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Background: A double superior vena cava (DSVC) may cause technical difficulties in some cardiovascular
procedures. However, no quantitative data exist to describe the morphological features of this anomaly.
Methods: From January 2015 to January 2019, the data of 128 consecutive patients diagnosed with DSVC
on computed tomography (CT) images were retrospectively analyzed. We proposed an easy and rational
method for DSVC classification based on the presence or absence of the left brachiocephalic vein (LBCV),
the presence or absence of an anastomotic vein bridging the bilateral superior vena cava (SVC), and the
drainage pattern of the left superior vena cava (LSVC). The following classifications were established:
type I, LBVC absent, LSVC drainage into the right atrium via the coronary sinus; type II, LBCV present,
LSVC drainage into the right atrium via the coronary sinus; type III, LBCV absent, LSVC drainage into
the right atrium via the anastomosis; type IV, LBCV present, LSVC drainage into the right atrium via the
anastomosis. The length, diameter, and area of the bilateral SVC and the coronary sinus were carefully
measured across the 4 types.

Results: Type I was the most frequently occurring type (66 of 128, 51.6%), followed by type II (43 of 128,
33.6%), then type III (15 of 128, 11.7%), and type IV (4 of 128, 3.1%). The LSVC was significantly longer
than the right SVC (RSVC) in all 4 types, and the diameters of the LSVC were significantly larger in types
without the LBCV (i.e., types I and IIT) (P<0.0001 for all). Additionally, the diameter of the coronary sinus in
types I and II was triple that in types III and IV (P<0.0001), which was thought to be due to increased venous
blood reflux through the coronary sinus.

Conclusions: The anatomical features of DSVC can be satisfactorily depicted on CT. The quantitative
measurement of this anomaly by the reporting radiologists could assist clinicians to minimize the procedure-

associated risks.
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Introduction

The superior vena cava (SVC) is the largest vein of
the human body. If the common cardinal vein fails to
regress in its early embryological development, it can
form a left SVC (LSVC) known as a persistent LSVC,
which together with the normal right SVC (RSVC),
forms a double SVC (DSVC) (1-4). Persistent LSVC is
the most common thoracic venous anomaly, affecting
0.5% to 2% of the general population and up to 10%
of patients with congenital heart disease (CHD) (1).
Persistent LSVC is benign in most cases; however, its
presence is still of paramount clinical significance, as it
may complicate cardiovascular catheterizations if the left
subclavian approach is used to access the right heart (2,4). It
is also a relative contraindication to performing retrograde
cardioplegia during cardiothoracic surgeries, as it can result
in excessive runoff of solution into the persistent LSVC and
the right atrium, causing insufficient myocardial perfusion (5).
Additionally, an LSVC might be related to abnormalities in
the cardiac conduction system (6-9). Despite its significance,
previous studies on the LSVC largely comprise case reports,
and no quantitative data have been made available, which
restricts our understanding of this anomaly. Thus, we
sought to examine a series of 128 patients diagnosed with
DSVC to define the anatomical features of the anomaly
and quantitatively measure its key structures to provide
additional information about DSVC and advocate that more
clinical attention be paid to this anomaly.

Methods
Study population

Between January 2015 and January 2019, the data of
patients who underwent chest enhancement computed
tomography (CT) scans at Zhongnan Hospital, Wuhan
University were retrospectively analyzed to detect the
presence of a DSVC. The demographic and clinical
information of all the patients were obtained from their
medical records. Of the 126,291 patients who underwent
CT scans, 128 patients were diagnosed with DSVC (0.1%
of the study population). Of the 74 patients known to have
CHD, 8 (10.8%) had DSVC.

