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Patterns of arterial vascularization in swine hearts?
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ABSTRACT.- Pinto M.G.F, Favaron P.0., Alcantara D., Anunciacdo A.R.A., Miglino M.A., Borelli
V. & Filho A.F. 2016. Patterns of arterial vascularization in swine hearts. Pesquisa Ve-
terindria Brasileira 36(5):417-422. Setor de Anatomia de Animais Domésticos e Selvagens,
Departamento de Cirurgia, Faculdade de Medicina Veteronaria e Zootecnia, Universidade
de Sao Paulo, Av. Prof. Dr. Orlando Marques de Paiva 87, Cidade Universitaria, Butanta, Sao
Paulo, SP 05508-270, Brazil. E-mail: phelipe.favaron@yahoo.com.br

This study aimed to characterize the patterns of arterial vascularization in swine he-
arts. Ninety swine hearts were submitted to the Spalteholz diaphanization technique in
order to dissect the coronary arteries. Three types of arterial vascularization patterns were
characterized through the behaviorof the rami circumflexus and interventricularis, namely:
balanced, right and left types. The balanced pattern was the most frequently (42.2%); in
this case, the rami circumflexus and interventricularis occupied their respective sulci. The
right type (40%) was further categorized into three vascularization subtypes. In the first,
ramus circumflexus dexter branched from the ramus interventricularis subsinuosus. In the
second, the arteria coronaria dextra branched from ramus interventricularis subsinuosus
and ramus circumflexus. In the third model, arteria coronaria sinister branched from ramus
interventricularis paraconalis. The left type (17.7%) exhibited two subtypes. In the first,
ramus interventricularis paraconalis ran through the entire corresponding sulcus and the
ventral third of sulcus interventricularis subsinuosus, and ramus interventricularis subsinu-
osus occupied the dorsal and middle third of its respective sulcus. In the second, ramus
interventricularis subsinuosus branched from arteria coronaria dextra and ran through the
dorsal and medium thirds of its respective sulcus, and the ventral third was occupied by
the collateral branch of ramus circumflexus sinister. Our results reinforce the thesis that the
blood distribution system through the coronary artery in swine is similar to human, not
only in qualitative but also by a quantitative comparison.

INDEX TERMS: Heart, cardiovascular system, coronary circulation, swine, animal models.

RESUMO.- [Padrdes de vascularizacao arterial em cora-
¢oes de suinos.] Este estudo teve como objetivo caracteri-
zar os padroes de vascularizagdo arterial em coragdes de
suinos. Para tanto, 90 corag¢des de suinos foram submetidos
a técnica de diafanizagdo de Spalteholz com a finalidade de
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dissecar as artérias corondrias. Através do comportamento
dos rami circumflexus e interventricularis caracterizou-se
trés modalidades de vascularizacdo arterial do coracdo de
suinos, sendo eles os tipos equilibrado, direito e esquerdo.
0 equilibrado foi observado com maior frequéncia (42,2%),
neste caso os rami circumflexus e interventricularis das ar-
térias corondrias ocupavam seus respectivos sulcos. O tipo
direito (40%) apresentou trés subtipos de vascularizagao.
No primeiro o ramus circumflexus dexter ramificava-se for-
mando o ramus interventricularis subsinuosus. No segundo,
a arteria coronaria dextra emitia o ramus interventricularis
subsinuosus e ramus circunflexus. E no terceiro modelo, da
arteria coronaria sinistra emergia o ramus interventricula-
ris paraconalis. O tipo esquerdo (17,7%) apresentou dois
subtipos. No primeiro, o ramus interventricularis paracona-
lis percorria todo o sulco correspondente e o tergo ventral
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do sulcus interventricularis subsinuosus, o ramus interven-
tricularis subsinuosus ocupava os ter¢os dorsal e médio do
seu respectivo sulco. No segundo, o ramus interventricula-
ris subsinuosus oriundo da arteria coronaria dextra percor-
ria apenas os tercos dorsal e médio do seu respectivo sul-
co, ficando o terco ventral ocupado por colateral do ramus
circumflexus sinister. Nossos resultados reforcam a tese de
que a distribuicdo do suprimento sanguineo pela artéria
corondria em suinos é semelhante ao humano, nao ape-
nas de maneira qualitativa, mas também do ponto de vista
quantitativo.

