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Abstract: Pulmonary veins carry oxygenated blood from the lungs to the left atrium 

of the heart. During early embryonic life, absorption of pulmonary venous network by 

the left primitive atrial chamber results in opening of four pulmonary veins which 

drain independently into its chamber. The extent of absorption and hence, the number 

of pulmonary veins which open into left atrium may vary. The present study was done 

on 30 fetal hearts. The left atrium of these hearts was studied from external aspect for 

the number of pulmonary veins draining into the left atrium and from the internal 

aspect for the drainage pattern. In 10 out of 30 hearts (33.3%), variationin number of 

pulmonary veins was observed. In the present study, the most common variation of 

right pulmonary veins is three veins (13.3%), and the most common variation of the 

left pulmonary veins is a single vein (10%). Understanding the formation, termination 

and relationships of the pulmonary veins is crucial for cardiologists, because they tend 

to be the major trigger in atrial fibrillation. 
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INTRODUCTION  

              There are usually four pulmonary veins(PV), two from each lung. All the 

main tributaries of the pulmonary veins receive smaller tributaries, both intra- and 

intersegmental; by serial junctions, tributary veins finally form a single lobar trunk, i.e. 

three in the right lung, two in the left. The right middle and superior lobar veins 

usually unite and so two veins, superior and inferior, leave each lung [1]. Earlier, it 

was considered that the variations in the number and course of pulmonary veins were 

rare and they were confined only too few reports [2]. Recently, however, it has been 

found that variations in pulmonary venous anatomy were seen in 36% of patients. 

 

Though knowledge of these variations is 

valuable in cardio-thoracic surgeries and radiological 

procedures such as radiofrequency ablations in atrial 

fibrillation, cardiac valve replacements, pulmonary 

lobectomy and others, but literature regarding these 

variations is scarce, although a few radiological studies 

are available. Postmortem is arguably the best standard 

for such type of study, but such data are rarely available 

[3]. Therefore, the present study is done on the fetuses 

with the following aims: 

• To find the number of hearts with variation in 

number of PV, irrespective of side, draining into 

the left atrium. 

• To find the variations in number of right and left 

PV draining into the left atrium. 

 

 

MATERIALS AND METHODS 

After taking due clearance from the 

Institutional Ethics Committee, 30 formalin fixed 

fetuses having CRL > 36cm were selected for the 

present study,in the Department of Anatomy, Regional 

Institute of Medical Sciences, Imphal. Fetuses with any 

external abnormality were excluded for the study. Left 

atria of these hearts were studied from external aspect, 

for the variation in the number of pulmonary veins 

which drained into it. The left atrium was then opened 

by giving a midline incision along the whole length of 

its posterior wall, to study the drainage pattern of PV. 

The hearts having any anatomical defects or anomalies 

were not included.Variations in the pulmonary ostia 

(PO) on right side as well as on left side were observed, 

noted down and photographed. Percentage of variations 

found on right and left side was calculated. Percentage 
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of most common variation on both the sides was also 

calculated. Then the present study was compared with 

the available data. 

 

RESULTS 

Ten hearts (33.3%) out of thirty hearts showed 

variation in the number of PV. These variations were 

either on the right side or on the left side of the left 

atrium. Only one heart showed variation in both right 

side (4PV) and left side (1PV) simultaneously, shown 

in Fig. 1. 

 

On the right side, the most common variation 

in the number of PV observed is 3PV (13.3%), followed 

by 1PV and 4PV (3.3% each). On the left side, the most 

common variation is 1PV (10%), followed by 3PV 

(6.7%) (Table I). 

 

The most common variation in the drainage 

pattern of the right PV is 3PV with 2PO (10%) as 

shown in Fig. 2. While the most common variation in 

the drainage pattern of the left PV is 1PV with 1PO 

(10%). The normal pattern of 2PV with 2PO is reported 

in 73.3% and 76.7% of the hearts, on the right and left 

side respectively. (Fig. 3). 

 
Fig-1: Heart showing four PV on right side ( R1,R2,R3,R4 ) and one PV on left side (L1) 

 

 
Fig-2: Heart showing three PV with two PO on the right side (R1,R2,R3) 
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Fig-3: Heart showing normal pattern of pulmonary veins, two PV on both right (R1,R2) and left side (L1,L2) 

 

Table-1: Number of hearts showing variation of pulmonary veins. 

