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 37 

What is already known about this topic? A persistent left superior vena cava is 38 

associated with other structural anomalies and chromosomal abnormalities. 39 

 40 

What does this study add? An increased distance between the aorta and right 41 

superior vena cava is a new sonographic sign for a persistent left superior vena 42 

cava.  43 

This could facilitate the diagnosis of persistent left superior vena cava and should 44 

lead to a further detailed examination.  45 

 46 

Data Availability: Statement 47 

The data that support the findings of this study are available from the corresponding 48 

author upon reasonable request. 49 

 50 

 51 

 52 

 53 

 54 

 55 

 56 

 57 

 58 

 59 

 60 

 61 

 62 

This article is protected by copyright. All rights reserved.



 3 

 63 

 64 
 65 

 66 

ABSTRACT 67 

 68 

Objectives: To assess the distance between the right superior vena cava (SVC) and 69 

the aorta in fetuses with bilateral superior vena cava as a possible sonographic 70 

marker for this.  71 

Methods: This was a nested case-control study including 20 cases of bilateral SVC 72 

and 40 gestational age-matched controls. The distance between the right SVC and 73 

the aorta was measured at the level of the three-vessel trachea view in stored 74 

images, as well as the diameters of the aorta and the right SVC. 75 

Results: The distance between the aorta and the right SVC was significantly larger 76 

in the cases of a left SVC compared to controls, p < 0.001. A distance of 2.0 mm or 77 

more was found in 70% of the cases and 5% of the controls, with a gestational-age 78 

adjusted area under the receiver-operating characteristics (ROC) curve for the 79 

diagnosis of left SVC of 0.93 (95% CI 0.87-0.99). The aorta and the right SVC were 80 

significantly smaller in cases compared to controls, and there was a significant 81 

association with other cardiac and extra-cardiac abnormalities amongst cases of 82 

persistent left SVC.  83 

Conclusion: An increased distance between the aorta and the right SVC is 84 

associated with the diagnosis of bilateral SVC.  85 

 86 
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INTRODUCTION 87 

 88 

Persistent left superior vena cava (SVC) or bilateral SVC is the most common 89 

anatomical variant in the thoracic venous system.1-4 In the general population, 90 

the estimated prevalence ranges between 0.3 and 0.5%,2,5-7 whereas the 91 

association in patients with congenital heart disease is higher and between 4 92 

and 8%.1,3,5,8 More than one in five newborns (21.3%) diagnosed with 93 

coarctation of the aorta present with bilateral SVC.1,5,9,10 Cardiac anomalies, 94 

chromosomal disorders and extra-cardiac malformations are more common in 95 

the setting of a persistent left SVC.2,5,11 However, it can be assumed that the 96 

real prevalence of an isolated persistent left SVC in healthy population is 97 

higher, as the detection in a routine transthoracic echocardiographic 98 

examination can be challenging and an isolated finding of this venous variant 99 

usually lacks clinical relevance.1,5  100 

The addition of the three-vessel trachea view in the examination of the fetal 101 

heart at the mid-trimester morphology scan has contributed to improved 102 

detection of outflow tract anomalies and also of persistent left SVC.3,12,13 In 103 

spite of the improved detection of outflow anomalies the small diameter of the 104 

left SVC can make the diagnosis of bilateral SVC challenging and often 105 

overlooked.14 In a prenatal ultrasound examination, the typical finding of a 106 

persistent left SVC is an abnormal three-vessel trachea view as an additional 107 

fourth vessel is seen juxtaposed to the pulmonary artery.14 In the four-chamber 108 

view, it appears as a “bleb” inside the left atrium, because it usually drains into 109 

the coronary sinus leading to its dilatation.6,14,15 A failure of involution of the left 110 
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anterior cardinal vein results in a persistent left SVC, in which case the venous 111 

drainage of the upper body occurs through both left and right SVC.7,16 The left 112 

brachiocephalic vein that usually crosses horizontally in the upper mediastinum 113 

