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Abstract. Anatomical variations in pulmonary circulation, especially in the number and 
drainage patterns of pulmonary veins, have significant clinical implications. The typi-
cal anatomy includes four pulmonary veins, which transport oxygenated blood to the 
left atrium through distinct ostia. However, variations have been reported in up to 36% 
of cases, a discovery facilitated by advances in imaging and cadaveric dissection. This 
study presents the anatomical findings of supernumerary pulmonary veins observed 
during routine thoracic dissection of a 75-year-old female cadaver. The implications of 
such variations are critical in cardiothoracic and pulmonary surgery, where unrecogniz-
ed anatomical differences may lead to complications, including intraoperative bleeding 
and incomplete resections. Knowledge of these variations is also pivotal to radiological 
interpretation, as misinterpretation can lead to diagnostic errors. This study emphasizes 
the need for clinicians to be aware of pulmonary venous variability to enhance surgical 
planning, reduce procedural risks, and improve patient outcomes.

Keywords:	 pulmonary veins, anatomical variation, left atrium, supernumerary pulmo-
nary vein, cadaveric dissection, clinical anatomy.

INTRODUCTION

It is widely known that the human vasculature commonly exhibits varia-
ble patterns in many organs, such as the kidneys [1], aortic arch [2], and thy-
roid gland [3]; these are therefore regarded as “normal” variations [4].

Regarding anatomical variations in the pulmonary circulation, variabil-
ity in pulmonary venous ostial anatomy was previously considered rare and 
documented only in a few case reports [5].

The “normal” anatomy comprises four pulmonary veins, two from each 
lung, which return oxygenated blood to the left atrium, with each vein open-
ing through a separate ostium (Figure 1). Since the second half of the 20th 
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century, different patterns in the number of pulmonary 
veins and left atrial ostia have been reported, and these 
numbers do not always correspond [5]. Accordingly, 
contrary to earlier assumptions, recent studies have 
reported variations in pulmonary venous anatomy in 
approximately 36% of cases. This increased recognition 
has been facilitated by advances in imaging, non-inva-
sive diagnostic techniques, conventional angiography, 
and cadaveric dissection [6]. Variations in number and 
drainage patterns have recently gained increasing atten-
tion not only in cardiothoracic surgery and pulmonary 
lobectomy, because pulmonary veins play an important 
role in determining segmental lung anatomy [7], but 
also in interventional procedures such as radiofrequen-
cy ablation for atrial fibrillation. Indeed, pulmonary 
venous variability has been associated with ectopic car-
diac activity [8]. The present study aims to highlight the 
importance of knowledge of pulmonary venous anatomy, 

focusing on the presence of supernumerary pulmonary 
veins and their drainage into the left atrial ostia.

MATERIALS AND METHODS

The anatomical variability of the pulmonary veins 
was observed in a 75-year-old female cadaver. The speci-
men was obtained during routine undergraduate tho-
racic dissection classes held at the ICLO Teaching and 
Research Center (Verona, Italy), under the supervision of 
dissection technicians, clinicians, and professors.

The unfixed lung was resected at the hilum, close 
to the vascular and bronchial pedicles. Any adhesions 
between the parietal and visceral pleura were removed 
by hand.

Consent for the use of the self-donated cadaver in 
this study was obtained from the donor before death.

The study protocol conformed to the guidelines set 
out by the Declaration of Helsinki.

DISCUSSION 

Four pulmonary veins, two superior and two inferi-
or, typically drain oxygenated blood from the lungs into 
the left atrium through distinct ostia. However, anatomi-
cal variations in the number of pulmonary veins can 
occur. While these variations are often clinically silent, 
an in-depth understanding of pulmonary venous anat-
omy and its relationship to the left atrium is essential. 
This knowledge is critical not only for pre-procedural 
planning in thoracic and cardiac surgery [10], but also 
for understanding the association between pulmonary 
vein anomalies and atrial fibrillation [9].

In addition to radiofrequency ablation for atrial 
fibrillation, other clinical scenarios demonstrate the sig-
nificance of pulmonary vein variations. For instance, 
during pulmonary lobectomies, where the aim is to 
remove lung segments affected by cancer, knowledge of 
supernumerary pulmonary veins can help avoid intraop-
erative complications, such as inadvertent venous injury 
or excessive bleeding. Misidentification of these vessels 
may lead to incomplete resections or compromised post-
operative lung function. Similarly, in lung transplanta-
tion procedures, surgeons must be aware of variations 
in venous anatomy to ensure successful anastomosis and 
proper venous drainage, minimizing the risk of graft 
failure or postoperative complications such as pulmo-
nary vein thrombosis.

Furthermore, variations in pulmonary venous anat-
omy can affect the interpretation of diagnostic imaging, 

Figure 1. Heart and lungs showing the “normal” anatomy of the 
arteries, veins, and bronchi. (A) The dorsal surface of the heart 
in situ, with four pulmonary vein ostia highlighted in red, and 
the superior and inferior venae cavae highlighted in blue. (B) 
The mediastinal surface of the right lung shows, at the hilum, the 
right bronchi (cyan), right pulmonary artery (blue), and two right 
pulmonary veins (red). (C) The mediastinal surface of the left 
lung shows, at the hilum, the left bronchi (cyan), left pulmonary 
artery (blue), and two left pulmonary veins (red). LA=left atrium; 
RA=right atrium; LV=left ventricle; RV=right ventricle; RUL=right 
upper lobe; RML=right middle lobe; RLL=right lower lobe; 
LUL=left upper lobe; LLL=left lower lobe. The image was adapted 
from “SECTRA Education Portal, Dissector Atlas v. 6.3.5, epsectra.
com. Dissector Atlas is powered by Virtual Human Dissector and 
provided by Touch of Life Technologies”. 
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such as in computed tomography (CT), angiography or 
magnetic resonance imaging (MRI). Failure to recognize 
supernumerary veins or abnormal drainage patterns may 
lead to misdiagnosis of conditions such as pulmonary 
embolism or to misinterpretation of vascular masses. 
Radiologists must be familiar with potential anatomi-
cal variations to ensure accurate diagnoses and avoid 
unnecessary interventions.

Advanced diagnostic imaging and cadaveric dissec-
tions offer clearer insights into such variations. Arrhyth-
mias such as atrial fibrillation, can be effectively treated 
through radiofrequency ablation targeting ectopic foci. 
The success of this procedure relies on precise knowl-
edge of normal pulmonary venous anatomy and its vari-
ations [5].

In conclusion, a comprehensive understanding of the 
anatomical features, including the number of pulmonary 
veins and left atrial ostia, is invaluable for clinicians. It 
facilitates accurate diagnosis and better planning and 
execution of surgical procedures, while reducing the risk 
of adverse events. As more cases of pulmonary vein vari-
ability come to light, clinicians must be well-equipped 

with this knowledge to optimize patient outcomes in 
diagnostic and therapeutic contexts.
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Figure 2. The right lung hilum shows the pulmonary veins draining oxygenated blood into the left atrium. (A) The anatomical variation 
observed in a 75-year-old female cadaver during undergraduate dissection classes. The arrows indicate the three pulmonary veins emerg-
ing from the hilum. (B) Representative image of the mediastinal surface of the right lung showing the putative area of the supernumerary 
pulmonary vein (green). RL=right lung; RUL=right upper lobe; RML=right middle lobe; RLL=right lower lobe. The image in panel B was 
adapted from “SECTRA Education Portal, Dissector Atlas v. 6.3.6, epsectra.com. Dissector Atlas is powered by Virtual Human Dissector 
and provided by Touch of Life Technologies”. 
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