TERMOS DE INDEXAGAO: Coragio, sistema cardiovascular, circu-
lacdoo corondria, suinos, modelos animais.

INTRODUCTION

The industrial sector of swine production has played a sig-
nificant role in sustaining Brazil’s economic development,
with a great emphasis on export. Brazil is the third largest
producer and fourth largest exporter of swine meat in the
world, with a production of 3.49 million tons in 2012 (Abi-
pecs 2012). The continuous production growth has been
possible due to multidirectional efforts and investments
ranging from knowledge related to health management,
genetic improvement and advances in reproduction biote-
chnology techniques.

Additionally, due to morphological and physiological
similarities with humans (Vidotti et al. 2008) the species
has been used in medicine in comparative studies of va-
rious organs and systems. The species is also considered
one of the main species used in translational research as an
alternative to non-rodent species, such as dog and monkey
(Swindle et al. 2012). With the creation of transgenic ani-
mals (Wolf et al. 2014)that exhibit a decreased expression
of genes related to immune incompatibility (Satyananda et
al. 2013), it may be possible to solve problems related to
the low incidence of organ donors through xenotransplan-
tation in the near future.

Swine have been widely used in studies involving the
cardiovascular system, contributing significantly to the ad-
vancement of research (Guiney 1965, Hughes 1986), espe-
cially in studies of infarction extension and left ventricular
remodeling after myocardial ischemia. Swine has also been
used in the development of therapies for infarcted patients,
such as pharmacological treatments, stem cell transplanta-
tion (Min etal. 2012, Li et al. 2013), and the use of angioge-
nic growth factors (Dixon & Spinale 2009).

Bianchi (1904) described the distribution of the coro-
nary artery in humans and some animal species using the
artery origin, which is largely responsible for the blood su-
pply to the right posterior heart. Based on this criterion,
cardiac irrigation can be divided into three patterns, right,
left and balanced, which vary with respect to their partici-
pation in cardiac nutrition in different animal species.

According to Dixon & Spinale (2009), although small
animal models such as mice promote the understanding of
the cellular and molecular basis of cardiovascular biology,
to understand the mechanisms and biological bases of he-
art failure in humans, it is necessary to use large animals,
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which exhibit a similar clinical phenotype. Thus, swine
have been widely used as a comparative model in recent
years due to the anatomical and physiological similarities,
both in normal and pathological conditions and in studies
on acute heart failure (Santos et al. 2012), atherosclero-
sis (Artinger et al. 2009), valvular problems (Maluf et al.
1993, Grehan et al. 2000) and ventricular function (Hendry
1994).

Thus, a study that describes the different patterns of
arterial vascularization of the swine heart, as well as the
frequency of each type, will contribute significantly to the
understanding of the arterial vascular relation ships in the
heart, generating important data for the consolidation of
the species as an experimental model for human medicine.

MATERIALS AND METHODS

Totally, 90 adult swine hearts from 3 different species were exa-
mined in this study: 30 Duroc (males), 30 Landrace (males) and
30 Mongrels (15 males and 15 females). The animals were from
different swine farms in Sao Paulo and were slaughtered in the
city of Sao Paulo. Immediately after euthanize the animals, the he-
arts were isolated and transported to the Laboratory of Anatomy,
Department of Surgery, School of Veterinary Medicine and Animal
Science of the University of Sao Paulo (Faculdade de Medicina e
Veterinaria da Universidade de Sdo Paulo, FMVZ-USP), where they
were submitted to analysis. The study was performed based on
the principles advocated by the Ethics Committee on the use of
animals of the same institution.

