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Abstract: The thoracic cavity contains vital cardiovascular and pulmonary structures. Few congenital anatomical variations in the 
bronchial tree and pulmonary vasculature have been reported. Understanding such variants is crucial during surgical procedures that 
involve the thorax. During routine dissection of an 89-year-old male cadaver as part of a first-year anatomy course, an anomaly of the 
bronchial tree was discovered. The left lung hilum was notable for the pulmonary artery being posterior to the mainstem bronchus. The 
case report describes normal lung development and anatomy and the significance of this novel variation in which has not been 
previously described in the literature. 
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Introduction
Detailed knowledge and understanding of the normal anatomy of the thorax is essential for surgeons and radiologists 
alike. Furthermore, since the chest cavity contains many vital cardiovascular and pulmonary structures, it is critical for 
physicians to be well versed in abnormal anatomy of the region in order to minimize the risk of adverse intraoperative 
events. Abnormalities of thoracic organ morphology and arrangement can be caused by both acquired and developmental 
processes, with the latter leading to the more structurally unpredictable outcomes in patients. Some examples of acquired 
pathologies affecting anatomy of the thorax are neoplasms, infections, and trauma.1 The list of congenital defects leading 
to organ and vessel anomalies is much more extensive and variable in severity. One surgically relevant category is 
congenital branching abnormalities of the bronchial tree and pulmonary vasculature.

Thoracic structures most susceptible to anatomic and positional variabilities are the airways and the great vessels, 
pulmonary vasculature in particular.2 Normally, the trachea is located posteriorly to the great vessels from its start at the 
level of the C6 cervical vertebra until its bifurcation into the right and left mainstem bronchi at T4-T5 vertebral level. The 
bronchi pass in front of the descending aorta, and their positions in relation to the pulmonary vessels are variable based 
on the laterality.3 The pulmonary trunk arises from the right ventricle of the heart and initially progresses anteriorly and 
then posterolaterally on the left side of the ascending aorta. At the level of the aortic arch, the pulmonary trunk bifurcates 
into the right and left pulmonary arteries. The right pulmonary artery passes under the aortic arch and enters the hilum of 
the right lung in anterior position to the right bronchus. On the other hand, the left pulmonary artery enters the hilum of 
the left lung superiorly to the left bronchus.2

Branching abnormalities and malformations of the airways have been consistently reported in the literature. Variations 
in tracheobronchial tree have been estimated to appear in as much as 12% of patients on routine bronchoscopies and 
computer tomographies.4 Although the most common anatomical variability occurs at the level of lobar and segmental 
bronchi, abnormalities at the level of the mainstem bronchi and trachea, such as formations of tracheal bronchus, 
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accessory cardiac bronchus, and bridging bronchi that supply the contralateral lobe, also exist.5–8 More extreme examples 
of pulmonary structure abnormalities are aberrant lung formations, including congenital pulmonary airway malforma
tions and complete agenesis of the lung.9,10

Cases of anatomical variants of pulmonary vasculature have also been noted.2 One subset of described abnormalities 
is aberrant blood supply to the lungs by major systemic arteries, including left subclavian, internal mammary, and 
celiac.11 Other cases depicted variations in pulmonary venous drainage, such as right pulmonary veins passing behind, 
instead of in front of, the pulmonary artery.12 However, the greatest variability has been reported in segmental and 
subsegmental arterial branching, especially in the left lung.

Interestingly, given the multitude of possible bronchial and vascular branching patterns, the spatial relationships of 
pulmonary arteries and bronchi at the hila of the lungs have been reported to the be constant.2 In the right lung, regardless 
of the number of branches, the arteries are said to be positioned anteriorly to the bronchi, and in the left lung – superiorly. 
In the present case, we report an anatomical variation which raises questions about the ubiquity of this assumption: left 
pulmonary artery enters the hilum of the left lung in the posterior position to the left main bronchus.

Materials and Methods
This project was completed according to the departmental and institutional ethical and research guidelines. Ethical 
exemption has been granted for collecting and publishing data regarding donor bodies at Albert Einstein College of 
Medicine to enable scholarship and dissemination of knowledge. The thoracic region of an 89-year-old male cadaver was 
dissected by students at Albert Einstein College of Medicine, Bronx, NY, as part of a routine first-year anatomy course. 
A bone saw was used to make a vertical incision through the anterior aspect of the ribs. The parietal pleura was dissected 
and the pulmonary cavity exposed. The heart and lungs were removed using a scalpel. At this time, students identified 
a left bronchus in an abnormal position – anteriorly to the left pulmonary artery. The pulmonary trunk originated from the 
right ventricle of the heart and divided under the aortic arch, as normal. However, the left pulmonary artery then travelled 
inferiorly to the left main bronchus and continued along its posterior side, eventually entering the hilum of the left lung in 
the posterior position to the bronchus.

This research is performed according to the Institutional guidelines on cadaver research.

