
SUMMARY

Over the last decades, the pig has been chosen
as a feasible animal organ donor for the human
species, namely regarding heart transplanta-
tion. This has led to the development of trans-
genic pigs with the goal of avoiding the rejec-
tion caused by xenotransplantation. It is
therefore pertinent to characterize in detail the
vascular anatomy of the pig heart and compare
it with that of humans. In this study, 23 hearts
from domestic pigs were subjected to two dif-
ferent anatomical techniques (resin vascular
casting and injection/dissection with contrast
suspension) in order to visualize their coronary
circulation. After defining the arterial distribu-
tion and anastomoses of the branches of the
coronary arteries of the pig, these features were
compared with well-established descriptions of
the coronary circulation in human hearts. The
main contributions of this work are: (i) new
features of the coronary vessels of the pig heart
are documented; (ii) there is close resemblance
in the architecture of the coronary arteries bet-
ween the pig and humans; (iii) the frequency
of anatomical variation in the arrangement of
the coronary arteries is lower in the pig than in
humans.

Key words: Angiology – Corrosion casts – Elec-
tron microscopy – Xenotransplantation

INTRODUCTION

Human Transplantation: Scarcity of donor
organs

The current need of human organs for trans-
plantation is not met by the availability of donors
(Samstein and Platt, 2001). For instance, during
the last decade, there was a 3-fold increase in
the number of US patients waiting for organ
transplantation (from around 22.000 to 72.000),
while the number of transplant surgeries, using
cadaveric or donor organs, underwent an incre-
ase of less than fifty percent (from 15.000 to
21.000). In the year 2000, while 60 patients recei-
ved an organ each day, 17 patients on the wai-
ting list died (Cooper et al., 2002).

Xenotransplantation: Non-limited availability of
donor organs

Because of these limitations of allotransplan-
tation in humans, xenotransplantation has long
been envisioned as an alternative. If problems
regarding graft rejection can be solved in the
future, xenotransplantation will offer several
advantages: i) non-limited availability of tissues
and organs for transplants; ii) planning of all
procedures, thus reducing some of the factors
for graft rejection by the recipient; iii) control of
donor organs to prevent transmission of infec-
tious agents (Hammer, 2001; Samstein and Platt,
2001).

The first clinical experiments in xenotrans-
plantation were performed as early as the seven-
teenth century, consisting mainly in blood trans-
fusions from animals into humans. In the
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nineteenth century, some tissue xenotransplants
were attempted (reviewed in Cooper et al.,
2002). Since 1960, vital organs such as the heart,
liver and kidney have been thoroughly studied
and tested in different experimental models
aimed at xenotransplantation (Cooper, 1996).
From 1964 to 2001, 10 attempts of heart trans-
plantation from animals to humans were docu-
mented. Patients receiving organs from primates
survived longer than those receiving non-prima-
te organs (only a few hours) (Appel et al., 2001).
The use of primates as organ donors is thus
likely to be the most promising approach in
xenotransplantation. However, the use of prima-
te donors bears some disadvantages: the high
cost of acquisition and maintenance of primates;
most primates belong to endangered species;
primate breeding is difficult and rare (one per
year); increased risk of transmission of infectious
diseases to humans, and, finally, genetic mani-
pulation of primates is not yet possible (Igaz,
2001).

The Pig as an organ donor
As an alternative to primates, other animal

species have been considered with the goal of
obtaining organs for xenotransplantation.
Among these, the pig seems to be the organ
donor of choice for our species, because it is
easy to breed, it has large litters, and is easily
maintained in aseptic conditions. In addition,
several studies have shown that the pig can be
genetically modified, and also that the risk of
porcine zoonoses affecting humans is much
lower than in the case of primates. Another
advantage is that the size of the organs of the pig
corresponds to those of human adults. This is
not the case in primates, since their organs are
similar in size only to those of children (Igaz,
2001; Zhang et al., 2000). On the other hand,
pigs belong to a species that is phylogenetically
distant from humans, thus having greater immu-
nologic and biochemical differences with
humans (Platt et al., 2002; Hammer, 2001; Coo-
per et al., 2000).

Pig Anatomy: more Information is required
According to Hammer (1998), the anatomy of

the pig as well as its physiology have not been
sufficiently defined. Regarding cardiac anatomy,
for example, there are only a few publications
and, although it is a common saying that the
pig’s heart is similar to that of humans, there is a
lack of comparative anatomy between the hearts
in these two species.

Both Crick et al. (1998) and Hammer (1998)
suggested that at a time when transgenic pigs are
being produced there is a need to look back at
the fundamental anatomical features of the pig.
Crick et al (1998) examined the hearts of pigs
and humans and reported several anatomical dif-

ferences, namely regarding the cardiac orienta-
tion, the morphology of the atria, the position of
the openings of the caval veins, and the number
of pulmonary veins. These authors also descri-
bed differences in internal features, such as in
the thickness of the left ventricular wall, in the
disposition of the interventricular septum, in the
prominence of the supraventricular crista, in the
position and thickness of the trabecula septo-
marginalis, and in the shape of the trabeculae
carneae.

A look at the vascular anatomy of the pig heart
In this study, we have investigated the ana-

tomy of the arterial blood supply of the pig
heart. Using vascular injection techniques, which
are adequate for detailed anatomical characteri-
zations, we define here the detailed architectural
arrangement of the coronary circulation of the
domestic pig (Sus scrofa domestica). This animal
species has several peculiar features in its coro-
nary circulation, which this work documents and
which will be discussed in a comparative man-
ner with the heart of humans.

MATERIAL AND METHODS

Twenty-three hearts of adult pigs (Sus scrofa
domestica) were collected at a local slaughter-
house. The thorax was opened by sternotomy
immediately after the sacrifice of the animals and
the heart was removed together with the peri-
cardium and large vessels.

The coronary arteries of the heart samples
were cannulated separately through their ostia.
The cannulas were secured with ligatures and,
after a thorough wash with warm saline solution
(NaCl 0.9% at 37ºC), the coronary arteries were
perfused with different substances.

