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ABSTRACT
Background: To evaluate the qualitative and quantitative differences between intracardiac and extracardiac vascular malformations in patients with a single atrium (SA), single ventricle (SV) and single atrium-single ventricle
(SA-SV) using dual-source CT (DSCT), and to compare the diagnostic performances of DSCT and transthoracic
echocardiography (TTE). Methods: This retrospective study included 24 SA, 75 SV and 24 SA-SV patients who
underwent both DSCT and TTE before surgery. The diagnostic values of DSCT and TTE for intracardiac and
extracardiac malformations were compared according to the surgical results. The diameters of the major artery
and vein were measured and calculated based on DSCT and compared among the three groups. Results: The
most common malformation was pulmonary artery disease in SA (50.0%) and SA-SV (45.8%) groups and patent
ductus arteriosus (33.3%) in SV group. Although there was no statistical difference, arterial development was relatively poor in the SA group. All groups showed the trend of pulmonary artery stenosis (SA vs. SV vs. SA-SV: 50.0%
vs. 30.7% vs. 33.3%). There was a signiﬁcant difference in mean pulmonary vein index among the groups
(p = 0.017). The diagnostic sensitivity of DSCT was superior to that of TTE for extracardiac malformations. Conclusions: The most common malformation in SA and SA-SV patients is pulmonary artery stenosis. SV patients
are most likely to be complicated with patent ductus arteriosus. DSCT is more advantageous than TTE for diagnosing combined extracardiac malformations and can accurately measure the diameter of arteriovenous vessels.
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1 Introduction
Single atrium (SA), single ventricle (SV) and single atrium-single ventricle (SA-SV) are all rare cyanotic
congenital heart diseases caused by embryonic dysplasia of the atrium or ventricle. SA is caused by an
undeveloped ﬁrst and second septum of the atrial septum during embryonic development [1–3]. SV is
also known as ventricular double entrance or single ventricular atrioventricular connection [4,5]. SA-SV,
which refers to an individual with both of the above diseases, is very rare [6].
They are often complicated with other intracardiac and extracardiac malformations that require surgery
or intervention. The anatomy and 3D structure of the great mediastinal vessels and their degree of
This work is licensed under a Creative Commons Attribution 4.0 International License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.
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development signiﬁcantly inﬂuence the choice of surgical methods [2,5]. In clinical practice, the McGoon
ratio, pulmonary artery index (PAI), total new pulmonary artery index (TNPAI) and pulmonary vein
index (PVI) are often used for patient evaluations to help formulate the surgical plan [7,8]. Therefore,
imaging data is crucial to obtain an accurate preoperative evaluation of patients with SA, SV or SA-SV.
Dual-source CT (DSCT) has been widely used to evaluate complex congenital heart disease [9] and has
been shown to accurately evaluate morphologic changes in the heart and vessels of patients with congenital
heart disease before and after surgery [2,5,10–15]. However, there are few reports of the qualitative and
quantitative evaluation of DSCT in a large number of patients with SA, SV or SA-SV. As a national
centre for the diagnosis and treatment of complex and severe diseases in Western China, we are able to
collect data on a relatively large number of patients with SA, SV or SA-SV. Therefore, this study aims to
evaluate the qualitative and quantitative differences between intracardiac and extracardiac vascular
