grayscale combined with CDFI showed
that the Ao was located on the right side of the trachea and that
the first blood vessel originating from the Ao was the left
innominate artery (LINA) (Figure 1C), which was toward the left
shoulder of the fetus. Subsequently, the left common carotid
artery (LCCA) and left subclavian artery (LSA) were separated
(Figure 1D), indicating RAA-MIB (Supplementary Video SI).
The following scan revealed a rare vascular ring, which extended
from the confluent of the left pulmonary artery (LPA) and right
pulmonary artery (RPA) to the left and right ductus arteriosus
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(LDA and RDA), into the
(DAo). Therefore, the BDA completely encircled the trachea,
“O”-shaped 1EF,
Supplementary Video S1). In addition, a PLSVC was observed;

converging descending aorta

forming an vascular ring  (Figures
the 2D grayscale longitudinal plane showed that this vessel
converged into the coronary sinus (CS) (Figure 1G). We have
provided a pattern diagram to help understand this case
(Supplementary Figure S1).

To better visualize the spatial effect, we used a four-
dimensional (4D) color Doppler with spatiotemporal image
correlation (STIC) HD live flow mode (Voluson E10, GE
Healthcare, Zipf, Austria) to clearly display ventricular arterial
connectivity and the direction of vessel travel. From this three-
dimensional (3D) image, it can be inferred that in the d-TGA,
the RAA with LDA formed a “U”-shaped vascular ring. At this
point, the RDA was located immediately below the RAA and
could only be observed with flickering of the RDA in certain
cardiac cycles (Figure 2A, Supplementary Video S2).

Furthermore, we utilized the STIC HD live flow Silhouette
mode (CFM Silhou.90, CEM thresh.30, Transp. CFM 20) to
identify the RDA hidden beneath the RAA via a posterior view,
which required adjustments in the image quality and angle when
applying STIC. The LDA and RDA originated from the proximal
end of the LPA and RPA, respectively, and converged into the
DAo. Different blood flow directions could help distinguish
between pulmonary arteries and veins. Due to angle factors, only
the first branch of the Ao could be (Figure 2B,
Supplementary Video S3). Following multidisciplinary counseling

seen

and discussions with her family, this female patient decided to
terminate her pregnancy and refused to undergo genetic testing.

3 Discussion

To the best of our knowledge, this is the first report of BDA
combined with RAA-MIB. Furthermore, there are no reports of
the above combined with d-TGA, as shown in the pattern
diagram (Supplementary Figure S1). As known, an “O”-shaped
vascular ring often occurs in a double aortic arch. Usually, the
right side arch is larger than the left side arch; however, the “O”-
shaped vascular ring in our case showed that the diameters of
the DA on both sides were almost identical. This was a good
identification point on ultrasound images, and the spatial
position of the DA was lower than that of the aortic arch. In
more than 98% of cases, the RAA-MIB is closely related to
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FIGURE 1

showing that the PLSVC converges into the CS.

Abnormal cardiac structure and vascular abnormalities in the fetus. (A,B) 2D grayscale images showing d-TGA combined with a VSD. (C,D) 2D
grayscale combined with CDFI showing RAA-MIB. (E,F) 2D grayscale combined with CDFI showing BDA encircling the trachea. (G) 2D grayscale

cardiac abnormalities, including tetralogy of Fallot, persistent
truncus arteriosus, and d-TGA (1, 2). Our case is consistent with
the facts reported in the literature.

The embryological mechanism of development of the aortic
arch has always been supported by Edward’s theory, namely, the
double aortic arch system (3). The value of this theory lies in its
ability to explain the potential contribution of almost all
embryonic arches to the final adult arch system components (1).
As shown in Figure 3A, this is a complex process of
development and regression. The primitive aorta is composed of
ventral and dorsal parts. Six pairs of primitive arch arteries
develop between the ventral and dorsal aortae. The dorsal aortae
also give rise to the seventh intersegmental arteries. The

appearance and degeneration of the primitive arch artery do not
occur simultaneously. Ultimately, the first, second, and fifth pairs
of primitive arch arteries degenerate. In normal development, the
right proximal sixth arch continues to exist as the proximal part
of the RPA, while its distal part degenerates as the DA, in
addition to partial degeneration of the right dorsal aorta (dotted
line in Figure 3A). The primitive third, fourth, and sixth pairs of
arch arteries contribute to the common carotid artery, future
aortic arch, proximal pulmonary artery, and DA, respectively.
The seventh intersegmental arteries contribute to the subclavian
artery (black solid line in Figure 3A) (1, 4, 5).

