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Introduction

Pulmonary circulation carries deoxygenated blood away 
from the heart to the lungs, and returns oxygenated blood 
back to the heart. The separate system is known as the 
bronchial circulation supplies blood to the tissue of the 
larger airways of the lung. The first reference to some small 
arteries in the lungs was made by Galen (1). Many years 
later, in 1513, Leonardo Da Vinci, described the bronchial 
arterial system as subsidiary of pulmonary vessels (2). In 
1721, Ruysch presented the first illustration and made a 
more detailed description of the bronchial arteries as a 

separate vascular network of the pulmonary vasculature 
with anastomoses between the two networks (3). In 1747, 
Albertus Haller gave a precise description of the origin, 
course and the variations of bronchial arteries in his 
masterpiece “Icorum Anatomicarum” (4). 

Today, the importance of the bronchial arteries is 
recognized by the scientific community, especially in cases 
of massive hemoptysis and chemotherapy of lung cancer 
(5,6). Their revascularization seems to contribute to the 
reduction of postoperative complications in cases of heart-
lung or single lung transplantation (7). In addition, the 
potential benefit from their embolism in cases of surgical 

Review Article

Experimental studies in the bronchial circulation. Which is the 
ideal animal model?

Christophoros Kotoulas1,2, Ioannis Panagiotou1, Panteleimon Tsipas1, Maria Melachrinou2, 
Dimitrios Alexopoulos2, Dimitrios Dougenis2

1Department of Cardiothoracic Surgery, Army General Hospital of Athens, Athens, Greece; 2School of Medicine, University of Patras, Patras, Greece 

Correspondence to: Christophoros Kotoulas, PhD, FETCS, FCCP. Kifissias Ave 38, Ampelokipoi, Athens, GR-11526, Greece. Email: info@kotoulas.com.

Background: The importance of the role of bronchial arteries is notable in modern days thoracic surgery. 
The significance of their anastomoses with adjusted structures has not yet been sufficiently rated, especially 
in cases of haemoptysis, heart-lung transplantations and treatment of aneurysms of the thoracic aorta. The 
need of a thorough study is more relevant than ever and appropriate laboratory animals are required.
Methods: We review the literature in order to highlight the ideal experimental animal for the 
implementation of pilot programs relative to the bronchial circulation. A comparative analysis of the anatomy 
of the bronchial arterial system in humans along with these of pigs, dogs, rats, and birds, as being the most 
commonly used laboratory animals, is presented in details.
Results: The pig has the advantage that the broncho-oesophageal artery usually originates from the aorta 
as a single vessel, which makes the recognition and dissection of the artery easy to perform. In dogs, there is 
significant anatomical variation of the origin of the bronchial arteries. In rats, bronchial artery coming from 
the aorta is a rare event while in birds the pattern of the bronchial artery tree is clearly different from the 
human analog.
Conclusions: The pig is anatomically and physiologically suited for experimental studies on the bronchial 
circulation. The suitable bronchial anatomy and physiology along with the undeniable usefulness of the 
pig in experimental research and the low maintenance cost make the pig the ideal model for experiments in 
bronchial circulation.

Keywords: Bronchial artery; pig; experimental study; anatomy; cardiorespiratory system cancer

Submitted May 12, 2014. Accepted for publication Sep 09, 2014.

doi: 10.3978/j.issn.2072-1439.2014.09.32

View this article at: http://dx.doi.org/10.3978/j.issn.2072-1439.2014.09.32



1507Journal of Thoracic Disease, Vol 6, No 10 October 2014

© Pioneer Bioscience Publishing Company. All rights reserved. J Thorac Dis 2014;6(10):1506-1512www.jthoracdis.com

treatment of thoracic or aneurysms of the descending aorta 
are still under investigation.

The ideal experimental studies should be made in models 
that show the greatest similarity to the human anatomy 
and physiology. Although, the most experimental studies 
in cardiopulmonary system take place mainly in the pigs. 
The anatomy of the porcine bronchial system has not yet 
been fully explored. Our aim is to explore which is the ideal 
experimental model for the bronchial circulation studies.

Methods

A thorough description and a comparative analysis of 
the anatomy of the bronchial system in human, pigs and 
other laboratory animals is presented in order to highlight 
the ideal animal model for experiments in the bronchial 
circulation.