malformations in patients with SA, SV or SA-SV using DSCT based on this relatively large cohort. It will
also compare the diagnostic performance between DSCT and transthoracic echocardiography (TTE).
2 Materials and Methods
2.1 Patients
A total of 138 patients with SA, SV or SA-SV conﬁrmed by surgery from October 2008 to April
2021 were included. They all underwent enhanced DSCT and TTE scans at our hospital. We excluded
patients with incomplete crucial clinical data or imaging data that could not be analysed. The ﬁnal cohort
comprised 123 patients. All relevant intracardiac and extracardiac abnormalities and their percentages
were recorded.
This study was approved by the Biomedical Research Ethics Committee of West China Hospital,
Sichuan University (No. 14-163). Patient consent was waived due to the retrospective nature of this
investigation.
2.2 Dual-Source Computed Tomography
All scans were performed using a DSCT scanner (SOMATON Deﬁnition Flash; Siemens Medical
Solutions, Forchheim, Germany). Prior to examination, patients younger than 6-years-old were
administered short-acting sedatives (10% chloral hydrate at a concentration, 0.5 ml/kg). The acquisition
parameters of the ECG-gated protocol were as follows: tube voltage, 80 kV; tube current, 100 mAs;
gantry rotation time, 0.28 s and pitch, 0.2–0.5 (selected according to the heart rate; the pitch was
positively correlated with heart rate). The ECG-pulsing window was set on auto. The scanning range was
from the thoracic entrance to 2 cm below the diaphragm, in the posterior direction. During angiography, a
non-ionic contrast medium (iopamidol, 370 mg/ml) was injected through the anterior cubital fossa at a
speed of 1.2–2.5 ml/s, and then 20 ml of normal saline was injected at the same ﬂow rate. The injection
volume was adjusted for body weight (1.5 ml/kg). Using 100 HU as the predeﬁned threshold, bolus
tracking was performed in the region of interest (ROI) of the descending aorta. When the ROI attenuation
threshold reaches 100 HU, image acquisition is triggered after a 5 s delay. The data were processed at a
Syngo workstation (Siemens Medical Systems, Forchheim, Germany). The images were reconstructed at
a slice thickness of 0.75 mm and in increments of 0.7 mm.
2.3 Transthoracic Echocardiography
All patients underwent the TTE examination that included M-mode, 2D, continuous-wave and colour
Doppler ﬂow imaging with a Philips SONOS 7500 ultrasound system (Philips Medical Systems, Bothell,
WA), according to the recommendations of the committee of the American Society of Echocardiography
[16]. The interval between DSCT and TTE was <14 days.
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2.4 Data Measurement and Analysis
DSCT images were reconstructed into 3D images that were used to measure the diameter and area of the
pulmonary artery and vein. The diameter of the descending aorta was measured at the level of the diaphragm
(Fig. 1A), and those of the superior and inferior vena cava were measured at the level of the atrium (Figs. 1E
and 1F) [17]. The diameters of the pulmonary artery and the pulmonary vein were measured in the sagittal or
coronal view. The diameter of the pulmonary trunk was measured at the level of pulmonary bifurcation
(Fig. 1D). The left and right pulmonary arterial diameters were measured at 1 cm distal to the bifurcation of
the left and right pulmonary arteries (Figs. 1A and 1B). The collateral vessels >2 mm in diameter were
measured at the proximal oriﬁces [18]. The diameter of each pulmonary vein before the atrium entrance was
also measured (Fig. 1C). The cross-sectional area of each pulmonary vein was calculated assuming that it was
round [8,19], the McGoon ratio, PAI, TNPAI and PVI were calculated by the following formula [8,19]:
McGoon ¼
PAI ¼