anteriorly to the three branches of the aortic arch and finally empties into the 114 

right brachiocephalic vein is often missing.17,18 Therefore, it is plausible that the 115 

traction of the left brachiocephalic vein on the right SVC towards the midline of 116 

the mediastinum is absent. Consequently, the right SVC is displaced in the 117 

mediastinum towards the right side (Figures 1 and 2). Furthermore, the smaller 118 

diameter of the aorta and the right SVC in these cases, particularly when 119 

associated with heart abnormalities such as coarctation of the aorta, could 120 

further increase the distance between the aorta and the right SVC. This 121 

increased distance between the aorta and the right SVC could serve as a 122 

marker for the detection of persistent left SVC, prompting a more detailed 123 

targeted examination of the fetal heart given its frequent association with other 124 

structural defects.   125 

The aim of this study is to examine the distance between the right superior vena 126 

cava and the aorta in cases of persistent left SVC and the association of this 127 

condition with cardiac and extra-cardiac malformations.  128 
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METHODS 129 

 130 

Study design and population  131 

This is a nested case-control study. The cases and controls were obtained from 132 

the ultrasound database at Monash Ultrasound for Women, Melbourne, 133 

Australia, which is a dedicated tertiary obstetric and gynecological ultrasound 134 

practice and center for fetal diagnosis, offering first and second trimester 135 

screening for chromosomal and structural anomalies during pregnancy.  136 

The ultrasound database was searched for all cases of persistent left SVC 137 

(including also the term bilateral superior vena cava) who had ultrasound 138 

examinations at Monash Ultrasound for Women, between January 2012 and 139 

February 2019. All the cases had a targeted examination with an obstetric 140 

sonologist and pediatric cardiologist. The images and the report of the targeted 141 

fetal echocardiographic examination were reviewed, as well as prenatal and 142 

postnatal findings and pregnancy outcomes recorded in the database.    143 

Two gestational-age matched controls (case-control 1:2 ratio) were then 144 

randomly selected from the same database for each case. All controls had 145 

normal second trimester morphology scan including a detailed assessment of 146 

the fetal heart according to the International Society of Ultrasound in Obstetrics 147 

and Gynecology (ISUOG) guidelines,12,19 and resulted in a phenotypically 148 

normal neonate of appropriate birth weight for gestation. 149 
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Ultrasound examinations were performed using Voluson E10 and Voluson E8 150 

(General Electric Healthcare Ultrasound, Zipf, Austria) machines, equipped with 151 

a 3D 4–8-MHz probe for transabdominal ultrasound. 152 

 153 

Ethics 154 

As a retrospective anonymized audit project that did not seek pregnancy 155 

outcome data apart from those routinely collected in the service, this study met 156 

the criteria for quality assurance activities outlined by the National Health and 157 

Medical Research Council.20 Therefore, ethical approval was not required. 158 

 159 

Procedures and measurements 160 

The distance between the right SVC and the aorta was measured at the level of 161 

the three-vessel trachea view in stored images from fetuses with bilateral SVC. 162 

The calipers were placed at the outer right sided wall of the aorta to the outer 163 

left sided wall of the right SVC to measure the distance between these two 164 

blood vessels (Figure 2). In addition, diameters (outer wall to outer wall) of right 165 

SVC and the aorta were measured at the same level. If the stored image at the 166 

diagnosis showed poor quality, a better image from a follow-up study at a later 167 

gestational age was chosen for the measurement. 168 

 169 

Statistical analysis 170 

Associated cardiac and extra-cardiac abnormalities, as well as the use of 171 

invasive testing for fetal karyotyping and chromosomal microarray and their 172 
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results, are described as absolute numbers and proportions of the cases. 173 

