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Abstract

Background: Although significant efforts have been put into restituting the European bison (Bison bonasus) and
increasing its population, it remains a globally endangered species and requires conservation. Protection programs
of bison indicate the need for morphological studies of their individual systems, in order to enhance restitution
programs and enable appropriate veterinary care. The aim of this study was to investigate the morphology of the
coronary veins of the European bison (Bison bonasus).

Results: The study was carried out on 78 hearts of European bison of both sexes, aged 5 to 21 years. The
subepicardial veins were clearly visible after being filled with dyed synthetic latex (LBS 3060), Plastogen G and
Batson’s No. 17. In all the studied animals, the great cardiac vein drains into the coronary sinus. The interventricular
paraconal branch and the circumflex branch of the great cardiac vein were distinguished. The left marginal vein,
which originated in the apical area or halfway along the length of the left ventricular margin, was easily identified
in 65 animals (83%). In most animals (51 bison, 65%), the middle cardiac vein drained into the coronary sinus, while
in some animals it drained into the right atrium (27 animals, 35%).

Conclusions: Blood from the cardiac walls is drained into the great cardiac vein, the middle cardiac vein, the right
coronary veins and numerous small cardiac veins.
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Background
Coronary circulation has been studied in various vertebrate
classes, such as mammals [1–12], birds [13], reptiles [14]
and fish [15]. However, few reports focus on the cardiac
coronary venous anatomy. The coronary venous morph-
ology has been reported in the domestic cat (Felis silvestris
F. catus), [16, 17], Angora goat (Capra hircus), Akkaraman
sheep (Ovis aries) [18], Tuj sheep [19], porcupine (Hystrix
cristata) [20], ringed seal (Phoca hispida) [21], Angora
rabbit (Oryctolagus cuniculus) [22], New Zeland wite rabbit
[23, 24] and the Wistar rat (Rattus norvegicus domesticus)
[25]. Nonetheless, the available literature provides no de-
tails on the topography of coronary veins and their ramifi-
cations in the European bison.

Blood from the cardiac walls is drained into the great
cardiac vein, the middle cardiac vein, the right coronary
veins and numerous small cardiac veins. Similarly to the
lymphatic system, the venous system is characterised by
variable vessel anatomy. This general biological finding
also applies to the venous drainage of the cardiac walls.
Hence, it may be difficult to identify individual veins and
their ramifications.
The aim of this study was therefore to investigate the

morphology of the cardiac venous system in the European
bison (Bison bonasus).

Results
Morphology of the vena cordis magna
The presence of the great cardiac vein (v. cordis magna),
which formed the coronary sinus, was confirmed in all the
studied bison. It divided into the interventricular paraco-
nal branch and the circumflex branch (Figs. 1, 2, 3).
The interventricular paraconal branch arose from two

thin trunks on the auricular surface, above the notch of

© The Author(s). 2020 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

* Correspondence: michal.polguj@umed.lodz.pl
2Department of Normal and Clinical Anatomy, Chair of Anatomy and
Histology, Medical University of Lodz, Żeligowskiego 7/9, 90-752 Lodz,
Poland
Full list of author information is available at the end of the article

Barszcz et al. BMC Veterinary Research           (2020) 16:38 
https://doi.org/10.1186/s12917-020-2259-0

http://crossmark.crossref.org/dialog/?doi=10.1186/s12917-020-2259-0&domain=pdf
http://orcid.org/0000-0003-4146-4998
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:michal.polguj@umed.lodz.pl


the cardiac apex (Figs. 4, 5). Both trunks merged into
one branch running in the paraconal interventricular
groove.
Side tributaries that collected blood from both ventricu-

lar walls drained into the trunk of the interventricular
paraconal branch of the great cardiac vein. Those included
the v. collateralis distalis ventriculi sinistri, v. collateralis
intermedia ventriculi sinistri, v. septi interventriculorum, v.
coni arteriosi sinistra and the vv. collaterales proximales
ventriculi sinistri. The collateral veins ran in an oblique
course on the cardiac muscle directly under the epi-
cardium with individual variability in their number.
The veins draining blood from the left ventricle were
larger and extended from the left ventricular border.
Those that arose on the right ventricular wall were of
varying width. All the branches arose from single
small tributaries forming variable, rich vascular pat-
terns. Numerous connections were observed between