Results
After the heart and lungs were removed from the thoracic cavity of the cadaver, the abnormalities of the left pulmonary 
artery and left bronchus, as well as hilum of the left lung were exposed. The spatial relationships between pulmonary and 
vascular structures on the right side of the body were normal: the right pulmonary artery travelled anteriorly to the right 
bronchus, entering the hilum of the right lung in the appropriate position. However, on the left, the pulmonary artery, 
instead of travelling above the main bronchus, travelled inferiorly and then posteriorly to it. Subsequently, the hilum of 
the left lung displayed a deviation from the expected anatomy: the entrance of the pulmonary artery was located in the 
posterior position to the bronchus, instead of the expected anterior (Figure 1.)

Discussion
The pulmonary system can be broken down into two major components – the vasculature, which consists of arteries, 
veins, and capillaries, and the airways. The airways can be further separated into organs of air conduction (trachea, 
bronchi, bronchiole) and gas exchange (alveoli). Such great functional complexity and variability of tissue types in the 
pulmonary system results from a tightly regulated multi-step process of embryogenesis.

Based on the morphological characteristics of the airways and pulmonary vasculature, prenatal development of the 
lung can be separated into four stages: embryonic, pseudoglandular, canalicular, and saccular.13 The two stages relevant 
to our anatomical abnormality of spatial relationship between the bronchus and the pulmonary artery are the embryonic 
and the pseudoglandular.

During the embryonic stage (weeks 4–7), the lung arises as a ventral bud from the foregut at the end of the fourth 
week of development. By week 41, the trachea and segmental bronchi are formed. The initial pulmonary vasculature is 
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formed by vasculogenesis surrounding the early lung buds; as the airways branch and proliferate, the pulmonary arteries, 
arising from the sixth pair of aortic arches, follow the bronchi in their development.13,14

The pseudoglandular stage occurs between weeks 5 and 17. This is our main area of interest, since during this time 
period the formation of the bronchial tree, as well as further development of the pulmonary vasculature, takes place.13 

Lobar portions of the airway are formed by the end of week six, and segmental branching becomes evident by the end of 
week seven. The vasculature continues to follow the airways in its branching pattern and by the end of pseudoglandular 
stage completes its development.14

In our dissected cadaver, we observed an abnormal anatomical relationship between the left pulmonary artery and its 
corresponding left main bronchus. Instead of the normal entry of the hilum anteriorly to the bronchus, the pulmonary 
artery entered posteriorly. This specific congenital abnormality points to an aberrant developmental process during either 
the embryonic or the pseudoglandular stage, since the bronchi and their vasculature develop within those time frames.

While the exact mechanisms of congenital lung abnormalities have not yet been fully elucidated, it has been proposed 
that the causes lie in dysregulations of early molecular signaling that guide proper development and differentiation of the 
tissues.15 Some of the mechanisms regulating fetal lung development during the embryogenic stage are Sonic Hedgehog 
(SHH), Bone Morphogenetic protein 4 (BMP4), Sprouty 2 (SPRY2), and Wnt signaling pathways. During the pseudo
glandular stage, interactions between fibroblast growth factors, such as FBF10, FBF9, and FBF7, and their receptor, 
FGFR2b, control the growth of the bronchial tree.16 Further research in these molecular pathways might shed light on 
mechanisms of congenital pulmonary abnormalities in the future.

In order to gain a better understanding of clinical significance of pulmonary variations like the one presented here, we 
attempted to identify reports of similar cases in the literature. Most frequently noted abnormalities consisted of variable 
numbers of lung lobes and branches of the pulmonary vasculature.17–27 Fewer studies depicted anomalies in the 

Figure 1 Novel pulmonary artery located posterior to bronchus in left lung. 
Abbreviations: Sup, superior; Post, posterior; Inf, inferior; Ant, anterior; PV, pulmonary vein; PA, pulmonary artery; B, bronchus.
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pulmonary hilum, and even then, their focus remained on the numerical variations of the entering structures, rather than 
their topographical relationships.24–26

Given that variability of pulmonary structures is not a rare finding in the patient population, the fact that none of the 
studies reported abnormal locations of pulmonary arteries and bronchi in the hilum signifies uniqueness of our case. 
Therefore, our report serves a clinically meaningful function of questioning the common belief that the spatial relation
ship between arteries and bronchi in the hilum is constant. In the world of increasing preference for minimally invasive 
procedures, during which the regional anatomy becomes less clearly visible compared to open surgeries, it is important 
for thoracic surgeons to be aware of potential variability in hilar topography. For instance, Watanabe reported that 
a critical measurement in preventing unplanned vascular transections during video-assisted thoracoscopic surgeries is 
being well aware of anatomical structures in the surgical area.27 Amore et al further noted the importance of awareness of 
pulmonary artery anatomy abnormalities for avoiding intraoperative complications during major lung resections.28 

Procedures implicated in surgical treatment of pulmonary emboli similarly require deep understanding of normal and 
abnormal anatomy by physicians and radiologists. Finally, unexpected positioning of pulmonary vasculature in the hilum 
can create additional challenges for surgeons performing hilar mass and lymph node resections and biopsies.

Conclusion
Information presented in this case report is a useful addition to the body of existent literature on variability of pulmonary 
anatomy, since it provides an evidence of an alternate observation to a commonly held assumption about topography of 
the hilum. To our knowledge, this is the first report of the pulmonary artery entering the hilum of the left lung in 
a posterior position to the bronchus. Being aware of this anatomical variability can be a helpful tool for thoracic surgeons 
to minimize the risk of intraoperative complications.
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