In the present case, both primitive sixth arches had not
degenerated. The partial degeneration of the left dorsal aorta

FIGURE 2
Cardiovascular abnormalities of this fetus observed using the STIC HD live flow mode and embryonic development patterns based on Edward's double
aortic arch system theory. (A) Shown from the anterior view, we used STIC HD live flow mode to observe that the first blood vessel originating from the
ascending aorta was the LINA, which then separates into the LCCA and LSA, followed by the RCCA and RSA (*indicates the “O"-shaped vascular ring,
** indicates red blood flow indicates the RDA). (B) Shown from the posterior view, we used STIC HD live flow Silhouette mode to find the RDA
(*indicates the "O"-shaped vascular ring). (C) Embryonic development patterns based on Edward'’s double aortic arch system theory.

Frontiers in Cardiovascular Medicine

frontiersin.org


https://doi.org/10.3389/fcvm.2024.1389759
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Zhang et al.

10.3389/fcvm.2024.1389759

FIGURE 3

Edward’s DAA system theory and the nine combinations of BDA and aortic arch abnormalities summarized in the literature. (A) Edward’s DAA system
theory. The dotted line represents regression, and the black solid line represents the preserved primitive arch artery. Reprinted with permission of
Radiological Society of North America, from Hanneman et al. (1). (B) RAA combined with an ILSA. The LSA originates from the LPA via the LDA. (C)
RAA-MIB combined with PA. The LPA originates from the LSA via the LDA. (D) RAA-MIB with or without PA. The LPA originates from the LINA via
the LDA. (E) RAA combined with an aberrant left subclavian artery (ALSA). The LDA is connected to the LPA and ALSA. (B—E) RDA is connected to
the RPA and the DAo. (F) DAA combined with BDA. The LDA is connected to the LPA and left arch, and the RDA is connected to the RPA and
right arch. *represents interruption of the aortic arch (IAA) occurring in the right arch; **represents IAA occurring on both sides of the aortic arch.
(G) LAA combined with IRSA. The RSA originates from the RPA via the RDA. *represents IAA occurring in the left arch. (H) LAA, RPA originates
from the RSA via the RDA, with or without PA. *represents IAA occurring in the left arch. (I) LAA, RPA originates from the INA via the RDA, with or
without PA. (J) LAA combined with ARSA, with or without PA. The RDA is connected to RPA and ARSA, respectively. (G-J) LDA is connected to
the LPA and the DAo. The shadowed area in panels (C-E) and (H-J) represents PA.
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occurs near the sixth and fourth arch arteries; that is, degeneration
of the left aortic arch occurs between the LSA and LDA. Therefore,
it causes the RDA and LDA to be directly connected to DAo
(Figure 2C). The degeneration of different combinations of the
primitive fourth and sixth arch arteries can lead to different
types of aortic arch and DA.

Based on the findings of this case, we reviewed all literature
works on BDA and summarized 40 cases of BDA in 25 articles
over the last few decades. Some of the cases in the literature did
not provide basic information and imaging findings of the
anatomical features of specific cases; therefore, they were not
included in the summary in Table 1 (31). The characteristics of
these cases are that at least one side of the DA is not directly
connected to the DAo, and they are all reported during the fetal
or infant periods. Figure 3 can be used to understand the
combination forms of these anomalies.

We have summarized the nine combinations of BDA and
aortic arch, which mainly include the right aortic arch (RAA),
double aortic arch (DAA), and left aortic arch (LAA), and
classified the combinations into three types. Type I refers to the
RDA of the RAA connected to the RPA and DAo, with the LDA
being ectopic. Type II refers to the LDA of the LAA connected
to the LPA and DAo, with the RDA being ectopic. Type III
refers to the bilateral DA connected to the aortic arch or near
the DAo, with the other end connected to the pulmonary artery.
Under each type, subtypes were classified as follows: a is the
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aortic branch, which is not connected to the aortic circulatory
system originating from the pulmonary circulatory system via the
DA; b refers to the pulmonary artery branches originating from
the aortic circulatory system via the DA; and ¢ usually occurs
when the pulmonary artery is connected to the aberrant
subclavian artery via the DA.