branches originating from the same and neighbouring
collateral veins (Fig. 1).
The distal collateral vein arose in close proximity to

the right ventricular border above the notch of the car-
diac apex and drained into the interventricular paraconal
branch of the great cardiac vein (Fig. 1).
The intermediate collateral vein ran from the left

ventricular wall, close to the left ventricular border
into the great cardiac vein mid-way along the length
of the ventricles (Fig. 1). This vessel was poorly devel-
oped in 17 animals (22%), and it collected blood only
from the area of the paraconal interventricular
groove. In 14 bison (18%), two parallel collateral
branches were found.
The vein of the interventricular septum formed from

two small trunks, which later merged into a single
branch and drained into the interventricular paraconal
branch of the great cardiac vein.

Fig. 1 The auricular surface of the heart. 1 – the paraconal
interventricular branch of the great cardiac vein, 2 – the circumflex
branch of the great cardiac vein, 3 – the distal collateral vein, 4 – the
intermediate collateral vein, 5 – the proximal collateral vein, 6 – the
collateral veins of the right ventricle, 7 – the left vein of the atrial cone,
8 – proximal vein of the left ventricle, 9 – the left marginal vein

Fig. 2 The left ventricular border of the heart. 1 – the
paraconal branch of the great cardiac vein, 2 – the circumflex
branch of the great cardiac vein, 3 – the proximal vein of the
left ventricle, 4 – the left marginal vein, 5 – the distal vein of
the left ventricle, 6 – the middle cardiac vein
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The left vein of the arterial cone originated from small
vessels on the arterial cone close to the right ventricular
border and drained into the interventricular paraconal
branch of the great cardiac vein above the vein of the in-
terventricular septum (Fig. 1).
There were between one and four proximal collateral

veins, the most developed vessels, which drained into the
interventricular branch of the great cardiac vein (Fig. 1).
They emerged from the left ventricular border and drained
into the distal section of the interventricular branch of the
great cardiac vein. They formed numerous anastomoses
with tributaries of the left marginal vein, the left accessory
marginal vein and the middle cardiac vein. In 20 cases
(26%), one of the proximal collateral veins was of a consid-
erable size and ran from the apex of the heart. In those
animals, the left accessory marginal vein was shortened.
In all the studied bison, the circumflex branch of

the great cardiac vein was a direct extension of the
interventricular paraconal branch of the great cardiac
vein (Figs. 1, 2, 3). The described vessel ran in the

coronary groove on the auricular surface, under the
left auricle. Then, the circumflex branch of the great
cardiac vein passed along the left ventricular border
and ran on the atrial surface. In all the animals, it
emptied into the coronary sinus in the right atrium.
It was surrounded by a thick layer of adipose tissue.
Veins that emptied into the circumflex branch of the

great cardiac vein included the v. proximalis ventriculi
sinistri, v. marginis ventricularis sinistri accessoria, v.
marginis ventricularis sinistri and the v. distalis ventric-
uli sinistri.
The proximal vein of the left ventricle was poorly

developed. It ran from the auricular surface, below the
coronary groove and was the first vessel to drain into
the circumflex branch of the great cardiac vein (Fig. 2).
The accessory left marginal vein emerged halfway

along the length of the left ventricular margin, ran
across the auricular surface and drained into the circum-
flex branch of the great cardiac vein under the left
auricle. In 21 animals (27%), it was of considerable size,

Fig. 3 The right ventricular border of the heart. 1 – the middle cardiac
vein (the atrial surface of the heart), 2 – the middle cardiac vein (the
auricular surface of the heart), 3 – the paraconal branch of the great
cardiac vein, 4 – the circumflex branch of the great cardiac vein

