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Abstract
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Background: The superior type of sinus venosus atrial septal defect (SVASD) is a rare form of the atrial septal defect (ASD) in 
which the upper part of the atrial septum does not exist. The presence of other cardiac anomalies such as anomalous pulmonary 
venous connections has been reported in this type of congenital heart disease. This study aimed to assess the presence of the patent 
foramen ovale (PFO) in patients with the superior type of SVASD.

Methods: This retrospective case-control study on 387 patients, consisting of 187 patients with a definite SVASD and 200 patients 
with problems other than the ASD, was conducted in Rajaie Cardiovascular Medical and Research Center between February 2005 
and July 2014. Seven patients with inadequate data were excluded from the analysis. The presence/absence of the PFO was also 
evaluated in the case and control groups.

Results: The analyses were performed on 182 male and 198 female patients at a mean age of 39.07±14.41 and 51.01±15.80 years 
in the case and control groups, respectively. The PFO was significantly more frequent in the patients with the superior type of SVASD 
than in those without the condition (P<0.001). The persistence of the left superior vena cava was seen in 34 out of 180 patients with 
SVASD and in 1 out of 200 patients without the condition (18.9% vs 0.5%; P<0.001). 

Conclusion: This study was the first to highlight the coexistence of the PFO and the superior type of SVASD. Physiological, genetic, 
or fetal factors may play an important role in the association between the PFO and the SVASD.

Introduction 

The patent foramen ovale (PFO) is commonly 
considered a normal anatomic variant. During the early 

development, the septum primum divides the common 
atrium into left and right atria and remains an opening that 
is called the “ostium primum”. As the size of the ostium 
primum decreases, the ostium secundum is formed in the 
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septum primum. The septum secundum grows at the right 
side of the septum primum and covers the majority of the 
ostium secundum and finally, the residual foramen is the 
foramen ovale.1 The PFO is a potential source of embolism 
and cryptogenic stroke in young adults.2, 3 During the fetal 
life, when the lungs cannot receive the blood flow, the 
blood entering the right atrium flows directly into the left 
atrium via the PFO.4, 5 After birth, the foramen ovale fails 
to close and results in a left-to-right shunt in approximately 
25% of the population.6, 7 Contrast echocardiography with 
agitated saline is a useful method for a precise evaluation of 
the PFO. The Valsalva maneuver during contrast injection 
may have a clinical value for the evaluation of the PFO in 
patients suspected of paradoxical emboli.8

The atrial septal defect (ASD) is a deficiency in the 
interatrial septum. The condition is categorized as the 
ostium secundum ASD, the ostium primum ASD, and the 
sinus venosus atrial septal defect (SVASD). The ostium 
secundum ASD is a true defect of the atrial septum which 
involves the fossa ovalis. The ostium primum ASD is 
classified as an atrioventricular septal defect. In superior 
vena cava (SVC) type of SVASD, a defect usually occurs 
at the junction of the SVC and the right atrium. There are 
2 rare types of ASDs: the inferior vena cava (IVC) type of 
SVASD and the unroofed coronary sinus.9

In the superior type of SVASD, which accounts for 4% 
to 11% of all ASDs, the upper part of the atrial septum, 
the SVC, and the right-sided pulmonary veins do not 
exist.10 In this type of disorder, an overriding SVC is seen 
on the atrial septum. The partial anomalous pulmonary 
venous connection (PAPVC) in some pulmonary veins, 
especially the abnormal drainage of the right pulmonary 
veins, is associated with the SVC type of SVASD.11 The 
diagnosis of this type of ASD is more difficult than other 
types of ASDs and sometimes requires other diagnostic 
methods such as transesophageal echocardiography (TEE), 
cardiac magnetic resonance imaging,12, 13 and multidetector 
computed tomography.14, 15

The purpose of this study was to investigate the 
coexistence of the PFO and the superior type of SVASD. 
As is known, patients with the SVASD require surgery 
for the correction of the cardiac anomalies. As a result, 
all abnormalities associated with the SVASD such as the 
PAPVC and the PFO should be diagnosed before surgery.