Initially, the origins of the coronary arteries were dissected
and separately injected with gelatin aqueous solution 15% w/v
stained by cinnabar (natural mercury sulfide CARLO ERBA S/A).
Subsequently, the hearts were subjected to the Spalteholzdiapha-
nization process. The hearts were thus fixed in a 10% formalin
aqueous solution for 72 hours, clarified in 20 volumes of hydrogen
peroxide for 12 hours and dehydrated in a graded alcohol series
1 (70-95%) and absolute alcohol for 72 hours. The samples were
then cleared in benzene I and II for 72 hours each and a final solu-
tion of methyl salicylate (5 parts) and benzyl benzoate (3 parts).

This preparation of the hearts allowed for the behavioral
analysis of the interventricular and circumflex branches of the
right and left coronary arteries, which were photographed for de-
scription and interpretation. The data obtained were statistically
analyzed with the aid of the two proportions test, with «=5% ap-
proach.

The nomenclature used was based on Veterinary Anatomi-
cal Nomenclature (1994) with additions previously proposed by
Rickert (1955) and revisions of Habermehl (1959) regarding ter-
minology for the right coronary artery branches.

RESULTS

This study identified three types of arterial vascularization
of the heart in the swine model based on the behavior of
rami circumflexus and interventricularis: a balanced model
with the equal participation of both coronary arteries, a
right-dominant model with three subtypes and a left-domi-
nant model with two subtypes.

Balanced-type arterial vascularization

The balanced-type arterial vascularization was the
most commonly observed pattern in swine hearts, i.e., in 38
cases (42.2% * 5.2). More precisely, the pattern was obser-
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ved in 15 Duroc, 12 Landrace and 11 Mongrel animals. In
these animals, the artéria corondria dextra branched into
the ramus circumflexus dexter and ramus interventricularis
subsinuosus, and the artéria coronaria sinister branched
intothe ramus interventricularis paraconalis and ramus cir-
cumflexus sinister, branches which fully occupy their res-
pective sulci, resulting in the balanced distribution of both
coronary arteries in heart irrigation (Fig.1A,B).

Right-type arterial vascularization

The right-type arterial vascularization was observed at
high frequency in swine hearts, i.e., in 36 cases (40% *5.1).
More precisely, the pattern was observed in 14 Mongrel,
13 Duroc and 9 Landrace animals. In these cases, artéria
corondria dextra was supplied by rami circumflexus dexter
and interventricularis subsinuosus, which covered their res-
pective coronarius and interventricularis sulci completely

Fig.1. Patterns of swine heart vascularization after injection with gelatin and cinnabar solution and diaphanizationin xylene. (A,B) Ba-

lanced-type circulation in Mongrel breed swine. (A) Facies auriculari. (B) Facies atrialis. Note: ramus interventricularis paraconalis
(A), ramus circumflexus sinister (B), ramus circumflexus dexter (C) and ramus interventricularis subsinuosus (D). (C,D,E) Right-type
circulation in Mongrel breed swine. (C) Facies auricularis, in D and E: facies atrialis. Note in D: the ramus circumflexus dexter, and
in C invading sulcus coronarius sinister through the collateral (0), ramus interventricularis subsinuosus (D) and ramus circumflexus
sinister (D). Note in E: ramus circumflexus dexter (C) invading the sulcus coronarius sinister through the collateral (O) and ramus inter-
ventricularis subsinuosus (D). (F) Right-type circulation in Landrace breed swine. Note the ramus circumflexus sinister (B) and ramus
interventricularis paraconalis (A) running through the dorsal half of sulcus interventricularis sinister, ramus circumflexus dexter (C),
and the collateral of ramus circumflexus dexter (0), which circumvents the pulmonary cone to run through the ventral half of sulcus
interventricularis sinister. (G,H,I) Left-type circulation in mongrel breed swine. In G and I: facies atrialisandin, in H: facies auricularis.
Note in G: theramus circumflexus dexter (C) and the ramus interventricularis subsinuosus (D) running through the dorsal and medium
thirds of the sulcus interventricularis dexter, and the ramus interventricularis paraconalis (A), reaching the ventral third of the sulcus
interventricularis Dexter and the ramus circumflexus sinister (B). (I) Ramus interventricularis subsinuosus (D) running through the
dorsal and medium thirds of sulcus interventricularis dexter and ramus circumflexus sinister (B) and the collateral of ramus circumfle-
xus sinister (O) running towards the left ventricle wall and the ventral third of sulcus interventricularis dexter.
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and supplied a portion of the coronaries sulcus. The coro-
naries sulcus is commonly occupied by rami circumflexus
and interventricularis paraconalis and branches from the
right coronary artery with three subtypes of arterial vas-
cularization:

