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Background: Despite the importance of the coronary system in the African sheep
as a possible experimental model, there is little information about this particular
vascular system. The objective of this investigation was to characterise morpho-
logically the coronary arteries and their branches in African sheep.

Materials and methods: This descriptive cross-sectional study evaluated the
coronary arteries and their branches of 62 hearts of short hair sheep. The right
and left coronary ostia were perfused with a semi-synthetic resin (Palatal GP40L
85%, styrene 15%) dyed with mineral red. The morphological characteristics were
evaluated using a digital calibrator and the biometrics of the coronary arteries
and their branches were registered.

Results: The right coronary artery had a proximal calibre of 2.11 = 0.46 mm.
The subsinusal interventricular branch ended at the middle third of the homonym
sulcus in 19 (30.6%) specimens. The left coronary artery had a diameter of 5.38 +
+ 1.59 mm and a length of 4.67 + 3.32 mm. This artery bifurcated itself in the
paraconal interventricular branch and the left circumflex branch in 57 (91.9%)
hearts and trifurcated with an additional left diagonal branch in 5 (8.1%) spec-
imens. Left coronary artery dominance was observed in 51 (82.3%) specimens,
whereas in 11 (17.7%) cases the coronary circulation dominance was balanced.
Conclusions: Due to the similitude in the features of the coronary arteries between
African sheep and humans, this animal model can be proposed for procedural
and haemodynamic activities. (Folia Morphol 2019; 78, 1: 63-70)

Key words: sheep, heart, coronary artery disease, dominance

INTRODUCTION

Few studies have characterised morphometrically
the coronary arteries (CA) in sheep and goats; these
studies have been limited themselves to describe
qualitative aspects and some morphological variants
[12, 19, 24].

The African sheep (Ovis orientalis), known as ca-
muro, pelona or criolla according to the region where

it is reared, is native to the Western part of the Af-
rican continent. African sheep arrived in Colombia
introduced to the Atlantic Coast through traders who
sold them in Aruba and Curacao. It records the story
that from Abyssinia (today Ethiopia) came a nucleus
of red African sheep (Ethiopian) in the year 1940 [1].

The right coronary artery (RCA) originates at the
upper edge of the right semilunar valve, runs front
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to back through the atrioventricular sulcus towards
the posterior wall of the left ventricle (LV), ending
as the right circumflex branch (RCxB) (left retroven-
tricular branch in humans). Its branches supply the
sinus node and the right atrium and right ventricle
(RV) [12, 19].

The left coronary artery (LCA) with a short course
between the left atrium and the base of the pulmo-
nary trunk divides into the paraconal interventricu-
lar branch (PIB) (anterior interventricular branch in
humans) and the left circumflex branch (LCxB). The
first one descends through the homonymous sulcus,
whereas the LCxB runs through the coronary sulcus
towards the crux of the heart, where it continues as
a subsinusal interventricular branch (SIB) (posterior
interventricular branch in humans), which descends
through the homonymous sulcus [12, 19].

The concept of coronary dominance, widely
known in humans, depends on which coronary ar-
tery gives origin to the SIB, or which one supplies
the greater part of the left posterior ventricular wall
[3, 9]. Right coronary dominance has been reported
in pigs, horses, elephants and camels [8, 10, 14, 30,
32, 33, 36], while left dominance has been reported
in ruminants, donkeys and dogs [8, 27]. In humans,
right coronary dominance has been reported with
the highest incidence, within a wide range of 48%
to 90% [3, 9, 21, 22, 25, 34].

The presence of myocardial bridges (MB), name-
ly, variable segments of the CA submerged in the
ventricular myocardium has not been evaluated in
ruminants [12, 19, 24], whereas in humans, pigs,
sheep, goats and camels this finding has been report-
ed within a range of 23% to 88% [2, 5, 7, 17, 23].
In some studies, MB’s have been considered as a risk
factor for the development of some cardiac condi-
tions [20, 31]. MB can induce ischaemia in the areas
localised distally to them, due to compression of
the blood vessels during the systolic phase of the
cardiac cycle, although only a long bridge may have
a noticeable impact on the circulation [2, 5, 7, 17, 23].