The human bronchial circulation

Both left and right bronchial arteries originate from the aorta 
in 90%. More specifically in 80%, they originate between 
the upper border of the 5th and the lower border of the 
6th thoracic vertebrae (T5-T6) with most of them arising 
from the level of the carina or slightly inferiorly (8,9). In 
the remaining cases, it has been described the origin of the 
bronchial arteries from all thoracic arterial structures, even 
from the coronary arteries (10). Cauldwel et al., based on a 
large human cadaveric study, classified the variations in the 
number of bronchial arteries in nine categories (11). In most 
cases, the right bronchial artery is one of the branches of the 
intercostobronchial trunk that originates from the aorta. 

In their origin, the diameter of the bronchial arteries 
is about 1.5 mm, decreasing to 0.5-0.6 mm when enter 
the pulmonary hilum (12). In cases of chronic pulmonary 
diseases,  especial ly when haemoptysis  is  present, 
hypertrophy and increase in the arterial diameter more than 
1.5 mm have been observed (9,13). 

In their path from the aorta to the hilum, the bronchial 
arteries give branches to adjacent organs and structures. 
Small parietal branches may supply muscles, vertebrae, 
ligaments and pleura. Visceral branches supply the 
esophagus, the lower third of the trachea and pericardium. 
Vascular branches supply the aorta, the pulmonary 
vasculature, the azygous vein and the vena cava. There 
are also branches to intrathoracic nerves, such as to the 
vagus nerve, the sympathetic plexus and their branches. 
In a few studies, branches to mediastinal lymph nodes and 

an anastomotic plexus with the coronary circulation are 
described (14-16). 

The bronchial arteries enter the lung to the hilum. 
They form a communicating arc round the main bronchi 
from which the bronchial arterial divisions radiates along 
the major bronchi. They adhered closely to the bronchial 
wall and appeared to follow the same course to the level 
of the terminal bronchioles where finally anastomosed to 
the pulmonary vasculature (17). They bifurcated with the 
bronchi and give two to three divisions along each bronchus 
which tend to form an intercommunicating network in the 
fibrous coat of the bronchus. Smaller twigs penetrate the 
muscular layer and reach the bronchial mucosa forming a 
similar network in the submucosa. In this way, the bronchial 
arteries are responsible for the nourishment of the whole 
thickness of the bronchial wall till the level of terminal 
bronchioles. In the way down to the alveoli, the bronchial 
arterioles form an anastomotic network with pulmonary 
arterioles. These anastomotic branches, which named 
bronchopulmonary arteries, have been observed in both 
newborns and adults  drain via the pulmonary veins into 
the left atrium (17-19). Tobin et al. described that there are 
two types of anastomoses, the short-narrow (length 1-2 mm, 
diameter 50-100 microns) and the long-wide (length 10-40 mm, 
diameter 300-400 microns) (20).

The short anastomotic vessels have spiral shape, 
achieving in this way the self-regulation of the flow to 
the pulmonary bronchial network and vice versa. Under 
normal conditions, these anastomoses are functionally 
closed but under pathologic conditions, such as in chronic 
thromboembolic pulmonary hypertension, they open and 
new anastomoses are formed (12,21,22).

Counterparts to the bronchial arteries are the bronchial 
veins. However, they only carry a small amount of the blood 
flow of the bronchial arteries while the remaining blood is 
returned to the heart via the pulmonary veins. The bronchial 
veins return blood from the larger bronchi and structures 
at the hilum of the lungs. The right side drains into the 
azygous vein, while the left side drains into the left superior 
intercostal vein or the accessory hemiazygous vein (17).

Comparative study of the bronchial circulation in 
laboratory animals

McLaughlin thoroughly described the pulmonary anatomy 
of 10 mammalian species and the human, classifying them 
into three groups according to their similarities in lung 
anatomy and physiology (23,24). In the first group belong 
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the cow, the sheep and the pig. In the second group belong 
the dog, the cat and the monkey. Τhe rabbit, the rat and the 
guinea-pig could be considered a subcategory of the second 
group due to their minimum differences. Finally, in the 
third group belong the horse and the human.

