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Levoatriocardinal vein: A comprehensive 
interventional approach

Abstract

Levoatriocardinal Vein (LACV) is a rare congenital vascular connection between the left 
atrium (or a pulmonary vein) and the cardinal venous system. This anomaly is usually 
associated with left-heart obstructive lesions allowing an adequate decompression of 
the left-sided heart. However, it may be found isolately or associated to congenital 
heart diseases without left-heart obstructive lesions. In these cases, the LACV develops 
a pre-tricuspid left-to-right shunt with consequent right-sided heart dilatation and 
pulmonary hypertension. The progresses of interventional cardiology allowed to 
develop various percutaneous strategies to approach these patients. The objective of 
this review is to highlight the role of interventional cardiology in this rare vascular 
anomaly and the various feasible strategy to adopt in order to the different settings: 
from the LACV stenting in the cases with associated left heart obstructive lesions up to 
the LACV embolization in the cases without associated congenital anomalies and with 
significant right-sided heart overload.
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Introduction

The levoatriocardinal vein (LACV) is a rare vascular connection between the left 
atrium (or pulmonary veins) and the superior vena cava (or innominate vein). In 1926, 
McIntosh et al. described the first report about this anomalous connection in a patient 
with cor triatriatum [1]. In 1950, Edwards and DuShane called “levoatrio-cardinal 
vein” a vascular structure connecting the left atrium and the innominate vein [2]. This 
nomenclature was adopted to highlight the embryology of this anomaly (i.e., a left 
atrial communication with the cardinal system).

In 1995, Bernstein et al. [3] described the largest series of patients with LACV, 
identifying two anatomic patterns: a direct communication between the left atrium 
and the cardinal venous system and a communication between a pulmonary vein and 
the cardinal venous system. 

Usually, LACV remains patent in patients with left-sided heart obstructive lesion (cor 
triatriatum, hypoplastic left heart syndrome, mitral stenosis/atresia, Shone complex, 
aortic coarctation), ensuring a decompression of the left atrium [4,5]. In fact, both 
Bernsteint et al. [3] and Tosun et al. [6] identified a high prevalence of associated left-
heart obstructive lesions in their large series (96% and 73%, respectively). However, a 
persistent LACV may be detected in patients without left-heart obstructive lesions and 
in this setting, it produces a pre-tricuspid left-to-right shunt with the risk of heart failure 

vein may be the cause of recurrent cerebral thromboembolic events [11].
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and pulmonary hypertension [7-10]. Rarely, the shunt inversion via levoatriocardinal 
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cases described showed a single LACV. Tuccillo et al. [10] reported 
the first case of “double” LACV in a child. The two anomalous 
vascular connections arose from the left upper pulmonary vein 
and the posterior wall of the left atrium, separately. The anatomy 
of these coexistent LACVs highlights a feasible persistency of two 
different anatomic patterns of LACV in the same patient. No cases 
of two or more LACV arising from the same structure (therefore 
with a same anatomical pattern) are described in literature.

In the cases of cor triatriatum, the persistent LACV arose from the 
proximal segment of the atrial chamber, providing an alternative 
route of flow.

The course of the anomalous vessel may be variable. The LACV 
draining into the left innominate vein usually runs laterally and 
posteriorly to the aortic arch and the left pulmonary artery, 
respectively. Despite the variability of its course a LACV can 
be differentiated from a left superior intercostal vein which is 
posterior to the aortic arch and descending aorta and connects 
with the accessory hemiazygos vein.

A persistent left superior vena cava can mimic a LACV connecting 
superiorly at the left internal jugular and left innominate vein 
junction and coursing laterally to the aortic arch. However, the left 
superior vena cava drains into the coronary sinus. In the heterotaxy 
syndrome (right isomerism), a left superior vena cava can drain 
directly into the left atrium because of the absence of coronary 
sinus. Moreover, the coexistence of left superior vena cava and 
extensive unroofing of the coronary sinus may mimic a LCAV 
(Raghib syndrome).