The adequate knowledge of the cardiovascular
system of the short hair sheep enriches the concept
of comparative anatomy, and allows for proposing
this species for experimental physiological models,
and for procedural and surgical procedures that use
these vascular structures. This study intends to gen-
erate significantly important information about the
anatomy of the CA of short-haired sheep through
the evaluation of fresh hearts; our findings were
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contrasted with those reported in humans and other
animal species.

MATERIALS AND METHODS

This descriptive cross-sectional study evaluated the
characteristics of the CAin 62 hearts of African sheep
(Ovis orientalis) male young adult with a weight of
31.7 £ 6.5kgand 10 = 2.3 months of age destined to
the slaughterhouse in Bucaramanga, Colombia. The
organs were subjected to an exsanguination process
for 6 hin a water source. No samples of females were
obtained because of government policies that limit
their sacrifice.

After applying a silk patch point around the origin
of the CA, sealing them, these were perfused with
a semi-synthetic resin consisting of a mixture of Palatal®
GP40L 85% (BASF®), Styrene 15% (REPSOL®), and
mineral red dye (Heliogen®). The specimens were set
in a solution of formaldehyde 10% for 96 h; then, the
subepicardial fat adjacent to the coronary beds was
released through the impregnation of the anatomical
parts in potassium hydroxide 15% (KOH) (ERCO®)
for 5 min. Consecutively, the CA and their collateral
branches were dissected from their origin to their
distal segments; and a digital calliper device (Mitu-
toyo®) was used to measure the external diameter of
the vessels at 0.5 cm of their respective origins. The
proximal, mid, and distal diameters and its lengths of
the CA were recorded, as well as the proximal diam-
eter of its collateral branches; similarly, the distance
between the point of finalisation of the SIB and PIB
and the cardiac apex was determined. The length of
the arteries was determined from the origin to the ter-
mination point of its subepicardial course. SIBs or PIBs
ending at the upper or mid thirds of the paraconal
or subsinusal interventricular sulcus were considered
short; those ending at the lower segment of the said
sulcus were considered as medium in length, and
those reaching the apex or even the anterior aspect
of the LV or RV, respectively, were rated as long.
The courses and territories irrigated by the branches
emerging from the RCA and LCA were determined.
The type of coronary dominance was established on
the evaluated specimens, according to the criteria
described by Schlesinger [34] in humans, adapting it
to the international veterinary terminology.

In the right coronary dominance, the RCA supplies
the posterior aspect of the RV, gives rise to the SIB
and extends beyond the crux of the heart, through its
RCxB, supplying part of the posterior wall of the LV. In
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Table 1. End of subsinusal interventricular branch (SIB), paraconal interventricular branch (PIB) in homonyms sulcus and end of the first

left anterior ventricular branch (LAVB) on the obtuse side of the heart

Total sample SIB

Total sample PIB Total sample LAVB

Upper third 19(30.6%)
Middle third 19(30.6%)
Lower third 18 (29%)

Cardiac apex 6(9.8%)

Posterior surface

Total 62 (100%)

3(11%)
1(1.6%) 10(37%)
13 (21%) 12 (44.5%)
36 (58%) 2(1.5%)
12 (19.4%)
62 (100%) 27 (100%)

the balanced coronary circulation, the RCA supplies
the RV and the posterior aspect of the interventricular
septum through the SIB, whereas the LCA supplies
the LV ending in the crux of the heart.