In 33 hearts (36.6% +5.0), including 13 Duroc, 12 Mon-
grel and 8 Landrace animals, arteria coronaria sinister
branched into ramus interventricularis paraconalis, which
ran through the entire length of sulcus interventricularis
sinister and ramus circumflexus sinister. The ramus circu-
mflexus sinister partially occupied sulcus coronarius sinister
after branching into amus interventricularis subsinuosus,
which ran throughout the sulcus interventricularis dexter
(Fig.1C,D).

In 2 hearts (2.2+1.5%) belonging to Mongrels wine, both
coronary arteries ceded their respective rami circumflexus
and interventricularis. However, ramus circumflexus sinister
occupied only half of the sulcus coronarius sinister. After the
ramus circumflexus dexter branched vessels that ran throu-
gh the other half of this sulcus, it branched into ramus inter-
ventricularis subsinuosus, which was identified throughout
the length of sulcus interventricularis dexter (Fig.1E).

In only 1 heart (1.1+£1.0%) obtained from a Landrace
swine, the arteria coronaria sinistra ceded the ramus circu-
mflexus sinister, which occupies the entire length of sulcus
coronarius sinister. The ramus interventricularis paracona-
lis ran only through the proximal half of sulcus interventri-
cularis sinister and spread throughout the left ventricular
wall, whereas ramus circumflexus of arteria coronaria dex-
tra exhibited a ventricular branch immediately after its
origin. After circumventing the conus arteriosus of truncus
pulmonalis, the ventricular branch joined the sulcus inter-
ventricularis sinister, moving toward the cardiac apex. In
this heart, the arteria coronaria dextra branched into the
rami circumflexus dexter and interventricularis subsinuosus,
which occupied the entire length of their respective sulci
(Fig.1F).

Left-type arterial vascularization

The left-type arterial vascularization was observed with
less frequency in swine hearts, i.e., in only 16 cases (17.7%
*4.0). More precisely, the pattern was observed in 9 Lan-
drace, 5 Mongrel, and 2 Duroc animals. In these cases, the
artéria corondria dextra branched from ramus circumflexus
dexter and ramus interventricularis subsinuosus. However,
artéria corondria dextra did not totally occupy the sulcus
interventricularis dexter, the ventral third of which was oc-
cupied either by the ramus interventricularis paraconalis of
artéria coronaria sinister, after it circumvents the cardiac
apex, or by the collateral of ramus circumflexus sinister,
thus characterizing the predominance of artéria coronaria
sinister in the heart’s nutrition.

Furthermore, in this group, the following subtypes
were observed

In 10 hearts (11.1% =#3.3), including 7 Landrace, 2
Mongrel and 1 Duroc swine, the arteria coronaria dextra
branched into ramus circumflexus dexter and ramus inter-
ventricularis subsinuosus, which ran through the dorsal and
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middle third of sulcus interventricularis dexter, whereas the
arteria coronaria sinister branched into ramus interven-
tricularis paraconalis and ramus circumflexus sinister. The
ramus interventricularis paraconalis ran through sulcus in-
terventricularis sinister to circumvent the cardiac apex and
reach the ventral third of sulcus interventricularis dexter
(Fig.1G).