Fig. 4 The cardiac apex. 1 – the paraconal branch of the great
cardiac vein (the atrial surface of the heart), 2 – the paraconal
branch of the great cardiac vein (the auricular surface of the heart),
3 – the left marginal vein, 4 – the middle cardiac vein, 5 –
anastomoses between the great and middle cardiac vein
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ran from the apex of the heart along the entire length of
the left ventricular border and drained blood from the
wall of the left ventricle. In those animals, the left mar-
ginal vein was less developed. In one bison (2%), the de-
scribed vessel formed two parallel trunks.
The development of the left marginal vein varied between

individuals. In 40 bison (51%), it was well developed and
ran from the apex of the heart (Figs. 2, 4). It received
several tributaries from the auricular and atrial surface
(branches of the middle cardiac vein and the interventricu-
lar paraconal branch of the great cardiac vein). In 25 (32%)
of the animals, the left marginal vein was poorly developed
and emerged halfway along the left ventricular border. In
the remaining 13 (17%) bison, it was represented by a single
small vessel that collected blood from a small area close to
the coronary groove. Due to the poor development of the
the left marginal vein, tributaries of the interventricular
paraconal branches of the great cardiac vein as well as the
middle cardiac vein and the accessory left marginal vein
were noticeably larger in 38 bison.
The distal collateral branch of the left ventricle emerged

at the level of the ventricles, ran along the atrial surface
and drained into the distal segment of the circumflex
branch of the great cardiac vein or directly into the coron-
ary sinus (Fig. 2).
Varying numbers of more or less prominent vessels

draining blood from the left atrial wall, namely the v.
proximalis atrii sinistri, V. intermedia atrii sinistri and
the v. distalis atrii sinistri drained into the circumflex
branch of the great cardiac vein. Those vessels ran along
the outer surface of the medial wall of the left auricle.
There were also small tributaries running between the
three main trunks.

Morphology of the v. cordis media
The middle cardiac vein was a well-developed vessel. It
emerged in the form of two branches on the auricular
surface of the distal third of the interventricular paraco-
nal groove. The branches formed connections with the
veins of the great cardiac vein and crossed the notch of
the cardiac apex (Figs. 4, 5). They then ran along the
atrial surface and in the interventricular subsinousal
groove. In most cases (51 bison, 65%), the middle car-
diac vein drained into the coronary sinus, while in some
cases it drained into the right atrium (27 bison, 35%).
The initial segment of the vessel collected blood from
small tributaries on the auricular surface of both ventri-
cles, while the following vessels drained into the segment
running in the subsinuosal interventricular groove: v.
apicis cordis, r. collateralis distalis, r. collateralis inter-
media, r. collateralis proximalis, v. obliqua ventriculi
dextri (Fig. 6).
The apical vein emerged from the apex of the heart on

the left ventricular border and drained into the correspond-
ing vein in the notch of the apex of the heart (Fig. 6a).
The distal collateral branch originated as small vessels

on the left ventricular border and entered the middle
cardiac vein above the notch of the apex. In five bison
(6%), it formed a common trunk with the intermediate
collateral branch (Fig. 6a).
The intermediate collateral branch originated halfway

along the length of the left ventricular border and drained
into the middle cardiac vein halfway along the length of
the subsinousal interventricular groove (Fig. 6a).
The proximal collateral branch originated from 2 to 5

small vessels and collected blood from the left ventricle
located under the coronary sinus (Fig. 6a).

Fig. 5 The cardiac apex. 1 – the paraconal branch of the great cardiac vein (the auricular surface of the heart), 2 – middle cardiac vein (two
branches on the auricular surface of the heart), 3 – the middle cardiac vein (the atrial surface of the heart), 4 – anastomoses between great and
middle cardiac vein
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The oblique vein of the right ventricle originated at
the halfway point of the right ventricular border. It ran
obliquely on the atrial surface and drained into the distal
section of the middle cardiac vein (Fig. 6b).