CT image acquisition

Patients were placed in the supine head-first position for
all the CT scans. Either a GE 750 HD 64-slice single-
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source scanner (GE Healthcare, Waukesha, Wisconsin),
a Philips Ingenuity CT (Philips Medical Systems, Best,
Netherlands), or a Siemens SOMATOM Definition 64-slice
dual-source CT scanner (Siemens Medical Solutions,
Forchheim, Germany) was used. The CT images were
acquired during a single breath-hold to minimize motion
artifacts. The scans were performed from the level of the
upper thoracic inlet to the inferior level of the costophrenic
angle with the following scanning parameters: voltage
120-140 kV, and current 60-170 mA (effective).
Reconstruction was conducted at a specific post-processing
workstation at 1 mm slice thickness and 1 mm intervals.
Contrast-enhanced CT or multiphase CT angiography
(CTA) was used depending on the clinical indications.
The contrast dose ranged from 60-100 mL of iohexol
(Omnipaque 350, GE Healthcare, Boston, MA, USA) in a
dilution of either 70:30 or 50:50, and at a flow rate of 2.0 to
5.0 mL/s, depending on the patient’s body mass index (BMI),
weight, and creatinine level. Electrocardiographic gating
was not used.

Image analysis and measurements

The reconstructed CT images were transmitted to the
workstation and picture archiving and communication
systems (PACS, Carestream Health Inc., Rochester, NY,
USA) for curved planar reformation (CPR) and multiplanar
reformation (MPR) post-processing. The CT images were
analyzed carefully by two experienced radiologists. In the
128 patients with DSVC, the anatomical course, LSVC
drainage pattern, and associated structures were carefully
examined, and patients were classified into different groups
according to the anomaly morphology described below (see
Figures 1,2).

The cases were classified into the following 4 types based
on the presence or absence of left brachiocephalic vein
(LBCV), the presence or absence of an anastomotic vein
bridging the bilateral SVC, and the drainage pattern of the
LSVC: (I) type I, DSVC without LBCV, LSVC drainage
into the right atrium via the coronary sinus (see Figure 1);
(II) type 1I, DSVC with LBCV, LSVC drainage into the
right atrium via the coronary sinus (see Figure 24,2B); (I1I)
type III, DSVC without LBCV, LSVC drainage into the
right atrium via an anastomotic vein bridging the LSVC
and RSVC (see Figure 2C,2D); and (IV) type IV, DSVC
with LBCV, LSVC drainage into the right atrium via an
anastomotic vein (see Figure 2E,2F).

The following quantitative measurements taken from
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Enlarge RA

Figure 1 Representative illustration of the quantitative measurements of anatomical structures in type I DSVC. (A) Coronal two-

dimensional maximum intensity projection (MIP) image showing measurements of length (double yellow arrows) and diameter (double blue

arrows); (B) oblique coronal image showing enlarged RA and CSL measurement (blue dotted curve); (C) transverse image of the coronary

sinus ostium showing the measurements of the CSOA (yellow shading); (D) oblique sagittal image showing the measurements of the CSOD

(blue dotted line). LA, left atrium; RA, right atrium; LV, left ventricle; CS, coronary sinus; CSL, length of coronary sinus; CSOA, area of

coronary sinus ostium; CSOD, diameter of coronary sinus ostium; LSVC-L, length of left superior vena cava; RSVC-L, length of right

superior vena cava.

the CT images (see Figure 1): the length of the RSVC
(RSVC-L) was measured from the confluence of the
left and right brachiocephalic veins (or from the level of
the first sternocostal joint on the right if there was no
LBCV) to the entrance of the right atrium; the length of
the LSVC (LSVC-L) was measured from the level of the
LBCV opening (or the level of the first sternocostal joint
on the left if there was no LBCV), to either the coronary
sinus entrance to the LSVC or the opening of the bilateral
SVC anastomosis; the diameter of the bilateral SVC was
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obtained by calculating the average of the diameter of the
proximal, middle and distal segments of the bilateral SVC
at the best display slice; the area of the bilateral SVC was
measured at the third segment, from the RSVC to the right
atrial entrance; the length of the coronary sinus (CSL) was
measured on the oblique coronal plane of the coronary
sinus; the diameter of the coronary sinus ostium (CSOD)
was measured at the coronary sinus entrance on the oblique
sagittal view; and the area of coronary sinus ostium (CSOA)
was measured on the transverse orientation of the coronary
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Figure 2 Representative patient images for type I, type III, and type IV DSVC. Type II: (A) coronal image showing the LBCV (yellow
arrow) and measurements of the RSVC-L and LSVC-L (double yellow arrows); (B) axial image showing the LBCV, RSVC and LSVC (yellow
arrows). Type III: (C) oblique coronal image showing measurements of the RSVC-L, LSVC-L (double yellow arrows) and diameter double
(blue arrows) in a patient with type III DSVC; (D) axial image showing measurements of the RSVC-A and LSVC-A (yellow shading). Type
IV: (E) coronal image showing the LBCV (yellow arrow), and measurements of the RSVC-L and LSVC-L (double yellow arrows); (F)
volume rendering image showing the LSVC running between the aorta and the pulmonary artery (PA) window. LBCV, left brachiocephalic
vein; LSVC-A, area of left superior vena cava; LSVC-L, length of left superior vena cava; RSVC-A, area of right superior vena cava;