the cross sectional areas of ðleft pulmonary artery þ right pulmonary arteryÞ
the body surface area

TNPAI ¼
PVI ¼

the diameters of ðleft pulmonary artery þ right pulmonary arteryÞ
the diameter of the aorta at diaphragm level

the cross sectional areas of ðleft pulmonary artery þ right pulmonary artery þ collateral vesselÞ
the body surface area

the total cross sectional areas of four pulmonary veins
the body surface area

Figure 1: Measurement diagram. (A) The diameter of the DAo was measured at the level of the diaphragm.
(B, C) The diameters of the pulmonary artery and pulmonary vein were measured in the sagittal or coronal
view. The left and right pulmonary arterial diameters were measured at 1 cm distal to the bifurcation of the
left and right pulmonary arteries. (D) The diameter of the pulmonary trunk was measured at the level of
pulmonary bifurcation. (E, F) The diameters of the SVC and IVC were measured at the level of the atrium.
SA = single atrium, LV = left ventricle, Ao = aortic, SVC = superior vena cava, RPA = right pulmonary artery,
AAo = ascending aorta, DAo = descending aorta, LPA = left pulmonary artery, LPV = left pulmonary vein,
RV = right ventricle, PA = pulmonary artery, RA = right atrium, SV = single ventricle, IVC = Inferior vena cava
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The normal McGoon ratio is >2.0 and the normal PAI value is 330 ± 30 mm2/m2 [15]. If the McGoon
ratio is >1.2 and PAI > 150 mm2/m2, one-stage radical surgery can be considered [20–23]. Patients
with TNPAI > 200 mm2/m2 can safely undergo ventricular septal defect repair, whereas patients with
TNPAI < 150 mm2/m2 can only undergo right ventricular outﬂow tract reconstruction in stage 1 [24,25].
2.5 Statistical Analysis
The data were analysed using SPSS software v22.0 (IBM Corp, Armonk, NY). The Shapiro–Wilk test
was performed to conﬁrm the normality of the distribution of continuous variables. Normally distributed
continuous variables were expressed as mean ± standard deviations and tested by one-way analysis of
variance among the SA, SV and SA-SV groups. Categorical variables were expressed as numbers and
percentages and tested using the Fisher exact test or chi-square test, as appropriate. The results of surgical
ﬁndings were utilised as the reference standard. The sensitivity, speciﬁcity and positive and negative
predictive values were calculated for separate cardiovascular anomalies. The accuracy of DSCT and TTE
was compared using the chi-square test. A p-value < 0.05 was considered statistically signiﬁcant.
3 Results
3.1 Baseline Characteristics
Of the 123 patients in our cohort, 24 had SA, 75 had SV and 24 had SA-SV. There was no statistical
difference in sex (male, SA vs. SV vs. SA-SV, 13 [54.20%] vs. 44 [58.70%] vs. 12 [50.00%]; p = 0.698),
age (SA vs. SV vs. SA-SV, 4.4 ± 4.0 years vs. 7.6 ± 6.9 years vs. 6.8 ± 6.2 years; p = 0.101) and body
mass index (SA vs. SV vs. SA-SV, 15.7 ± 1.6 kg/m2 vs. 14.9 ± 2.3 kg/m2 vs. 14.1 ± 2.7 kg/m2;
p = 0.054) among the three groups.
The oxygen saturation level was signiﬁcantly decreased among the three groups. The SA-SV group
showed a statistically signiﬁcant and higher blood oxygen saturation level than the SA and SV groups
(SA vs. SV vs. SA-SV, 89.0% ± 5.1% vs. 87.4% ± 4.9% vs. 91.5 ± 4.3%; p = 0.046). The most common
symptoms in the SA and SA-SV patients were heart murmurs (SA, 18/24, 75.0% and SA-SV, 21/24,
87.5%) and cyanosis (53/75, 70.7%) was the most common in SV patients (Table 1).
Table 1: Baseline patient characteristics

Sex (Male)
Age, years
Height, cm
Weight, kg
Body mass index, kg/m2
Heart rate, bpm
Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Oxygen saturation, %
Symptoms
Heart murmurs
Cyanosis
Squatting
Post-exercising tachypnea

SA (n = 24)

SV (n = 75)

SA-SV (n = 24)

P

13 (54.2%)
4.4 ± 4.0
98.7 ± 26.3
9.9 ± 5.8
15.7 ± 1.6
127.5 ± 15.8
90.1 ± 16.7
55.9 ± 14.3
89.0 ± 5.1

44 (58.7%)
7.6 ± 6.9
100.7 ± 30.3
12.1 ± 8.6
14.9 ± 2.3
116.6 ± 22.9
85.4 ± 18.8
63.6 ± 13.1
87.4 ± 4.9*

12 (50.0%)
6.8 ± 6.2
95.3 ± 32.7
11.7 ± 7.4
14.1 ± 2.7
120.4 ± 12.4
93.6 ± 24.4
60.8 ± 18.7
91.5 ± 4.3*

0.698
0.101
0.743
0.670
0.054
0.069
0.175
0.075
0.046

18 (75.0%)
13 (54.2%)
9 (37.5%)
10 (41.7%)

48 (64.0%)
53 (70.7%)
30 (40.0%)
31 (48.0%)

21 (87.5%)
17 (70.8%)
8 (33.3%)
9 (37.5%)

0.460
0.136
0.827
0.588

Abbreviations: SA, single atrium; SV, single ventricle; SA-SV, single atrium-single ventricle; *, p-value < 0.05.