Right cardiac veins
There were 4–6 cardiac veins, which collected blood
from the conus arteriosus and the right atrium. These
included the v. semicircumflexa coni arteriosi, v. distalis
ventriculi dextri and the vv. cordis dextri accessoriae.
The semicircumflex vein of the atrial cone originated

on the auricular surface below the pulmonary trunk and
drained into the right atrium under the right auricle.
The following veins drained into it along its course: vv.
coni arteriosi dextrae, v. proximalis ventriculi dextri, v.
marginis ventricularis dextri. Two to three right veins of
the atrial cone drained blood from the atrial cone. The
proximal vein of the right ventricle collected blood from
the right ventricle in close proximity to the right
ventricular border and drained into the semicircumflex
vein of the atrial cone. The right marginal vein origi-
nated in the right ventricular border and drained into
the distal segment of the semicircumflex vein of the
atrial cone. In 10 animals (13%), it drained directly into
the right atrium.
The distal vein of the right ventricle ran along the

atrial surface and drained into the right atrium.
There were 2–4 accessory right cardiac veins. They

collected blood from the wall of the right ventricle on

the atrial surface and drained into the right atrium. In
five cases (6%), all the accessory right cardiac veins and
the distal vein of the right ventricle formed a common
trunk that ran in the coronary sulcus under the right
auricle and drained into the right atrium next to the cor-
onary sinus ostium.

Discussion
Available studies report two parts of the great cardiac vein –
the interventricular paraconal branch and circumfex branch.
A dychotomous great cardiac vein has been reported in
ruminants, such as the cattle [3], goat [26], Tuj sheep [19],
Angora goat as well as the Akkaraman sheep [18].
In the studied bison, the interventricular paraconal

branch of the great cardiac vein originated from two thin
trunks on the auricular surface above the notch of the
cardiac apex. According to Atalar et al. [20], the de-
scribed vessel emerges at the cardiac apex in all domes-
tic animals apart from the cat.
In the studied bison, numerous anastomoses were

found between the interventricular paraconal branch of
the great cardiac vein and the middle cardiac vein. Simi-
lar observations were made by Hegazi in other ruminant
species [27] and by other researchers in the Akkaraman
sheep, Angora goats [18], cattle [12] and Tuj sheep [19].
In the bison in this study, individually variable num-

bers of collateral branches ran obliquely, directly under
the epicardium. Vessels draining blood from the left ven-
tricular wall were significantly larger and ran from the

Fig. 6 a – The atrial surface of the heart and the collateral veins of the left ventricle. b – The atrial surface of the heart and the collateral veins of
the right ventricle. 1 – the circumflex branch of the great cardiac vein, 2 – the middle cardiac vein, 3 – the apical vein, 4 – the distal collateral
vein, 5 – the intermediate collateral vein, 6 – the proximal collateral vein, 7 – the oblique vein of the right ventricle
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left ventricular border. Similar observations were made
in the goat [26]. In the studied bison, proximal collateral
branches were the most developed vessels and drained
into the paraconal interventricular branch of the great
cardiac vein. There were from one to four vessels ob-
served in each animal. They emerged at the left ventricu-
lar border and drained into the distal segment of the
paraconal interventricular branch of the great cardiac
vein.
In all the bison, the circumflex branch of the great car-

diac vein was a direct extension of the interventricular
paraconal branch of the great cardiac vein. The described
vessel ran in the coronary groove on the auricular surface
and then passed along the left ventricular border and ran
on the atrial surface.
In the bison, the left marginal vein was developed to

varying degrees. In the majority of the animals (65 bison,
83%), it was well developed and originated at the apex of
the heart or mid-way along the left ventricular border.
The left marginal vein received a series of tributaries
from the auricular and atrial surfaces. According to lit-
erature the left marginal vein drained into the coronary
sinus in Akkaraman sheep and into the great cardiac
vein in Angora goats [18].
In all the studied bison, the great cardiac vein drained

into the coronary sinus, as in the Angora goat, Akkaraman
sheep [18] and Tuj sheep [19].
The middle cardiac vein was a well-developed vessel.