Methods

This retrospective case-control study was conducted 
in Rajaie Cardiovascular Medical and Research Center. 
The echocardiography reports of the patients that had 
undergone TEE between February 2005 and July 2014 
were reviewed to identify patients with the SVASD. The 
case group comprised patients with the SVASD, and the 

control group consisted of patients who had undergone 
TEE due to problems other than congenital heart diseases. 
The results were evaluated by 2 readers, and the presence/
absence of the PFO in the TEE reports of the patients with 
the SVASD was checked. The presence/absence of the 
PFO was also evaluated in the control group. The required 
information was obtained from a database maintained in the 
Echocardiography Ward of Rajaie Cardiovascular Medical 
and Research Center. 

Patients were eligible if TEE confirmed a defect at the 
connection of the SVC to the right atrium. The presence/
absence of the PAPVC, the PFO, and other congenital heart 
defects was recorded in all the patients. The patients with 
unclear reports of TEE (e.g., suspicions for the PAPVC) 
were excluded from the study.

Baseline transthoracic echocardiography (TTE) and TEE 
were performed in both the case and control groups. The 
two investigators assessed the echocardiography reports of 
the case group to diagnose the SVASD and to determine the 
presence/absence of the PFO. Echocardiography was once 
performed by fellows training in clinical echocardiography. 
The echocardiograms were then reviewed again by the 
attending physicians of the echocardiography ward with at 
least 8 years of experience in clinical echocardiography. 

Echocardiographic measurements, including the end-
diastolic and the end-systolic diameters of the left ventricle, 
were performed in the parasternal long-axis view. The 
maximal basal right ventricular diameter was estimated 
in the apical 4-chamber view during the diastolic phase. 
The right ventricular systolic function was assessed using 
the tricuspid annular plane systolic excursion (TAPSE) 
and the velocity of the tricuspid annular systolic motion 
(S'). TAPSE and S' were determined by M-mode and tissue 
Doppler imaging in the 4-chamber view, respectively. 
Stenosis and regurgitation in the heart valves were 
evaluated during echocardiography. In the case group, the 
presence of the SVASD was proven in the bicaval view via 
a 2D TEE method (Figure 1A) and a color-flow Doppler 
study (Figure 1B).

The presence of the PFO in TTE and TEE was first 
investigated via 2D echocardiography and the color-
flow Doppler study (Figure 2). In the control group, any 
doubts regarding the presence or absence of the PFO were 
resolved through multiple saline injections and provocative 
maneuvers, followed by the tracking of the bubbles crossing 
the foramen ovale using contrast echocardiography. A PFO 
was considered to be present if more than 3 contrast bubbles 
crossed the foramen ovale in TEE. In the case group, due to 
the coexistence of a defect in the atrial septum, evaluating 
the passage of a bubble from the right atrium to the left 
atrium was not sufficient and special focus was placed 
on the bubble cross-path for a PFO diagnosis. Therefore, 
the PFO was documented by 2D echocardiography, color-
flow Doppler, and contrast injection. The right pulmonary 
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veins were evaluated in the mid-esophageal level at 0° 
(Figure 3) or from 90° to 110° in the bicaval view with 
a clockwise rotation. Both right pulmonary veins were 
also visualized from the mid-esophageal view at 40° to 
60° (Figure 4). The left pulmonary veins were examined 
with a counterclockwise rotation of about 90° to 110°. 
Furthermore, the left upper pulmonary vein was assessed 
during the evaluation of the upper part of the left atrial 
appendage. In some cases with a dilated coronary sinus, 
the presence of the persistent left SVC was confirmed with 
visible bubbles in the coronary sinus after intravenous 
saline injection into the left antecubital vein.

Figure 1. Transesophageal echocardiography, mid-esophageal bicaval views 
(90–120°), showing the sinus venous ASD with a left- to- right shunt:, A) 
sinus venous ASD (double arrow) and; B) a left-to-right shunt (arrow)
ASD, Atrial septal defect; LA, Left atrium; RA, Right atrium

The results were presented as the mean±the standard 
deviation (SD) for the continuous variables and absolute 
frequencies and percentages for the categorical variables. 
The χ2 tests were applied to compare the 2 groups in terms 
of the categorical variables. The continuous variables 
were compared using independent t-tests. The correlations 
between the continuous variables were assessed using 
the Pearson correlation coefficient. The nonparametric 
Kolmogorov–Smirnov test was performed to assess the 
normal distribution of the continuous variables, and 

the results showed that the normality assumption was 
not violated (P >0.05). All the statistical analyses were 
conducted using SPSS 18.0 for Windows (SPSS Inc, 
Chicago, IL, USA). P values of 0.05 or less were considered 
statistically significant.

