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Abstract. Introduction: Similarities between the bodies of pigs and humans have
encouraged studies in comparative anatomy, trying to describe in detail the ana-
tomical variations that could influence in the xenotransplantation; given that
advances in genetics, immunology and biotechnology are large, this possibility is
not far. The objective of this work was to make contributions to the vascular study
of porcine heart. Methodology: 60 porcine hearts, with an average of five months
old and weighing 85-95kg, were obtained from plant Vijagual. After receipt hearts
were kept in water for six hours, then they were perfused with polyester resin
semi-synthetic and mineral blue color, moreover the left coronary artery was per-
fused with red mineral color. Subsequently, the hearts were subjected to a process
of partial corrosion with potassium hydroxide (15%), then the coronary sinus and
its tributary branches were dissected from its origin to its distal segments, path,
shapes, sizes, anastomosis and presence of registered anatomical variations. Photo-
graphic record of the samples was performed. Results: The origin of the distal cali-
ber of Great cardiac vein (5.36 +/- 1,04mm) was determined from the apex at 70%
of anatomical pieces studied, and the ventricular groove paraconal in 30% of the
pieces analyzed. The arteriovenous trigone was found in 58 of the cardiac structures
studied (96.66%). Conclusion: The description of the anatomic variations present in
the pig heart structure will contribute to the possibility of xenotransplantation and
also provides data for the development of studies on cardiovascular surgery and cer-
tain diseases of clinical and epidemiological importance.

Keywords: cardiac circulation, comparative anatomy, coronary sinus, heart, venous
circulation.
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Estudio del seno coronario y sus tributarias en cerdos

Resumen. Introduccion: las similitudes entre el cuerpo del cerdo y el del ser humano han
fomentado estudios de anatomia comparada que intentan describir en detalle las variaciones
anatomicas que podrian tener influencia en los xenotrasplantes. Teniendo en cuenta que los
avances en genética, inmunologia y biotecnologia son grandes, esta no es una posibilidad
lejana. El objetivo de este trabajo era contribuir al estudio vascular del corazén porcino. Meto-
dologia: 60 corazones porcinos, con un promedio de cinco meses de edad y un peso de 85-95
kg, se obtuvieron de la planta Vijagual. Después de mantener los corazones recibidos en agua
durante seis horas, se sometieron a perfusiéon con resina de poliéster semisintética y color
azul mineral. Ademas, la arteria coronaria izquierda se perfundi6 con color rojo mineral.
Posteriormente, los corazones se sometieron a un proceso de corrosion parcial con hidréxido
de potasio (15%) y, luego, el seno coronario y sus ramas tributarias fueron disecados desde su
origen hasta sus segmentos distales, registrando trayectorias, formas, tamaios, anastomosis y
presencia de variaciones anatomicas. Se realizé un registro fotografico de las muestras. Resul-
tados: se determiné que el origen del calibre distal de la vena cardiaca magna (5,36 +/- 1,04
mm) era el apice en el 70% de las piezas anatomicas estudiadas y el surco intraventricular
paraconal en el 30% de las piezas analizadas. El trigono arteriovenoso se encontré en 58 de
las estructuras cardiacas estudiadas (96,66%). Conclusion: la descripcion de las variaciones
anatomicas presentes en la estructura cardiaca del cerdo contribuird a la posibilidad de los
xenotrasplantes y también suministra datos para el desarrollo de estudios sobre cirugia car-
diovascular y ciertas enfermedades de importancia clinica y epidemioldgica.

Palabras clave: circulacion cardiaca, anatomia comparada, seno coronario, corazon,
circulacion venosa.