In the left coronary dominance, LCxB supplies the
posterior aspect of the LV, and ends as the SIB, supply-
ing the posterior segment of the interventricular sep-
tum and/or the posterior wall of the RV [21, 25, 34].
Equally, the extent of the left coronary dominance
was determined according to the criteria of Didio and
Wakefield [13], with a subgroup | when the right and
LCAs reach the crux of the heart and end up as parallel
posterior interventricular branches; subgroup Il, when
the LV and the whole of the subsinusal interventricular
septum are supplied by the LCA, with only one SIB
branch originating from the LCxB; and a subgroup
Ill, when the SIB and the right posterior ventricular
branches originate from the LCA to supply the LV,
the subsinusal interventricular septum, and part of
the RV’'s posterior wall. We used the International
Veterinarian Denominations of 2012 as a reference
of the accepted international terminology.

The CA and their branches were assessed for the
presence of MB by determining the segment of the
vessel involved, its length, and the thickness of the
suprapontine myocardium. A digital camera was used
to photograph each of the pieces evaluated.

Statistical analysis

The continuous variables were analysed using
t-test, whereas the discrete variables were analysed us-
ing Pearson’s 2 test. The results were evaluated using
the statistical programme Epi-Info version 3.5.4. The
level of significance used was p < 0.05. This research
was endorsed by the Committee of Ethics of Scientific
Research of the Industrial University of Santander, with
approval number 05015. The animals were sacrificed
for human consumption with a pneumatic gun.
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RESULTS

We evaluated the hearts of 62 short-haired sheep
with an average weight of 187.1 + 68.1 g. The prox-
imal, middle and distal diameters of the RCA were
2.11 = 0.46 mm; 1.75 = 0.44 mm and 1.16 + 0.38
mm, respectively. The SIB ended at the middle third
of the homonymous sulcus in 19 (30.6%) specimens
(Table 1). Statistically significant differences were
found between the number of SIB’s of long and short
ending (p = 0.005).

The distance of the SIB with respect to the apex
was 36.8 = 14.6 mm. The diameters of this branch
atits upper, middle and lower segments were 1.94 +
+ 0.59 mm; 1.53 = 0.51 mm; and 0.98 = 0.31 mm,
respectively. Anastomoses of the SIB with the PIB were
observed in 8 (12.7%) hearts.

The right conus branch (RCB) was found in 18
(28.6%) specimens (Fig. 1) with a diameter of 1.32 +
+ 0.47 mm. It ended at the conus arteriosus in 11
(61.1%) specimens, at the upper third of the ante-
rior wall of the RV in 6 (33.3%) specimens and in
the middle third in 1 (5.6%) specimen. In 1 (5.6%)
heart the RCB emerged directly from the right aortic
sinus (third coronary artery). An average of 2.73 +
+ 1.27 ventricular branches emerged from the ante-
rior segment of the RCA.

A right marginal branch (RMB) (Fig. 1) was found
in 10 (15.9%) specimens with a diameter of 1.48 =
0.4 mm. It ended at the middle third of the right
margin of the heart in 8 (80%) cases and at the upper
third in 2 (20%) specimens.

The sinus node branch (SNB) (Fig. 2) was observed
emerging from the RCA at 8.24 = 5.1 mm from its aor-
tic origin. The SNB had a calibre of 1.15 + 0.47 mm.
The atrioventricular node branch (AVNB), with a cal-
ibre of 1.16 = 0.8 mm, originated the RCA in 38
(61.3%) hearts, whereas in 24 (38.7%) specimens it
originated directly from the LCxB.
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Figure 1. Anterosuperior view of the heart; A — aorta; RA — right
atrium; RV — right ventricle; RCA — right coronary artery; RCB —
right conus branch; RMB — right marginal branch.

The LCA was 5.38 = 1.59 mm in diameter and
4.67 = 3.32 mm in length. This artery bifurcated in
PIB and LCxB (Fig. 3) in 57 (91.9%) hearts and tri-
furcated in a left diagonal branch (LDB) in 5 (8.1%)
specimens. The LDB was 1.88 = 0.67 mm in diameter
and 46.9 + 8.84 mm in length; it ended at the middle
third of the obtuse margin of the heart in 100% of
the specimens.

