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ABSTRACT

Purpose: Anatomic variations of left atrium that are commonly observed and reported are the occurrence of a 
common right or left pulmonary venous ostia though a solitary ostium for a common pulmonary vein on the left 
atrial wall in an adult cadaveric heart has hardly been reported before.

Method: A heart with a single ostium for PV was observed in the specimen collection of the gross anatomy lab. The 
organ was studied for identifying all external and internal features. 

Results: A very rare case of a Solitary Pulmonary ostium on the posterior aspect of Left Atrium in an otherwise 
normal heart was observed. 

Conclusion: This abnormal situation occurs when the solitary pulmonary vein which develops from an out-pouching 
of the primitive atrial chamber develops and its primary divisions fail to get incorporated into the left atrial wall 
as expected during development. Variant pulmonary veins have been reported as ectopic trigger spots for atrial 
fibrillation. This knowledge would benefit the radiologists and cardiovascular surgeons in this regard.

Keywords: Solitary pulmonary vein; Common pulmonary vein; Single pulmonary vein; Variant pulmonary veins; 
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INTRODUCTION

Two pairs of right and left Pulmonary Vein (PV), superior and 
inferior drain into the Left Atrium (LA) from the corresponding 
side of the lungs in 82% of the population [1]. This is considered 
as normal. When the number of pulmonary veins draining into 
the LA varies from the normal, it is classified as abnormal numbers 
of PV [2,3]. Pulmonary veins are classified as anomalous only if 
one or all pulmonary veins abnormally connect to systemic veins 
instead of the left atrium. Until late 20th century, variations in 
the number and draining pattern of pulmonary veins reported 
were rare [4]. Recently with the advent of imaging technology and 
rise in research few more authors have reported variations in the 
number of pulmonary veins and their ostia in left atrium [2,5,6]. 
Yet, a Solitary/Single PV opening into the posterior wall of left 
atrium has not been reported in adults. In a fetal study where three 
cases of atresia of common PV has been reported in newborns were 
emergency situations and fatal [7]. Here we report a case of single 
ostia on the left atrium in an adult for drainage of a single PV.

CASE PRESENTATION

Among the specimen collection in the gross anatomy lab, we 

observed a heart with a single ostium for PV in the posterior left 
atrial wall, which had been dissected from a 70 yr old male cadaver 
(Figure 1A). Both atrial chambers, septal walls, and valves were 
normal. The right and left pulmonary veins were joining to form 
a common vein that drained to the posterior aspect of left atrium 
(Figure 1B). The hilum of the lungs did not show any variations 
and the pulmonary veins are normal (Figure 2).

Figure 1A: External features of atrial chambers.
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Embryology

Development of pulmonary veins: Primitive pulmonary veins 
originate from venous plexus of splanchnic mesoderm around the 
developing lung buds at approximately 26 days. They communicate 
with the systemic cardinal and umbilico-vitelline veins. At 27 to 29 
days, an out-pouching/an evagination develops from the postero-
superior wall of the primitive left atrium. As this pouch elongates 
it connects pulmonary venous networks to the heart tube near 
the sinu-atrial junction using the regressing dorsal mesocardium 
as portal of cardiac entry and is called the Solitary Pulmonary 
Vein (SPV) aka Common Pulmonary Vein (CPV). With the 
development of muscular septum primum, this along with the 
ventral proliferation of extracardiac mesenchyme from the dorsal 
mesocardium positions the CPV eventually into the left atrium 
occurs as shown in Figure 3. As the systemic veins regress they 
get separated from the walls of the CPV. The CPV and its first 
and second divisions become incorporated into left atrium by a 
morphologically asymmetric process. Thus four pulmonary veins 
Right Superior, Right Inferior, Left Superior and Left Inferior are 
eventually draining independently into the left atrium [8,9]. Defects 
in the formation of the posterior left atrial wall by absorption of 
the embryonal SPV and its divisions is the determinant factor 
that causes the anatomical variations in this area [9]. Partial 
incorporation of the CPV or the pulmonary veins into the left 
atrium can result in an abnormal number of pulmonary veins 
on right or left side. Total anomalous pulmonary venous return 
results when atresia of the Solitary Pulmonary Vein occurs before 
the separation of the pulmonary and splanchnic venous plexuses, 
detaching the pulmonary venous system from left atrium. Stenosis 

Figure 1B: Common opening of the pulmonary veins.

Figure 2: Hilum of right and left lung.

Figure 3: Development of the pulmonary veins.

of the common pulmonary vein can result in cor-triatriatum [2,3].

RESULTS AND DISCUSSION

A Common Rt. PV or a Common Lt. PV, or a third Right PV are 
the frequent variants reported in the Pulmonary Venous System. 
A Single PV draining into the left atrium has been rarely reported 
[2,10,11]. A study by Narasipuram, et al. and Jongbloed, et al. 
compares the variations reported in a few previous studies and found 
that variations occur more commonly in the Right Pulmonary Vein 
than Left. These anomalies were most often incidental findings 
observed on imaging studies or cadaveric studies [11,12]. Persistence 
of the SPV presenting as a separate atretic chamber and lacking any 
connection with atrium has been reported as a very rare condition 
that requires immediate recognition and surgical intervention 
[13]. Knowing about the incidence and tracing the origin of these 
anomalous veins has great clinical relevance as it could be misread 
as an arteriovenous malformation or could be life threatening if 
noticed only intraoperatively [14].

Clinical significance 

In Abnormal pulmonary veins are major sources of atrial (ectopic) 
trigger points for initiating frequent paroxysms of atrial fibrillation. 
Anomalies of PV are often seen in patients with Atrial Fibrillation 
[15]. Cryoballoon (CB)-guided Pulmonary Vein Isolation (PVI) is 
an established treatment for Atrial Fibrillation (AF) Variant PV 
anatomy seems to be predictive for AF recurrence [16].

CONCLUSION 

Non-incorporation of the embryological Solitary Pulmonary Vein 
with its tributaries into the posterior left atrial wall and their 
persistence in an adult cadaveric specimen as reported in our case 
is a very rare occurrence. Variations in number of pulmonary 
veins are often detected in Atrial Fibrillation patients and may be 
associated with enlarged diameters of Left Atrial and Pulmonary 
Venous ostia. This knowledge would benefit the radiologists and 
cardiovascular surgeons in early diagnosis and prevention of Atrial 
Fibrillation.
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