Figure 2. Transesophageal echocardiography image in the mid-esophageal 
view (60–90°), showing the PFO (arrow)
PFO, Patent foramen ovale; LA, Left atrium; RA, Right atrium; AO, Aorta

Figure 3. Transesophageal echocardiography images, showing anomalous 
pulmonary venous connections to the SVC:
A) upper-esophageal short-axis view (0–30°), showing the teardrop 
appearance of the SVC and the right upper pulmonary vein drainage into 
the SVC (black arrow) and B) upper-esophageal short-axis view (0–30°), 
contrast study with agitated saline, showing the pulmonary vein drainage 
into the SVC and  negative contrast in the SVC (yellow arrow)
AO, Aorta; SVC, Superior vena cava
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Figure 4. Transesophageal echocardiography image in the mid-esophageal 
view (30-60°), showing the right upper pulmonary vein drainage into the 
RA (double arrow) and the right lower pulmonary vein drainage into the 
LA (arrow)  
RLPV, Right lower pulmonary vein; RUPV, Right upper pulmonary vein; 
RA, Right atrium; LA, Left atrium

Results

The case group was comprised of 187 patients with 
a definite superior type of SVASD diagnosed by TEE. 
Seven patients with inadequate data were excluded from 
the analysis. The control group consisted of 200 patients 
without congenital heart diseases that underwent TEE 
and TTE for other problems. The baseline demographic 
characteristics of the 2 groups are depicted and compared 
in Table 1. Of the 180 patients in the case group, 74 (41.1%) 
were male and 106 (58.9%) were female. 

The frequency of female patients was significantly higher 
in the case group than in the control group (P = 0.012) (Table 
2). The comparisons of the echocardiographic parameters 
between the male and female patients with the SVASD are 
presented in Table 3. The patients with the SVASD were 
younger than those in the control group (P <0.001). The 
main objective of this study was to evaluate the presence of 
the PFO in patients with the SVASD. The presence of the 
PFO was significantly more frequent in the patients with the 
superior type of SVASD than in those without the condition 
(P <0.001) (Table 2). The prevalence of the PFO was 18.5% 
in the control group. The persistent left SVC was seen in 
34 (18.8%) patients with the SVASD and 1 (0.5%) patient 
in the control group (P <0.001) (Table 2). The PAPVC was 
detected in 177 out of the 180 patients with the SVASD by 
TEE.

The correlations between defect size, right ventricular 
size, and Qp/Qs were significant in the patients with the 
SVASD. Increased defect size was associated with increased 
Qp/Qs and right ventricular size (P <0.001; r = 0.377 and 

P <0.001; r = 0.386, respectively). Increases in Qp/Qs 
significantly increased right ventricular size (P <0.001; r 
= 0.383). Delayed diagnosis of the SVASD significantly 
increased the pulmonary arterial pressure (P <0.001; r = 
0.311). The above mentioned parameters were not collinear 
(R2 <0.8). In the case group, the body surface area and 
right ventricular size were significantly higher in men 
than in women (P <0.001 and P = 0.001, correspondingly) 
(Table 2).

Table 1. Baseline demographic and echocardiographic characteristics of 
the case group*

Variable Value

Age (y) 39.07±14.41 (n=169)

BSA (m2) 1.70±0.19 (n=154)

RV size (cm) 4.40±0.68 (n=105)

TAPSE (cm) 23.42±5.33 (n=102)

RV S' (cm/s) 13.58±3.35 (n=101)

Qp/Qs 2.45±0.65 (n=83)

PAP (mmHg) 44.94±19.05 (n=105)

ASD diameter (cm) 1.64±0.56 (n=100)

*Data are presented as mean±SD
n, Number of patients with available data; BSA, Body surface area; RV, 
Right ventricle; TAPSE, Tricuspid annular plane systolic excursion; S', 
Velocity of tricuspid annular systolic motion; PAP, Pulmonary arterial 
pressure; ASD, Atrial septal defect
 