1. Vascular resin casting
The right and left coronary arteries of 20

hearts were injected with methyl methacrylate
(Tensol nr 70‚) mixed with either a red (Ciba-
Geigy, Rouge Irgalithe 108) or a green (Bayer,
Green Moltopren 768) pigment. These pigmen-
ted resins were injected into the left and right
coronary arteries, respectively. The injections
were done simultaneously through both cannu-
las, and at the same pressure. During the whole
procedure, the hearts were immersed in a warm
saline bath (about 30ºC).

After vascular injection, the cannulas were
withdrawn and the aortic root was filled up with
polymer to complete the cast. When resin poly-
merization was finished (approximately 10 hours
later), the hearts were immersed in a 33%
hydrochloric acid bath for 2 or 3 days for diges-
tion of the cardiac tissue. The vascular casts were
washed in water and dried.
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These samples allowed the analysis of the dis-
tribution of each coronary artery, of vascular
territories and of branches, including the deepest
ones. It also enabled the identification of inter-
arterial anastomoses.

2. Injection/dissection with contrast suspension 
A contrast mixture (barium sulphate + jelly +

saline solution) was injected in the coronary
arteries of 3 of the hearts. The mixture injected
in the right coronary artery also contained grey
pigment (“Pelikan” Drawing Ink‚), to facilitate
recognition of its branches.

During this procedure, the hearts were kept
in a warm bath (about 30ºC). Immediately after
the injection, the samples were cooled down to
0-4ºC, for polymerization of the contrast mixture.
The hearts were then fixed by immersion in a
10% formaldehyde solution. 

Two weeks later, the hearts were studied by X-
ray, followed by dissection and were photograp-
hed. The dissection was performed after careful
removal of the epicardium and adipose tissue.

Using this technique, it was possible to gain a
radiographic view of the vascular casts of the coro-
nary arteries and, at the same time, to study the
superficial distribution of each of the coronary
arteries. Because in these preparations the tissues
were not corroded, the walls of the heart cham-
bers and the large vessels at the base of the heart
were visible, allowing the topography of the arte-
rial branches to be defined and also serving as a
comparative model to the corrosion vascular casts.

3. Scanning electron microscopy (SEM)
For this, 3 inter-arterial anastomoses were

selected from the corrosion casts for observation
under SEM. Using a magnifying glass (Zeiss), the
small anastomoses were cut and applied on car-
bon surfaces over brass supports. For better sta-
bilization, their ends were fixed using conducti-
ve carbon cement (Leit-C‚, Neubauer Chemik
Alien). The anastomoses were further covered
with a thin layer of gold (JEOL-Fine Coat Ion
Sputter-JFC-1100). The SEM equipment used
here was model JSM-6301F from JEOL.

SEM was used to study the three-dimensional
arrangement of small arterial branches and also
for the analysis of the endothelial surface of
anastomotic branches.

RESULTS

The data obtained by observations of vascular
casts and of angiograms of the coronary arteries
of the pig can be organized into three parame-
ters: 1) territorial distribution of each coronary
artery; 2) description of the vascular course and
number of branches, and 3) localization of the
arterial anastomoses.

Vascular territories of the left (LCA) and right
coronary arteries (RCA)

LCA
Comprehensive scrutiny of the samples sug-

gested that each of the coronary arteries partici-
pated almost equally in the blood supply to the
heart surface, to the large vessels at the base of
the heart, and to the septa that divide the cardiac
chambers. However, considering that the volume
of the wall of the left ventricle is greater than that
of the right ventricle, it may be concluded that
the LCA supplied blood to a larger volume of
myocardium than the RCA. The LCA supplied
most of the left atrium and ventricle, a small por-
tion of the right ventricle (adjacent to the inter-
ventricular paraconal groove), and the apex of
the heart (Figure 1A, B and C). It also supplied
the left half of the interventricular septum and its
most central and dorsal portion. It also contribu-
ted to the supply to the atrial septum. The bran-
ches of the LCA spread to the caudal wall of the
aorta and to the pulmonary veins, and also to the
caudal vena cava and arterial conus. The blood
supply to the trabecula septomarginalis was ori-
ginated mainly from branches of the LCA, as
occurred with the subauricular and subatrial
papillary muscles.

RCA
This artery supplied the right atrium and ven-

tricle, the peripheral right part of the interventri-
cular septum and the left ventricular wall adja-
cent to the interventricular subsinuosal groove.
The interatrial septum, the arterial conus, the
cranial and right walls of the aorta and the walls
of both vena cava were supplied by branches of
the RCA (Figure 1A, C and D). The major papi-
llary muscle, when identified, was supplied by
branches arising from the RCA. In two samples,
these branches also reached the trabecula septo-
marginalis. In a few cases, the RCA participated
in the blood supply to the subatrial papillary
muscle.

2. Origin, main courses and branches of the
coronary arteries

2.1. Left coronary artery (LCA)
The LCA arose from the left sinus at the aor-

tic bulbus, above the left semilunar valve. On
average, it measured 4 mm in diameter and was
usually wider than the RCA (Table 1).

The LCA ran under the left auricle, between
the left atrium and the pulmonary trunk.
Having reached the coronary groove, the LCA
divided into two strong vessels: the interventri-
cular paraconal branch (which followed the
groove of the same name) and the left circum-
flex branch (running in the left part of the
coronary groove) (Figure 2A). In most samples,
the first branch was slightly wider than the lat-
ter. They had the same diameter in only 4 out
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Fig. 1.- Pig heart injected with contrast suspension. The left coronary artery is in white and the right coronary artery is in grey. A- Auricular
surface; B- Caudal border; C- Atrial surface; D- Cranial border.
Ao- Aorta; PT- Pulmonary Trunk; rA- Right Auricle; lA- Left Auricle; RA- Right Atrium; LA-Left Atrium; RV- Right Ventricle; LV- Left
Ventricle.



of 23 hearts. The ventricular and atrial bran-
ches ran first under the epicardium, and later
penetrated the myocardium (Figure 2B). All
these epicardial vessels gave off smaller myo-

cardial branches, usually at right angles, which
branched extensively into a dense three-
dimensional capillary network. We now focus

our observations mainly on the epicardial bran-
ches (Diagram 1).