In the following presentation a representative from 
each group has been chosen based on the ease to perform 
experiments on this and the lower cost of its maintenance. 
Thus, the bronchial circulation of the pig, the dog and the 
rat is described along with this of birds as being the most 
commonly used laboratory animals. The differences among 
the bronchial circulation of the human, the pig, the rat and 
the dog are presented in the Table 1.

Bronchial circulation of the pig
Calka et al., Gade et al., and more recently Lorentziadis et al., 
demonstrated the most detailed descriptions of the anatomy 
of the porcine bronchial tree (25-27). The bronchial artery 
is the continuation of the bronchoesophageal artery which 
almost always originates from the aorta as a single vessel (28).

In 91-100% has a single origin from the aorta (Figure 1). 
In about 85% originates from the medial or anteromedial 
aspect of the descending aorta just distal to the ductus 
arteriosus ligament but cranial to the azygos vein crossing 
the aorta. In about 15% the origin is more mediodorsal or 
just cranial to the ductus arteriosus ligament. The orifice is 
normally 1-2 mm wide and approximately 3 cm from the 
slightly larger orifices of the intercostal arteries (25). The 
bronchoesophageal artery soon divides into 2-3 branches 
towards the lung hilum and the esophagus, while three 
different patterns of branching in the way to the main 

bronchi have been described (22) (Figure 2). 
In details, the bronchoesophageal artery is divided to a 

carinal branch, a left lateral branch and a smaller branch 
for the cranial lobe. The carinal branch crosses the carina 
ventrally and ramified further into a right lateral, a right 
medial and a left medial branch.  The right lateral and right 
medial branches provide blood supply to the right main 
bronchus while the left lateral and left medial branches 
provide blood supply to the left main bronchus. According 
to the pattern described, each main bronchus of the pig 
is accompanied by two major bronchial artery blanches 
named in accordance with their anatomical localization (26). 
Instead of this, the segmental bronchi are accompanied by 
a single bronchial branch, which finally disappeared 1-2 cm 

Table 1 Comparative study of the bronchial arteries among the different mammals

Variables Pig Dog Rat Human

Pleura – – – +

Septa + – – +

Bronchi + + + +

Terminal bronchioles + – + +

Alveoli – – – +

Hilar nodes + + + +

VASA vasorum + + + +

Bronchial artery–pulmonary 

anastomoses

+/– – + +

General bronchovascular 

relationship

Pulmonary vein close 

to bronchus from 

periphery to hilum

Pulmonary vein follows 

independent course from 

periphery to hilum

Pulmonary vein follows 

independent course from 

periphery to hilum

Pulmonary vein near 

bronchus at periphery, 

apart at hilum

Figure 1 Relationship between the broncho-esophageal artery 
and the mediastinal arteries in a heart-lung porcine block.
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before the edge of the lung. All branches of the bronchial 
artery are in close proximity to the adjacent bronchi.

Communications between the bronchial branches 
and other structures are demonstrated in different 
levels. In the way to the hilum, small twigs develop 
an anastomotic plexus with most of the mediastinal 
structures including the esophagus, the pericardium, 
lymph nodes and vasa vasorum to the pulmonary artery 
(23,29). The existence of an anastomotic plexus with 
the pulmonary artery is still under question. Gade et al. 
demonstrated that broncho-pulmonary shunts must exist 
but it is likely to occur via the lung capillaries (26), though 
other investigations failed to demonstrated bronchial 
to pulmonary artery communications probably due to 
limitations in methodology. Other studies suggested that 
the communication between the two systems is via small 
pulmonary arterioles (23).

Of main importance is the anastomotic plexus with the 
esophagus along its entire intrathoracic length (30) while 
the existence of an anastomotic network between the 
bronchial branches and the coronary vessels of the heart has 
been described (31,32). 

