Review Article

Pulmonary vascular anatomy & anatomical variants
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Abstract: The vessels supplying the lungs include the pulmonary arteries, pulmonary veins, and bronchial

arteries. The segmental and sub segmental pulmonary arteries parallel the bronchi and are named according

to the bronchopulmonary segments they supply. There are however considerable anatomic variations,

particularly in the upper lobes with variations in number or presence of accessory arteries from adjacent

segments. The subsegmental pulmonary vein branches, run within interlobular septa and do not parallel the

segmental or sub segmental pulmonary artery branches and bronchi. They converge to form right and left

superior and inferior pulmonary veins which drain into the left atrium. Knowledge of normal and variant

anatomy on cross-sectional and angiographic images is essential for accurate diagnosis of vascular pathology

and aids planning of interventional procedures.

Keywords: Pulmonary artery; pulmonary vein; anatomy

Submitted Nov 16, 2017. Accepted for publication Jan 10, 2018.

doi: 10.21037/¢dt.2018.01.04

View this article at: http://dx.doi.org/10.21037/cdt.2018.01.04

Introduction

The primary pulmonary circulation comprising of the
pulmonary arterial tree, extensive capillary bed and
pulmonary venous tree, connected in series is a low
pressure, high capacitance system which provides large
surface area for gas exchange. The bronchial circulation
which provides nutrients to the lungs is a low capacitance,
high pressure system and normally does not participate in
blood oxygenation.

Pulmonary arterial system

The main pulmonary artery arises from the right ventricular
outflow tract and courses posteriorly and superiorly to the
left of and posterior to the aorta (1). Below the aortic arch,
it bifurcates into right and left main pulmonary arteries at
the level of the carina. The right and left pulmonary arteries
divide into 2 lobar branches each, and subsequently into
segmental and sub segmental branches. Segmental and sub
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segmental pulmonary arteries generally parallel segmental
and sub segmental bronchi and are named according to the
bronchopulmonary segments that they feed (Figure I).

The bronchopulmonary segment is a functionally and
anatomically discrete portion of lung supplied by its own
segmental bronchus and artery. The right lung has 3 lobes
divided into 10 segments: the right upper lobe has apical,
posterior and anterior segments, middle lobe has medial and
lateral segments and the lower lobe has superior (apical) and
4 basal segments (anterior, medial, posterior and lateral).
The left lung has 8 segments with the left upper lobe apical
and posterior segments supplied by a common segmental
bronchus and the left lower lobe anterior and medial
segments supplied by a common segmental bronchus;
the left upper lobe has apicoposterior and anterior
segments, lingula has superior and inferior segments and
the lower lobe has superior (apical) and 3 basal segments
(anteromedial, posterior and lateral) (2).

The root of the lungs where the pulmonary arteries
and bronchi enter and pulmonary veins leave the lungs, is
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Figure 1 Diagram illustrating segmental right and left pulmonary arterial anatomy. RUL, right upper lobe; RLL, right lower lobe; LUL,

left upper lobe; LLL, left lower lobe.

referred to as the pulmonary hilum. The relationship of the
pulmonary artery, main stem bronchus, and pulmonary veins
at the hilum is well defined and constant (3). The left hilum
is higher than the right in 97% of individuals. There is
however great variation in the segmental and sub segmental
arterial pattern. In 1959, Cory & Valentine documented
variant arterial anatomy in 524 lungs or lobes at pulmonary
resection, noting 14 variations in the right upper lobe,
5 variations in the right middle lobe, 6 variations in the
right lower lobe, 29 variations in the left upper lobe and
4 variations in the left lower lobe (4).

Right pulmonary artery

The right pulmonary artery is within the pericardium for
more than three-fourths of its length and runs horizontally
to the right behind the ascending aorta and superior vena
cava. As it leaves the pericardium, it lies anterior and
inferior to the right main stem bronchus. After the origin
of its first branch, the truncus anterior, the interlobar
pulmonary artery runs inferiorly between the bronchus
intermedius posteriorly and the superior pulmonary vein
anteriorly. It turns posteriorly behind the origin of the
middle lobe bronchus, continues as the common basal
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trunk and terminates in branches to the basal segments.
The truncus anterior supplies the right upper lobe; and
the interlobar artery, which runs in the interlobar fissure,
supplies the right middle and right lower lobes.

Segmental arteries of right upper lobe

In the most common arterial pattern there is a single, high
anterior trunk or truncus anterior supplying the apical and
anterior segments and a single ascending branch supplying
the posterior segment. Other common variants include
trifurcation of the truncus anterior to supply the apical,
anterior and posterior segments and 2 separate branches to
the posterior segment. Occasionally there may be segmental
supply to the upper lobe from the middle lobe or superior
segmental right lower lobe artery.