Side Right Left 

No. of PV 1 2 3 4 1 2 3 4 

No.of hearts (%) 1 24 4 1 3 25 2 0 

Percentage 3.3 80 13.3 3.3 10 83.3 6.7 0 

 

Table-2: Comparison of drainage pattern of right pulmonary veins 

Number of PV Number of PO Marom et al Shukla  et al Present study 

2 2 50 75.9 73.3 

3 2 21 10.3 10 

2 1 0 0 6.7 

1 1 2 3.4 3.3 

3 3 24 6.9 3.3 

4 3 0 0 3.3 

4 4 2 3.4 0 

6 5 1 0 0 

 

Table-3: Comparison of drainage pattern of left pulmonary veins 

Number of PV Number of PO Marom et al Shukla  et al Present study 

2 2 86 79.3 76.7 

1 1 14 17.2 10 

2 1 0 0 6.7 

3 2 0 3.4 6.7 

 

DISCUSSION  

Most of the wall of the left atrium is smooth 

because it is formed by incorporation of the primordial 

pulmonary vein. This vein develops as an outgrowth of 

the dorsal atrial wall, just to the left of the septum 

primum. As the atrium expands, the primordial 

pulmonary vein and its main branches are incorporated 

into the wall of the left atrium. As a result, four 

pulmonary veins are formed[4]. 

 

Supernumery or accessory pulmonary veins 

with their own ostia occur by over incorporation of the 

pulmonary veins beyond their first division and such 

variations are usually found on the right side.Very few 

workers have studied the variations and drainage 

patterns of pulmonary veins in cadavers[5]. Marom et 

al. [3] studied the anatomy of pulmonary veins in 201 

patients by using Computer Tomography. They 

reported 3-5 ostia on the right side in 28% patients; and 

14% patients had a single ostium on the left side. In a 

study done by Shukla et al. [6], 3-4 ostia were observed 

on the right side in 10.3% hearts. On the left side, a 

single ostium was observed in 17.2% hearts. But in the 

present study, not more than 3 ostia was seen in any of 

the thirty hearts. In 6.7% of the hearts, 3 ostia were 

observed on the right side of the heart. Single ostium 

was observed in 16.7% hearts on the left side. 

 

Approximately 70% of the general population 

has four pulmonary veins: right superior & inferior and 
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left superior & inferior veins with four pulmonary 

independent ostia[7]. In a study conducted by Parsanna 

et al5, 28% cases showed variable pulmonary vein on 

right side and only 6% showed variation on left side. 

There were 14% specimens with a single ostium on 

right side & 6% specimens had 1 venous ostium on the 

left side.According to Marom et al, the most common 

drainage pattern was 2 pulmonary veins each on right 

and left side with 2 separate ostia, coinciding with the 

present study (Table II and III). The second common 

pattern on the right side as reported by Marom et al is 3 

pulmonary veins with 3 ostia (24%).Whereas, in our 

study, it is 3 pulmonary veins with 2 ostia (10%), which 

is similar with the results observed by Shukla et al. 

(10.3%). (Table II) Both Marom et al. (14%) and 

Shukla et al. (17.2%) reported the second most 

common pattern on the left side as a single pulmonary 

vein with a single ostium. In the present study also the 

second most common pattern is a single pulmonary 

vein with a single ostium (10%) (Table III). 

 

Pulmonary venous anomalies were one of the 

etiologies for ectopic heart beats[8]. The major sources 

of these ectopic beats appear to be the myocardial 

sleeves of the distal pulmonary veins which are simple 

extensions of the left atrial myocardium over the outer 

surface of pulmonary veins[9]. This is the reason why 

they became a target of interventional cardiology 

procedures such as catheter radiofrequency pulmonary 

vein isolation[10]. Hence, anatomy and morphology of 

pulmonary veins are crucial for planning and 

performing invasive procedures by eletrocardiologists 

and surgeons[11]. 

 

CONCLUSION 

There is substantial variation in the number 

and drainage pattern of pulmonary veins. Knowledge 

on such variations is significantly important for 

radiologists, cardiologists and thoracic surgeons prior to 

the procedures which directly or indirectly involve the 

pulmonary veins. 
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