The Role of Interventional Cardiology

The LACV is a rare congenital vascular anomaly mostly associated 
with left-heart obstructive lesions (cor triatriatum, hyploplastic left 
heart syndrome, mitral stenosis/atresia, aortic coarctation). In this 
setting, the LACV is useful to achieve an adequate decompression 
of the left-chambers. The role of this vascular anomaly is crucial 
in the cases without a large atrial septal defect, particularly. 
In fact, in these patients the LACV is the only structure which 
allows complete decompression of the left-heart and its patency 
is necessary to keep the patient alive [13]. The presence of a 
LACV should be suspected in all patients with cor triatriatum or 
hypoplastic left heart syndrome and intact atrial septum [14,15]. In 
this setting, the LACV must be enough large to ensure an adequate 
decompression of the left-heart. However, the LACV may develop 
significant stenosis in the segments between the left main-stem 
bronchus and a patent ductus arteriosus which obstructs the blood-
flow. In 2002, Vance [16] described the first case of LACV stenting 
in a neonate with hypoplastic left heart syndrome and intact atrial 

The aim of this review is to highlight the role of interventional 
cardiology in this rare congenital heart disease and the different 
features and tools useful for a comprehensive interventional 
approach.

Embriology and Anatomy

The LACV is a rare congenital vascular disease described as an 
anomalous connection between the left atrium (or a pulmonary 
vein) and the cardinal venous system.

Three main paired venous systems are detected in the human 
embryo:

• The umbilical, vitelline and omphalomesenteric veins, which 
carry the blood from the placenta, yolk sac, and intestine.

• The cardinal veins and their tributaries, which eventually give rise 
to the innominate and jugular veins, the superior and inferior vena 
cava and the coronary sinus.

• The pulmonary veins, which drain the blood from the lungs. 

The pulmonary veins develop in the first month of embryonic 
life from the vascular plexus of the foregut, the splanchnic plexus. 
As pulmonary differentiation progresses, part of the splanchnic 
plexus forms the pulmonary vascular bed. At this stage, there is 
not a direct connection to the heart and the pulmonary vascular 

umbilicovitelline and cardinal systems veins. Subsequently, the 

the common pulmonary vein [12]. The primitive communications 
with the umbilicovitelline and cardinal systems are obliterating. 
The failure of this obliterating mechanism causes the persistence 
of a patent LACV.

LACV has a broad anatomical spectrum with regard to origin, 
course and drainage. Bernstein et al. [3] identified two different 
anatomic patterns: a direct communication between the left atrium 
and the cardinal venous system (Figure 1) or between a pulmonary 
vein and the cardinal venous system. The more frequent anatomic 
pattern is the origin from the left atrium (68% of cases). When a 
LACV arises from the pulmonary veins, it was exclusively from 
the upper veins with an equal propensity for the right and left 
sides. In most cases, the LACV drains into the left innominate 
vein (48%), followed by the right superior vena cava (36%), and, 
less commonly, into the jugular veins and into a persistent left 
superior vena cava [6]. In no reported case, the anomalous vascular 
connection originated from either the trabeculated portion of the 
left atrium or the precardinal system, confirming a different identity 
from a persistent left superior vena cava. Moreover, the most of 

bed shares the routes of drainage of the splanchnic plexus via the 

intraparenchymal pulmonary veins connect with the left atrium via 
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septum. In these frail newborns, the perforation and progressive 
dilatation with blade balloons of the atrial septum is hazardous and 
associated with high mortality rate [17]. The stenting of a stenotic 
LACV is a feasible and safer procedure to ensure the left atrium 
decompression. Vance used a Multi-Link Ultra coronary stent 
(Abbott Vascular Inc, Santa Clara, USA) dilated to 5.5 mm and 
adopted a femoral vein as vascular access. A homolateral jugular 
vein may be a useful and simple vascular access allowing a more 
linear course of catheters and delivery systems.

The diagnosis of persistent LACV is crucial in the patients with 
functionally univentricular heart before the bidirectional Glenn 
anastomosis. In fact, the LACV determines a direct vascular 
connection between superior vena cava (or left innominate vein) 
and the left atrium (or pulmonary veins) with a consequent 
Glenn circuit decompression. The right-to-left shunt cross the 
levoatriocardinal vein is responsible of a significant cyanosis. Kumar 
et al. [18] described a case of persistent LACV in a child (2 years-
old) with unbalanced atrioventricular septal defect undergone 
bidirectional Glenn anastomosis with consequent severe cyanosis 
(arterial oxygen saturation 65%). The trans-catheter closure of the 
LACV determined a significant improvement of the arterial oxygen 
saturation (80%). A similar setting was described by Alcibar et al. 
[19]: a child (6 years-old) with mitral atresia undergone total cavo-
pulmonary anastomosis (Fontan operation). After the surgical 
operation, the patient showed a low oxygen arterial saturation 

(85%). The cardiac catheterization demonstrated the presence of a 
patent LACV with consequent decompression of the Fontan circuit 
and oxygen arterial desaturation. The percutaneous closure of the 
LACV with detachable coils allowed a significant improvement of 
arterial saturation (92-93%).