We refer to Type Ia, named isolated left subclavian artery
(ILSA), as LPA-LDA-ILSA (Figure 3B) (6-9). Type Ibl is
characterized when the RAA-MIB is combined with PA, and the
LPA originates directly from the LSA via the LDA; we refer to it
as LPA-LDA-LSA (Figure 3C) (10). Type Ib2 occurs when RAA-
MIB is present with or without PA, and the LPA originates from
the LINA via the LDA; we refer to it as LPA-LDA-LINA
(Figure 3D) (13-16). Type Ic occurs when the LDA is connected
to the LPA and the aberrant LSA (ALSA); we refer to it as LPA-
LDA-ALSA (Figure 3E) (10, 14, 17-19). In type I, the RDA
mentioned above are all connected to the RPA and Dao; we refer
to it as RPA-RDA-DAo.

We refer to Type IIa, named isolated right subclavian artery
(IRSA), as RPA-RDA-IRSA (Figure 3G) (23-26). In Type IIbl,
the RPA originates directly from the RSA via the RDA, with or
without PA; we refer to it as RPA-RDA- RSA (Figure 3H)
(10, 27). In Type IIb2, the RPA originates from the INA via the
RDA, with or without PA; we refer to it as RPA-RDA-INA
(Figure 3I) (9, 10, 14, 15, 28-30). In Type IIc, the RDA is
connected to the RPA and aberrant RSA (ARSA), with or

frontiersin.org


https://doi.org/10.3389/fcvm.2024.1389759
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

10.3389/fcvm.2024.1389759

Zhang et al.

(panuyuo))
I€ WN | NN AN AN N OASTd ‘ASA | VAY-VAY-VNI | OVA-VAT-VdT| ¢qII vV1 Lep 1 43
I€ ON | ON AN qeaq ON Vd ‘AS VS| VAdI-VAY-VNI | ova-vAT-vd1| Al VV1 skep ¢ (1) Te 19 xoua €€
I€ NN | AN -) dOL ON ON | VAI-VAY-YNI | ova-va1-vd1| cqil VV1 YoM 7T (82) Te 3° uey 43
pHE WN | NN AN AN ON (02dA) VVI | VSI-VAY-VA | ovA-VAT-Vd1| 141 VV1 UIOGMIN €3
<HE ON | ON AN [eAIAINg ON VN ‘AS ‘Vd | VSI-VAI-VdI | OVA-VAT-VdT| 191 vV1 UI0qMIN (6) Te 19 wopasxy 0€¢
HE WN | NN AN AN ON ON | VSY-VA4-Vdd | ovda-vaA1-vd1| 14 VV1 UI0GMIN (£7) sso1D pue maf 6T
»D€ WN | NN AN qeaq ON | asA ‘d&r g) vvI| vSUI-VAI-VdI | ovA-VAT-Vd1 e[l VV1 skep £ (97) 'Te 30 19319 8T
»D€ ON | ON AN [eAIAING ON | asA ‘(d& g) vvI| vSUI-VAI-VdI | ovd-VAT-Vd1 e[l VV1 syyuowt (S7) Te 19 rewmny Yid
D¢ | NN N AN [eAlAIg ON dSA ‘VOL-P | VSII-VAY-VAI | ovVA-VAT-VAT e[l vV1 UIOGMIN 9T
D¢ | NN | N NN [eAIAING ON ON | VSYI-VA4-Vdd | ovA-vAT-Vd1 el VV1 spuowr 81 ST
D¢ | NN N NN [eAIAING ON dSA ‘AMOd | VSII-VAI-VdI | oVA-VAT-Vd1 st vV1 UIOGMIN (¥2) Te ° yeN ¥T
D¢ | NWN| NN NN [eAIAING ON dSA ‘VVI | VSUI-VAY-Vdd | ovA-vAT-Vd1 e[l VV1 skep £ %4
¢ ON | ©ON AN weaq ON ON | VSYI'VA¥-Vdd | OovVA-vATvdl st VV1 sypuowr 91 (£2) Te 10 A8ea) 44
A€ ON | ©ON AN yreaq ON AsA ‘(YVAVVI | VVI-VAI-VAE | VVTI-VAT-VdT 111 vva skep ¢ (27) 'Te ¥ projydrerg 54
pd€ ON | ON NN [eAIAIng | XIH | ‘@SAV (VVDVVI | VVI-VAQI-VAE | VVI-VAT-VdT Juis vva UI0qMIN (127) e ¥ puegdiq 0T
a¢ ON | ON AN [eAIAINg ON SAI/VOLP | VVY-VAI-VAI | VVI-VAT-VAI 111 vva Lep T (02) Te 3 SO 1eIYS 61
ANd
g€ | NN | N 81L doL| ‘OoV ASAV | OVA-VAY-VdY | VSTV-VAT-VdT o1 hAR: SY2oM 91 (61) Te ¥ PSNX 81
q¢ ON | ON AN [eAAIng ON SAI/VOL-P | oVA-VAY-VAA | VSIV-VAT-Vd1 o1 hAR: skep ¢ (81) e 32 XoudT L1
q¢ ON | ON AN [eAIAIIg ON SAI/VOL-P | OVA-VAY-VAA | VSIV-VAT-Vd1 o1 hAR: skep 9 (¥1) Te 32 X0UIT 91
q¢ $9X | SIX (@] uwiog ON ON | OVA-VAY-Vdd | VSTV-VAT-Vd1 Bl vvd SYPIM GT (£1) 'Te 10 eI ST
A€ NN | N AN e NN Vd | ova-vaQ¥-vdd | VSTV-vAT-Vd1 o1 Yvia wIogMaN (6) 'Te 32 wopaar] ¥1
Nel3 ON | ON NN [eAIAING IS Vd ‘VOL-2 | ovA-VAY-Vdd | VdT-VAT-VNIT a1 AIN-VVI skep 11 €1
ASAV
<€ ON | ON AN [BAIAING | XIH | ‘Vd ‘epredonxaq | ovA-VAY-Vdd | VAT-VAT-VYNIT 7q1 AIN-VVI skep p¢ (91) e 1 dreq 4
<€ ON | ON AN qeaq ON ASA ‘VId | OVA-VAI-VdI | VdT-VAT-VNIT 7q1 AIN-VVI syiuow 6 (S1) Te 32 Aexmpy 1
YIN
A€ ON | ©ON NN [eAIAINg ON ‘Vd ‘AS ‘VOLP | oVA-VAI-VAY | VAT-VAT-VYNIT a1 AIN-VVI Lep T (1) Te 32 Xoua 01
<A< JON | ,ON NN Wead | XIH | VIO ‘VId ‘dSAV | oVA-VAI-Vdd | VAT-VAT-YNIT a1 AIN-VVI fep T (€1) 'Te 30 Loureayy 6
as| WN| NN NN NN ON ON | OVA-VAY-VAY | VAT-VAT-VNIT a1 AIN-VVI UI0GMIN (6) Te 12 wopaary 8
as| Pk | Pk ) utog ON ON | OVA-VA¥-Vdd | VAT-VAT-VNIT| I AIN-Y VY $YPam 7T | (TT) Te 32 USZPA ueA L
(11) ueypeuedprep

