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ABSTRACT
Sinus venosus defects include two varieties, superior and inferior sinus venosus defects. The superior sinus venosus defect is characterized by abnormal communication between two closely related venoatrial structures: 1) the
normally positioned superior vena cava-right atrium complex and 2) the right pulmonary vein-left atrium complex that is displaced leftward, forward and upward. Inferior sinus venosus defects primarily involve the inferior
vena cava-right atrial junction while the right pulmonary vein-left atrial junction can also be affected. Because of
the rarity and wide variation of the defects, the morphological characterization of sinus venosus defects is inconsistent among investigators and often inaccurate. Modern imaging technologies with high spatial and temporal
resolutions have allowed accurate and detailed assessment of the pathological anatomy in larger numbers of cases.
In this pictorial essay, we revisit the established and controversial features of the sinus venous defects using twodimensional (2D) and three-dimensional (3D) images obtained by magnetic resonance (MR) or computed tomography (CT) with brief discussion on imaging and treatment strategies.
KEYWORDS
Sinus venosus defect; superior sinus venosus defect; inferior sinus venosus defect; anomalous pulmonary venous
connection; overriding superior vena cava; overriding inferior vena cava

1 Introduction
Sinus venosus defects are commonly described within the group of congenital malformations causing an
interatrial shunt and at times inaccurately referred to as one form of atrial septal defects [1–4]. These
uncommon defects involve the party wall between the right atrium at the vena caval entrance and the
adjacent left atrium at the right pulmonary venous entrance. However, the defects are not limited to the
interatrial party wall but extend further beyond the atria. Therefore, they should not be regarded as atrial
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septal defects [5–9]. These defects are usually found at the superior vena caval entrance to the right atrium or
rarely at the inferior vena caval entrance to the right atrium and referred to as superior and inferior sinus
venosus defects, respectively. Although they present hemodynamically similar to atrial septal defects,
sinus venosus defects are far more complex malformations that show a wide morphological variation.
As in other congenital cardiovascular malformations, understanding of the morphological features of
sinus venosus defects has evolved over time with an increasing number of cases encountered. Because of
the relatively small numbers of cases in earlier reports, the morphological characterization of these
defects is inconsistent among investigators and often inaccurate. Traditionally, congenital cardiovascular
malformations were primarily characterized through study of pathologic specimens. Such a largely
empirical approach is limited by the small number of available specimens and difﬁculties in properly
exposing the regions of interest. Modern imaging technologies with high spatial and temporal resolutions
have allowed accurate and detailed assessment of the normal and pathological anatomy in large numbers
of cases. Contemporary experience in living patients with modern imaging technologies has provided us
new insights into the complex anatomy of the sinus venosus defect.
In this pictorial essay, we revisit the established and controversial features of sinus venous defects using
the interesting cases collection of two-dimensional (2D) and three-dimensional (3D) images obtained by
magnetic resonance (MR) or computed tomography (CT) at the authors’ institutions with brief discussion
on imaging and treatment strategies. All cases used in this article were reassessed for 3D representation
of the complex anatomy using a commercially available software program (Mimics Medical 23.0 and
3-matic medical version 15.0, Materialise NV, Leuven, Belgium). Our discussion will be strictly based on
morphological observation without any consideration of the theoretical morphogenesis of the abnormalities.
2 Normal Anatomy of the Interatrial Party Wall and Adjacent Structures
The party wall between the right and left atria consists of the central thin oval area and the peripheral
thicker rim that imperceptibly transitions to the atrial free wall and adjoining venous structures (Figs. 1
and 2) [10–12]. As the central thin area is seen as an oval depression from the right atrial side, it is called
the fossa ovalis and the surrounding rim is called the limbus of the fossa ovalis. The limbus consists of
two thin layers of myocardium and an interposing sliver of fat tissue of variable thickness, all of which
appears to be the result of infolding of the atrial wall and epicardial fat (Fig. 2) [10–12]. The intervening
fat layer can be particularly prominent in obese individuals, allowing easy understanding of its normal
distribution throughout the limbus and the right atrial side of the atrioventricular muscular septum (Figs.