Estudo do seio coronario e suas tributarias em suinos

Resumo. Introdugdo: as semelhancas entre o corpo do porco e o do ser humano tém fomen-
tado estudos de anatomia comparada que tentam descrever em detalhe as variagdes anatd-
micas que poderiam ter influéncia nos xenotransplantes. Considerando que os avangos em
genético, imunologia e biotecnologia sdo grandes, esta ndo é uma possibilidade distante.
O objetivo deste trabalho foi contribuir ao estudo vascular do coragdo suino. Metodologia:
60 coragdes porcinos, com uma média de cinco meses de idade e um peso de 85-95 quilos,
obtiveram-se da planta Vijagual. Apds manter os coragdes recebidos em agua durante seis
horas, foram submetidos a perfusdo com resina de poliéster semissintética e de cor azul
mineral. Além disso, a artéria coronariana esquerda se irrigou com cor vermelha mine-
ral. Em seguida, os coragdes foram submetidos a um processo de corrosio parcial com
hidréxido de potassio (15 %) e, depois, o seio coronariano e suas ramificagoes tributdrias
foram dissecados desde sua origem até seus segmentos distais, registrando trajetorias, for-
mas, tamanhos, anastomose e presenca de variagdes anatomicas. Realizou-se um registro
fotografico das amostras. Resultados: determinou-se que a origem do calibre distal da veia
cardfaca magna (5,36 +/- 1,04 mm) foi o apice em 70 % das pegas anatémicas estudadas, e o
sulco interventricular paraconal em 30 % das pegas analisadas. O trigono arteriovenoso se
encontrou em 58 das estruturas cardiacas estudadas (96,66 %). Conclusdo: a descrigdo das
variagdes anatomicas presentes na estrutura cardiaca do porco contribuird para a possibili-
dade dos xenotransplantes e também fornece dados para o desenvolvimento de estudos de
cirurgia cardiovascular e certas doencas de importancia clinica e epidemioldgica.

Palavras-chave: circulagdo cardiaca, anatomia comparada, seio coronariano, coragio,
circulagdo venosa.
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Introduction

Comparative anatomy studies, especially of pig
organs, have established that there is some simi-
larity with human bodies, however, the knowledge
and characterization of hearts’, venous system of
pigs [1, 2] is still essential. Comparative anatomy
studies are still limited and do not provide com-
plete descriptions of the distribution patterns of
all the veins, so a deeper characterization of these
structures is necessary [3, 4].

Different reports have been developed to des-
cribe the morphology of the coronary venous sys-
tem and its tributaries in pigs and humans [5-7],
likewise various techniques have been applied for
description [8, 9], contributing to the knowledge of
the circulatory system of both species.

Studies described the pig coronary venous sys-
tem that consists mostly of the coronary sinus (cs),
which is located within the left atrioventricular
furrow [10]. The great cardiac vein (Gcv) ascends
the paraconal interventricular sulcus (p1s) and
returns within the same row to join down the left
azygos vein, being here where it becomes the coro-
nary sinus [1]. In pigs azygos vein (av) and the cs
are the dominant vessels. As the cs passes around
the mural mitral valve flap, it receives marginal
veins and then the crux cordis level the middle car-
diac vein (Mcv) and minus cardiac [1].

In humans the arteriovenous trigone (avT) of
the heart is formed by the intersection of three car-
diac vessels, gcv and circumflex artery and ante-
rior interventricular, which are located in the upper
portion of the left ventricle between the arterial
cone and the atrium left, on the pulmonary face or
left hearth [11]. In humans there are clear morpho-
logical descriptions of the cardiovascular system,
however, for these pigs and other mammals these
are still unknown.

This study aims to describe the morphome-
try of the porcine coronary venous system, perfor-
ming a differential analysis with human, allowing
this species as a model of interventional cardiovas-
cular procedures.

Materials and methods

For the development of this cross-sectional study
60 pig hearts (55 males and five females) of different
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commercial breeds were evaluated (cross-breeds
Pietrain, Belgian Landrace and Large White). The
anatomical pieces were obtained in plant Vijagual
sacrifice of Bucaramanga, and belonged to animals
for consumptione, with an average age of five mon-
ths and an average weight of 85-95 kg.