RSVC-L, length of right superior vena cava.
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Table 1 Baseline characteristics of 128 DSVC patients
DSVC classification
Characteristics Total (n=128)
Type | (n=66) Type Il (n=43) Type lll (n=15) Type IV (n=4)
Age (years), mean + SD 47.3+14.3 49.3+14.2 45.1+17.2 40.0+13.6 47.5+14.6
Women, n (%) 37 (56.1) 19 (44.2) 6 (40.0) 1(25.0) 63 (49.2)
Men, n (%) 29 (43.9) 24 (55.8) 9 (60.0) 3(75.0) 65 (50.8)
BMI (kg/m?), mean + SD 24.0+£2.2 24.2+1.9 23.8+1.7 23.2+2.1 24.0£2.0
Sinus rhythm, n (%) 47 (71.2) 29 (67.4) 15 (100.0) 4 (100.0) 95 (74.2)
Reasons for CT scan
Lung diseases, n (%) 36 (54.5) 22 (51.2) 13 (86.7) 3(75.0) 74 (57.8)
Congenital heart diseases, n (%) 3(4.5) 2(4.7) 2(13.3) 1(25.0) 8 (6.3)
Malignant tumors, n (%) 27 (40.9) 19 (44.2) - - 46 (35.9)

DSVC, double superior vena cava; SD, standard deviation.

sinus ostium.

Statistics

All data were analyzed using SPSS (version 18.0, IBM,
Chicago, IL, USA). The continuous variables are expressed
as mean = standard deviation (SD). Comparisons of
the measurements between the LSVC and RSVC were
performed using a paired z-test. Intergroup comparisons
were performed using an independent samples #-test
or a Mann-Whitney U test as appropriate. A variance
analysis and a post hoc Bonferroni test were conducted for
multiple comparisons. A two-tailed P<0.05 was considered
statistically significant.

Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the Ethics Committee of the Zhongnan
Hospital, Wuhan University. In accordance with national
legislation and the institutional requirements, written
informed consent from the patients/participants was not
required for this study.

Results
Patient characteristics

Patients’ baseline characteristics are presented in Tuble 1.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

DSVC was detected in 128 patients (0.1% of the study
population). Of the 128 DSVC patients, 65 (50.8%) were
male, and 126 (98.4%) were adults. The mean age of the
participants was 47.2 years (range, 12-84 years). Of the
128 DSVC patients, 8 (6.3%) had concomitant congenital
heart anomalies, including an atrial septal defect [2], aortic
coarctation [2], unilateral absence of the left pulmonary
artery [1], single atrium and ventricle [1], pulmonary
stenosis [1], and complex congenital heart anomaly (atrial
septal defect, ventricular septal defect, patent ductus
arteriosus, aortic coarctation, overriding aorta) [1]. Further
details about these 8 patients can be found in Table 2.

DSV classification

According to our newly proposed classification system, the
distribution of the 128 DSVC patients was as follows: type I,
66 of 128 (51.6%) (see Figure 1); type 11, 43 of 128 (33.6%)
(see Figure 24,2B); type 111, 15 of 128 (11.7%) (see Figure
2C,2D); and type 1V, 4 of 128 (3.1%) (see Figure 2L,2F).
In the majority of patients (type I and type II; 85.2%), the
LSVC drained into the right atrium via the coronary sinus.