as| WN| NN AN dOL ON ON | OVA-VAI-Vdd | VAT-VAT-VYNIT a1 AIN-VVI SY29M 61 pue (ereSourrey 9
€ ON | ON NN [eAIAING ON dsA ‘Vd | ovA-VAQY-Vdd | VST-VAT-Vd1 191 AIN-VVI skep ¢z (01) Te 3 PneT MPqY S
q¢ NN | AN AN e N AN | OVA-VAY-VAI | VSTI-VAT-Vd1 el vvd wIogMaN (6) 'Te 32 wopaar] 2
q¢ NN | N -) urog ON ON | OoVA-VAQ¥-Vdd | VSII-VAT-Vd1 ] vvd oM GT (8) Te 3 PrRd €
q¢ S9X | sax AN urog ON ON | oVA-VAI-VAd | VSI-VAT-Vd1 el AR SY2aM 6T () T 3 ung 4
q¢ S9X | sak AN urog ON ON | OVA-VAI-VAd | VSI-VAT-Vd1 e AR SY29M 8T (9) Te 1 WM 1

2Inb14

Wby | Yo

350> VA
esa3e]ig

1s91
[ewosowoIyD

S9WO0dINO

dHd
pa1e1D0ssy

uol1>3uUu0d
vad

uoIlldauuod

vai 9dAL

uonisod
ydJe oy

(syauowi/syaam/skep)

abe ulogmaN

awin sisoubeig

BEEN)

V5

S9OUBJ9)oYy

ase)

'sased T Jo sbuipuy Buibewi pue uonewaoul diseg T 379V.L

frontiersin.org

05

Frontiers in Cardiovascular Medicine


https://doi.org/10.3389/fcvm.2024.1389759
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

10.3389/fcvm.2024.1389759

Zhang et al.