It most commonly originated from two branches on the
auricular surface in the distal third of the interventricu-
lar paraconal groove. These branches connected with
venous ramifications of the great cardiac vein. They then
ran along the atrial surface and in the interventricular
subsinousoal groove. A similar course of these vessels
was reported in the Tuj sheep [19].
In 65% of the studied bison, the middle cardiac vein

drained into the coronary sinus and in 35% of the ani-
mals into the right atrium. Many authors reported that
the middle cardiac vein opened into the coronary sinus
in domestic species [6, 16, 27–29].
The right cardiac veins vary depending on species and

individuals. They originate at various levels on the atrial
surface and the auricular surface of the right ventricular
wall and on the right ventricular border. They then
receive numerous small tributaries that form a wide
vascular network. The variations in the subepicardial
capillary system impede the identification of individual
vessels, which is thus based on their topographical local-
isation. In the studied bison, there were between four
and six right cardiac veins that collected blood from the
arterial cone and the right ventricle.
In all the studied bison, the right cardiac veins drained

independently into the right atrium. According to litera-
ture, this is the most commonly encountered drainage

system. There have also been reports of these vessels
draining into the right ventricle, as in Thuj sheep [19],
cattle [10], Angora goats or Akkaraman sheep [18].
The European bison is an endangered species. Na-

tional and breeding centers have been replenished with
bison from Bialowieza, significantly contributing to the
population growth of this species. However, this species
still requires human protection. Currently, numerous
breeding, as well as in situ and ex situ study programs
are being implemented [30]. Protection programs of
bison indicate the need for morphological studies of
their individual systems, in order to enhance restitution
programs and enable appropriate veterinary care.

Conclusions
Blood from the cardiac walls is drained into the great
cardiac vein, the middle cardiac vein, right cardiac veins
and numerous small tributaries. In all the studied ani-
mals, the great cardiac vein drained into the coronary
sinus. The interventricular paraconal branch and the
circumflex branch of the great cardiac vein were identi-
fied. In most animals, the left marginal vein was well
developed. It originated at the apex or mid-way along
the left ventricular border. The middle cardiac vein
drained into the coronary sinus, or, less commonly, into
the right atrium.

Methods
The study was conducted on 78 hearts of European
bison of both sexes that were from five to 21 years old.
The Bialowieza National Park culled the European bison

for reasons other than for the purpose of this study, which
included population control, bone fractures and car acci-
dents. The permission for culling was issued by the Minis-
try of Environment and the General Director for the
Environmental Protection in Poland (decision number:
DOP-OZGIZ. 6401.06.7.2012.ls, DOP-OZ.6401.06.7.2012.
ls.1 and DLP-III-4102-459/36490/14/ZK).
The hearts were collected by veterinary professionals

during dissection, whereby a pathological examination of
the whole body of the animals was performed. The aut-
opsy protocols are available in the Bialowieza National
Park. According to the Polish law, studies on tissues
obtained post-mortem do not require an approval of the
Ethics Committee) [31].
The pericardial sac and surrounding tissue were re-

moved in order to obtain access to the coronary veins.
Seventy hearts were dyed using synthetic LBS 3060 latex
(Synthos Dwory Sp. z o.o, Poland) using a previously
described method [2, 32–36] and were placed in 10%
formalin for six weeks. The trunks of the coronary veins
and their ramifications were then prepared.
The corrosion casts were obtained from eight hearts.

First, a 0.9% NaCl solution was injected into the coronary
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veins to flush out clots. Next, 20ml of a 3% glutaraldehyde
solution in a pH 7.4 cacodylate buffer was injected into the
coronary veins, which were then filled with colored Plasto-
gen G (Plasto-Schmidt, Speyer, Germany) or Batson’s No.
17 (Polyscience, Incorporation, Warrington, US). The heart
was then placed in water at 20 °C for 24 h in order to
harden the resin. Following cast hardening, the specimen
was placed in a 40% KOH solution at 50 °C for approxi-
mately 24 h to dissolve the organic tissue. Dissolved tissue
residues were removed from the specimen through a 38 h
continuous flushing with water. The specimen was cleaned
using a fast wash with warm water and a small amount of
standard washing liquid, followed by a final flush with dis-
tilled water. The cast was later dried using airflow at room
temperature for two days. The method was successfully
implemented in our previous studies [2, 32, 33, 36, 37].
Following the above described processing, the speci-

mens were examined morphologically using a ECLERIS
(HALOLUX 150) surgical microscope. The terminology
used in the manuscript is in accordance with the prevail-
ing veterinary nomenclature [38].