2–4). The limbus is distinctively identiﬁable superiorly where the free edge of the thin membranous fossa
ovalis is fused to the left atrial side of the limbus after birth. The limbus is less prominent or indistinct
postero-inferiorly where the fossa ovalis is continuous with the posterior wall of the inferior vena cave
(Figs. 1 and 3–A–b) [12–14]. Anteriorly and inferiorly toward the tricuspid valve, the limbus is
continuous with the atrioventricular septum (Fig. 2). As most of the limbus is formed by infolding of the
atrial wall and epicardial fat, Anderson et al. regard only the ﬂoor of the fossa ovalis and the anterior and
inferior part of the limbus as the true atrial septum [10–11,13,14]. However, a large part of the interatrial
party wall consists of the limbus, while the size of the fossa ovalis varies widely among individuals and
can be very small (Fig. 5) [15,16].
The interatrial party wall is mostly ﬂat except for the right lateral posterior aspect where the superior and
inferior venae cavae form a conﬂuence called the sinus venarum (Fig. 3). The upper part of the sinus venarum
is bounded posteriorly by the far-right side of the left atrium to which the right pulmonary veins connect. As
the inferior vena cava is more posteriorly located than the superior vena cava, the party wall between the
sinus venarum part of the right atrium and the adjacent left atrium–right pulmonary venous conﬂuence is
obliquely oriented with a gentle convex curvature forward and downward. Such oblique orientation of the
interatrial party wall along the sinus venarum can be best appreciated in the parasagittal intercaval or
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bicaval imaging plane (Figs. 3A and 6). In this particular plane, the long axis of the inferior vena cava is
oriented vertically toward the left atrium across the most inferior part of the interatrial party wall. The
oriﬁce of the inferior vena cava is often guarded anteriorly by a prominent membranous ﬂap called the
Eustachian valve (Fig. 6B). When present, the Eustachian valve inserts to the anterior inferior aspect of
the limbus, while its superior free edge is aligned with the superior part of the limbus that in fetal
medicine is named as the crista dividens [11–12,17]. The Eustachian valve is oriented in such a way to
allow the inferior vena caval ﬂow streaming into the left atrium through the patent foramen ovale during
fetal life [11,17].

Figure 1: Specimen photograph showing normal atrial septum seen from the right atrial side. The party wall
between the two atria consists of the ﬂoor of the fossa ovalis (FO) surrounded by the limbus (asterisks) that is
imperceptibly continuous with the free wall of the atria and the walls of the draining veins. The limbus is
poorly formed posterior-inferiorly toward the inferior vena cava (IVC) with the ﬂoor of the fossa ovalis
appearing to be an interatrial continuation of the inferior vena caval wall. CT, crista terminalis; CS,
coronary sinus; SVC, superior vena cava

Figure 2: Cine magnetic resonance images of the normal heart in 4-chamber planes from an obese teenage
female showing the two components of the interatrial party wall, the thin membranous fossa ovalis (FO) and
the thick surrounding limbus. The limbus consists of the two thin muscle layers (shown as dark strips) and an
interposing layer of fatty tissue (bright central zone). Both muscle and fatty tissue layers appear to be the
infolding atrial wall and the epicardial fat, respectively. Normally, the central fatty layer is thin and can
be hardly identiﬁable. LA, left atrium; LV, left ventricle; RV, right ventricle
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Figure 3: Computed tomographic angiograms from a mildly obese individual. A. Reconstructed images in
parasagittal planes along the interatrial party wall. B. Oblique axial images reconstructed along the planes
indicated in A-a. The limbus is prominent superiorly and far less prominent inferiorly in A-b and A-c.