2.1.1. Interventricular paraconal branch
This is a wide vessel with a wavy course

along the whole of the paraconal groove. In
most of the samples (20 out of 23 hearts), it rea-
ched the apex and then changed its course obli-
quely to the other surface (atrial) of the heart.
Along its course, it gave off 3 collateral branches
– right ventricular, left ventricular and left septal,
as seen in Table 2 (Figure 3).

The right ventricular branches were the thin-
nest and shortest of these branches; they spread
over the right ventricular wall adjacent to the
paraconal groove. The first right ventricular
branch is called the left branch of the arterial
conus, but it infrequently reached this structure
and was only observed in 3 out of 23 hearts. The
left ventricular branches were thick and long and
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Fig. 2.- Corrosion casts of coronary arteries in the pig. A- Base of the heart; B- Auricular surface.
LCA- Left Coronary Artery; IVP- Interventricular Paraconal branch; LC- Left Circumflex branch; RCA- Right Coronary Artery; RV- Right
Ventricular branch; LV- Left Ventricular branch; A- Atrial branch; V- Ventricular branch.

Table 1.- Differences in diameter observed between left and right
coronary arteries.
LCA- Left Coronary Artery; RCA- Right Coronary Artery.



ran obliquely, parallel to the muscle fibers,
towards the left ventricular border. A diagonal
branch was seldom observed. The left septal
branches were numerous, uniform and short. In
their transversal or oblique course to the inter-
ventricular septum, they ramified extensively,
making them broader than the right ventricular
branches.

The first left septal branch was larger and
much longer than all the others. It was called
the interventricular septal branch, and it arose
close to the end of the LCA. It followed on obli-
quely towards the apex of the heart, supplying
the most dorsal and central part of the interven-
tricular septum, while the other left septal bran-
ches supplied its left peripheral portion, close to
the paraconal groove (Figure 4). In 3 out of 20
hearts, the interventricular septal branch was
not identified, so that part of the interventricular
septum was supplied instead by the atrioventri-
cular branch (coming from the RCA). In one
sample, two interventricular septal branches
were identified. 

Besides spreading to the interventricular sep-
tum, the interventricular septal branch gave off a
trabecular branch that followed the trabecula
septomarginalis (Figure 5). This branch was thin
and was identified in 13 out of 20 hearts. In 2
hearts, there was a contribution from the bran-
ches of the RCA to the blood supply of the tra-
becula septomarginalis.
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Diagram 1.- Branches of the Left Coronary Artery. 
IV- Interventricular; RV- Right Ventricular; LS- Left Septal;
LV- Left Ventricular; LA- Left Atrium; LV- Left Ventricle;
Prox.- Proximal; Interm.- Intermediate.

Fig. 3.- Auricular surface of corrosion cast of coronary arteries in
the pig.
IVP- Interventricular Paraconal branch; RV- Right Ventri-
cular branch; LV- Left Ventricular branch.

Fig. 4.- Cranial border of corrosion cast of coronary arteries in
the pig.

Fig. 4.- IVP- Interventricular Paraconal branch; IVS- Interventricular
Septal branch; LS- Left Septal branch.

Fig. 5.- Corrosion cast of coronary arteries in the pig.
Fig. 5.- IVP- Interventricular Paraconal branch; IVS- Interventricular

Septal branch; T- Trabecular branch.

Table 2.- Variations in number of branches emerging from the
Interventricular Paraconal Branch.



2.1.2. Left circumflex branch
This artery was quite long, although slightly

shorter than the interventricular paraconal
branch. Initially covered by the left auricle, the
left circumflex branch followed the coronary gro-
ove caudally and crossed the left ventricular bor-
der to reach the atrial surface of the heart. Along
its course, it gave off several branches and ended
close to the origin of the interventricular subsi-
nuosal groove. The collateral branches of the left
circumflex branch can be classified as atrial and
ventricular (Table 3). According to their origin
and distribution, the left atrial branches are
named proximal (located on the auricular surfa-
ce), intermediate (close to the left border) and
distal (on the atrial surface) (Figure 6).

The proximal branches to the left atrium
(Figure 6A) were single or multiple. They were
the widest and longest of the atrial branches.
When they were multiple, the first branch was
always the largest. The proximal branches sup-
plied mainly the left auricle, the dorsal surface of
the left atrium, and usually the pulmonary veins
too. In 4 out of 23 hearts, the proximal branch
bifurcated: one branch reaching the left atrium
and the other running between the aorta and the
base of the left atrium to finish at the most cau-
dal part of the right atrium, at the interatrial sep-
tum and at the vena cava. There was usually one
single intermediate atrial branch (Figure 6A).
When this branch was absent, it was replaced by
other atrial branches. The intermediate atrial
branch supplied the caudal-most area of the left

atrium and then sometimes continued to the
auricle. In 8 out of 23 hearts, it also contributed
to the blood supply of the pulmonary veins. The
distal atrial branches (Figure 6B) were the thin-
nest and shortest of the atrial branches. They
were usually multiple. These vessels spread to
the base of the atrium, but could also run dor-
sally to the pulmonary veins (observed in 6
hearts) or to the caudal vena cava and interatrial
septum (in 8 samples).

The left ventricular branches, classified as
proximal, of the left ventricular border and distal
were wider and more numerous than the corres-
ponding atrial branches (Figure 7). The proximal
branches to the left ventricle (Figure 7A) were
large and long. They ran obliquely towards the
caudal border and apex of the heart, supplying
the dorsal-most part of the auricular surface of
the left ventricle. They were longer when run-
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Fig. 6.- Corrosion casts of coronary arteries in the pig. A- Auricular surface; B- Atrial surface.
LC- Left Circumflex branch; PLA- Proximal branch to Left Atrium; ILA- Intermediate branch to Left Atrium; DLA- Distal branch to Left
Atrium.

Table 3.- Frequency of the number of branches emerging from the
Left Circumflex Branch.

Table 3.- ++ More common; + Less common; - Not observed.



ning parallel to the muscle fibers and to the left
ventricular branches from the interventricular
paraconal branch. In 4 out of 23 hearts, the pro-
ximal branch to the left ventricle was very large,
as the circumflex branch continued as a proxi-
mal branch to the left ventricle and gave off
another branch which followed the caudal part
of the coronary groove. The branch to the left
ventricular border (Figure 7A) followed the cau-
dal border of the heart towards the apex, but
never reached it. It was large and, in 3 samples,
it was actually the continuation of the left cir-
cumflex branch itself. When this branch was
absent, the left ventricular border was supplied
by the proximal branch to the left ventricle. The
distal branches to the left ventricle (Figure 7B)
were usually shorter and thinner and supplied
the left ventricular wall between the left ventri-
cular border and the interventricular subsinuosal
groove, i.e., the atrial surface of the left ventricle.
In 5 out of 23 hearts, one of these branches was
wider as it continued and ended the left circum-
flex branch.