The length of the PIB was very variable ending at
the apex in 36 (58%) cases (Fig. 3), while in 1 case
it was short and ended in the middle third of the
paraconal interventricular groove (1.6%) (Table 1).
It had a proximal diameter of 3.42 = 0.97 mm; mid
of 2.23 + 0.62 and distal diameter of 1.41 + 0.38
mm. This branch had on average 1.9 = 1.92 right
ventricular branches and 2.6 + 1.71 left ventricular
branches. The left conus branch (LCB) (Fig. 3) was
present in 21 (33.9%) specimens, with a diameter of
1.15 = 0.45 and a distance from the origin to the left
coronary ostium of 20.97 + 6.97 mm.

The first left anterior ventricular branch (LAVB)
of the PIB was found in 27 (43.5%) hearts with
a diameter of 1.72 = 0.64 mm and a length of
42.8 + 6.55 mm. The distance between its origin and
the left coronary ostium was 25.5 = 9.8 mm. This branch
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Figure 2. Anterosuperior view of the heart; RA — right atrium;
RV — right ventricle; RCA — right coronary artery; LCA — left
coronary artery; (*) — sinoatrial node branch.

ended with a higher occurrence (44.5%) at the lower
third of the obtuse margin of the heart (Table 1).

The LCxB ended at the SIS in 48 (77.4%) specimens
(Fig. 4), in 7 (11.3%) hearts on the posterior aspect
of the LV, in 4 (6.5%) specimens in the posterior as-
pect of the RV, in 2 (3.2%) hearts at the crux of the
heart, whereas in 1 (1.6%) case it ended at the ante-
rior aspect of the LV. Its proximal, middle and distal
diameters were 3.29 = 0.73 mm, 2.83 = 0.62 mm
and 1.98 £ 0.57 mm, respectively. The proximal di-
ameters of the LCxB and the PIB did not present
a statistically significant differences (p = 0.33).

The left marginal branch (LMB) (Fig. 3) was found
in 37 (59.7%) hearts, ending at the middle third of the
obtuse edge of the heart in 21 (56.8%) specimens,
whereas in 9 (24.3%) cases it ended at the lower
third, in 5 (13.5%) specimens at the upper third and in
2 (5.4%) cases at the cardiac apex. Its proximal diame-
ter was 2.28 = 0.67 mm and its distal diameter was of
1.21 = 0.4 mm. This branch was 43.42 + 17.22 mm
in length, and the distance from the ending point to
the apex was 35.9 = 12.32 mm.

Left coronary dominance was observed in 51
(82.3%) specimens, characterised by a SIB that emerg-
es from the LCxB running through the SIS ending in
the apex. In 11 (17.7%) cases the coronary circulation
was balanced, with an LCxB ending at the crux of the
heart. Left dominance was classified in subgroup I



FA. Gomez et al., Characterisation of the coronary arteries in African sheep

Figure 3. Left surface of the heart; LA — left atrium; LV — left ventricle;
RV — right ventricle; PA — pulmonary artery; PIB — paraconal
interventricular branch; LCXB — left circumflex branch; LCB — left
cone branch; LMB — left marginal branch; GCV — great cardiac vein;
(*) — left coronary artery.

in 44 (86.3%) specimens (Fig. 4) and in subgroup I
in 7 (13.7%) cases (Fig. 5). No MB was found in the
specimens analysed.

DISCUSSION

The findings obtained in this study about the
morphology of the CA in short-haired sheep signif-
icantly enrich the existing information, and allows,
within a comparative anatomy setting, to compare
its characteristics with those of other species such as
pigs, camels, donkeys and even humans.

It has been observed in humans, sheep and other
animal species that the LCA's calibre is greater than
the calibre of the RCA (Table 2). The length of the
LCA in sheep has been reported as 6 mm [12, 24].
In humans, the length of the LCA is 6 to 15 mm
[4, 26, 37],3.5t0 5 mmin pigs [16, 33] and of 4 mm
in white rhinos [29]. In humans, pigs and horses the
LCA has been shown to be larger in calibre than the
RCA, a morphometric trait that is consistent with our
findings in short-haired sheep, whereas in the white
rhino it has been reported that both CA are similar
in size [4, 6, 15, 16, 26, 29, 33, 35, 37].
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Figure 4. Right surface of the heart. Left coronary dominance, sub-
group II; LV — left ventricle; RA — right atrium; RV — right ventricle;
LCXB — left circumflex branch; SIB — subsinusal interventricular
branch; CS — coronary sinus; GCV — great cardiac vein; MCV —
middle cardiac vein; LAV — left azygos vein.