CHD, 2022, vol.17, no.4

483

3.2 Comparison of Intracardiac and Extracardiac Malformations among Three Groups
The various intracardiac and extracardiac malformations observed during surgery are detailed in Table 2.
In terms of intracardiac malformation, patients with SV are most likely to be associated with atrial septal defect
(33/75, 44.0%). In patients with SA, the most common abnormalities were pulmonary artery stenosis (12/24,
50.0%) and pulmonary valve stenosis (10/24, 41.7%) (Fig. 2). In SV patients, the top three malformations were
patent ductus arteriosus (25/75, 33.3%), pulmonary artery stenosis (23/75, 30.7%) and right ventricular double
outlet (20/75, 26.7%) (Fig. 3). In the patients with SA-SV, the incidence of pulmonary artery dilation (11/24,
45.8%), right aortic arch (10/24, 41.7%), right ventricular outﬂow tract stenosis (9/24, 37.5%), coarctation of
aorta (9/24, 37.5%) were more pronounced (Fig. 4).
Table 2: Intracardiac and extracardiac malformations in patients with SA, SV and SA-SV
Intracardiac and extracardiac malformations

SA (n = 24) SV (n = 75)

SA-SV (n = 24) P

Extracardiac malformations
PLSVC
Partial anomalous pulmonary venous connection
Total anomalous pulmonary venous connection
Double superior vena cava
Right-sided aortic arch
Double aortic arch
Bicuspid aortic valve
Supravalvular aortic stenosis
Coarctation of aorta
Pulmonary atresia
Pulmonary artery stenosis
Pulmonary artery dilation
Pulmonary valve stenosis
Absent pulmonary valve syndrome
Anomalous origin of pulmonary artery
Patent ductus arteriosus
Aortopulmonary collateral vessels
Coronary artery anomalies
Intracardiac malformations
ASD
VSD
Double outlet right ventricle
Right ventricular outﬂow tract stenosis
Left ventricular outﬂow tract stenosis
Total

76
7 (29.2%)
2 (8.3%)
3 (12.5%)
5 (20.8%)
6 (25.0%)
1 (4.2%)
2 (8.3%)
5 (20.8%)
6 (25.0%) †
3 (12.5%)
12 (50.0%)
2 (8.3%) §
10 (41.7%)
0 (0%)
1 (4.2%)
7 (29.2%)
2 (8.3%)
2 (8.3%)
18
–
6 (25.0%)
6 (25.0%)
5 (20.8%)
1 (4.2%)
94

93
7 (29.2%)
3 (12.5%)
6 (25.0%)
7 (29.2%)
10 (41.7%) *
1 (4.2%)
2 (8.3%)
4 (16.7%)
9 (37.5%) §
7 (29.2%)
8 (33.3%)
11 (45.8%) †§
5 (20.8%)
1 (4.2%)
2 (8.3%)
6 (25.0%)
3 (12.5%)
1 (4.1%)
18
–
–
8 (33.3%)
9 (37.5%)
1 (4.2%)
111

171
16 (21.3%)
5 (6.6%)
9 (12.0%)
15 (20.0%)
13 (17.3%) *
4 (5.3%)
4 (5.3%)
8 (10.7%)
3 (4.0%) †§
9 (12.0%)
23 (30.7%)
5 (6.6%) †
13 (17.3%)
1 (1.3%)
4 (5.3%)
25 (33.3%)
4 (5.3%)
10 (13.3%)
70
33 (44.0%)
–
20 (26.7%)
14 (18.7%)
3 (4.0%)
241

0.429
0.546
0.223
0.347
0.024
0.658
0.964
0.349
0.009
0.095
0.085
0.004
0.320
0.534
0.964
0.445
0.566
0.384
–
–
0.525
0.157
0.758