2.2. Right coronary artery (RCA)
The right coronary ostium was located at the

right sinus of the aortic bulbus, above the right
semilunar valve. In one of the hearts, two right
coronary ostia were identified. 

The RCA ran between the right atrium and the
base of the pulmonary trunk and then followed
the right part of the coronary groove until it rea-
ched the interventricular subsinuosal groove.
The length of the RCA was similar to that of the
left circumflex branch. When one of these bran-

ches was shorter, the other ran a longer distance
on the coronary sulcus.

Once the interventricular subsinuosal groove
had been reached, the RCA gave off a short
atrioventricular branch to the septa and then
continued as an interventricular subsinuous
branch descending along this groove (Figure
8A). Like the left circumflex branch, the RCA
gave off two types of branches: to the right
atrium and to the right ventricle wall, as seen in
Table 4 (Figure 8B, Diagram 2).

The right atrial branches were ascendant and
very thin (Figure 9). The first one, called the pro-
ximal branch to the right atrium, was usually
wider (Figure 9A and B). It was either single or
double. When absent, it was compensated by
other branches. This branch supplied the right
auricle and in most cases ran dorsally between
this auricle and the walls of the aorta to spread
over the cranial vena cava (in 13 samples), the
pulmonary veins (in 6 samples) and the caudal
vena cava (in 4 samples). In 5 hearts, it also sup-
plied the interatrial septum. The intermediate
atrial branch (Figure 9A and B) was also single or
double. It spread mainly over the cranial-most
wall of the right atrium and then sometimes rea-
ched its auricle. In some cases (4 hearts), it ran
along the cranial wall of the aorta to give off bran-
ches to the cranial vena cava. The distal atrial
branches (Figure 9A and B) were very thin. They
spread over the base of the right atrium and, in 8
samples, they also supplied the cranial vena cava.

The right ventricular branches were larger
than the atrial ones, but not as much as the left
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Fig. 7.- Corrosion casts of coronary arteries in the pig. A- Auricular surface; B- Caudal Border.
LC- Left Circumflex branch; PLV- Proximal branch to Left Ventricle; LVB- branch to Left Ventricular Border; DLV- Distal branch to Left
Ventricle.



ventricular branches (Figure 10). The right
branch to the conus arteriosus (Figure 10A and
B), unlike the left one, was easily identified, spre-
ading to the right side of this structure. The pro-
ximal branch to the right ventricle (Figure 10A
and B), slightly wider than the branch to the
conus arteriosus, supplied the auricular surface of
the right ventricle. In 7 hearts, these two bran-
ches arose together from the right coronary
artery. The branch to the right ventricular border
(Figure 10A) was quite large and sometimes dou-
ble. It extended towards the apex of the heart
without reaching it. The distal branches to the
right ventricle (Figure 10C), usually multiple,
short and thin, supplied a small area between the
right ventricular border and the interventricular
subsinuosal groove, i.e., the dorsal-most part of
the right ventricle wall on the atrial surface.

As stated above, the RCA gave off an atrio-
ventricular branch before continuing as an inter-
ventricular subsinuous branch on this groove.

2.2.1. Atrioventricular branch
The atrioventricular branch was very thin, but

usually easy to recognize (except in 2 hearts
where it was indistinct from the other right sep-
tal branches). The atrioventricular branch turned
medially towards the septa and/or continued
caudally for a short course on the coronary gro-
ove. It divided into 2 or 3 thinner branches to
participate in the blood supply to both the inter-
ventricular and interatrial septa and also to a
small part of the dorsal wall of the left ventricle
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Fig. 8.- Corrosion casts of coronary arteries in the pig. A- Base of the heart; B- Atrial surface.
RCA- Right Coronary Artery; AV- Atrioventricular branch; IVS- Interventricular Subsinuous branch; A- Atrial branch; V- Ventricular
branch; RV- Right Ventricular branch; LV- Left Ventricular branch.

Table 4.- Frequency of the number of branches arising from the
Right Coronary Artery. 

Table 4.- ++ More common; + Less common; - Not observed.

Diagram 2.- Branches of the Right Coronary Artery. 
AV- Atrioventricular; IV- Interventricular; LV- Left Ventricular;
RS- Right Septal; RV- Right Ventricular; RA- Right Atrium; RV-
Right Ventricle; Prox.-Proximal; R- Right; Art.- Arterial.
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Fig. 9.- Corrosion casts of coronary arteries in the pig. A- Base of the heart; B- Cranial Border.
RCA- Right Coronary Artery; PRA- Proximal branch to Right Atrium; IRA- Intermediate branch to Right Atrium; DRA- Distal branch
to Right Atrium.
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Fig. 10.- Corrosion casts of coronary arteries in pig. A- Cranial Border; B- Base of the heart; C- Atrial Surface.
Fig. 10.- RCA- Right Coronary Artery; IVS- Interventricular Subsinuous branch; rCA- Right branch to Conus Arteriosus; PRV- Proximal branch

to Right Ventricle; RVB- branch to Right Ventricular Border; DRV- Distal branch to Right Ventricle.



close to the coronary groove (Figure 11). At least
in 2 hearts, it also gave off a branch to the cau-
dal vena cava.

2.2.2. Interventricular subsinuous branch
This branch was wide and was the continua-

tion of the RCA, describing a wavy course along
the interventricular subsinuosal groove and
ending close to the apex of the heart. This
branch was always shorter than the interventri-
cular paraconal branch. In fact, the shorter the
interventricular subsinuous branch, the longer
the other one.