In donkeys, horses, camels and elephants, the
LCA has been observed to bifurcate, giving origin to
the PIB and the LCxB [10, 12, 14, 27, 36], whereas
in the present study there was a trifurcation var-
iant involving the presence of a LDB (8.1% of the
cases). Similarly, a trifurcation of the LCA has been
reported in the white rhino [29]. Some studies in
pigs report the bifurcation of the LCA in all of the
specimens [11, 33], while in other studies, trifur-
cation has been reported in 20% [16]. In humans,
bifurcation of the LCA has been reported in 40% to
70%, trifurcation in 9% to 55% and tetrafurcation
in 5% to 7% [4, 26].

The calibre of the SIB has been reported having
arange of 1 to 2.75 mm in sheep, humans, pigs, white
rhino, goats and horses (Table 2) [6, 12, 15, 24, 29, 35, 37].
The SIB has been reported to end mainly at the apexin
donkeys, elephants, camels, white rhino and humans
[6, 10, 14, 21, 27, 29], a finding that differs with ours,
which in turn is consistent with the reports from horses
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and pigs, which note the SIB as ending at the middle
third of the subsinusal interventricular groove [8, 15].

The presence of anastomoses between the ter-
minal branches of the SIB and the PIB was observed
in 12.7% of the hearts in this study, it is a relevant
morphological expression for its protective role of
coronary blood supply. The distal segment of the PIB,
after surpassing the cardiac apex, branches out in
the lower segment of the diaphragmatic aspect and

Figure 5. Right surface of the heart. Left coronary dominance, sub-
group lll; LV — left ventricle; RA — right atrium; RV — right ventricle;
LCXB — left circumflex branch; SIB — subsinusal interventricular
branch; CS — coronary sinus; GCV — great cardiac vein; MCV —
middle cardiac vein; LAV — left azygos vein.

irrigates the area not reached by the SIB. In humans,
this anatomical feature should be accounted for in
determining the arterial structure that, when ob-
structed, causes the infarction of the lower segment
of the posterior wall of the heart [4].

In the present study, similarity was found that, in
humans the calibre of the PIB is lower than in the pig
and higher than in the white rhino (Table 2) [4, 16, 29].

The observation of most PIB ending at the cardiac
apex (58%), as observed in this work, is consistent
with what has been reported in elephants, rhino,
pigs and humans [4, 10, 16, 27, 29, 33]. In humans,
short-haired sheep and pigs, the PIB has a larger
calibre of the SIB.

According to the present study, the LCxB has been
reported to be long and to end mainly at the SIS in
elephants [10], whereas in camels, pigs and humans
it has been reported as ending mainly at the posterior
aspect of the LV [4, 11, 16, 33]. Ozgel et al. [27] points
out that the LCxB is short and ends mainly as LMB in
donkeys. In sheep, humans (retroventricular branch),
pigs, dogs and bovines the presence of a right circum-
flex branch has been observed [6, 12, 15], which was
not observed in the specimens of this study.

In humans, pigs, donkeys and camels it has been
reported a higher incidence of the RCB ending at the
arteriosus cone [6, 14, 15, 27], an anatomical trait
that is consistent with our findings (61.1%). Similarly,
the anastomosis of the RCB with the left branch of the
cone was not observed in donkeys, horses, camels,
elephants, and pigs [10, 14, 15, 27, 33].