Note that the interatrial party wall through the central fossa ovalis (FO) in A-c is ﬂat, while the party wall
between the sinus venarum and the left atrium in A-a is convex forward and downward. The long axis of
the inferior vena cava (IVC) is aligned superiorly to the left atrium (LA). Ao, aorta; IVC, inferior vena
cava; CT, crista terminalis; LV, left ventricle; PT, pulmonary arterial trunk; RA, right atrium; RAA, right
atrial appendage; RLPV, right lower pulmonary vein; RPA, right pulmonary artery; RV, right ventricle,
RVOT, right ventricular outﬂow tract; RUPV, right upper pulmonary vein; SVC, superior vena cava

Figure 4: Computed tomographic angiograms along the long (A) and short (B) axes of the coronary sinus
(CS) from the same patient shown in Fig. 3. Redlines indicate the imaging planes for the images in the other
panel. The coronary sinus is surrounded by low density epicardial fat in this obese individual. Note that the
epicardial fat extends into the adjacent limbus. FO, fossa ovalis; IVC-RA, inferior vena cava–right atrial
junction; LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle
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Figure 5: Computed tomographic angiograms in 4-chamber plane (A) and parasagittal intercaval or bicaval
planes (B and C) from a patient with severe mitral stenosis. The fossa ovalis (FO) is extraordinarily small and
bulges into the right atrium (RA) due to an elevated left atrial pressure. There is exaggerated convexity of the
party wall between the sinus venarum and the left atrium (LA) in C. The long axes of both superior (SVC)
and inferior (IVC) venae cavae are aligned with the left atrial cavity. LV, left ventricle; RV, right ventricle

Figure 6: Magnetic resonance images in a parasagittal intercaval or bicaval plane from two individuals. The
party wall between the right atrium (RA) and left atrium (LA) is convex forward and downward in this plane
with the inferior vena caval axis (IVC, large vertical arrow) directed upward toward the left atrium above.
The Eustachian valve (Eust.valve) is prominent in B. Note that the Eustachian valve is aligned with the
superior part of the interatrial party wall, i.e., the limbus. RPA, right pulmonary artery; SVC, superior
vena cava
3 Morphological Consideration of Sinus Venosus Defects
“Sinus venosus defect” is a widely accepted term for malformations involving vena caval conﬂuence to
the right atrium. However, the malformation is not limited to what is called the “sinus venosus”. While
superior and inferior varieties share a common generic name of sinus venosus defects, they are distinctly
different in regards to the associated pulmonary venous abnormalities and presence or absence of
overriding of the vena cava.
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3.1 Superior Sinus Venosus Defects
The superior sinus venosus defect is characterized by abnormal communication between two closely
related venoatrial structures: 1) the superior vena cava-right atrium complex and 2) the right pulmonary
vein-left atrium complex. In most, perhaps all, cases of superior sinus venosus defect, the right
pulmonary vein or veins and adjacent part of the left atrium are displaced leftward, forward and upward,
while the superior vena cava is normally positioned (Fig. 7). Therefore, the abnormal communication is
between the normally positioned superior vena cava–right atrium complex on the one hand and the
displaced right pulmonary vein-left atrium complex on the other. Although van Praagh et al. [5] described
that the superior sinus venosus defect is a deﬁciency of the common wall between the superior vena cava
and right pulmonary veins, it is important to acknowledge that there is no common wall between the two
venous systems [6]. The defect is not a simple hole in the normally existing septal structure or
partitioning wall but a far more complex malformation affecting a wider region. Although the defect at
the cavoatrial junction may appear most distinct and is constantly described as the hallmark feature of the
malformation in the literature, it is only a part of the complex malformation. In fact, variable extent of
displacement of the right pulmonary veins and adjacent part of the left atrium is the major underlying
reason for wide morphological variation among cases.

Figure 7: Volume rendered angiograms of a normal heart (A) and two patients with superior sinus venosus
defect (B and C) seen from behind. The orientation of the right pulmonary veins in both patients is
signiﬁcantly different from that of the normal heart. Both patients have 4 right pulmonary veins
(numbered from top to bottom) with the upper two veins connecting abnormally to the superior vena
cava (SVC). The level of abnormal connection of the pulmonary veins to the superior vena cava is higher
in C than in B. The defect (asterisk) is between the superior vena cava–right atrium and the upper part of
the left atrium (LA) in B, while the defect is between the superior vena cava–right atrium and a
pulmonary vein (labeled 3) in C
With a minor degree of leftward, forward and upward displacement, the right upper pulmonary vein–left
atrium complex reaches to the cavoatrial junction. With a greater degree of displacement, the uppermost right
pulmonary vein reaches the upper part of the superior vena cava below the azygos venous connection and the
right middle pulmonary vein–left atrial complex reaches the cavoatrial junction (Fig. 7). The right lower
pulmonary vein remains connected to the left atrium in the majority of cases but the connection may
appear at a slightly higher level than usual. The displaced right pulmonary veins are connected to the
closest part of the superior vena cava or cavoatrial junction. The anomalous pulmonary vein that connects
to the cavoatrial junction can be the right upper pulmonary vein but, more frequently, the right middle
pulmonary vein. When the right middle pulmonary vein connects to the cavoatrial junction, the right
upper pulmonary vein connects separately to the superior vena cava usually through multiple branches
(Fig. 7). Therefore, the right pulmonary veins are supernumerary in the majority of cases. Theoretically, it
is also possible fort the right lower pulmonary vein–left atrial complex to connect to the cavoatrial
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junction with the right upper and middle pulmonary veins connecting anomalously to the superior vena cava.