Continuous variables are expressed as median and ranges. The distance 174 

between the aorta and the right SVC, as well as the aorta and the right SVC 175 

diameters, in millimeters, are reported as median and ranges for each subgroup 176 

and represented in box-and-whiskers and scatter plots with curves of locally 177 

estimated scatterplot smoothing (LOESS). Differences between controls and 178 

cases of bilateral SVC, with and without associated major heart defects, were 179 

investigated with the use of generalized estimating equations (GEE), using as 180 

strata each case and its two gestational age-matched controls. A gestational 181 

age-adjusted receiver-operating characteristic (ROC) curve was produced to 182 

assess the predictive accuracy of the gap measurement in the diagnosis of 183 

bilateral SVC. Statistical analysis was performed with the R statistical 184 

package,21 and significance level was set at 5%.185 
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RESULTS 186 

 187 

Between January 2012 and February 2019, there were 20 cases of bilateral 188 

superior vena cava in our database. The median gestational age at diagnosis 189 

was 21.05 (13.1-32.1) weeks and the median gestational age of the included 190 

images was 24.8 (15.7-36.1) weeks, and these did not differ between cases 191 

and controls. There were additional ultrasound findings in thirteen (65%), and 192 

major heart defects were identified in eight cases (40%), including two cases of 193 

hypoplastic left heart syndrome (10%), one case of double-outlet right ventricle 194 

(5%) and five cases of coarctation of the aorta (25%, with one associated with 195 

ventricular septal defect). 196 

Regarding extra-cardiac anomalies, abnormal fingers were noted in one of the 197 

cases of hypoplastic left heart syndrome and fetal growth restriction in one case 198 

of coarctation of the aorta. One case of coarctation was diagnosed with 199 

tracheoesophageal fistula after delivery. In another six cases (30%) without 200 

major cardiac abnormalities, other findings were reported: one case with a 201 

single umbilical artery, one case of polyhydramnios, one case of 202 

oligohydramnios, one case of persistent right umbilical vein, one case of fetal 203 

growth restriction, and one case with large for gestational age and low-set ears.  204 

Invasive testing (chorionic villous sampling or amniocentesis) for fetal 205 

karyotyping and chromosomal microarray was offered in all cases and 206 

performed in eight (40%), of which all had other abnormal findings. Genetic 207 

testing revealed abnormal results in two of the eight cases (25%, one case of 208 

mosaic trisomy of the chromosome 16 associated with fetal growth restriction 209 
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and one case of microdeletion/microduplication syndrome in the long arm of the 210 

chromosome 15 (15q11q13), associated with polyhydramnios. Details of each 211 

case and the association with other ultrasound findings or chromosomal 212 

abnormalities are given in Table 1.   213 

The distance between the aorta and the right superior vena cava in the three-214 

vessel trachea view was significantly increased among cases (median 2.4 mm, 215 

range 1.3 mm to 7.8 mm) than in the control group (median 1.1 mm, range 0.1 216 

mm to 4.6 mm), p < 0.001 – Table 2 and Figure 3. This difference was 217 

significant in cases of isolated bilateral SVC and even more so in those with 218 

associated heart abnormalities.  219 

The right SVC was significantly smaller among the cases (median 2.5 mm, 220 

range 1.1 mm to 4.4 mm in the cases group versus median 3.3 mm, range 1.7 221 

mm to 6.1 mm in the control group, p < 0.001). However, no significant 222 

difference in the right SVC diameter was observed between cases of isolated 223 

bilateral SVC and those with associated heart defects (p=0.588).  224 

Similarly, the diameter of the aorta was smaller in the group of cases of 225 

persistent left SVC (median 3.7 mm, range 1.3 mm to 6.1 mm in the cases 226 

versus median 4.6 mm, range 2.1 mm to 7.5 mm in the control group, p < 227 

0.001). The aorta was significantly smaller in cases of bilateral SVC with other 228 

congenital heart anomalies, than in controls (p < 0.001), but not in those with an 229 

isolated bilateral SVC (p = 0.351). 230 

All but two fetuses in the control group had the aorta-right SVC distance above 231 