The RCB originating from the right aortic sinus
(third coronary artery) is an uncommon feature of the
coronary circulation that has been reported in a small
number of observations for some animal species, such

Table 2. Morphometric of the coronary arteries and their branches in humans and some animal species

Species Author, year Calibre RCA [mm] Calibre LCA [mm)] Calibre SIB [mm] Calibre PIB [mm]

Human Zindrou et al., 2006; 3.4-4.1 3.58-5 2.04 2944
Ballesteros et al., 2011

Sheep Deepak and Rao, 2010 1 2 1 3

Goat Lipovetsky et al, 1983; 1.8 2.25 2 2
Deepak and Rao, 2010

White Rhino Perez and Lima, 2010 1.7 1.7 12 1.7

Pig (Gomez and Ballesteros, 3.85 6.98 2.75 4,06
2013 and 2014

Horse Thiiroff et al., 1984 8.91 8.91

African sheep Present study 21 5.38 1.94 342

LCA — left coronary artery; PIB — paraconal interventricular branch; RCA — right coronary artery; SIB — subsinusal interventricular branch
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Table 3. Coronary dominance in humans and some animal species

Species Author, year Right dominance Left dominance Balanced circulation
Human Nerantzis et al, 1996; Ballesteros et al., 2007 48-90% 5-20% 10-20%
Sheep Bertho and Gagnon, 1964; Deepak and Rao, 2010; X
Pérez and Lima, 2010
Goat Bertho and Gagnon, 1964; Deepak and Rao, 2010; X
Pérez and Lima, 2010
White Rhino  Pérez and Lima, 2010 X
Pig Sahni et al, 2008; Gémez and Ballesteros, 2015 66.5% 33.5%
Horse Bertho and Gagnon, 1964 X
Donkeys Ozgel et al., 2004 X
Camels Ghazi and Tadjalli, 1993 X
Dog Bertho and Gagnon, 1964; Deepak and Rao, 2010; X
Pérez and Lima, 2010
Elephants Cave, 1936 X
African sheep  Present study 82.3% 11.7%
as elephants and pigs [10, 15, 33], which is consis- CONCLUSIONS

tent with our findings (5.6%). This feature is widely
observed in humans in a range of 25% to 35% [6, 22].

The AVNB originating from the RCxB has been
observed in camels and pigs in a range of 85% to
100% [11, 14, 15, 33], whereas in the present study
it originated from branches of the RCA in 60.3% and
directly of the LCxB in 39.7% of the cases.

In humans, this morphological trait is reported to
originate from the RCxB within a range of between
85% and 92% and from 8% to 15% from the LCxB
[6, 11, 33].

Previous studies conducted in pigs have reported the
SNB as emerging from the RCA in all of their specimens
[11,15], an anatomical trait that is consistent with that
observed in our study. In humans, the SNB has been
reported as originating from the RCA in 50 to 79% of
the cases, from the LCxB in 30 to 45% of the cases, and
from both arteries in 3% to 7% of the cases [6, 28].

In donkeys, pigs and humans the LMB has been
reported as ending mainly at the upper third of the
obtuse margin of the heart [4, 16, 27], whereas we
have seen it ending at the middle third in the majority
of our specimens of this study.

Coronary dominance refers to the coronary artery
supplying greater territory in the heart and, depend-
ing on the species, right or left coronary dominances
are found, as well as balanced circulations. In the
present study and in previous reports it was deter-
mined what type of dominance the human and dif-
ferent animal species had (Table 3) [3, 8-10, 12, 14,
21, 25, 27, 29, 30, 32, 33].
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This qualitative and quantitative study of CA and
its branches in African sheep provides new knowledge
for the anatomy of the species.

Unlike most species, there was no presence of
an RCxB.

The LCxB was predominantly long and ended at
the SIS, which confirms the left coronary dominance
pattern described in ruminants. Given the relative sim-
ilarity of CA morphological characteristics expressed
in left coronary dominance and in the balanced cir-
culation, predominant in the African sheep and pres-
ent in 25-35% of humans, together with the easy
and economical access to this animal species and
the simple locative scenarios required, allows us to
postulate this animal model for haemodynamic and
procedural studies.
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