Despite the wide variability, abnormalities of the right pulmonary veins are indeed an essential component of
the superior sinus venosus defect.
Earlier literature on superior sinus venosus defects invariably described the interatrial communication at
the cavoatrial junction as the hallmark feature of the malformation with ample discussion and debate on how
to characterize the defects. With new insights into the spectral nature of superior sinus venosus defects, it is
quite natural that the communicating channel at the cavoatrial junction does not show a uniform
morphological feature. Depending on the spatial relationship between the cavoatrial junction and the
displaced right pulmonary vein–left atrium complex, the defect at the cavoatrial junction may appear
predominantly interatrial, between the superior vena cava and a right pulmonary vein, between the
superior vena cava and the left atrium or between the right atrium and a right pulmonary vein [7]. When
the defect is observed from the right atrium, the defect typically involves the superoposterior aspect of
the limbus and the adjacent wall of the superior vena cava (Figs. 8A, 9 and 10). The lower margin of the
defect is typically at the level of the crista terminalis on the opposite wall but can be higher. The defect
may further extend superiorly in front of the right pulmonary artery (Fig. 9). When the defect is seen
from the left atrium, the defect appears far more variable. It may open to the left atrium or the anomalous
pulmonary vein, or to the venoatrial junction. Such variations depend on the location of the junction
between the anomalous pulmonary vein and the left atrium. In cases with the junction formed lateral to
the cavoatrial junction, the defect appears to open to the left atrium. In cases with the junction formed
medial to the cavoatrial junction, the defect appears to open to the anomalous pulmonary vein. However,
the perception can be different among observers as the venoatrial junction is not clearly deﬁnable.

Figure 8: Superior (A) and inferior (B) sinus venosus defects and secundum atrial septal defect (C) shown in
parasagittal intercaval or bicaval view. The superior and inferior sinus venosus defects (asterisk) involve the
uppermost and lowermost parts of the septum seen in this view. The superior sinus venosus defect in A is not
associated with overriding of the superior vena cava across the atrial septum. The inferior sinus venosus
defect in B is associated with overt overriding of the inferior vena cava across the atrial septum. This
ﬁnding is due to the alignment of the affected part of the septum along the trajectory of the inferior vena
cava rather than any malalignment of the atrial septum or inferior vena caval oriﬁce. A defect involving
the ﬂoor of the fossa ovalis (secundum atrial septal defect) may be seen in this view but is bordered by
the limbus on both margins as shown in C. IVC, inferior vena cava; LA, left atrium; RA, right atrium;
SVC, superior vena cava
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Figure 9: Superior sinus venosus defect with right upper pulmonary vein (RUPV) connecting to the higher level
of the superior vena cava and the right middle pulmonary vein (RMPV) connecting to the posterolateral aspect of
the cavo-atrial junction. The defect (D) involves the highest part of the party wall and extends further superiorly
beyond the interatrial territory. Note that the lower margin of the defect is above the level of the tip of the crista
terminalis. In three-dimensional volume rendered image in A, the superior vena cava (SVC) appears to override
the atrial septal crest. However, there is no signiﬁcant overriding of the superior vena cava in two-dimensional
section. Neither the superior vena cava nor the atrial septum is malaligned. IVC, inferior vena cava; LA, left
atrium; MPA, main pulmonary artery; RA, right atrium; RPA, right pulmonary artery
Infrequently, the interatrial communication is indirectly through the defect between the pulmonary vein
that is abnormally connected to the superior vena cava and the right lower pulmonary vein that is connected
to the left atrium (Fig. 10). Butts et al. coined the term “veno-venous bridge” for this unique feature [9,18].
The lower part of the superior vena cava usually shows an increased diameter in its transverse dimension
at and below the level of the anomalous pulmonary venous connections. Despite the increased diameter, the
superior vena cava keeps its normal position and connection to the right atrium in the majority of cases (Figs.