Abbreviations: SA, single atrium; SV, single ventricle; SA-SV, single atrium-single ventricle; PLSVC, persistent left superior vena cava; ASD, atrial
spetal defect; VSD, ventricular septal defect; *, p-value < 0.05; † §, p value < 0.01.
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Figure 2: SA in a female aged 4 years. (A) The transverse plane of a SA with a ventricular septal defect (*).
(B) Axial image shows the pulmonary trunk; LPA and RPA were stenosed (yellow arrow). The HV is
thickened and located on the left side of DAo. (C) VR image shows the patent ductus arteriosus entering
the PA from the Ao (white arrow). DAo = descending aorta, HV = hemiazygos vein, VR = volume
rendering, other abbreviations as in Fig. 1

Figure 3: SV in a male aged 13 years. (A) The transverse plane of a SV with atrial septal defect (*) and
dextrocardia. (B) (C) MPR and VR images show that the DAo communicates with the LPA (*) (white
arrow). VR image shows that the left pulmonary artery sends out many small branches. LA = left atrium,
MPR = multiple planar reconstruction, other abbreviations as in Figs. 1 and 2

Figure 4: SA-SV in a female aged 9 years. (A) The transverse plane of a SA-SV. (B, C) The MPR and VR
images show the absence of the left pulmonary artery (*) and multiple collateral circulation in the mediastinum
(white arrow) (ellipse). SA-SV = single atrium-single ventricle, other abbreviations as in Figs. 1–3
We found 13 right-sided aortic arches in SV patients and 10 in SA-SV patients (p < 0.05). A total of three
SV patients had coarctation of aorta, compared with six SA patients and nine SA-SV patients (p < 0.01).
Pulmonary artery dilatation occurred in 11 SA-SV patients, compared with two SA patients and ﬁve SV
patients (p < 0.01). The incidence of both intracardiac and extracardiac malformations was higher in
patients with SA-SV than in those with SA or SV.
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3.3 Comparison of the Measurement and Calculation Results of the Major Arteries and Veins
The McGoon ratio, PAI, TNPAI and PVI were measured by DSCT and compared among patients with
SA, SVor SA-SV (Table 3). The McGoon ratio, PAI and TNPAI were lower in SA group than in other groups
(McGoon ratio < 1.2, 20 [83.3%]; PAI < 150 mm2/m2, 19 [79.2%]; TNPAI < 200 mm2/m2, 20 [83.3%]).
There was a signiﬁcant difference in mean PVI among the three groups (SA vs. SV vs. SA-SV,
150.49 ± 75.18 mm2/m2 vs. 214.84 ± 127.82 mm2/m2 vs. 107.01 ± 53.41 mm2/m2; p = 0.017). Although
the difference in arterial-related data among the three groups was not statistically signiﬁcant, they all
showed a trend of pulmonary artery stenosis or pulmonary atresia (McGoon ratio:SA vs. SV vs. SA-SV,
0.92 ± 0.42 vs. 0.97 ± 0.33 vs. 1.05 ± 0.47; p = 0.753).
Table 3: DSCT measurements of the major arteries and veins
SA (n = 24)
Pulmonary trunk, cm
1.45 ± 0.60
Left pulmonary artery, cm
1.01 ± 0.30
Right pulmonary artery, cm
0.99 ± 0.35
Collateral vessel, cm
0.46 ± 0.23
Descending aorta at diaphragm level, cm 2.37 ± 0.86
Superior vena cava, cm
1.62 ± 0.96
Inferior vena cava, cm
2.23 ± 0.70
McGoon ratio
0.92 ± 0.42
McGoon < 1.2
20 (83.3%)
2
2
127.81 ± 93.87
PAI (mm /m )
PAI < 150
19 (79.2%)
2
2
151.53 ± 101.64
TNPAI (mm /m )
TNPAI < 200
20 (83.3%)
2
2
150.49 ± 75.18*
PVI (mm /m )

SV (n = 75)