Segmental arteries of right middle lobe

The middle lobe segmental arteries arise from the
anteromedial aspect of the right interlobar artery as it
courses anterior to the bronchus intermedius. There may be
separate or common origin of the arteries to the medial and
lateral segments of the middle lobe.
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Segmental arteries of right lower lobe

Typically, the superior segment of the right lower lobe receives
one segmental artery, arising posteriorly from the interlobar
artery, following which the common basal trunk divides into
2 terminal branches which subsequently divide to supply the
medial basal, posterior basal, lateral basal and anterior basal
segments. In up to 70% of cases, the second branch of right
lower lobar artery is the medial basal branch. Occasionally
there may be 2 separate branches to the apical segment.

Left pulmonary artery

The left pulmonary artery passes inferiorly and posteriorly
and exits the pericardium below the aortic arch at the
ligamentum arteriosum. It arches over and behind the left
mainstem bronchus and curves around three-fourths of the
circumference of the left upper lobe bronchus. The left main
pulmonary artery has a long extra pericardial length before
giving off its first branch. It continues as the common basal
trunk and terminates in branches to the basal segments.

Segmental arteries of left upper lobe

Anatomic variations on the left are far more common than
on the right. Number of pulmonary arterial branches to
the left upper lobe vary from 2 to 7. Most commonly, the
apicoposterior and anterior segments receive blood supply
from an apicoanterior trunk. In some cases, the arteries for
apical, anterior and posterior segments originate separately.
In 80% of cases, lingula is supplied by one branch of the
pulmonary artery, which gives off arteries for superior and
inferior segments.

Segmental arteries of left lower lobe

In most cases, there is a single superior segmental artery
after which the pulmonary artery is referred to as “basal
part”. It then divides into two terminal divisions which
branch into segmental and subsegmental branches supplying
the antero-medial, posterior and lateral basal segments.

Pulmonary capillary bed

The pulmonary arterial tree subdivides rapidly and branches
into pulmonary capillaries, which form a dense web in the
alveolar wall, increasing the maximum surface area available
for gas-exchange. In addition to pulmonary arterial branches

© Cardiovascular Diagnosis and Therapy. All rights reserved.

cdt.amegroups.com

203

running alongside a bronchus there are “supernumerary”
arteries which leave the axial branches at irregular but
frequent intervals to enter the lung parenchyma, resulting
in the pulmonary arterial tree having many more branches
than the bronchial tree (5,6). Due to thin walls and smaller
amount of smooth muscle, the pulmonary capillaries are
more distensible and compressible than systemic vessels
and offer much less resistance to blood flow. Following gas
exchange in the capillary beds oxygenated blood is returned
to the heart by pulmonary veins.

Pulmonary veins

Typically, there are four pulmonary veins with superior and
inferior pulmonary veins on either side, draining into the left
atrium (7). The distal segments of the pulmonary veins are
intrapericardial. The right superior vein drains the right upper
lobe and right middle lobe, right inferior vein drains the right
lower lobe; left superior vein drains the left upper lobe and
lingula and left inferior vein drains the left lower lobe.

They enter the mediastinum below and anterior to the
pulmonary arteries. The ostia of the inferior pulmonary veins
are more posterior and medial than those of the superior
pulmonary veins, and the ostia of the left pulmonary veins are
located higher than those of the right pulmonary veins.

In both hilae the superior pulmonary vein is the most
anterior structure and the inferior pulmonary vein is the most
inferior structure. The parenchymal pulmonary vein branches,
run within interlobular septa and do not parallel the segmental
or sub segmental pulmonary artery branches and bronchi.

There may be anomalous drainage into the left atrium or
systemic veins. On the left side there may be convergence
of the left pulmonary veins into a short or long common
trunk that drains into the left atrium. Anatomic variants on
the right side are less common and include accessory veins
such as accessory right middle or upper pulmonary veins
draining independently into the left atrium (Figures 2-4).

Partial anomalous pulmonary venous return (PAPVR)
into a systemic vein produces a left to right shunt. On the
right side an anomalous pulmonary vein may drain into the
superior vena cava, azygos vein, coronary sinus, or inferior
vena cava. In left-sided PAPVR left upper lobe pulmonary
veins form a vertical vein that joins the left brachiocephalic
vein or the coronary sinus.

Bronchial arteries

Most commonly, there are 3 bronchial arteries, 2 on the left
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Variant pulmonary venous anatomy

Figure 2 Diagrams illustrating typical and variant pulmonary venous anatomy. (A) Typical; (B) short common left trunk; (C) long common

left trunk; (D) right middle pulmonary vein; (E) two right middle pulmonary veins; (F) right middle pulmonary vein and right upper

pulmonary vein.