2.0 mm, and both of these measurements were taken in the third trimester (one 232 

at 32 weeks and the other one at 36 weeks of gestation). A distance between 233 
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the aorta and the right SVC of 2.0 mm or more was found in 70% of the cases 234 

and 5% of the controls, with an area under the gestational age-adjusted ROC 235 

curve for the diagnosis of persistent left superior vena cava of 0.93 (95% CI 236 

0.87-0.99, Figure 4). As seen in Figure 3b, the distance between the aorta and 237 

the right SVC is particularly discriminant between cases and controls before 24 238 

weeks of gestational age.  239 

The multivariate analysis by GEE revealed that the distance between the aorta 240 

and the right SVC was positively influenced by the presence of bilateral SVC 241 

and by gestational age but was not significantly influenced by the aorta and the 242 

SVC diameters (Table 3).   243 

This article is protected by copyright. All rights reserved.
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DISCUSSION 244 

 245 

Main findings 246 

This case-control study showed that the distance between the right SVC and 247 

aorta measured at the level of the three-vessel trachea view is substantially 248 

larger in fetuses with bilateral SVC, with and without associated heart 249 

abnormalities, than in normal controls. Discrimination between cases and 250 

controls was good, particularly before 24 weeks of gestation. The right SVC and 251 

the aorta are considerably smaller in cases of bilateral SVC, the latter being 252 

mainly due to associated heart defects. 253 

 254 

Study strengths and limitations 255 

To our knowledge, this is the first study to report the association of an increased 256 

distance between the aorta and the right SVC with the diagnosis of bilateral 257 

SVC. The main limitation of this study is its case-control design with a limited 258 

number of included cases of this relatively uncommon venous variation. The 259 

gestational age range of included cases and controls was wide, and this 260 

limitation was minimized by including gestational age-matched controls and by 261 

adjusting the ROC curve analyses for this covariate. The distance between the 262 

aorta and the right SVC is significantly increased in cases when compared to 263 

controls at the same gestational age. Lastly, we did not adjust the gap 264 

measurement thresholds for the gestational age and, despite a strong 265 

correlation of its measurement with the presence of bilateral SVC, the use of 266 
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specific measurement cut-offs requires caution as the distance increases in size 267 

with gestation. The two normal controls that had a gap measurement of more 268 

than 2.0 mm were above 30 weeks of gestational age, suggesting that the 269 

finding may be less specific in the third trimester. 270 

 271 

Clinical implications 272 

While the presence and the course of the left brachiocephalic vein could not be 273 

retrospectively assessed in all cases and controls, we hypothesize that the 274 

findings can be explained by the fact that in the case of a bilateral SVC, the left 275 

brachiocephalic vein is missing in up to 65% of the cases18 and that the two 276 

vessels share the venous drainage of the upper part of the body to the right 277 

atrium.17 Moreover, if the venous drainage from the left to right brachiocephalic 278 

vein is missing, the traction on the right SVC towards the left side might be less 279 

pronounced. That could consequently lead to a displacement of the right SVC 280 

towards the right side of the thorax, and therefore more tissue of the 281 

mediastinum is present between the right SVC and the aorta. In fact, Karl et al., 282 

evaluating the course of the left brachiocephalic vein in over one thousand 283 

fetuses, reported that the absence of the left brachiocephalic vein in association 284 

with a persistent left SVC was found in one in 350 pregnancies.22 Furthermore, 285 

venous return from the upper left head and neck through the persistent left SVC 286 

drains into the coronary sinus and eventually into the right atrium. Dilatation of 287 

the coronary sinus in case of persistent left SVC due to the increased blood 288 

flow in the sinus has been previously described in the literature.6 However, in 289 

this different hemodynamic situation, the venous drainage through the right 290 
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SVC is decreased, which could explain the smaller diameter of the right SVC.23 291 