SA-SV (n = 24) p

1.18 ± 0.90
1.26 ± 0.76
1.16 ± 0.67
0.63 ± 0.48
2.04 ± 0.83
1.99 ± 0.65
2.12 ± 1.19
0.97 ± 0.33
51 (68.0%)
143.77 ± 107.24
48 (64.0%)
172.69 ± 118.66
47 (62.7%)
214.84 ± 127.82*§

1.35 ± 0.92
0.79 ± 0.40
1.09 ± 0.37
0.51 ± 0.35
2.56 ± 0.82
1.53 ± 0.41
1.89 ± 0.92
1.05 ± 0.47
18 (75.0%)
131.44 ± 99.90
16 (66.7%)
160.57 ± 113.11
16 (66.7%)
107.01 ± 53.41§

0.647
0.071
0.473
0.621
0.354
0.211
0.696
0.753
0.147
0.341
0.167
0.504
0.060
0.017

Abbreviations: SA, single atrium; SV, single ventricle; SA-SV, single atrium-single ventricle; PAI, pulmonary artery index; TNPAI, total new
pulmonary artery index; PVI, pulmonary vein index; *, p-value < 0.05. §, p-value < 0.01.

3.4 Comparison of Diagnostic Accuracy between DSCT and TTE
DSCT was similar to TTE in terms of extracardiac malformation, but TTE had a smaller advantage (DSCT
vs. TTE: sensitivity, 94.1% vs. 88.2% in SA; 95.6% vs. 93.3% in SVand 100.0% vs. 92.0% in SA-SV). However,
DSCT was slightly insufﬁcient compared with TTE in terms of intracardiac malformations (DSCT vs.
TTE: sensitivity, 100.0% vs. 100.0% in SA; 91.9% vs. 100.0% in SV and 93.8% vs. 96.2% in SA-SV) (Table 4).
4 Discussion
We used DSCT to qualitatively analyse the intracardiac and extracardiac vascular malformations of
patients with SA, SV and SA-SV, respectively, and to quantitatively measure the diameter or surface area
of the vascular lumen in the three groups. We further compared the diagnostic consistency of DSCT with
TTE in intracardiac and intracardiac vascular malformations. The main ﬁndings of this study are as
follows: (1) The incidence rate of intracardiac and extracardiac malformations differed in patients with
SA, SV and SA-SV. (2) The McGoon ratio of patients with SA, SV and SA-SV showed a trend of
pulmonary stenosis, while the PVI of these patients was signiﬁcantly different. (3) The diagnostic
performance of DSCT was superior to that of TTE for extracardiac vascular malformations.
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Table 4: The diagnostic accuracy of DSCT and TTE in patients with SA, SV and SA-SV
Anomalies
categories

DSCT

TTE

Sensitivity Speciﬁcity PPV
SA (n = 24)
Extracardiac
anomalies
Intracardiac
anomalies
SV (n = 75)
Extracardiac
anomalies
Intracardiac
anomalies
SA-SV (n = 24)
Extracardiac
anomalies
Intracardiac
anomalies

NPV

94.1%

100.0%

100.0% 98.2%

100.0%

99.1%

96.6%

95.6%

100.0%

100.0% 98.9%

91.9%

100.0%

100.0% 98.4%

100.0%

100.0%

93.8%

100.0%

Sensitivity Speciﬁcity PPV

NPV

88.2%

96.4%

88.2%

96.4%

99.1%

96.6%

100.0%

93.3%

98.3%

93.3%

98.3%

100.0%

100.0%

100.0% 100.0%

100.0% 100.0% 92.0%

98.9%

95.8%

100.0% 98.2%

100.0%

100.0% 98.9%

100.0% 100.0%

96.2%

97.9%

Abbreviation: SA, single atrium; SV, single ventricle; SA-SV, single atrium-single ventricle; PPV, positive predictive value; NPV, negative predictive
value.