"9NSSI} |e}ONp 1eLdLIE JO UORRWIYUOD 1ed16010u1ed,
'saydJe apIs Y1oq Uo yy| bunuassaiday,
‘vvI bunussaiday,,
‘salvle Aeuownd L1oq JO 9OUSSCe UE Sem 219y} PUe ‘DNssl) 1e)oNp jeLae aiam sauale Aeuownd ybu pue 1a) Yiog 1ey) pawyuod Abojoyred.,
YAy BIA YSY O} PRIO3UUOD S| dY 3U3 3liym ‘Assiie Aieuownd ujew auyy 03 PaO3UUOD aJe saudye Aeuowind b pue Y] LOg ‘He Ul "3Inso1d Qg JuaAsid 0} papels sem uoisnjul T3 uipue|beisoid,
'V1d Jo @ouasqe ‘eisane Aiaye Aeuowind ulew bunuassaiday,
"eARD BUDA JOLIDJUI 31GNOP ‘DASQ ‘eIsaiie pidsnoLy ‘] ‘eAed eudA Jouadns 1a) yuaisisiad ‘"DASTd ‘wintie a)buls s ‘Aialie ueliAe|dgns Jybu juelade ‘ySyy ‘Aiaxe uelinedgns 3ybu ‘ySy ‘Ydie Dok Y3 ‘Y] ‘9)2LUSA 3ybL 3913n0 31gnop ‘AYOd
‘K1ayie ueinedgns 3ybl paje|os] ‘YSY| ‘YdJe Dijoe JO uondnuSiul ‘Y| ‘UYdJe D[Ooe 31qnop ‘WY ‘SNSISAUL SNYIS ‘|S !BISSI1e 1eIlW VIN ‘D11USA 91BUIS ‘AS ‘DUIOIPUAS AXeioisiay ‘X1H ‘winjeuiely 10D ‘y1D ‘Snsouaye snouniy jusisisiad
‘V1d 10949p |exdas Jeinolusnoule ‘QSAY ‘Aione ajeuiwuouul Ya) ‘YNI1 ‘8T Awoswy ‘8T ‘Aoueubaid Jo uoneuIWIR) ‘dOL ‘SOAIeA jedyiain Joldisod ‘ANd ‘wnsoyed sndiod jewloude ‘DDY ‘Alsyie UBIARDQNS Y] Juellage ‘YSTY (Pe1daiiod
‘-2D !2)2)dWOD ‘-2 -0NX3P -p ‘WN}dSS JRINDIJUSAIDIUL ‘SA| ‘SSUBYIE Jealb By} JO uonisodsuel) ‘YO 3094ap 1e3das JeiNdLUSA ‘QSA ‘eisaie Aleuownd ‘vd ‘Buiyoueiq abewi-iouiu ydde d1joe Jybl ‘glIN-YYY [Pauonusw jou ‘WN ‘eyoe
Buipuaosap ‘oyq ‘Aiane Areuownd 3bL Yy ‘Aiue uelne|dgns 3] palelos! ‘S| (Aiane Aleuownd Ya) ‘VdT ‘YdJe D10k Wbl ‘Y'Y ‘SNlewIouge JeIpiedeiixs 3 ‘9seasip 1eay jeyuabuod ‘gHD snsousye snyonp ‘yq ‘abe jeuoneisab ‘yo

2Inbi4

W61y

ey

350> va
eJa1e]ig

1s91
[ewosowoIyD

Saw0od1NQ

add
pa31e100ssy

uoI123UU0d
vay

1309UU0d
val

odA|

c..zm. ..w_to<

(syauowl/syaam/sKep)
abe uiogmaN

awn sisoubeiq

([©EEI)
V5

DASTd
ol ON | ON Pa1onpuod oN dOL ON ‘ASA ‘VOL-P | oVA-VAY-VAY | ovA-VAT-VdT 11 AIN-VVI SY2oM €7 Te 30 Sueyyz, |32
ased InQ
DASA
WN | NN | WN AN AN ON | ‘VVI ‘AMOAVSAS | OVA-VAY-Vdd | VSTVAT-VAT| NN AN YoM €T (0€) Te 32 Suepm o
A€ WN| NN AN AN ON dSA ‘Vd | VSUV-VAQY-Vdd | ovA-VAT-Vd1 o1l vVl UI0qMAN 6¢
1€ NN | NN AN AN N ON | VSY-VA¥-vdd | ova-vaT-vdl| dil VV1 wIoqMaN (6) "Te 10 wopaaxrg 8¢
Vd ‘dSA
WI€ ON | ON AN [eAIAINg ON | VI ‘epresonxed | VJAY-VAY-VNI| OVA-VAT-VAT| ¢qII vV1 skep g1 (01) Te 304 yueT Mpqy L€
I€ ON | ON AN qeaQq ON dSA ‘VId | VAI-VAQI-YNI | ova-va1-vd1| ¢qIil vV1 YoM ¢ (S1) e 32 Aexmpy 9¢
I€ WN | NN AN AN WN ON | VAI-VAY-YNI | ova-va1-vd1| <4l VV1 YoM ST (62) Te 1T uYD Se