Quantitative measurements of the bilateral SVC

The length, diameter, and area of the RSVC and the LSVC
were measured. The bilateral SVCs in each group were
compared, and the results of the intergroup comparisons
between the different types are summarized in Table 3.

The LSVC-L was significantly longer than the RSVC-L
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Table 2 Eight congenital heart disease patients with concurrent DSVC

Congenital heart disease (n=8) Age (years) Gender DSVC type
Atrial septal defect (n=2) 59 Female |
41 Male |
Aortic coarctation (n=2) 51 Female 1]l
37 Male Il
Unilateral absence of left pulmonary artery (n=1) 16 Female |
Single atrium and ventricle (n=1) 19 Male |
Pulmonary stenosis (n=1) 22 Male I\
Complex congenital heart anomaly (n=1) 12 Male 1]l
DSVC, double superior vena cava.
Table 3 Length, diameter, and area of the RSVC and LSVC in 128 DSVC patients
DSVC classification
Measurements
Type | (n=66) Type Il (n=43) Type lll (n=15) Type IV (n=4)

Length (mm), mean + SD

RSvVC 42.7+10.8 43.5+10.0 43.5+10.4 43.9+9.4

LSvC 130.3+12.3* 130.1+12.4 100.8+10.1 100.8+10.5

P value <0.0001 <0.0001 <0.0001 <0.0001
Diameter (mm), mean + SD

RSVC 13.9+3.5 15.4+3.6 13.9+3.5 15.5+£3.5

LSvC 16.1£3.4 14.6+3.6 16.1£3.5 14.7+£3.6

P value <0.0001 0.361 <0.0001 0.172
Area (mm?), mean + SD

RSVC 161.7+80.5 196.2+86.2 161.2+78.7 194.7+79.5

LSVC 212.9+83.6 177.8+83.0 213.1+87.5 177.5+82.1

P value <0.0001 0.357 <0.0001 0.172

*, P<0.0001 of the SVC lengths between types | and Il and types lll and IV. DSVC, double superior vena cava; RSVC, right superior vena

cava; LSVC, left superior vena cava.

(P<0.0001 for each group). There was no significant
difference in the RSVC-L among the 4 types (type I vs.
type II vs. type III vs. type IV: 42.7+10.8 vs. 43.5+10.0
vs. 43.5£10.4 vs. 43.9+9.4 mm, P=0.975). However,
the LSVC-L varied in function of its drainage pattern.
Specifically, the LSVC was significantly longer when it
drained into the right atrium via the coronary sinus (types I
and II) than when it drained from the RSVC into the right
atrium via an anastomotic vein (types III and IV) (P<0.0001).

There was no significant difference among the 4 types in

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

either the RSVC diameter or the LSVC diameter (P=0.163,
0.148, respectively). Additionally, the diameter was greater
in the LSVC than in the RSVC in both type I and type III
patients (type I, LSVC 16.1+3.4 mm vs. RSVC 13.9+3.5 mm,
P<0.0001; type I, LSVC 16.1+3.5 mm vs. RSVC 13.9+3.5 mm,
P<0.0001). Similar results were observed in the SVC area.

Quantitative measurements of the coronary sinus

The length, diameter, and area of each patient’s coronary

Quant Imaging Med Surg 2022;12(2):1405-1414 | https://dx.doi.org/10.21037/qims-20-1387
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Table 4 Length, diameter and area of the coronary sinus in 128 DSVC patients

DSVC classification

Measurements

Type | (n=66) Type Il (n=43) Type lll (n=15) Type IV (n=4)
CSL (mm) 58.0£9.7* 53.9+9.2 34.3+9.3 34.3+11.4
CSOD (mm) 30.0+3.8° 28.0+3.7 11.2+1.8 11.4+2.1
CSOA (mm?) 865.2+160.9" 748.6+133.8 191.0+68.5 200.0+£99.7

* P<0.0001; ®, P<0.0001; *, P<0.0001 for comparisons between types | and Il and types Ill and IV in terms of CSL, CSOD and CSOA,
respectively. DSVC, double superior vena cava; CSL, length of coronary sinus; CSOD, diameter of coronary sinus ostium; CSOA, area of

coronary sinus ostium.