In only 6 hearts (6.6% *2.6), from 3 Mongrel, 2 Landrace
and 1 Duroc swine, the arteria coronaria dextra branched
into ramus circumflexus dexter and ramus interventricula-
ris subsinuosus. However, the arteria coronaria dextra only
ran through the dorsal and middle thirds of the sulcus in-
terventricularis dexter, whereas the arteria coronaria sinis-
ter branched into ramus interventricularis paraconalis and
ramus circumflexus sinister, which occupy their respective
sulci. Vessels branched from the ramus circumflexus sinister
in the direction of the left ventricular wall to reach the ven-
tral third of sulcus interventricularis dexter (Fig.1H,I).

The analysis of the results of the types of vasculariza-
tion observed in the hearts of different breeds of swine re-
vealed no statistically significant differences at «a=5%.

DISCUSSION

Animal models have contributed to the advancement of hu-
man medicine. In particular swine, which share many ana-
tomical and physiological characteristics with humans, are
potentially the best model for some procedures and studies
when compared with other species (Swindle et al. 2012).
The systems most commonly cited in the literature are the
cardiovascular, urinary, cutaneous and digestive systems,
what has led to an increase in the use of swinein toxicology
and preclinical studies (Tumbleson & Schook 1996, Swind-
le 2007, Swindle et al. 2012).

Several studies on the blood supply of the swine heart,
which exhibits similarities with the human model, have
been conducted previously (Swindle 1988, Kassab 1994,
Swindle 1998, Swindle 2007). In addition, the sizes of the
heart and blood vessels in sexually mature individuals
more closely resemble those of the human heart than do
other animal species such as dogs and primates (Swindle
etal. 2012).

Differences have been observed in mammalian coro-
nary arteries during myocardial nutrition analysis. These
differences result from the various modalities of vasculari-
zation that has promoted the analysis and classification by
numerous authors. The classic work of Bianchi (1904) used
the origin of the artery that nourishes the posterior face of
the right heart as classification criteria and described three
types of blood supply: balanced, right and left.

In the participation equilibrium of both coronary arte-
ries in the myocardial nutrition, each coronary artery was
observed to occupy its respective coronary and interven-
tricular sulcus; the behavior of the rami circumflexus si-
nister and interventricularis paraconalis, branching from
artéria corondria sinistra, and the rami circumflexus dexter
and interventricularis subsinuosus, branching from artéria
corondria dextra, supplied equivalent nutrition. In swine,
this type of balanced vascular arrangement occurred most
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frequently, i.e., in 38 cases (42.0% %5.2). In this type of vas-
cularization, the collaterals branched from rami interven-
tricularis paraconalis and subsinuosus; whether these colla-
terals reached the corresponding ventricles was not taken
into account. With respect to the prevalence of the artéria
corondria dextra in pigs, such dominance occurs very fre-
quently, in 36 cases in this study (40.0% +5.1).

It was possible to identify three types of vascularization
in these hearts. In the most frequent case, i.e., in 33 cases
(36.6% +5.0), the medial collateral of ramus circumflexus
dexter occupied a third of the sulcus coronarius sinister af-
ter branching into the ramus interventricularis subsinuo-
sus. In the second, less frequent case, i.e., in 2 cases (2.2%
+1.54), ramus circumflexus sinister supplied the majority
of the sulcus, whereas the other half of the sulcus was oc-
cupied by the ramus circumflexus dexter collateral. In the
third case, which occurred only once (1.1% %1.0), ramus
interventricularis paraconalis ran only through the supe-
rior half of the corresponding sulcus interventricularis, the
inferior half of which was reached by ramus interventricu-
laris collateral and ramus circumflexus dexter collateral. It
is worthy to note that in swine, the ramus interventricularis
subsinuosus never exceeded the cardiac apex to reach the
sulcus interventricularis paraconalis. In swine, the artéria
corondria sinistra is observed less frequently, in 16 cases in
this study (17.7% *4.0). In these cases, two types of vascu-
larization were observed: in 10 cases (11.1% *3.3), ramus
interventricularis subsinuosus, branching from arteria coro-
naria dextra, covered only the dorsal and middle thirds of
sulcus interventricularis subsinuosus, and the ventral third
depends on ramus interventricularis paraconalis, which cir-
cumvents the cardiac apex. In 6 cases (6.6% *2.6), the ven-
tral third of sulcus interventricularis subsinuosusis supplied
by ramus circumflexus sinister collateral, previously ramus
interventricularis subsinuosus, branching from artéria coro-
ndria dextra, which runs only the dorsal and middle thirds
of the sulcus.