Bronchial circulation of the dog
There is significant anatomical variation of the origin of 
the bronchial arteries in dogs (33). The bronchial artery 
could be branch of the right 5th, 6th or 7th intercostal 
artery. These intercostal arteries always arise from the 

thoracic aorta. In the majority of dogs the parent trunk 
is the bronchoesophageal artery, which arises from the 
right fifth intercostal artery close to its origin from the 
aorta (34). The course followed by the bronchial artery is 
also subject to considerable variation. In the majority of 
dogs the bronchoesophageal artery crosses the left side of 
the esophagus and contributes an esophageal branch before 
entering the hilum of the lung (34). In addition, small 
bronchial vessels that supply the hilum of the lung and arise 
from the pericardiophrenic or internal thoracic arteries 
are described. At the level of the respiratory bronchiole 
the bronchial artery terminates in a capillary bed that is 
continuous with that of the pulmonary artery (35).

True bronchial veins are found only at the hilum of the 
lung. They empty into the azygos vein or the intercostal 
vein at the level of the seventh thoracic vertebra (34). 

Bronchial circulation of the rat
There are two bronchial arteries, the right and the left, 
which originate either from the subclavian arteries or 
from their primary branches (36). Each of the bronchial 
arteries has a long caudal course through the mediastinum, 
supplying several thoracic structures other than the bronchi. 
The left bronchial artery always originates from the internal 
thoracic artery. The right bronchial artery had a variable 
origin: the costocervical trunk, the right subclavian artery, 
or the internal thoracic artery (37). After emerging from 
the internal thoracic artery, the left bronchial artery run 
caudally on the ventral surface of the aortic arch, where it 
gives off branches to the thymus, the trachea and the left 
recurrent laryngeal nerve. At the dorsal level of the left 
bronchus, the left bronchial artery originates esophageal 
and bronchial arteries. One or two branches run down 
along the main bronchus. The right bronchial artery gives 
off branches to the trachea, right cranial vena cava, and 
phrenic nerve. At the level of the carina, it originates 1-3 
branches to the cranial bronchus and numerous transverse 
branches to the esophagus (38). Intrapulmonary branches 
of bronchial arteries form a peribronchial plexus made up 
of anastomosing arterioles giving off branches that passed 
through the muscular layer to form a second layer under 
the epithelium. Finally, precapillary anastomoses between 
bronchial arteries and pulmonary vessels exist resembling 
what occurs in humans (39).

Bronchial circulation of birds
General studies of the avian arterial system (40,41) 
have indicated that bronchial  arteries  arise from 

Figure 2 Nomenclature of branches of the bronchial artery in pig. 

Broncho-esophageal 
artery

Left lateral branch

Right lateral branch

Carinal branch

Left medial branch

Right medial branch
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the  oesophagotracheobronch ia l  b ranch  o f  each 
common carotid artery in many species of birds. Each 
oesophagotracheobronchial artery passes caudally and 
forms more or less symmetrically, three or four branches 
supplying the caudal end of the trachea, the syrinx, and 
the oesophagus. It also gives rise to several small bronchial 
arteries which supply the extrapulmonary part of the 
primary bronchus. The largest and most caudal of these 
bronchial arteries passes caudally along the dorsal wall of 
its primary bronchus and enters the hilus of the lung. On 
reaching the opening of the first medioventral secondary 
bronchus it divides into two terminal branches which 
continue caudally on either side of the openings of the 
medioventral secondary bronchi, forming a network of 
small anastomosing branches. In the goose, duck, and 
turkey several small bronchial arteries supplied the whole 
length of each primary bronchus, including the orifices of 
the secondary bronchi. In the guinea-fowl and quail similar 
bronchial arteries supplied only the extrapulmonary part of 
the primary bronchus. In the pigeon a single true bronchial 
artery supplied the extrapulmonary part of each primary 
bronchus. There were no branches to the exchange tissue 
in any species. In all species the bronchial veins of the 
extra-pulmonary part of the primary bronchus drained via 
esophageal veins, whereas those of the intrapulmonary part 
emptied into branches of the pulmonary vein (40,41).

Results and discussion 

The ideal experimental model should demonstrate the 
maximum similarity to the humans, in both anatomy and 
physiology. Lungs of all mammals share a common general 
structure consisting of a branching system of airways 
terminating in thin-walled alveolar spaces where gas 
exchange occurs but there are variations among species (23). 
Pigs, sheep and cows having “type I” lungs characterized by 
extremely well developed lobulation of lung parenchyma, a 
thick visceral pleura and absence of alveoli. The pulmonary 
artery supplies the distal portion of the airways. The 
bronchial artery supplies the hilar lymph nodes, pulmonary 
artery and vein, bronchi and terminal airways, but it also 
supplies the interlobular septae and pleura.