SERIIEIETEN]

ase)

panunuo) 1 318VL

frontiersin.org

06

Frontiers in Cardiovascular Medicine


https://doi.org/10.3389/fcvm.2024.1389759
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Zhang et al.

without PA; we refer to it as RPA-RDA-ARSA (Figure 3]) (10). In
Type II, the LDA mentioned above are all connected to the LPA
and Dao; we refer to it as LPA-LDA-DAo.

In Type III, we summarized two situations. The first one is our
case, which involves an RAA with a bilateral DA connected to the
Dao; we refer to it as LPA-LDA-DAo and RPA-RDA-DAo.
Another type is DAA, where the LDA is connected to the LPA
and LAA and the RDA is connected to the RPA and RAA; we
refer to it as LPA-LDA-LAA and RPA-RDA-RAA (Figure 3F).
The combination of DAA and BDA is very rare (20). In
addition, two cases were found with this combination, one with
interruption of the aortic arch (IAA) on the right side (21) and
the other with a double side (22).

Coincidentally, Ia and Ila, Ib and IIb, and Ic and IIc almost
form a mirror effect (Figures 3B and G, C and H, D and I, and
E and J), which helps us to better understand and remember
these patterns. In most cases, ectopia is always on one side of the
BDA, almost occurring on the opposite side of the aortic arch,
which seems to have some potential association. If there is PA,
the blood supply to the pulmonary artery branch by the aorta is
via the DA. At this point, the DA is defined as an abnormal
connection rather than an ectopic connection. In our case, it is
rare for the BDA to directly connect to the DAo without an
ectopic connection, as we emphasized earlier.

In Table 1, 41 cases of BDA were included (including the cases
in our study). Only 11 cases were reported during the fetal period
(26.8%, 11/41). The age range of the other reported cases is from
1 day to 18 months after birth. Among the 41 cases, 26 (63.4%,
26/41) had congenital heart disease (CHD), 13 (31.7%, 26/41)
did not have CHD, and the presence of CHD was not mentioned
in the others. Among the 26 cases of CHD, there were 9 cases of
PA, 7 cases of IAA, 6 cases of TGA, 4 cases of AVSD, 3 cases of
PTA, and 3 cases of SV. These cases of PA were all reported in
the infant period. In addition, in cases where birth outcomes
could be followed up, DA closure occurred in 4 cases of RAA
without CHD; however, in the other 17 cases, the DA was not
closed, and all cases were combined with CHD. Among them
were seven cases of PA, indicating that the DA provides the
blood supply to both lungs. Because many studies have only
reported the cardiac manifestations, the summary of extracardiac
anomalies is not comprehensive. Heterotaxy syndrome (HTX)
has the highest incidence, with three cases reported, which is
similar to previous studies findings (9, 31). HTX is a laterality
defect. In recent years, many scholars believe that TGA and
AVSD are also laterality defects. In addition, most HTX patients
also have PA (32). Our summary in Table 1 found that the
highest incidence of CHD in BDA is PA, TGA, AVSD, etc. In
addition, BDA always appears heterotopic on the opposite side of
the aortic arch. The above clues indicate that TGA with BDA
could further support the hypothesis of TGA as a form of
latency defect.

In summary, it is necessary to pay attention to BDA. Our case
demonstrates a novel combination of BDA and cardiovascular
anomalies. In addition, we focused on the forms of BDA reported in
the current literature. During prenatal echocardiography, special
attention should be paid to the position of the aortic arch and
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vascular branches, and the presence of ectopic DA should be
observed on the opposite side of the aortic arch. Furthermore, the
cardiac structure should be observed when complex vascular rings
appear. The use of STIC can effectively display the 3D structures;
however, it is still necessary to combine 2D grayscale images and
CDFI to demonstrate spatial relationships well.
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