sinus were obtained. The results of the comparisons between
the groups are presented in Table 4. In contrast to types III
and IV the coronary sinus in types I and II was significantly
lengthened and dilated (P<0.0001 in both groups) in which
the LSVC drained through the coronary sinus into the right
atrium. In relation to for the CSL, the measurements were
58.0£9.7 mm (type ), 53.9£9.2 mm (type II), 34.3£9.3 mm
(type III), and 34.3£11.4 mm (type 1V). No significant
differences were found between type I and type II patient
(P=0.138) or between type III and type IV patients
(P=1.000). The diameter of the coronary sinus ostium in
each type was as follows: 30.0+3.8 mm (type I), 28.0+3.7 mm
(type 1I), 11.2+1.8 mm (type III), and 11.422.1 mm
(type IV), and the first 2 types were significantly larger than
the latter 2 types (P<0.0001). Similar results were found for
the CSOA.

Subgroup analyses were then conducted according to
patient gender, age, and BMI to examine if these factors
affected the measurements. The overall results showed that
the dimensions of the bilateral SVC and coronary sinus did
not vary significantly within the subgroups of each DSVC
type; however, there were some discrepancies among
individuals. For further details, see Tables S1-S4.

Discussion

The present study quantitatively assessed the DSVC
anomaly in a relatively large group of patients. A simple and
rational approach to classifying DSVC was proposed based
on the drainage pattern of the LSVC and the presence
or absence of both the LBCV and an anastomotic vein.
This approach may be useful for reporting radiologists
and clinicians. The study showed that the most frequent
type of DSVC (i.e., type I; 51.6%) presented without the
LBCV and with the LSVC draining into the right atrium
via the coronary sinus. In most cases (type I & type 1I;
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85.2%), drainage occurred via the coronary sinus, which
was significantly lengthened (by about 5 cm) and dilated (by
about 3 cm) when the LSVC drained through it into the
right atrium.

Classification of DSVC or LSVC

Several classification methods have been proposed for the
DVSC anomaly. Some authors have suggested that DSVC
patients be classified according to the presence or absence
of paired azygos veins, and the presence or absence of
an anastomotic vein between the RSVC and LSVC (10).
Others have suggested that patients be classified based
on the presence or absence of an anastomosis and the
direction of the inclination (11). Uemura ez /. in 2012
proposed a more elaborate classification method of in 24
subtypes under which patients are classified based on the
presence and development of both SVCs, the anastomotic
ramus, and the azygos veins (12). Conversely, our model
took into account the drainage patterns of the LSVC in
addition to the presence or absence of both the LBCV and
an anastomotic vein. The drainage pattern was added to
the classification model because LSVC drainage is closely
related to hemodynamic changes. For example, as we
reported, the coronary sinus is significantly lengthened and
dilated when the LSVC drained via the coronary sinus into
the right atrium in type I and type II patients. An enlarged
coronary sinus may result from a significant quantity of
venous blood returning to it as it collects both cardiac
venous blood and LSVC blood. Furthermore, we reported
the frequency of observations of the different types using
the new classification method. Type I, was found to be the
most frequent (51.6%), followed by type II (33.6%), type
III (11.7%), and type IV (3.1%). No comparisons were
made with previous reports since they were often case
reports with a limited number of DSVC cases. Another
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of our study’s strengths is that we not only proposed an
easy and practical classification method but also provided
quantitative data that is clinically useful, especially in an era
of increasing cardiovascular catheterizations and procedures.
Yet, our classification method did not embrace all possible
variants of an LSVC, such as an LSVC with drainage to the
left atrium or other rare conditions (e.g., LSVC present but
RSVC absent). When observed, they may be classified as
other types.