7 and 10). There has been controversy regarding overriding of the superior vena cava across the defective
party wall in superior sinus venosus defects. While al Zaghal et al. and others deﬁned overriding of the
oriﬁce of the vena cava as the key anatomical criterion for the diagnosis of sinus venosus defects [19],
Hsu et al. reported no signiﬁcant overriding in the majority of their 44 patient surgical series [20]. In our
observation from cross-sectional imaging, the alignment of the posterior wall of the superior vena cava
and the underlying interatrial party wall is not signiﬁcantly different from that in normal hearts despite
the presence of a hole and the appearance of overriding depends on the observer’s perspective (Figs. 3A
and 6 vs. Figs. 8A, 9 and 10). Speciﬁcally, the presence or absence and the magnitude of apparent
superior vena caval overriding depends on the degree of downward extension of the defect into the
atrium. When the defect is small with minimum downward extension, the superior vena cava dose not or
barely appears to override the underlying party wall or septum [9,21]. When the defect extends further
down to the sloping part of the party wall, the superior vena cava can be perceived as overriding. When
the defect extends superiorly, the posterior wall of the left atrium or its conﬂuence with the pulmonary
vein may be imperceptibly continuous with the dilated superior vena caval wall, leaving the superior vena
cava falsely appearing to override the underlying defective atrial septum (Figs. 9 and 10). Furthermore,
overriding of the superior vena cava can be secondary to displacement of the atrial septum toward the
right atrium with an elevated left atrial pressure [7]. Apparent overriding of the superior vena cava with
preferential streaming of the vena caval ﬂow into the left atrium is only rarely encountered [7,22–24].
From the cross-sectional imaging point of view, overriding of the superior vena cava is a variable feature
and should not be used as the diagnostic criterion.
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Figure 10: Magnetic resonance images showing superior sinus venosus defect with so-called veno-venous
bridge. A. Volume rendered contrast enhanced angiogram. B. Static intercaval or bicaval image. C. Still
frames of cine imaging along the planes shown in B. D. Cartoon showing veno-venous bridge. Two
pulmonary veins (1 and 2) from the right upper lung connect to the lateral wall of the lower superior
vena cava (SVC). Another small pulmonary vein (3) from the right middle lung connects to the posterior
lateral wall of the junction between the superior vena cava and the right atrium (RA), forming a small
pouch-like space. This small pouch communicates with the large right lower pulmonary vein (4) at its
connection to the left atrium (LA) through a defect (asterisk) that can be called a bridge between the right
middle and lower pulmonary veins. IVC, inferior vena cava; LLPV, left lower pulmonary vein; LUPV,
left upper pulmonary vein; RAA, right atrial appendage; RLPV, right lower pulmonary vein; RMPV, right
middle pulmonary vein; RPA, right pulmonary artery; RUPV, right upper pulmonary vein
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In summary, the superior sinus venosus defect is characterized by abnormal communications between two
closely related venoatrial structures: 1) the normally positioned superior vena cava-right atrium complex and 2)
the right pulmonary vein-left atrium complex that is displaced leftward, forward and upward. The defect is not a
simple hole in the normally existing septal structure or partitioning wall but a far more complex malformation
affecting a wider region. Although it is constantly described as the hallmark of the defect in the literature, a hole
at the cavoatrial junction is only a part of the complex malformation. Displacement of the right pulmonary veins
and adjacent part of the left atrium is universally seen in superior sinus venosus defects and is the major
underlying reason for wide morphological variation among cases. Except for the deﬁciency in its posterior wall,
the superior vena cava is positioned and connected normally to the right atrium in the majority of cases.
Overriding of the superior vena cava across the party wall or septum is not a consistent ﬁnding of the superior
sinus venosus defect.
3.2 Inferior Sinus Venosus Defects
The inferior sinus venosus defect affects the lowermost convex part of the interatrial party wall along the
sinus venarum. Invariably, the inferior vena cava appears to connect to the left atrium or override the
defective atrial septum above. One may speculate malalignment of the atrial septum or malposition of the
inferior vena cava as the underlying mechanism for overriding of the inferior vena cava. However, the
position of the inferior vena cava and the orientation of the intact part of the atrial septum are not
different from those of normal hearts. Overriding of the inferior vena caval oriﬁce is due to the presence
of a hole in the interatrial party wall that is normally in the trajectory of the course of the inferior vena
cava (Fig. 6). A hole in the sloping posterior inferior part of the interatrial party wall simply lets the vena
cava appear to connect to the left atrium especially when the Eustachian valve is prominent (Figs. 11 and 12).