Like the interventricular paraconal branch,
the interventricular subsinuous branch gave off
3 types of divisions: the right ventricular, left
ventricular and right septal branches, as seen in
Table 5 (Figure 12). The right ventricular bran-
ches (Figure 12A) were usually the largest and
ran obliquely to the right ventricular border,
supplying this wall of the right ventricle. The
left ventricular branches (Figure 12A) were
shorter and thinner. They coursed towards the
left ventricular border. In most cases, they had
a distal origin at the interventricular subsinuous
branch. Proximally, the dorsal wall of the left
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Fig. 11.- Corrosion cast of coronary arteries in the pig - base of the
heart.

Fig. 11.- RCA- Right Coronary Artery; IVS- Interventricular
Subsinuous branch; AV- Atrioventricular branch.

Fig. 12.- Corrosion casts of coronary arteries in pig. A- Atrial Surface; B- Caudal Border.
Fig. 12.-RCA- Right Coronary Artery; AV-Atrioventricular branch; IVS- Interventricular Subsinuous branch; LV- Left Ventricular branch; RV-

Right Ventricular branch; RS- Right Septal branch.



ventricle was supplied either by the distal ven-
tricular branches (in 10 hearts) or by divisions
from the atrioventricular branch (in 4 hearts).
The right septal branches (Figure 12B) were
more uniform and numerous. They plunged
into the interventricular septum to supply its
right peripheral part. They were as short and
ramified as their counterparts, the left septal
branches.
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Fig. 13.- Corrosion casts of coronary arteries in pig.
Fig. 13.- A- Anastomosis between one Distal branch to Left Ventricle and one Right Septal branch at the subatrial papillary muscle; B-

Anastomosis between the branch to Left Ventricular Border and one Right Septal branch at the subatrial papillary muscle

Table 5.- Variations in the number of branches emerging from the
Interventricular Subsinuous Branch.



3. Inter-arterial anastomoses

3.1. Corrosion casts
The anastomoses between the branches of

the RCA and LCA were thin but macroscopically
visible (Figure 13). They did not occur between
the main branches from the coronary arteries,
but between thinner branches. Each heart pre-
sented on average 2 anastomoses. In 2 samples,
we identified 4 anastomoses in each. Only in
one heart were these inter-arterial connections
not recognized.

Most of these anastomoses occurred betwe-
en the branches that supplied the papillary
muscles. Thirty per cent of all anastomoses
were observed between branches to the suba-
trial papillary muscle at the left ventricle (left
ventricular branches connecting to right septal
branches) (Figure 13A and B). At the major
papillary muscle, in the right ventricle, the
anastomoses occurred between the trabecular
branch and the right ventricular branches (20%
of the total of anastomoses identified) (Figure
13C and D).
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Fig. 13.- C and D- Anastomosis between the Trabecular branch and the branch to the Right Ventricular Border at the major papillary muscle



Another 20% were connections between the
atrioventricular branch and other branches:
namely, the interventricular septal branch, the
trabecular branch and the distal branches to the
left ventricle (Figure 13E). Other less common
anastomoses were observed between opposite
atrial branches and between opposite septal
branches.

3.1.1. Blood supply to papillary muscles
Because most of the anastomoses occurred

on the papillary muscles, it seemed important
to describe their blood supply. The branches
that most commonly supplied each papillary
muscle were identified and percentages were
calculated.

At the left ventricle, the subauricular papillary
muscle was supplied by left ventricular branches
from the interventricular paraconal branch (65%)
or by proximal branches to the left ventricle
(35%). The subatrial papillary muscle was sup-
plied by right septal branches (45%), by the end
of the left circumflex branch (25%), by distal
branches to the left ventricle (20%), by the
branch to the left ventricular border (4%), by the
interventricular septal branch (3%) or even by
the atrioventricular branch (3%).

At the right ventricle, when the major papi-
llary muscle was identified it was supplied by

the branch to the right ventricular border (55%),
by proximal (20%) or by distal (20%) branches to
the right ventricle, or also by the end of the right
coronary artery (5%).

3.2. Scanning electron microscopy 
The 3 anastomotic samples obtained from

corrosion casts were analysed. We observed that
the diameter of the branches was always greater
than 100 mm (between 300 and 600 mm), indica-
ting that all of them were small arteries.

There was no evidence of any constrictions or
sphincters on the surface of the anastomotic
area. The diameter of these branches did not
show any changes, throughout the course from
the branch from the RCA, along the anastomotic
area, to the branch from the LCA (Figure 14).

At higher magnification, 3 different areas
were observed: one in the branch from the RCA;
another in the transitional area, and another in
the branch from the LCA. In all of them, the sur-
face showed longitudinal folds and sulci (Figure
14: Z1, Z2 and Z3). These irregularities are evi-
dence of the contraction of the wall of the arte-
ries due to low viscosity of the methyl met-
hacrylate. The impressions of the endothelial
nuclei were always elongated, oriented parallel
to the longer axis of the vessel. This feature is
typical of arterial vessels.
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Fig. 13.- E- Anastomosis between the Interventricular Septal branch and the Atrioventricular branch.
Fig. 13.- IVS- Interventricular Subsinuous branch; LC- Left Circumflex branch; RCA- Right Coronary Artery; IVP- Interventricular Paraconal

branch; RVB- branch to Right Ventricular Border; T- Trabecular branch; AV- Atrioventricular branch; IVS- Interventricular Septal
branch.



DISCUSSION

The present data on the microanatomy of the
coronary arterial supply of the pig heart are dis-
cussed at two levels: i) comparison with pre-
vious reports on the arterial supply of the pig
heart; ii) major differences in heart arteries bet-
ween pigs and humans.

Anatomical terms are different in Human and
Veterinary Medicine. The major differences
regarding the heart arteries are that the interven-
tricular paraconal branch in veterinary anatomy
is always named interventricular anterior branch
(or anterior descending) in human anatomy and
the interventricular subsinuous branch is also
named interventricular posterior branch (or pos-
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Fig. 14.- Electron micrographs of anastomosis in a corrosion cast of coronary arteries in the pig. Z1- transitional anastomotic area; Z2- branch
from Right Coronary Artery; Z3- branch from Left Coronary Artery.



terior descending). The collateral branches have
different designations too, depending on the
author, either as human or veterinary anatomists.
Therefore, it does not seem very important to
mention each of these terms. We chose the ones
proposed by the Nomenclatura Anatomica Vete-
rinaria (Simoens and De Vos, 1999) and some
veterinary anatomy books: Schummer et al.
(1981), Getty (1986), Ghoshal (1986), Barone
(1996), Dyce et al. (1997) and Evans (1993). 