Table 2. Comparisons of the baseline demographic and echocardiographic 
characteristics of the case and control groups*

Variable Case Control P

Gender 0.012

Female 106 (58.9) 92 (46.0)

Male 74 (41.1) 108 (54.0)

Age (y) 39.07±14.41 (n=169) 51.01±15.80 (n=200) <0.001

BSA (m2) 1.70±0.19 (n=154) 1.74±0.18 (n=156)    0.071

PFO <0.001

Yes 81 (45.0) 37 (18.5)

No 99 (55.0) 163 (81.5)

PLSVC <0.001

Yes 34 (18.9) 1 (0.5)

No 146 (81.1) 199 (99.5)

*Data are presented as the mean±SD or n (%).
n, Number of patients with available data; PFO, Patent foramen ovale; 
BSA, Body surface area; PLSVC, Persistent left superior vena cava
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Table 3.  Comparisons of the cardiac parameters between male and female 
patients in the case group*

Female Male P

Age (y) 39.88±14.93 (n=101) 37.87±13.62 (n=68) 0.375

BSA (m2) 1.63±0.15 (n=89) 1.81±0.19 (n=65) <0.001

RV size (cm) 4.40±0.68 (n=105) 4.74±0.65 (n=74) 0.001

TAPSE (cm) 23.42±5.33 (n=102) 24.35±6.26 (n=73) 0.291

RV SM (cm/s) 13.58±3.35 (n=101) 14.31±3.44 (n=72) 0.169

PAP (mm Hg) 44.94±19.05 (n=105) 41.78±15.88 (n=73) 0.246

Qp/Qs 2.45±0.65 (n=83) 2.59±0.75 (n=59) 0.241

ASD diameter (cm) 1.64±0.56 (n=100) 1.74±0.54 (n=65) 0.266

PFO 0.260

Yes 44 (41.5) 37 (50.0)

No 62 (58.5) 37 (50.0)

PAPVC 0.999

Yes 104 (98.1) 73 (98.6)

No 2 (1.9) 1 (1.4)

PLSVC 0.249

Yes 23 (21.7) 11 (14.9)

No 83 (78.3) 63 (85.1)
*Data are presented as the mean±SD or n (%).
n, Number of patients with available data; BSA, Body surface area; RV, 
Right ventricle; TAPSE,  Tricuspid annular plane systolic excursion; S', 
Velocity of tricuspid annular systolic motion; PAP, Pulmonary arterial 
pressure; ASD, Atrial septal defect; PFO, Patent foramen ovale; PAPVC, 
Partially anomalous pulmonary venous connection; PLSVC, Persistent left 
superior vena cava

Discussion

The present study is the first investigation of its kind 
to investigate the presence of the PFO in patients with 
the superior type of SVASD (Figure 5). We noticed the 
existence of the PFO in most of our patients with the 
SVASD during TEE (which is performed routinely in 
patients with the SVASD). We, hence, retrospectively 
reviewed all the reports of the superior type of SVASD 
diagnosed by TEE in this center within the preceding 11 
years to assess the existence of the PFO. The purpose 
of this study was to evaluate the presence of the PFO in 
patients with the SVASD and to highlight the importance 
of the preoperative detection of the PFO in patients with 
the SVASD. The ASD accounts for about 6% to 10% of 
all congenital heart diseases. With an incidence of 1 child 
per 1500 live births, the ASD is deemed the most common 
acyanotic congenital heart defect. While females constitute 
65% to 75% of patients with the secundum ASD, there is no 
gender difference in patients with the sinus venosus ASD 
and the ostium primum ASD.9 

The superior type of SVASD constitutes about 5% to 10% 
of all ASDs, and the SVC type is more common than the 
IVC type. The main factor in the SVASD diagnosis is the 
overriding of the SVC or the IVC on the intact muscular rim 

of the fossa ovalis, which makes the connection between 
the 2 atria. In the superior type of SVASD, there is a defect 
in the atrial wall between the SVC and the right pulmonary 
veins. As a result, the right pulmonary veins drain into the 
SVC and the right atrium.16-18