The smaller size of the aorta could be explained by the high association with left 292 

ventricular outflow tract obstructions such as anomalies of the aortic arch and 293 

aortic valve.  294 

This sonographic sign which may be readily visualized in the routine three-295 

vessel tracheal view and should draw the operator’s attention to thoroughly look 296 

for the presence of a left SVC, facilitating the often-challenging diagnosis of 297 

bilateral SVC. As this diagnosis is commonly associated with cardiac and extra-298 

cardiac abnormalities, a meticulous examination of the fetus should also be 299 

prompted. Despite an increase in the prenatal identification of fetal heart 300 

defects in the last decades, some diagnoses are still challenging even in more 301 

experienced hands.12 The most commonly overlooked conditions are 302 

coarctation of the aorta, interruption of the aortic arch, total anomalous 303 

pulmonary venous connection and aortic valve stenosis.24-26  304 

In our study, the incidence of additional cardiac abnormalities in cases of 305 

bilateral SVC was 40% and left ventricular outflow tract abnormalities were 306 

diagnosed in 35%, with coarctation of the aorta being the most common (20%). 307 

A systematic review and meta-analysis of persistent left SVC from 2016 showed 308 

similar findings: additional cardiac defects were present in 60.7% (95% CI, 44.2-309 

75.9%) and coarctation of the aorta in 21.3% (95% CI, 13,6-30.3%) of the cases 310 

of persistent left SVC.5 Hence, the authors recommended close follow up 311 

studies in the setting of a persistent left SVC until the end of pregnancy to rule 312 

out evolving coarctation of the aorta.5 We found extra-cardiac abnormalities in 313 

45% and genetic abnormalities in 10%. These results are comparable with the 314 
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reported numbers in the systematic review with 37.8% (95% CI, 31,0-44.8%) for 315 

extra-cardiac abnormalities and 12.5% (95% CI, 9.0-16.4%) for chromosomal 316 

anomalies5. The association with other cardiac and extra-cardiac anomalies as 317 

well as chromosomal abnormalities shows the importance of the detection of 318 

this anatomical venous variation and should lead to further detailed examination 319 

of the fetus. The high association of bilateral SVC with coarctation of the aorta 320 

should also trigger follow up ultrasound examinations later in gestation by an 321 

experienced sonologist or pediatric cardiologist, as subtle and even moderate 322 

abnormalities of the aortic arch can be missed at mid-trimester scan and some 323 

of these anomalies can evolve with time.5 324 

Future prospective series with a larger number of cases at different gestational 325 

ages are necessary to confirm our findings. While the detection of heart 326 

abnormalities should not rely on indirect signs and we do not advocate for 327 

systematic measurement of the distance between the aorta and the right SVC, 328 

the findings of this study suggest that a large distance should draw one’s 329 

attention to evaluate the cardiac anatomy even more carefully. 330 

In conclusion, the association of bilateral SVC with other fetal abnormalities is 331 

high. A more evident gap between the right SVC and the aorta can be a sign of 332 

persistent left SVC and should lead to a detailed examination of the fetus to 333 

exclude other associated cardiac and extra-cardiac anomalies as well as 334 

chromosomal abnormalities. 335 

 336 

 337 

 338 
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Data Statement 339 

The data that support the findings of this study are available from the 340 

corresponding author upon reasonable request. 341 
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FIGURE LEGENDS 419 

 420 

 421 

Figure 1. a) Schematic representation of the three-vessel view showing the 422 

pulmonary artery, the aorta and the right superior vena cava (SVC); b) Schematic 423 

representation of the three-vessel trachea view in case of bilateral SVC showing a 424 

more pronounced gap between the aorta and the SVC.   425 

 426 

Figure 2. Sonographic image of a persistent left SVC, in which an increased distance 427 

between the aorta and the smaller right SVC can be identified. LSVC: Left superior 428 

vena cava; PA: Pulmonary artery; Ao: Aorta, RSVC: Right superior vena cava. 429 

 430 

Figure 3. a) Boxplot demonstrating the median values of the distance between the 431 

between the aorta and the right superior vena cava (SVC) in cases and controls; b) 432 