1. Neither the LCA nor RCA is dominant in the
superficial arterial supply of the pig heart in con-
trast with the right dominance in the human
heart.

The meaning of dominance regarding the vas-
cular territory of a coronary artery must first be
defined. In fact, some authors consider that a
coronary artery is dominant when its superficial
distribution is broader, while other authors use
dominance to refer to the ventricular mass sup-
plied by the artery. 

Concerning superficial arterial distribution,
three different concepts may be considered.
According to Gabella (1999), Crick et al. (1998),
Weaver et al. (1986), Christidès and Cabrol (1976),
and Kamimura et al. (1996), right or left domi-
nance of the coronary system is given to the
artery that originates the interventricular posterior
(subsinuous) branch. Alternatively, Hadẑiselimo-
vić et al. (1980) consider that the dominant artery
is the one going beyond the crossing between the
interventricular subsinuosal groove and the coro-
nary groove, the so-called “cardiac cross”. Grande
et al. (1994) and Dodge et al. (1993) integrated
these definitions on proposing that there is right
dominance when the right coronary artery gives
off the interventricular posterior (subsinuous)
branch and supplies the posterior (atrial) surface
of the left ventricular wall (in this case, the left cir-
cumflex branch is of a “short” type, and does not
reach the cardiac cross). There is left dominance
when the interventricular posterior (subsinuous)
branch is given off by the LCA, and these authors
consider that there is no dominance when the
interventricular posterior (subsinuous) branch ari-
ses from the RCA and the left circumflex branch
is “long”.

In the present study no interventricular subsi-
nuous branch was seen to spring from the LCA
or from any other branch following a parallel
course to the interventricular subsinuous branch
arising from the RCA. In light of this, and becau-
se each coronary artery ran a similar distance
along the coronary groove and each one gave
off an interventricular branch, regarding the
superficial arterial supply, it may be assumed
that there is no dominance of the coronary arte-
ries in the pig. This observation is in agreement
with previous observations by several authors,
e.g. Barone (1996), Getty (1986), Ghoshal (1986)

and Schummer et al. (1981). In contrast, Weaver
et al. (1986) and Crick et al. (1998) stated that
around 80% of domestic pigs presented right
dominance in the distribution of the coronary
arteries in the heart. A possible explanation for
this interpretation may be found in their assump-
tion that there was no dominance only when
both coronary arteries gave off branches running
along the interventricular subsinuosal groove.

In human hearts, the studies by Hadẑiselimo-
vić et al. (1980), Grande et al. (1994), Dodge et
al. (1993), Christidès and Cabrol (1976), Barone
(1996) and Lumb and Singletary (1962) reported
high percentages (63% a 93%) of hearts with
right dominance. These authors observed that
the RCA often gave off the interventricular pos-
terior (subsinuous) branch and spread over the
posterior (atrial) surface of the left ventricle.
They also noticed that the left ventricular branch
was usually short, ending close to the left ventri-
cular border. Interestingly, in different editions
of Gray’s classical textbook of Human Gross
Anatomy (35th and 38th) there are different state-
ments concerning the organization of human
coronary arteries. In fact, Williams and Warwick
(35th edition) say that in the human heart the
interventricular posterior (subsinuous) branch
arises most frequently from the RCA and spreads
to the right and posterior (atrial) walls of both
ventricles. Later, Gabella (38th edition) states that
in most cases (70%), there is left dominance of
the coronary arterial supply in human hearts. In
the remaining 30%, the same author reports that
the interventricular posterior (subsinuous)
branch proceeded from both coronary arteries or
could be absent. 

2. Regarding the volume of myocardium supplied
by the coronary arteries, the LCA is dominant in
both species

The LCA was usually wider and proportio-
nally larger than the RCA and this difference
reflected the greater left ventricular mass in com-
parison to the right one in the pig heart. We
observed that in 12 animals the LCA was wider
than the right one; only in 2 hearts was the
opposite observed. The remaining 9 hearts pre-
sented a LCA and a RCA of the same calibre.
Considering that a higher calibre of one coronary
artery supplies a greater myocardial volume
(according to Vieweg et al., 1976), then the LCA
is the dominant coronary artery in the pig heart.
There is also left dominance in the human heart,
but it is less significant because the difference
between the right and left ventricular masses is
not so marked in this species (Gabella, 1999;
Crick et al., 1998; Ghoshal, 1986).

Studies by Elízaga et al. (1985), White and
Bloor (1981) and Kassab and Fung (1994) con-
firm the left dominance (in terms of ventricular
mass supplied) in the pig heart. All these authors
considered the existence of three independent
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coronary arteries (the RCA, the interventricular
paraconal branch and the left circumflex
branch). In the study by White and Bloor (1981),
only 38% of the heart tissue was supplied by the
RCA. Kassab and Fung (1994) studied the arran-
gement of the coronary capillaries in pigs. These
authors calculated a total number of 1187 capi-
llaries arising from the RCA; 1273 capillaries from
the interventricular paraconal branch, and 516
from the left circumflex branch. These numbers
document left coronary dominance, since addi-
tion of the two last figures show that the LCA
contributes with 1789 capillaries, while the RCA
only gives off 1187.

3. The existence of a single coronary ostium is
very rare. The presence of supranumerary ostia is
also not usual in pigs, but occurs with some fre-
quency in humans, especially at the right aortic
sinus

Barone (1996) and Ghoshal (1986) reported
that in some animal species, although seldom,
both coronary arteries may spring from a com-
mon trunk. This vascular architecture was not
observed in any of our samples.

In the human heart, Grande et al. (1982)
observed some variation in the localisation of
coronary ostia: in a total of 710 hearts, they
found that both coronary arteries proceeded
from the same aortic sinus in 2% of cases. Gabe-
lla (1999) and Santos et al. (1991) also described
rare situations in human patients in which the
coronary arteries sprung from the same sinus.

The presence of supranumerary coronary
ostia is more usual than the existence of a single
ostium for both coronary arteries, both in
humans and in domestic animal species (Chris-
tidès and Cabrol, 1976; Gabella, 1999).