The incidence of both intracardiac and extracardiac malformations is higher in patients with SA-SV than in
those with SA or SV. Consistent with previous studies, pulmonary disease is one of the top three malformations
in patients with SA, SVand SA-SV [20–22]. The McGoon ratio, PAI and TNPAI are generally used to evaluate
the state of natural pulmonary artery development before surgery. Therefore, we measured the McGoon ratio,
PAI and TNPAI to quantitatively evaluate the degree of development of the pulmonary artery. The normal
McGoon ratio is >2.0 and the normal PAI value is 330 ± 30 mm2/m2 [17]. If the McGoon ratio is >1.2 and
PAI > 150 mm2/m2, one-stage radical surgery can be considered [23–25]. The data measured in our study
by reconstruction technology showed a mean McGoon ratio of <1.2 and a mean PAI of <150 mm2/m2 in
all three groups, suggesting pulmonary artery dysplasia. In many cases, the source of pulmonary blood is
complex and diverse, so the pulmonary circulation ﬂow represented by the pulmonary artery may be
deviated. Therefore, we measured TNPAI as a correction of PAI. Reddy et al. found that all patients with
TNPAI > 200 mm2/m2 could safely undergo ventricular septal defect repair, while patients with
TNPAI < 150 mm2/m2 could only undergo right ventricular outﬂow tract reconstruction in stage 1 [26,27].
Our data showed that the mean TNPAI in all three groups was <200 mm2/m2, suggesting that there is a
high probability of failure to close the septal defect safely, especially in SA patients, which has a
considerable impact on the choice of surgical methods. Such ﬁndings help in identifying majority of the
patients unsuitable for undergoing radical surgery, thereby simplifying clinical work.
Some studies have suggested that the area of the pulmonary vein is more representative of pulmonary
circulation ﬂow than the area of the pulmonary artery, and PVI reﬂects the development of the pulmonary
vascular bed better than PAI [28]. Thus, we also measured the pulmonary vein diameter and calculated
PVI [29]. There were signiﬁcant differences in PVI among the three groups, especially between patients
with SA and SA-SV. SA is often associated with left superior vena cava and dextrocardia. These
complicated malformations may change the mediastinal morphology, resulting in diameter stenosis of the
pulmonary veins in front of the atrium entrance [30].
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Our results showed that DSCT was superior to TTE in the diagnosis of extracardiac malformations. The
small ﬁeld of vision of the parasternal sound window may be the main reason why TTE cannot accurately
identify large vessels compared with DSCT [31,32]. Abnormalities of main pulmonary collateral vessels and
coronary arteries are often missed or misdiagnosed when using TTE, which may be because TTE can only
identify relatively large vessels, whereas DSCT can display the number, source and shape of all main
pulmonary collateral vessels, regardless of the vessel size [32]. However, in terms of intracardiac
malformation, DSCT missed one case of pulmonary valve syndrome and bicuspid aortic valve in the SASV group, which was slightly inferior to TTE. This can be partly explained as due to image artefacts
caused by motion or contrast agents or may be because it is difﬁcult to use DSCT to evaluate small
intracardiac malformations based on static 2D images.
For children receiving DSCT, the risk of radiation exposure remains a major concern, particularly in
infancy, because children are at higher risk of DNA mutations [33,34]. Therefore, in this study DSCT
scanning was conducted in strict accordance with the as low as reasonably achievable (ALARA) principle [35].
5 Limitations
There are several limitations of our study. Firstly, this is a retrospective single-centre study, so a more
extensive multicentre study should be performed in the future to conﬁrm the generalisability of our ﬁndings.
Secondly, we did not conduct long-term follow-up of patients to determine postoperative characteristics and
outcomes, and this may be discussed in future studies. Finally, children are exposed to radiation from DSCT,
but effective measures have been taken to minimise radiation doses.
6 Conclusions
Patients with SA, SV or SA-SV were often complicated with multiple intracardiac and extracardiac
malformations identiﬁed by DSCT, and pulmonary vascular anomalies was the most common
malformation. DSCT has better diagnostic performance in the preoperative evaluation of extracardiac
vascular malformations in patients with SA, SV or SA-SV than TTE, especially in the diagnosis of
extracardiac malformations, such as pulmonary artery development and main pulmonary collateral
vessels. It can accurately measure the diameter of arteriovenous vessels using 3D reconstruction
techniques, thereby providing surgeons with more detailed morphologic pictures.
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