Imaging modalities in diagnosing DSVC or LSVC

CT is an effective and accurate imaging modality for
assessing DSVC (13). It allows a large field of view
and multiplane analysis, and powerful post-processing
techniques further improve data utilization efficiency. On
cross-sectional image planes, an LSVC manifests as a round
nodule situated on the left side of the aortic arch and can
be mistaken for lymphadenopathy. Coronally reconstructed
images can confirm the presence of the LSVC and show
its adjacent structures and anatomical course, as well as
the drainage pattern of the LSVC in selected patients (14).
Although non-enhanced CT may show the presence of an
LSVC, small LSVCs can be missed, particularly when they
are draining through an anastomotic vein into the RSVC, as
the LSVC in this case is often collapsed. Thus, for patients
with an undefined drainage site in non-enhanced CT or
for those who need further treatment, contrast-enhanced
CT or angiography is required. But CTA can sometimes
miss the drainage patterns of a bilateral SVC and might not
clearly display blood flow direction. The scanning interval
after a contrast injection can also affect diagnostic accuracy.
Other imaging modalities, such as echocardiography and
cardiovascular magnetic resonance imaging (CMR), can also
be used to evaluate the LSVC (13). Echocardiography is
easily available and can be used at the patient’s bedside. Yet,
it is often limited by acoustic windows and is less accurate
than cross-sectional imaging modalities. CMR is an
advanced imaging method, which could allow for accurate
assessment of cardiovascular morphology, function, and
tissue characterization in a single examination. However,
CMR is not as widespread as echocardiography and CT due
to its high technical demands and cost.

Clinical implications

The presence of an LSVC has several clinical implications.
First, it may complicate the placement of central venous

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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catheters or the implantation of cardiovascular devices
because of the technical difficulties involved in passing
the catheter through the narrow opening of the coronary
sinus into the right heart when using a left superior venous
approach. Such cases may lead to injury of the vessel wall,
incorrect positioning of the catheter, or more serious
complications, such as cardiac arrest (2,4,15,16). The
presence of an LSVC may also necessitate the use of a pre-
shaped stylet (pigtail, J-shaped, L-shaped, or U-shaped)
or require the formation of a wide loop within the right
atrium, depending on the device being implanted (2).
Secondly, retrograde cardioplegia through an LSVC and
its tributaries may be ineffective as it can lead to inadequate
myocardial perfusion (5). The interruption of the LSVC in
patients with coronary sinus ostial atresia may lead to severe
myocardial ischemia (17). Moreover, a dilated coronary
sinus may theoretically be narrowed by suturing, leading to
severe complications (5). In our study, the coronary sinus
diameter was tripled in more than 80% of the patients
studied. We believe that the quantitative data provided #
priori may guide the selection of an appropriate catheter,
catheter placement position, or placement pathway.
Thirdly, the LSVC, as the embryological precursor to the
ligament of Marshall, has been reported to be implicated
in the initiation and maintenance of atrial fibrillation
(AF). Ablation of its connections with the coronary sinus,
pulmonary vein, and left atrium may be used for complete
electrical isolation (8,9,18).

Limitations

This study has some limitations. First, only CT imaging
was used for DSVC assessment. Thus, no comparisons
were made with other imaging modalities. Secondly, this
study focused on the morphological features of DSVC and
proposed a novel classification method. Unfortunately,
we were unable to address the clinical implications as
discussed above since this was not a prospectively designed
study, and DSVC was only an incidental finding in most
cases. The extent to which quantitative measurements can
help to reduce procedure-related risks is still unknown.
Further research on how the anomaly affects cardiovascular
procedures, its mechanisms in arrhythmogenesis, and
strategies to cope with LSVC is warranted.

Conclusions

DSVC anatomy varies greatly among patients. In
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clinical practice, and especially in an era of increasing
cardiovascular procedures, it is desirable that radiologists
report on the anatomical subtypes of DSVC, preferably
quantitatively. When DSVC is found, clinicians can be
alerted of procedure-associated risks and make better
clinical decisions. Further large-scale studies are required to
explore the clinical implications of DSVC.
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Supplementary

Table S1 Subgroup analysis of bilateral SVC and quantitative coronary sinus measurements according to gender, age and BMI: type I (N=66)