We identified two right coronary ostia in one
sample, from which proceeded the right branch
to the conus arteriosus and the RCA itself. We
never recognized more than one left coronary
ostia. Barone (1996), however, described “two
branches of the LCA arising side by side or very
closely on the aorta”. That author considers this
situation very rare in domestic animal species,
and never reports the possibility of supranume-
rary ostia at the right aortic sinus.

In human hearts, most authors agree that
supranumerary ostia are more commonly found at
the right than at the left aortic sinus (Gabella,
1999; Edwards et al., 1981). Three different pat-
terns were described by Edwards et al. (1981):
one in which the right branch to the conus arte-
riosus proceeded from the aorta; a second one in
which this branch and the RCA arose from the
same ostium; and a third one in which only the
RCA arose from the right aortic sinus. Regarding
the left sinus, there may be two ostia for each of
the main branches: the interventricular anterior
(paraconal) branch, and the left circumflex branch
(Gabella, 1999). In their studies of 710 human

hearts, Grande et al. (1982) found two ostia in
87% of cases, but they identified supranumerary
ostia (3 or 4) in 12% of cases, the majority of them
at the right sinus. The same authors observed one
exceptional case in which 5 ostia were present.

4. Three major differences in LCA branching bet-
ween the pig and human heart

Our observations in the distribution of the
collateral branches of the LCA in the pig revea-
led 3 major differences in comparison with their
organization in humans: 

a.- Absence of the left branch to the conus arte-
riosus in the pig. This branch was described by
Barone (1996) and Schummer et al. (1981), but in
our study it was only recognized in 3 of the
hearts. This left branch to the conus arteriosus is
not mentioned in the Nomenclatura Anatomica
Veterinaria (Simoens and De Vos, 1999). In
humans, however, the prevalence of this branch
is quite high (Christidès and Cabrol, 1976). Gran-
de et al. (1994) identified two left branches to the
conus arteriosus in all of 70 hearts.

b.- Lack of a distinct diagonal branch in the
pig hearts, as reported by Barone (1996). We
observed that this branch could be double or tri-
ple, or mingled with the rest of the ventricular
branches due to their similar caliber. The
Nomenclatura Anatomica Veterinaria (Simoens
and De Vos, 1999) does not report any diagonal
branches. Schummer et al. (1981) consider that
there are two larger ventricular branches and call
them proximal and distal collateral branches.

Diagonal branches of the LCA are usually
considered in the human heart. The Nomencla-
tura Anatómica Humana (Feneis and Dauber,
2000) calls them lateral branches. Dodge et al.
(1993) and Christidès and Cabrol (1976) consider
that these branches include the two or three first
left ventricular branches from the interventricular
anterior (paraconal) branch and they are the
widest and longest. On the other hand, Grande
et al. (1994) described a diagonal branch as the
one arising from the LCA when it ends as a tri-
furcation. Grande et al. (1994) and Gabella
(1999) identified this branch in 33-50% of cases.

c - The length of the left circumflex branch.
This branch had a very constant length: always
the “long” type in the pig heart. It gave off distal
atrial and ventricular branches and usually
ended at the cardiac cross. This branch never
followed the interventricular subsinuous groove.

In contrast, in humans this branch is not cons-
tant in terms of length. It may end close to the
ventricular border (in most cases) or reach and
follow the interventricular posterior (subsinuous)
branch (Gabella, 1999; Barone, 1996; Grande et
al., 1994; Dodge et al., 1993; Hadžiselimović et
al., 1980; Christidès and Cabrol, 1976, Lumb and
Singletary, 1962). Christidès and Cabrol (1976)
identified distal branches to the left atrium in
only 50% of cases, explained by the shortness of
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the left circumflex branch. For the same reason,
the Nomenclatura Anatómica Humana (Feneis
and Dauber, 2000) also reports that the distal
branches to the left ventricle are not constant.

It seems relevant to point out the importance
of the interventricular septal branch arising from
the LCA. The Nomenclatura Anatomica Veterina-
ria (Simoens and De Vos, 1999) and Barone
(1996) do not mention any interventricular sep-
tal branch in the pig heart. Christensen and Cam-
peti (1959), quoted by Ghoshal, 1986 and
Schummer et al. (1981) are the only authors who
distinguished it from the other left septal bran-
ches. They report that it spreads to the central
part of the interventricular septum.

We found that the interventricular septal
branch is responsible for more than one third of
the blood supply of the septum, especially its
most dorsal and central part. The other left sep-
tal branches supplied the left periphery and api-
cal part of the septum. The remaining part of the
interventricular septum was supplied by divi-
sions from the interventricular subsinuous
branch and atrioventricular branch. The LCA
thus had a higher contribution (60 to 80%) to the
blood supply of the septum compared to that of
the RCA (Barone, 1996; Weaver et al., 1986).

This branch is present in human hearts and
has a similar distribution. It is mentioned by
several authors (Dodge et al., 1993; Christidès
and Cabrol, 1976; Williams and Warwick, 1973;
Lumb and Singletary, 1962).

5. Three major differences in RCA branching bet-
ween the pig and human heart.

Regarding the RCA and in agreement with the
Nomenclatura Anatomica Veterinaria (Simoens
and De Vos, 1999), Barone (1996) and Getty
(1986), we did not consider a right circumflex
branch. We describe the course of the RCA as
beginning in the aortic sinus, following the right
part of the coronary groove until it bifurcates in
an atrioventricular branch and an interventricular
subsinuous branch. However, Schummer et al.
(1981) describe a right coronary artery arising
from the right aortic sinus, its right circumflex
branch that first follows the right part of the
coronary groove and then as an interventricular
subsinuous branch through this groove until the
apex of the heart. 

We identified two differences between the
branches of the RCA in pigs and humans:

a.- The collateral branches of the RCA are less
developed than those from the LCA in the pig.
This situation also occurs in humans (Barone,
1996), although the difference between the right
and left ventricular mass is not as significant as
in the pig.

b.- The extent of the atrioventricular branch. In
the pig, it spreads only to a restricted area close
to the cardiac cross while in humans it usually
continues along the coronary groove, almost rea-

ching the left ventricular border. Barone (1996)
reports that the atrioventricular branch is almost
rudimentary in pigs in comparison with humans.