Figure 3 Pulmonary venous anatomy on cardiac CT. RSPV, right
superior pulmonary vein; RIPV, right inferior pulmonary vein;
LSPV, left superior pulmonary vein; LIPV, left inferior pulmonary
vein; LA, left atrium; CT, computed tomography.

side and 1 on the right side arising from the anterolateral
aspect of the descending aorta or from intercostal arteries
located within 2 to 3 cm distal to the left subclavian artery.
They form a rich anastomotic network with the pulmonary
arterial circulation at the level of the lobar or segmental
bronchi. A substantial portion of bronchial venous blood
enters the pulmonary veins (1).

© Cardiovascular Diagnosis and Therapy. All rights reserved.

cdt.amegroups.com

Figure 4 Delayed image on catheter angiography demonstrating
pulmonary veins draining into the LA. 1, right superior pulmonary
vein; 2, middle pulmonary vein (anatomic variant); 3, right inferior
pulmonary vein; 4, left superior pulmonary vein; 5, left inferior

pulmonary vein; LA, left atrium.
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Figure 5 CT images demonstrating right pulmonary vascular anatomy. (A) Apical and posterior segmental branches in the right upper lobe (1

& 2). There was variant anatomy with trifurcation of the truncus anterior into anterior, apical and posterior segmental arteries; (B) first branch

of the right pulmonary artery (RPA), the truncus anterior (black arrow) lies posterior to the right upper lobe vein (star); (C) after the origin of

the truncus anterior the RPA continues as the interlobar artery (white arrow). Notice the right lower lobe superior segmental artery arising

from its posterior aspect (black arrow); (D) segmental arteries supplying the medial and lateral segments of the middle lobe arise anteromedially

form the interlobar artery (white arrow). Note the right superior pulmonary vein draining into the left atrium (star); (E) caudal to origin of the

superior segmental artery, right lower lobe artery is named the basal trunk which divides into medial basal [1], anterior basal [2], lateral basal [3]

and posterior basal [4] segmental arteries; (F) the right inferior pulmonary vein, draining into the left atrium (star).

Applied anatomy
Computed tomography (CT) anatomy

CT pulmonary angiography (CTPA) is recommended by
the American College of Radiology (8) for the evaluation of
patients with suspected pulmonary embolism due its high
sensitivity and specificity, easy accessibility after hours, and
its ability to offer alternative diagnoses.

Pulmonary arteries typically follow their respective
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segmental and sub segmental bronchi and it is important to
identify branches to the 10 right and 8 left bronchopulmonary
segments, looking for variations in anatomy, particularly
in the upper lobes. Keep in mind that the branches to the
middle lobe and lingula arise from the anterior aspect of the
interlobar artery whereas the branch to the superior segment
of the lower lobes arises from the posterior aspect of the
interlobar artery. Figures 5,6 demonstrate pulmonary arterial
anatomy on cross-sectional imaging.
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Figure 6 CT images demonstrating left pulmonary vascular anatomy. (A) Two branches arise from the left pulmonary artery to supply the

left upper lobe; (B) the left pulmonary artery (LPA) continues as the interlobar artery (black arrow) after the origin of the left upper lobe

segmental branches (white arrow); (C) superior segmental artery of the left lower lobe arise from the posterior aspect of the interlobar artery;

(D) superior lingula artery arises from the anterior aspect of the interlobar artery (white arrow). Note the left upper lobe vein anteriorly (star);

(E) note the inferior lingula artery (white arrow). Caudal to the origin of the superior segmental artery the left interlobar artery becomes the

basal trunk (black arrow); (F) basal trunk divides into anteromedial [1], lateral [2] and posterior [3] basal segmental arteries. The left inferior

pulmonary vein drains into the left atrium (star).

IR anatomy

Catheter-based pulmonary angiography is indicated for
evaluation and treatment of various congenital and acquired
diseases, such as pulmonary arteriovenous malformations
(PAVMs), pulmonary artery stenosis and aneurysm,
pulmonary vein stenosis, anomalous pulmonary venous
return, and pulmonary artery neoplasm. Knowledge of
pulmonary vascular anatomy is imperative for complete and

accurate assessment of these studies. Figure 7 demonstrate
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pulmonary arterial anatomy on flush and selective right and
left pulmonary arteriograms.

Conclusions

Knowledge of pulmonary vascular anatomy on cross-
sectional and angiographic images is essential for diagnosis
and treatment of various conditions such as pulmonary
thromboembolism and pulmonary arterio-venous
malformations.
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Figure 7 Pulmonary vascular anatomy on catheter angiography. TA, truncus anterior arising from the right pulmonary artery, supplying

the right upper lobe (RUL). Left upper lobe (LUL) branches arise from the LPA ILA, interlobar arteries give rise to branches supplying the
middle lobe (ML), lingula (L), right lower lobe (RLL) and left lower lobe (LLL). RPA, right pulmonary artery; LPA, left pulmonary artery;
ILA, interlobar artery.
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