Subgroups RSCV-L LSCV-L RSCV-D LSCV-D RSCVZ-A LSCVZ—A CSOD CSL CSO;A
(mm) (mm) (mm) (mm) (mm°) (mm?®) (mm) (mm) (mm°)
Gender
Female (n=37) 43.0+10.0 130.7+13.1 13.7+3.6  16.0+3.5 157.6+83.8 210.6+86.5 29.9+3.3  58.9+9.4 875.8+145.3
Male (n=29) 42.4+12.0 129.8+#11.4 14.2£.3.3  16.2#3.3 167.0+77.2 215.7+81.2 30.1x4.4  56.9+10.2 851.7+180.6
P value 0.321 0.204 1.000 1.000 1.000 1.000 0.827 0.439 0.620
Age (years)
=60 (n=13) 44.3+15.8 134.9+10.2 14.4£3.6  15.7#3.8 171.3+87.1 205.1x97.0 29.2+52  52.029.9 758.2+189.6
<60 (n=53) 42.3+9.4 129.1+12.6 13.8235  16.2+3.3 159.3x79.5 214.8+80.9 30.2+3.4  59.5:9.2 891.5+143.1
P value 0.536 0.459 1.000 1.000 1.000 1.000 0.903 0.083 0.063
BMI (kg/m?)
=25 (n=22) 40.9+8.6 130.6x11.7 13.4x32  156x3.2 149.2+73.7 198.7+76.5 29.5+4.4  585:+9.0 863.6+184.4
<25 (n=44) 43.6+11.8 13012127 14.2£.3.6  16.4+3.5 168.0+83.8 220.0+86.9 30.2+3.4  57.7+10.2 866.0+150.0
P value 0.433 0.931 0.794 0.192 0.794 0.192 0.931 0.931 0.794

DSVC, double superior vena cava; RSVC-L/LSVC-L, right/left superior vena cava length; RSCV-D/LSCV-D, right/left superior vena cava
diameter; RSVC, right superior vena cava; LSVC, left superior vena cava; CSOD, diameter of coronary sinus ostium; CSL, length of
coronary sinus; CSOA, area of coronary sinus ostium.

Table S2 Subgroup analysis of bilateral SVC and quantitative coronary sinus measurements according to gender, age, and BMI: type II (N=43)

Subgroups RSCV-L LSCV-L RSCV-D LSCV-D RSCVZ-A LSCVZ-A CSOD CSL CSO;A
(mm) (mm) (mm) (mm) (mm°) (mm°) (mm) (mm) (mm°)
Gender
Female (n=19) 38.5+6.8 130.9+12.7 154233  14.6£3.8 1954815 179.1x90.4 29.1+3.7  54.0+7.7 779.2+97.7
Male (n=24) 47.5+10.4 129.5£12.4 15.4+3.9  14.623.4 196.8+91.4 176.8£78.7 27.0£3.5 53.9+10.4 724.4x154.4
P value 0.088 0.892 0.892 0.892 0.892 0.892 0.683 0.836 0.172
Age (years)
=60 (n=10) 38.9+7.4 127.6+11.6 154235 13233 194.5:82.0 143.6+71.2 27.8+25  52.2+9.4 724.8+148.2
<60 (n=33) 44.9+10.3 130.9£12.8 15.4+3.7  15.1x3.6 196.7+88.6 188.2+84.5 28.0+4.0  54.5+9.2 755.8+130.8
P value 0.782 0.782 0.782 0.318 0.782 0.318 0.539 0.405 0.782
BMI (kg/m?)
=25 (n=16) 46+10.3  129.7+121 152439  13.8£#3.1 191.5+90.8 156.1+68.9 27.1x3.0 54.2+10.8 732.9+167.2
<25 (n=27) 42.049.7 130.4x12.9 155x35  151%3.7 199.0£85.0 190.7+89.1 28.5+4.0  53.8+8.3 757.9+112.1
P value 0.287 0.843 0.843 0.843 0.843 0.843 0.971 0.971 0.843

DSVC, double superior vena cava; RSVC-L/LSVC-L, right/left superior vena cava length; RSCV-D/LSCV-D, right/left superior vena cava
diameter; RSVC, right superior vena cava; LSVC, left superior vena cava; CSOD, diameter of coronary sinus ostium; CSL, length of
coronary sinus; CSOA, area of coronary sinus ostium.
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Table S3 Subgroup analysis of bilateral SVC and quantitative coronary sinus measurements according to gender, age, and BMI: type III (N=15)