In swine, ramus interventricularis subsinuosus was ne-
ver observed to branch from ramus circumflexus sinister
nor the ramus interventricularis paraconalis, but was ob-
served as a direct continuation of ramus circumflexus dex-
ter, what allows us to conclude that in these animals, despi-
te the different vascularization modalities identified, there
is a significant trend of balance in the distribution of the
main branches of the coronary arteries, what is beneficial
if these results occur regardless of the genetic background.

Considering the information obtained in the treaties
dedicated to Veterinary Anatomy, Bossi (1903), Lesbre
(1923), Mannu (1930), Garcia & Alvarez (1961), Bruni &
Zimmerl (1977), Ellenbarger & Baum (1977) and Dyce et
al. (1990) do not make specific reference to swine. Only ge-
neric descriptions relevant to the behavior of the coronary
arteries were found, what generally coincided with that ob-
served in swine. The afore mentioned authors concluded
that both coronary arteries provide circumflex and intra-
ventricular branches that occupy their respective sulci.

Furthermore, the compendiums that focus on some as-
pects of the anatomy of swine, including the behavior of
the coronary arteries, were analyzed. Montané & Bourdelle

(1920), Koch (1965), Schwarze & Schroder (1972), Sisson
& Grossman (1975) and Schummer et al. (1981) provided
similar general descriptions that had been reported pre-
viously by other studies but contained no novel informa-
tion, like the results observed in the present study, as they
simply affirmed that the coronary arteries branch into the
corresponding ramus circumflexus and interventricularis
without registering any variation pertaining to these ves-
sels.

Past studies that used swine (Rickert 1955, Martini
1965, Hofmann 1975) or reviews that include this species
(Marques 1962), although rich in information concerning
the origin and distribution of all collateral coronary arte-
ries, are not concerned with identifying a possible predo-
minance of these arteries with respect to myocardial nutri-
tion and do not describe changes that could be compared
with the results found in the present study. However, in
general, the behavior described by these authors with res-
pect to the main branches from the coronary arteries does
not differ, in theory, from the results found in the present
study.

Regarding comparisons to the human model, recent
studies (Swindle et al. 2012) have reported that the distri-
bution system of the blood supply through the coronary ar-
teries in swineis similar to the humans. The results of this
study showed a predominance of a dominant conduction
system of the balanced type (42.2%) followed by the right
(40.0%).

Finally, the results obtained and presented herein are of
great value because experimental studies now in develop-
ment will grant swine an important role in the evolution of
cardiac transplants.

Thus, further studies on this species are needed to elu-
cidate important aspects in the vascularization of the myo-
cardium of these animals, such as a detailed analysis of the
contributions from ramus interventricularis paraconalis
and subsinuosus, with respect to the nutrition of the ventri-
cular walls to offer the indispensable informationto aid the
progress of cardiovascular surgery.

With respect to the behavior of ramus circumflexus and
interventricularis of the swine heart, three types of vascu-
larity were identified: the balanced type (42.2%), the right
type (40.0%) and the left type (17.7%), with no statistically
significant differences with respect to the type of vascular-
ization in the different breeds studied («a=5%). This result
qualitatively reinforces the hypothesis that the distribution
system of the blood supply through the coronary arteries in
swineis similar to that in humans.
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