Inferior sinus venosus defects are frequently associated with anomalous connection of the right lower
pulmonary vein to the right atrium or inferior vena cavoatrial junction. Some investigators consider the
anomalous pulmonary venous connection to be an essential feature of the pathology [25]. However, the
inferior sinus venosus defect often occurs with all pulmonary veins normally connected to the left atrium
(Fig. 11A) [8,21,26–29]. Therefore, the presence of anomalous pulmonary venous connection to the
inferior vena cava or right atrium is not essential for the diagnosis of the inferior sinus venosus defect.
Interestingly, inferior sinus venosus defects also may be associated with anomalous connection of the
right upper pulmonary vein to the right atrium [30].
In summary, the inferior sinus venosus defect is a congenital malformation that primarily affects the
junctional area between the inferior vena cava and the lower part of the sinus venarum. Although
frequently associated with an abnormality of the right pulmonary veins, this is not a constant feature
required for the diagnosis of an inferior sinus venosus defect. The inferior vena cava appears to override
the defective interatrial party wall or septum above or may appear to drain to the left atrium in almost all
cases. Importantly, however, this ﬁnding is not due to abnormal position or orientation of the inferior
vena cava or atrial septum but rather due to the unique alignment of the affected area of the interatrial
party wall to the trajectory of the inferior vena cava.
3.3 Other Rare Defects Involving the Limbus of the Fossa Ovalis
An unusual case with the defect involving the limbus of the fossa ovalis midway between the superior
and inferior vena caval oriﬁces in the right atrium was also reported [31]. Cases involving the anteroinferior
part of the limbus along the atrioventricular septum have also been described by Keith et al. and later called as
atrial septal defects of the septum intermedium or vestibular defects [32–35]. One of the authors (SJY) has
experienced a case with heterotaxy and left isomerism of the bronchopulmonary and atrial arrangement that
had a small defect in the superior part of the limbus away from the oriﬁces of the right and left superior venae
cavae (Fig. 13). A similar case was reported as sinus venosus defect by Talwar et al. without description
whether the defect involved the cavoatrial junction [36].
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Figure 11: CT angiograms from two different patients showing inferior sinus venosus defects. A. A small
defect (asterisk) in the far posterior inferior aspect of the party wall between the right (RA) and left (LA) atria.
All pulmonary veins are normally connected to the left atrium. B. A large defect (asterisks) involving the
posterior inferior aspect of the party wall between the right and left atria. The right middle and lower
pulmonary veins (RMPV and RLPV, respectively) course downward to connect to the lower part of the
right atrium. In both cases, the posterior aspect of the inferior vena cava (IVC) is directed toward the left
atrium through the defect. In B, the Eustachian valve (Eust.valve) of the inferior vena cava is prominent.
CS, coronary sinus; LLPV, left lower pulmonary vein; LUPV, left upper pulmonary vein; LV, left
ventricle; RUPV, right upper pulmonary vein; SVC, superior vena cava

Figure 12: Endocardial surface reconstruction of magnetic resonance angiograms from the same patient
shown in Fig. 11B, showing the inferior sinus venosus defect. The right anterior wall of the right atrium
and ventricle is removed. A is to show the relationship between the fossa ovalis (FO), limbus, coronary
sinus ostium (CS) and Eustachian valve (Eust. valve) of the inferior vena cava (IVC). B and C are to
show the oriﬁces of the right middle and lower pulmonary veins (RMPV and RLPV, respectively) in
relation to the defect and the atrial cavities. A large defect involves the far posterior inferior aspect of the
interatrial party wall. The right middle and lower pulmonary veins connect to the lower part of the atrial
cavity above the oriﬁce of the inferior vena cava. SVC, superior vena cava
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Figure 13: Magnetic resonance angiograms reconstructed in oblique coronal (A) and oblique axial (B)
planes showing a defect (asterisk) involving the superior part of the limbus in a patient with heterotaxy
and atrial and bronchopulmonary left isomerism. The defect was at distance from the right and left
superior vena caval oriﬁces. Ao, aorta; LA, left atrium; MPA, main pulmonary artery
4 Imaging Diagnosis
The differentiation of sinus venosus defects from other forms of atrial septal defects is important in
planning for surgical versus device closure of the defect [26–27,37,38]. The accuracy of transthoracic
echocardiographic diagnosis varies signiﬁcantly among reported series with adult series invariably
showing lower accuracy than pediatric series [39,40]. The diagnosis of inferior sinus venosus defects are
particularly challenging with the diagnosis made in less than 50% of cases in earlier reports [25,38]. The
major limitation of transthoracic echocardiography is the posterior location of the primary defect that is
remote from the transducer on the precordium. The accuracy of echocardiography has improved over
time due to observers’ increasing awareness of the morphological characteristics of the defects and by
using transesophageal approach, 3D technology and agitated saline contrast [8,27,29,41]. Real-time 3D
echocardiography is helpful not only to the imagers for differentiation of the various forms of interatrial
communication but also to the surgeons and interventionists for better understanding of spatial orientation
of intracardiac anatomy [41].