Dogs, cats and monkeys having a “type II” lungs 
characterized by the absence of secondary lobules within 
lobes, ill-defined intraparenchymal connective tissue 
support and a thin membraneous pleura. The pulmonary 
artery supplies the distal portion of the respiratory 
bronchiole, the alveolar duct, alveoli and pleura. The 

bronchial artery, except for a few short branches near the 
hilum contributes none of the pleural supply, but does 
supply the hilar lymph nodes, pulmonary artery and vein, 
bronchi and bronchioles and terminates in a common 
capillary bed with the pulmonary artery at the respiratory 
bronchioles. Rats, rabbits and guinea-pigs differ slightly as 
they have well-developed precapillary anastomoses.

 human and horse having “type III” lungs characterized 
by partially developed secondary lobules with well-defined 
but haphazardly arranged interlobular septae and a thick 
vascular pleura. The pulmonary artery supplies the alveoli 
with only occasional anastomoses with bronchial artery at 
the terminal bronchial level. The bronchial artery supplies 
the hilar lymph nodes, pulmonary artery and vein bronchi 
and terminal airways, but it also supplies the interlobular 
septae and pleura. The bronchial artery contributes blood 
directly to the alveolar capillary network by the terminal 
bronchioles, interlobular septae and pleural network in 
areas lying close to the pleura. 

Even if the horse has the same bronchial and pulmonary 
anatomy to humans its experimental use is extremely 
difficult because of its size, maintenance costs and animal 
testing regulations and laws.

In dogs, there is significant anatomical variation of the 
origin of the bronchial arteries and the course followed by 
the bronchial artery is also subject to considerable variation 
(33,34). There is also difficulty in isolation of the true 
bronchial arteries from their widespread anastomoses with 
the mediastinal and pericardial vessels (33). 

As previously described the right bronchial artery of 
the rat concealed by the right vena cava and the phrenic 
nerve rendered its identification by dissection difficult (37). 
Additionally in rat, bronchial artery coming from the 
aorta is a rare event and correspond to a supernumerary 
artery, thus it is clear that the origin of bronchial arteries 
is clearly different in the rat and humans. On the other 
hand the presence of extrapulmonary branches of bronchial 
artery especially to the pericardium and myocardium is an 
important fact that suggests the existence of anastomoses 
between bronchial artery and the coronary circulation in 
the rat. This vascular arrangement may work as a collateral 
source of blood that reaches the myocardium (42). Thus, 
the rat may offer a model of coronary-bronchial arterial 
anastomoses that may be of interest to study the role of 
these anastomoses in heart and lung disorders in humans. 

In birds,  the bronchial  arteries come from the 
bronchoesophageal artery, a branch of the common carotid 
artery and they express characteristic symmetry to their 
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origin and their distribution (41). This pattern is clearly 
different to the human analog. 

The pig and the sheep have the advantage that the 
broncho-oesophageal artery usually originates from the 
aorta as a single vessel (25,26,43). The relative constancy of 
a single arterial trunk makes the recognition and dissection 
of the artery easy to perform. In this way it is also easy to 
perform physiological and rheometric studies requiring 
catheterization of the vessel (32). The extrapulmonary 
topographic anatomy of bronchial arteries in pigs exhibits 
similarities to that of humans. The principal bronchi of the 
pig are each accompanied by two major bronchial artery 
branches. Two bronchial arteries for each lung is also a 
common finding in human. Furthermore, the growth of 
the heart and cardiovascular system from birth to 4 months 
of age is analogous to the growth of the same system in 
humans into the mid-teens (26). 

Conclusions

The above mentioned, suggest that the pig and the sheep 
are anatomically and physiologically suited for experimental 
studies on the bronchial circulation. The bronchial artery 
of the pig is similar to this of human concerning the 
origin, the course, the branches and the blood supply. The 
suitable bronchial anatomy and physiology along with the 
undeniable usefulness of the pig in experimental research 
and the low maintenance cost make the pig the ideal model 
for experiments in bronchial circulation.
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