Figure 5. Relationship between the PFO and the ASD:
A) Schematic drawing of the anatomic relationship between the PFO 
and the SVC type SVASD; and B) 3D transesophageal echocardiography 
image in the mid-esophageal view (90–110°), showing the PFO (black 
arrow) and the superior type of SVASD (yellow arrow)
ASD, Atrial septal defect; SVC, Superior vena cava; PFO, Patent foramen 
ovale; SVASD, Sinus venosus atrial septal defect

The PFO, often considered to be a normal anatomical 
variant, is quite common and exists in more than 20% to 
25% of adults.19 In the current study, the prevalence of the 
PFO in the control group (18.9%) is relatively lower than 
that reported in previous studies. Autopsy studies have 
found the PFO in at least 1 out of every 4 patients. Younger 
adults with cryptogenic stroke are more likely to have the 
PFO than patients with other types of stroke. In adults, TEE 
is considered the gold standard for the diagnosis of the PFO. 
TTE with agitated saline contrast injection can be used as a 
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sensitive method for the diagnosis of the PFO before TEE.4, 

20, 21 For the detection of the PFO, agitated saline injection 
is performed with the Valsalva maneuver. Yamashita et 
al22 found the IVC compression as an effective method for 
the detection of the PFO when the patient cannot undergo 
the Valsalva maneuver.  Moreover, coughing considerably 
increases the sensitivity of PFO detection. Injecting saline 
into the veins of the lower limbs increases the probability of 
saline passing through the PFO as the blood flows directly 
from the IVC into the fossa ovalis.23

The PAPVC occurs in about 80% to 90% of patients 
with the SVASD and 10% to 15% of cases with the 
primum ASD. However, only 10% of patients with ASD 
have the PAPVC. Echocardiography, multidetector 
computed tomography, and magnetic resonance imaging 
are noninvasive methods for the evaluation of the anatomy 
and abnormal communications of cardiac structures. 
Right heart catheterization provides information about the 
hemodynamic characteristics, blood oxygen saturation, 
and volumetric quantification of the ASD.24 Over time, the 
pulmonary artery flow increases due to left-to-right shunting, 
and the persistent exposure of the pulmonary vascular bed 
to high blood flow causes increased pulmonary vascular 
resistance and increased pulmonary artery pressure.25

Another finding that may be seen with the ASD is the 
atrial septal aneurysm, which is a redundant interatrial 
septum that bulges into the right or left atrium. The 
frequency of the atrial septal aneurysm is low in the general 
population. This type of aneurysm is associated with such 
cardiac abnormalities as the PFO, mitral valve prolapse, the 
ASD, and atrial arrhythmias.26-28 

The persistent left SVC is the most common thoracic 
venous anomaly29, 30 with an incidence rate of 0.3% to 
0.5% in the general population and 3% to 10% in patients 
with congenital heart diseases.31, 32 The condition is caused 
by a failure in the regression of the left anterior cardinal 
vein during cardiac development. The SVASD type affects 
about 4% to 11% of all ASDs associated with the persistent 
left SVC.29 In the present study, the persistent left SVC 
was more frequent in patients with the SVASD. Evaluating 
the abnormalities of the interatrial septum and anomalies 
concomitant with ASD requires multimodality assessments 
including TTE, TEE, intracranial ultrasound, and ultimately 
3D imaging.19

Conclusion

The ASD is the most prevalent acyanotic congenital heart 
disease. The superior type of SVASD is a type of ASD 
generally associated with other congenital heart anomalies, 
particularly the PAPVC. Given that surgery is needed for 
SVASD repair, all the associated anomalies should be 
mentioned in the patient’s echocardiography report. Due to 

the high rate of the association between the PAPVC and 
the SVASD, most physicians often look for the PAPVC 
when TEE is performed. Although surgeons fully examine 
the septum during surgery, sometimes only focusing on the 
SVASD and the PAPVC may mask the presence of the PFO. 

This study was the first to highlight the coexistence of 
the PFO and the left persistent SVC in patients with the 
superior type of SVASD. The association between the PFO 
and the SVASD is unclear. However, physiological, genetic 
or fetal factors may play an important role in the association 
between the PFO and congenital heart anomalies such as 
the SVASD. 
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