Porcine hearts were received frozen, wereimmer-
sed in tap water for a period of six hours, seeking full
exsanguination.Subsequentlyplicationarcuatewith2.0
silk around the opening cs is performed, and No. 14
catheter its settled, whereby semi-synthetic polyester
resin is perfused (Palatal GP40L 85% and 15% styrene)
and mineral blue color. Furthermore, the left coro-
nary artery is perfused with red mineral color for the
description of the characteristics of AvT according to
Pejkovic and Bogdanovic [12]; and open at its lower
end and closed top; open top and bottom; lower and
upper closed; closed bottom and open top.

After this process the hearts were subjected
to a process of partial corrosion with potassium
hydroxide (xon) to 15%, looking to remove the
subepicardial fat, then the coronary sinus and its
tributary branches were dissected from its origin
to its distal segments, registering their paths, sha-
pes, sizes, anastomosis and presence of anatomical
variations. The external diameter of these vessels
was measured 0.5 cm from their respective sources
by using a digital caliper (Mitutoyo®).

Photographic record of each of the samples
analyzed to support the results and the data were
entered into a database for further analysis.

The t test for continuous variables and ChiX2
test for discrete variables was applied. For data
analysis - statistical program “3.5.4 Epi Info” was
used. The significance level was set at p <0.05.

Results

For the development of this cross-sectional study 60
pig hearts were evaluated, with an average weight
of 377.6 grams (+96.1 grams). To begin describing
the morphology of porcine coronary venous sys-
tem, the origin of the great cardiac vein (Gcv)
was determined and found that in 42 of the pieces
studied (70%) it originated at the apex, and in the
remaining 18 (30%) this structure originated in
the lower third of paraconal interventricular sulcus
(p1s). Likewise the distal caliber determined Gcv,
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in which a caliber of 5.36 + 1.04 mm was observed
(figure 1).

Figure 1. Left surface of the heart. LA: Left atrium.
Lv: Left ventricle. Rv: Right ventricle. gcv: Great
cardiac vein. LMV: Left marginal vein. p1B: Paraconal
interventricular branch. cB: Circumflex branch
Source: Compiled by the authors

The formation and path of the arteriovenous
trigone (AvT) was shown, a comparison to the
first characteristic determined by the presence or
absence was studied and found that in 58 hearts
(96.66%) this structure is present, while in the other
two (3.33%) there is no such structure.

Arteriovenous trigone configuration was
described as open: top and bottom found in thir-
teen hearts (21.6%; figure 2), closed: top and bot-
tom, configuration present in eleven of the pieces
studied (18.3%; figure 3); opened lower and closed
above reported for 30 hearts (50%; figure 4), and
finally opened higher and closed lower was presen-
ted in four cases (6.66%; figure 5). For two (3.33%)
anatomical pieces included in the study, it was not
possible to describe the configuration.

The origin of the left marginal vein was also
determined, it was found that it begins from the
apex and it was present in 22 hearts (36.6%), the
origin in the lower third was found in ten cases
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Figure 2. Left surface of the heart. LA: Left atrium.

Lv: Left ventricle. Rv: Right ventricle. Gcv: Great cardiac
vein. PIB: Paraconal interventricular branch.

cB: Circumflex branch. (*): Arteriovenous triangle, open
at the lower end and top

Source: Compiled by the authors

Figure 3. Left surface of the heart. LA: Left atrium.

RA: Right atrium. Lv: Left ventricle. Rv: Right ventricle.
Gcev: Great cardiac vein. p1B: Paraconal interventricular
branch. ¢B: Circumflex branch. (*): Arteriovenous
triangle, closed at the lower end and top

Source: Compiled by the authors



Figure 4. Left surface of the heart. LA: Left atrium.

RA: Right atrium. Lv: Left ventricle. Rv: Right ventricle.
Gcev: Great cardiac vein. p1B: Paraconal interventricular
branch. ¢B: Circumflex branch. (*): Arteriovenous
triangle, open at the lower end and closed at the top
Source: Compiled by the authors

Figure 5. Left surface of the heart. LA: Left atrium.

Lv: Left ventricle. Rv: Right ventricle. Gcv: Great cardiac
vein. PIB: Paraconal interventricular branch.

cB: Circumflex branch. (*): Arteriovenous triangle,
closed at the lower end and open at the top.