As sinus venosus defects involve the most posterior aspect of the interatrial party wall, the defects are
characterized by the absence of a posterior atrial rim along the free wall of the atrium in axial or short axis
planes [8,27–29], which is described as “bald” posterior atrial wall (Figs. 11A–b and 11B–b) [28]. Precise
unequivocal localization of the superior sinus venosus defect can be made using a parasagittal imaging plane
along the sinus venarum, i.e., the parasternal intercaval or bicaval view [21,29,41–43]. The parasternal
intercaval view is also a diagnostic plane for the inferior sinus venosus defect. However, a defect
involving the most posterior and inferior part of the fossa ovalis can also be seen in this plane (Figs. 8C,
14 and 15) but without bald posterior atrial wall. Remnant of the attenuated limbus is seen as a small
spur-like projection from the posterior atrial wall. As the limbus of the fossa ovalis is normally indistinct
inferiorly toward the inferior vena caval oriﬁce, the differentiation of the low lying secundum defect and
the true inferior sinus venosus defect can be difﬁcult at surgical inspection as well as at imaging.
While 3D echocardiography is helpful in assessment of the intracardiac anatomy, both MRI and CT are
excellent tools for realistic 3D visualization of the normal and anomalous pulmonary veins [44–48]. MRI is
the most comprehensive imaging modality that provides not only precise 3D anatomical information but also
accurate hemodynamic data including the amounts of shunt through the defect and anomalous pulmonary
vein(s) and the ventricular volumes and function [44–47]. Both MRI and CT angiograms can be used for
3D modeling and printing for feasibility of catheter-based closure of the defect or surgical guidance and
simulation (Fig. 16) [49–53].
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Figure 14: Secundum atrial septal defects located far posteroinferiorly in the fossa ovalis. Magnetic
resonance images in axial (A) and parasagittal intercaval (B) planes show the defects (asterisks) involving
the fossa ovalis with a small ridge of limbus (arrow) along the posterior and inferior atrial wall. A defect
shown in parasagittal plane is similar to an inferior sinus venosus defect. Note the remnant membranous
fossa ovalis in echocardiogram in (C). Mildly prominent Eustachian valve (Eust. valve) is aligned with
the superior part of the limbus

Figure 15: Computed tomographic angiograms obtained from a patient with a low-lying secundum atrial
septal defect. Although both imaging and surgical reports described that the defect (asterisk) was an
inferior sinus venosus defect, it does not involve the classic location for this type of defect (marked with
an arrow in F). Furthermore, the posterior part of the limbus (arrow in C and E) is seen as a small spurlike projection from the posterior wall of the atrium. Volume-rendered image in A shows that the defect
is more medially than the true inferior sinus venosus defect shown in Fig. 11. Note that the defect is not
aligned with the axis of the superior and inferior venae cavae (SVC and IVC, respectively). LA, left
atrium; LUPV, left upper pulmonary vein; RA, right atrium; RLPV, right lower pulmonary vein; RPA,
right pulmonary artery
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Figure 16: 3D printed model of superior sinus venosus defect. Feasibility of the placement of a covered
stent is tested on the model. The inside of the right atrium in A shows that the stent is well positioned
from the lower superior vena cava (SVC) to the right atrium (RA) across the defect. The inside of the left
atrium in B shows that the oriﬁce of the right upper pulmonary vein (RUPV) is left behind the stent so
that it drains to the left atrium (LA)
5 Treatment Options
Surgical treatment has been the standard care until recently. The goal of correction is closure of the
interatrial communication with unobstructed drainage of the pulmonary veins to the left atrium and the
vena cava to the right atrium. The surgical correction usually consists of rerouting of the anomalous
pulmonary vein or veins to the left atrium using a pericardial patch or bafﬂe with or without enlargement
of the sinus venosus defect [54–56].