Moodley et al. [20] described a rare case of D-loop transposition 
of the great arteries with ventricular septal defect and intact atrial 
septum. The levoatriocardinal vein ensured an adequate interatrial 
shunt with improved arterial saturation, despite the absence of 
an interatrial defect. In this setting, a percutaneous stenting of a 
narrowed LACV (as Vance described) is an effective approach to 
improve the atrial mixing.

Though, LACV is usually associated to obstructive left-heart 
lesions, it may be both isolated [7,10] as well as associated to 
non-obstructive left-heart lesions [8,21]. In these settings, the 
LACV produces a left-to-right shunt with progressive dilation 
of right-heart and pulmonary hypertension [22]. In the current 
2020 ESC guidelines for the management of adult congenital 
heart disease [23], there is not a specific chapter about the isolated 
LACV. However, this vascular anomaly is a pre-tricuspid shunt. 
The management algorithm about pre-tricuspid shunts (i.e., atrial 
septal defect and partial anomalous pulmonary venous drainage) 
may be reasonably extended to LACV (Figure 2).

Figure 1: Angio-CT scan sagittal view of a patent levoatriocardinal vein (#) between the left atrium (LA) and the superior vena cava (SVC).
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In the past, surgical ligation of the anomalous vascular connection 
was the most adopted strategy [24]. Nowadays, the transcatheter 
closure of the patent LACV is the first-line option to deal these 
patients. The detachable coils are useful to achieve the closure of 
the vascular connection, although the risk of residual shunt or 
coil embolization is not negligible [25]. Currently, the Amplatzer 
Vascular Plug II or IV (Abbott, Plymouth, MN, USA) are the most 
used devices to achieve an immediate complete closure [10,11,26] 
(Figure 3). The vascular plugs are easy to deploy and characterized 
by a low risk of residual shunt or embolization. The size of vascular 
plug should be 150%-180% of the LACV diameter because of the 
significant stretching ability of the venous vascular structure. The 
femoral vein is the preferred vascular access, though the internal 
jugular vein may be an excellent alternative in specific anatomy. 

In rare circumstances, a persistent LACV may be the cause of 
cerebral thromboembolic events with a “patent foramen ovale like” 
mechanism. The occasional inversion of the LACV shunt (from 
left-to-right to right-to-left) is responsible of paradox embolisms 
with consequent recurrent cerebral thromboembolic events. The 
transcatheter LACV closure reduces the risk of cerebral ischemic 
attacks [11]. 

Conclusion

LACV is a rare congenital vascular anomaly, usually associated 
with left-heart obstructive lesions. In these cases, a patent LACV 
is useful to develop an adequate decompression of left-sided heart 
and a trans-catheter LACV stenting may be a feasible approach 
when the atrial septum is intact. The LACV assumes the same 

Figure 2:

Adapted by “2020 ESC guidelines for the management of adult congenital heart disease”.

Figure 3: Angiographic posterior-anterior view of a persistent levoatriocardinal vein (#) (A) undergone percutaneous embolization with an 

Amplatzer Vascular Plug IV (Abbott, Plymouth, MN, USA) (red circle) (B).

 Management of isolated levoatriocardinal vein. Abbreviations: BOT: Balloon Occlusion Test; PVR: Pulmonary Vascular Resistance. 
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meaning in a setting of D-loop transposition of great arteries with 
intact atrial septum (or restrictive interatrial defect) because its 
patency allows a left-to-right shunt which increase oxygen arterial 
saturation. However, the LACV may be rarely isolated or associated 
to non-obstructive left-heart lesion. In these cases, the patent 
LACV is responsible of a pre-tricuspid left-to-right shunt with 
progressive right-heart dilatation and pulmonary hypertension. In 
this setting, a percutaneous closure of the patent vascular structure 
with detachable coils or vascular plugs is the preferred strategy 
to avoid an irreversible progression of right-heart dilatation and 
pulmonary hypertension. Moreover, the LACV shunt inversion 
may be a rare cause of cryptogenic cerebral ischemic attacks. A 
trans-catheter closure of the anomalous vascular connection 
reduces the risk of recurrences.

Nowadays, the percutaneous approach is the first strategy taken 
into account for patients with a persistent LACV. However, 
the vascular anomaly should be considered within the complex 
pathophysiology of the patient in order to adopt the most adequate 
therapeutic strategy.
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