Source: Compiled by the authors
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(16.6%), originating from the middle third of the
heart in thirteen parts (21.6%) and in eleven hearts
(18.3%) the source was found in the upper third
(figure 1).

The distal caliber of the right and left marginal
vein (LMV) were 2.64 +0.76 mm and 3.81 £ 1.07 mm
respectively, the caliber of the azygos vein reported
is 8.20 £ 2.18 mm.

Another observed structure was the coronary
sinus (cs), to which the proximal caliber finding a
measure of 10.9 + 2.31 mm, meanwhile the distal
determined caliber of the same structure was 12.36
+2.33 mm, the length is finally determined, which
was 28.91 + 5.22 mm (figure 6).

Figure 6. Right surface of the heart. rv: Right ventricle.
Lv: Left ventricle. RA: Right atrium. cs: Coronary sinus.
Mcv: Middle cardiac vein. Gcv: Great cardiac vein.

AV: Azygos vein

Source: Compiled by the authors

For the LMV we studied its outfall and found
that in 55 of the anatomical specimens analyzed
(91.6%) this arrived to the Gcv, in one heart (1.66%)
its outfall start at the cs.

Regarding the middle cardiac vein (Mcv), ori-
gin and vascular anastomosis structure formed
was studied. It was found that in 53 hearts (88.3%)
the origin was at the apex 13 and the lower third
(11.6%). For the second characteristic it was found
that in 17 of the tested parts (28.3%) anastomosis is
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formed with the Gcv, in ten cases (16.6%) had anas-
tomosis with LMV in eleven hearts (18.3%).

The shape of the cs was also determined. In
31 hearts (51.6%) it was cylindrical, in 18 (30%) the
form was described as a funnel for the other anato-
mical parts (eleven hearts), it was unable to deter-
mine the form of this structure.

Discussion

This work allowed to describe some details of the
Gcev, finding that in a high proportion (70%), this
arises from the apex. Similar data have been repor-
ted in other studies [13-14], however these same
contrasts are described by Pejkovic [12], who men-
tions that this vascular structure is also found in
buffalo, goat and pig, and starts and begins in the
apical groove. Likewise, the size of this structure
was described, finding higher value than reported
by other authors [11] (5.36 £ 1.04 mm vs. 3.73 £ 0.79
mm). These results cannot be directly comparable
since they are the result of studies developed with
anatomical structures of animals of different ages.

The avT was found in 96.66% of the hearts stu-
died; this data is similar to that described in ano-
ther study in which presence was reported in 97.5%
of anatomical analyzed parts [11]. The configura-
tion of this structure could not be contrasted with
other studies, since no reports describing this con-
figuration were found.

Meanwhile the study of Lmv showed that this
could originate from different places, such as the
apex, the lower third, middle third and upper third
of the heart. These data are consistent with studies
in humans [4, 5, 15] and pigs [11].

In respect to the outfall of this structure, the
data are consistent with other reports [15], which
also described that in over 90% of cases this leads
to the gcv and a very low proportion in the begin-
ning of the cs.

Regarding the cs, it is evidenced that it is one
of the structures more fully described, both in
humans [5, 14, 16, 17] and pigs [1, 4, 11]. In humans
its caliber reported at 6.12 mm [5], compared to the
caliber this structure proximal anatomical pieces
studied 10.9 mm for the proximal and 12.36 mm
for distal caliber. The literature mentions that the
cs is one of the variables regarding structures’ lon-
gitude and diameter [15], the shape of this structure
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has been studied in less detail, however, data in this
study are described for cylindrical funnel shape.

Conclusion

The detailed description of the anatomical varia-
tions of pig heart opens a window that allows thin-
king about the compatibility of the structure with
humans, alongside the development of biotechno-
logy and immunology of transplantation.
Recognition of vascular structures in pig’s hearts
and its anatomic variations may contribute to the
development of studies on cardiovascular surgery
and diseases of great clinical importance in human.
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