In patients with superior sinus venosus defect, a single autologous pericardial patch/bafﬂe can be
sufﬁcient to restore the pulmonary venous return to the left atrium without narrowing of the superior vena
caval drainage (single patch technique). When the primary patch/bafﬂe encroaches on the superior vena
caval lumen signiﬁcantly, an additional pericardial patch is applied to the superior vena cava/right atrium
to secure unobstructed ﬂow through it (double patch technique) [57]. However, the incision across the
cavoatrial junction may result in sinus node dysfunction particularly when a double patch technique is
used [56,58]. Direct closure of the defect has been reported in rare instances as well. When the
anomalous pulmonary vein is at some distance from the defect, reimplantation of the anomalous vein to
the left atrial wall may be required. As reimplantation is associated with a high incidence of postoperative
obstruction, the anomalous vein draining a small part of the right lung can better be unaddressed. When a
single or double patch technique is deemed to compromise the pulmonary venous and/or superior vena
caval patency or result in sinus node damage, Warden procedure is performed [59]. The Warden
procedure consists of transection of the superior vena cava above the level of the anomalous pulmonary
venous connection, routing of the transected lower part of the superior vena cava to the left atrium using
the sinus venosus defect, and connection of the transected upper part of the superior vena cava to the
right atrial appendage [59–61].
Reports on surgical correction of the inferior sinus venosus defect are scarce. As the preoperative
diagnosis is frequently incorrect, the surgeon’s awareness of the defect is important [38]. The inferior
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vena caval cannula may obscure visibility of the inferior sinus venosus defect during surgery if the diagnosis
is not made preoperatively [62]. When there is a secundum atrial septal defect as well as the inferior sinus
venosus defect, the latter may escape detection at both imaging and surgery [62]. Banka et al. showed that
rates of misdiagnosis of inferior sinus venosus defect were associated with worse technical outcome scores
and greater frequency of reintervention [38]. The intraoperative ﬁnding for the inferior sinus venosus defect
may be confusing when the prominent Eustachian valve appears to be aligned with the intact atrial septum
above the defect [63]. The surgeon may mistakenly apply a patch along the inferior margin of the defective
atrial septum and the free edge of the Eustachian valve, leaving the inferior vena cava draining completely
into the left atrium [63–69].
Since its introduction in 2013 by Abdullah et al. and in 2014 by Garg et al, transcatheter approach using
a covered stent has increasingly been adapted [53,70–72]. A large clinical series showed a suitability of
transcatheter correction in >75% of patients with superior sinus venosus defect [53]. Unsuitability of the
procedure included the connection of the anomalous pulmonary vein(s) to the superior vena cava well
above the right atrial junction or along the anterior wall, potential pulmonary venous compression with
stenting and large defects. Catheter treatment of the inferior sinus venosus defects has been regarded
unfeasible with only a few cases reported in the literature [73,74].
6 Conclusion
Superior and inferior sinus venosus defects share a common generic name because of the involvement of
the sinus venarum part of the right atrium. However, they are distinctly different pathologies. The superior
sinus venosus defect is characterized by abnormal communications between two closely related venoatrial
structures: 1) the normally positioned superior vena cava-right atrium complex and 2) the right
pulmonary vein-left atrium complex that is displaced leftward, forward, and upward. It is consistently
associated with abnormal number, course and connection of the right pulmonary veins. On the other
hand, the appearance of superior vena caval overriding is variable and cannot be used as a diagnostic
criterion for the diagnosis. The inferior sinus venosus defect is a congenital malformation affecting the
junction between the lower part of the sinus venarum in the right atrium and the inferior vena cava.
Presence of a defect in this region leaves the inferior vena caval oriﬁce appearing to override the
defective party wall or septum. Although it is frequently associated with abnormal connection of the right
lower pulmonary vein(s) to the right atrium or cavoatrial junction, it is not a constant feature that is
required for the diagnosis.
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