With the exception of Schummer et al. (1981),
most authors do not mention that in pig hearts
the atrioventricular branch, besides spreading to
both interatrial and interventricular septa, also
branches over the adjacent left ventricular wall.
Our observations also revealed that in at least
two hearts the atrioventricular branch gave off a
branch to the caudal vena cava.

Another particular feature not mentioned in
previous studies is the fact that the proximal
branch to the right ventricle could arise from a
common branch with the right branch to the
conus arteriosus. We identified this common
trunk in 30% of the pig hearts studied.

6. As in humans, the inter-coronary anastomoses
in the pig are common. They usually occur sub-
endocardially

In the pig heart, anastomoses were multiple
and small, usually involving small arterioles. In
more than 70% of the samples, these anastomo-
ses occurred sub-endocardially, especially bet-
ween branches that supplied the papillary mus-
cles and the interventricular septum. The other
30% were more superficial anastomoses: betwe-
en opposite atrial branches, or between the
atrioventricular branch and distal branches to the
left ventricle.

In contrast with our observations, Stowe et al.
(1978), Schaper et al. (1990), Sakai et al. (1985)
and Elízaga et al. (1985) claim that inter-coronary
anastomoses in the pig are virtually inexistent
because they are capillary connections. This con-
clusion was probably based on observations
done epicardially, where there are only a few
and very small anastomoses in the pig. Dyce et
al. (1997), Barone (1996), Schummer et al. (1981)
and Fedor et al. (1978) support our results. Baro-
ne (1996) reports that in most species the distri-
bution of branches from coronary arteries is of a
terminal type, i.e., their final divisions present
very thin, almost microscopic anastomoses. In
the pig, however, this author defends the notion
that they are macroscopic and numerous.
Schummer et al. (1981) and Fedor et al. (1978)
add that they are more common between small
branches of sub-endocardial arteries.

In their study of coronary capillary arrange-
ment in pigs, Kassab and Fung (1994) identified
several types of connections. The most interes-
ting one was the H type, which allows the fluids
in two parallel vessels to communicate. They
reported that these anastomoses are very impor-
tant and serve different functions: they make the
distribution pressure in the capillary network
more uniform; they may affect the transport of
oxygen if there are countercurrent flows prevai-
ling; and they may serve as a mechanical sup-
port for capillaries during ventricular contraction.
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Christidès and Cabrol (1976) and Reig-Vilallonga
et al. (1988) suggest that these anastomoses
become functional only when the system is uns-
table, i.e., when one coronary system is defi-
cient, these connections allow the blood to flow
from the other coronary artery.

Hadzžiselimović and Secerov (1979) studied all
types of anastomoses (inter-arterial, intra-arterial,
arterio-venous and veno-venous) in 100 human
hearts. They identified inter-arterial anastomoses
in 33% of cases, but they did not mention their
position. Gabella (1999) reports the existence of
anastomoses at all levels: sub-epicardial, myo-
cardial and sub-endocardial. Although some of
the techniques used were not the most appro-
priate, several other studies in human hearts
mention anastomoses at the cardiac cross, at the
apex, and at the conus arteriosus (Williams and
Warwick, 1973; Christidès and Cabrol, 1976;
Hadzžiselimović et al., 1980). Christidès and
Cabrol (1976) and Reig-Vilallonga et al. (1988)
also identified anastomoses between right and
left septal branches. Reig-Vilallonga et al. (1988)
examined 100 human hearts and recognized
inter-coronary anastomoses in 96 of them, of
which 76% were located at the supraventricular
crest. This study reinforces the similarity betwe-
en the hearts of pigs and humans, provided that
most of the connections happen between sub-
endocardial branches, as we observed in our
study of the pig heart.

The fact that the anastomoses identified by us
were located mostly at the papillary muscles is
somewhat intriguing. This prompted us to per-
form a more detailed analysis of the blood
supply to these structures. With the exception of
two articles (Teixeira Filho et al., 2001 and
Lorenz and Guski, 1990), this issue does not
seem to be addressed. The first authors studied
the blood supply to the papillary muscles in
oxen and the second authors examined the exis-
ting vessels at the trabecula septomarginalis in
pigs, goats and oxen.

From comparison of the vascular anatomy of
the pig and human heart, it may be concluded
that the similarities are greater than the differen-
ces in the anatomical arrangement of the coro-
nary arteries. The most important similarities are:

• The myocardial volume supplied by the
LCA is higher and therefore dominant as compa-
red to the RCA;

• The coronary arteries arise from the aortic
bulbus in a similar way in both species;

• The LCA is very short and divides into an
interventricular paraconal (anterior) branch and
a left circumflex branch. These latter give off
collateral branches, mainly to the left atrium and
ventricle;

• The interventricular paraconal (anterior)
branch gives off proximally a wider left septal
branch, the interventricular septal branch, which

spreads to the most dorsal and central part of the
septum;

• The RCA supplies mainly the right atrium
and ventricle, always continuing as an interven-
tricular branch in the pig and, in most cases, also
in humans;

• The atrioventricular branch supplies a small
area of the interventricular septum, dorsally and
to the right;

• The anastomoses between the branches from
the coronary arteries are common and occur bet-
ween small arteries, usually sub-endocardially.

From the differences between the coronary
circulation in the pig and in humans, we point
out the following:

• In the pig, each of the coronary arteries
runs a course of a similar length and gives off an
interventricular branch. In humans, however, the
length and origin of the interventricular posterior
(subsinuous) branch are highly variable;

• There is right coronary dominance in most
human hearts, but there is no dominance in the
hearts of pigs as regards to the surface distribu-
tion of the coronary arteries;

• In the pig, the right atrial and ventricular
branches are less developed than their counter-
parts, the left atrial and ventricular branches. In
humans, this difference is not so clear;

• It is not possible to recognize diagonal
branches or left branches to the conus arteriosus
in the pig.

We may therefore conclude that, from a strictly
anatomical point of view, it is not possible to find
important reasons for objecting to the compatibi-
lity between the hearts of these two species. On
the other hand, the type of coronary dominance
present in a specific human heart and the calibres
of its coronary arteries should be analysed when
considering the need for xenotransplantation of a
pig heart to a human patient.
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