Measurement of the distance between the aorta and the right SVC with curves of 433 

locally estimated scatterplot smoothing (LOESS) in controls (open circles and solid 434 

line) and in cases of persistent left SVC (closed squares and dashed line) with 95% 435 

confidence intervals (shaded areas). 436 

 437 

Figure 4. Gestational age-adjusted receiver-operating characteristics (ROC) curve 438 

for the detection of bilateral superior vena cava using the distance between the aorta 439 

and the right superior vena cava at the three-vessel trachea level. Area under the 440 

ROC curve 0.93 (95% CI 0.87-0.99, p < 0.001)441 
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TABLE 1 
 

Case 
Gestation at 

diagnosis (weeks) 

Cardiac 

findings 

Extra-cardiac 

findings 

1st trimester 

Combined screening 

cffDNA 

test 

Genetic  

testing 

Result of invasive  

genetic testing 

1 
13+1 

HLHS Abnormal fingers – Low risk CVS normal 

2 
20+1 

– – Low risk – – – 

3 
21+0 

– Single umbilical artery Low risk – – – 

4 
19+5 

– – Low risk – – – 

5 
26+5 

– LGA, low-set ears Low risk – AC Normal 

6 
30+2 

– FGR High risk T18 – CVS & AC Placental mosaicism Trisomy 16 

7 
22+2 

– – Low risk – – – 

8 
20+2 

HLHS – Low risk – – – 

9 
20+5 

– – Low risk – – – 

10 
22+5 

– Right umbilical vein – – AC Normal 

11 
22+0 

– Polyhydramnios Low risk – AC 
Copy number triplication of 15q11.1q13.2 

Copy number duplication 15q13.2q13.3 

12 
19+6 

DORV – Low risk – CVS Normal 

13 
20+1 

– – Low risk – – – 

14 
25+6 

Coarctation – Low risk Low risk – – 
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15 
21+1 

– – Low risk Low risk – – 

16 
20+4 

Coarctation 
Tracheoesophageal 

fistula † 
Low risk – AC Normal 

17 
28+5 

Coarctation, 

VSD 
– Low risk – AC Normal 

18 
20+2 

– Oligohydramnios Low risk – – – 

19 
32+1 

Coarctation – Low risk – – – 

20 
25+0 

Coarctation – Low risk – – – 

Table 1: characteristics of all cases with bilateral superior vena cava. cffDNA – cell-free DNA test; HLHS-hypoplastic left heart 
syndrome; CVS – chorionic villous sampling; AC-amniocentesis; LGA – large for gestational age; FGR – fetal growth restriction; 
T18 – Trisomy 18; DORV- double outlet right ventricle; VSD-ventricle septal defect; † diagnosed only postpartum. 
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TABLE 2  
 
 

 Cases bilateral SVC  
n=20 

Controls  
n=40 

p-value* 

Gap right SVC-aorta in mm, median (range) 2.4 (1.3-7.8) 1.1 (0.1-4.6) < 0.001 

Diameter right SVC in mm, median (range) 2.5 (1.1-4.4) 3.3 (1.7-6.1) < 0.001 

Diameter aorta in mm, median (range) 3.7 (1.3-6.1) 4.6 (2.1-7.5) < 0.001 

 
Table 2. Measurements of the gap between right superior vena cava (SVC) and the aorta, diameter of right superior vena cava and 
aorta in the three-vessel trachea view in fetuses with bilateral superior vena cava and gestational age matched controls
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TABLE 3 
 
 

 Regression Coefficient Standard Error p-value 

Intercept -2.561  0.661 < 0.001 

Gestational age (weeks) 0.135 0.034 < 0.001 

Bilateral SVC without heart anomalies 1.516  0.309 < 0.001 

Bilateral SVC with heart anomalies 2.543 0.412 < 0.001 

Aorta diameter -0.124 0.169 0.462 

Right SVC diameter 0.193 0.162 0.233 

 
Table 3. Coefficients from generalized estimating equation showing a significant positive association of gestational age and the 
presence of bilateral superior vena cava (SVC) with the distance between the aorta and the right SVC; Corrected Quasi Likelihood 
under Independence Model Criterion (QICC): 61.4.  
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