Subgroups RSCV-L LSCV-L RSCV-D LSCV-D RSCV2—A LSCV2—A CSOD CSL CSO;A
(mm) (mm) (mm) (mm) (mm?°) (mm?°) (mm) (mm) (mm?®)
Gender
Female (n=6) 40.0£4.7  97.2+4.5 12.9+3.2 15.3:2.9  136.4x73.6 188.6x74.7 11.6+1.8  36.4x7.9 213.6+78.5
Male (n=9)  45.9+12.7 103.2+12.2  14.623.7 16.7£3.8  177.7+81.8 229.5+95.7 10.9+1.9  32.9+10.4 175.8+61.1
P value 0.608 0.608 0.608 0.608 0.608 0.608 0.315 1.000 0.315
Age (years)
=60 (n=6) 48.3+9.6  101.3x15.3  15.3%5.2 17.6£3.8 197.12112.3 251.9499.7 10.7+0.8  34.0+8.0  180.1x30.1
<60 (n=9) 42.3+10.7 100.7#9.4  13.6x3.2 15.8£3.4 15224717 203.4+86.2 11.3x2.0  34.3x10.0 193.7+76.0
P value 0.569 10.000 0.569 0.569 0.569 0.569 0.200 1.000 0.569
BMI (kg/m?)
=25 (n=4) 38.5+6.8  100.5+9.5  16.4+2.5 18.7£2.4  214.3+60.5 277.2+65.6 10.2+2.2  38.4+10.0 199.4+84.5
<25 (n=11)  45.4x11.2 100.9£10.8  13.0+3.4 15.2+3.4  141.8+77.6 189.8+84.8 11.5+1.7  32.829.1 187.9+66.3
P value 1.000 1.000 0.282 0.282 0.282 0.282 0.569 0.282 1.000

DSVC, double superior vena cava; RSVC-L/LSVC-L, right/left superior vena cava length; RSCV-D/LSCV-D, right/left superior vena cava
diameter; RSVC, right superior vena cava; LSVC, left superior vena cava; CSOD, diameter of coronary sinus ostium; CSL, length of
coronary sinus; CSOA, area of coronary sinus ostium.

Table S4 Subgroup analysis of bilateral SVC and quantitative coronary sinus measurements according to gender, age, and BMI: type IV (N=4)

Subgroups RSCV-L LSCV-L RSCV-D LSCV-D RSCVZ—A LSCVZ-A CSOD CSL CSO;A
(mm) (mm) (mm) (mm) (mm?°) (mm?°) (mm) (mm) (mm?®)
Gender
Female (n=1) 39.9 97.0 18.8 18.6 277.6 271.7 10.8 28.9 156.2
Male (n=3)  45.2+11.1 102.0x12.5 14.3x3.3 134231  167.0£69.9 146.1264.8 11.6£2.5  36.0+13.2 214.6+116.8
P value 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Age (years)
=60 (n=1) 56.8 116.0 10.6 10.2 88.2 81.7 9.0 34.9 156.4
<60 (n=3) 39.6+4.8  95.7+3.2 171216 16.2#2.5 230.1x43.8 209.4+63.2 12.2+1.6  34.0£13.9 214.6+116.8
P value 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
BMI (kg/m?)
=25 (n=1) 443 92.0 15.6 13.6 191.1 145.3 11.8 23.4 138.5
<25 (n=3) 43.8+11.6 103.7x10.7 154243 151x4.4  195.8497.3 188.2297.1 11.3x2.6  37.9+10.7 220.6+111.3
P value 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

DSVC, double superior vena cava; RSVC-L/LSVC-L, right/left superior vena cava length; RSCV-D/LSCV-D, right/left superior vena cava
diameter; RSVC, right superior vena cava; LSVC, left superior vena cava; CSOD, diameter of coronary sinus ostium; CSL, length of
coronary sinus; CSOA, area of coronary sinus ostium.
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