Abbreviations
r.: Ramus; v.: Vena; vv.: Venae

Acknowledgements
Not applicable.

Authors’ contributions
KB conceived and coordinated the study, collected the material, analyzed
and interpreted the date, wrote the manuscript; MP participated in corrosion
cast; JKN, KGH participated in the data analyses; KO participated in the
dissection of the cadavers; RH participated in corrosion cast. MK supervised
the research. All the authors have read and approved the final manuscript.

Funding
The translation of publication was paid by the Wroclaw Center of
Biotechnology, 2014–2018 Leading National Research Center (KNOW)
program.

Availability of data and materials
Not applicable.
The datasets used and/or analyzed during the current study are available
from the first author - dr. Karolina Barszcz (karolina_barszcz@sggw.pl) on
reasonable request.

Ethics approval and consent to participate
The Białowieża National Park culled the European bison for reasons other
than for the purpose of this study, which included population control, bone
fractures and car accidents. The culling was carried out with the permission
of the Ministry of Environment and the General Director for Environmental
Protection in Poland (decision number: DOP-OZGIZ. 6401.06.7.2012.ls, DOP-
OZ.6401.06.7.2012.ls.1 and DLP-III-4102-459/36490/14/ZK). According to the
Polish law, studies on tissues obtained post-mortem do not require an
approval of the Ethics Committee) [31].

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Morphological Sciences, Institute of Veterinary Medicine,
Warsaw University of Life Sciences – SGGW, Nowoursynowska 159, 02-776

Warsaw, Poland. 2Department of Normal and Clinical Anatomy, Chair of
Anatomy and Histology, Medical University of Lodz, Żeligowskiego 7/9,
90-752 Lodz, Poland. 3Department of Animal Physiology and Biostructure,
Faculty of Veterinary Medicine, University of Environmental and Life Sciences,
Kożuchowska 1/3, 51-631, Wroclaw, Poland.

Received: 1 February 2019 Accepted: 24 January 2020

References
1. Ghazi SR, Tadjalli M. Coronary arterial anatomy of the one-humped camel

(Camelus dromedarius). Vet Res Commun. 1993;17:163–70.
2. Sisson S, Grossman JD. The anatomy of the domestic animals. Philadelphia

and London: W.B. Saunders Company; 1953.
3. Budras KD, Habel RE. Bovine anatomy. An illustrated text. Schlütersche,

Hannover; 2003.
4. Budras KD, Röck S. Atlas der Anatomie des Pferdes. Schlütersche,

Hannover; 2009.
5. Nickel R, Schummer A, Seiferle E. Lehrbuch der Anatomie der Haustiere.

Verlag Paul Parey, Berlin und Hamburg: Band III; 1984.
6. Ghoshal NG. The venous drainage of the domestic animals. Philadelphia: W.

B. Saunders Company; 1981.
7. Habel RE. Guide to the Dissection of Domestic Ruminants. 4th edition.

Robert E Habel; 1989.
8. Kupczyńska M, Barszcz K, Olbrych K, Polguj M, Wysiadecki G, Topol M,

Klećkowska-Nawrot J. Coronary arteries of the European bison (Bison
bonasus). Acta Vet Scand. 2015;57:82.

9. Barszcz K, Kupczyńska M, Wąsowicz M, Czubaj N, Sokołowski W. Patterns of
the arterial vascularization of the dog’s heart. Med Weter. 2013;69:531–4.

10. Barszcz K, Kupczyńska M, Klećkowska-Nawrot J, Skibniewski M, Janczyk P.
Morphology of coronary ostia in domestic shorthair cat. Anat Histol
Embryol. 2016;45:81–7.

11. Constantinescu GM. Guide to regional ruminant anatomy based on the
dissection of the goat: Lowa State University Press; 2001.

12. Barone R. Anatomie comparée des mammifères domestiques, Angiologie.
Vol. 5. Paris, Vigot; 2011.

13. Bartyzel BJ, Charuta A, Barszcz K, Koleśnik A, Kobryń H. Morphology of the
aortic valve of Gallus gallus f. domestica. Bull Vet Inst Pulawy. 2009;53:147–51.

14. Hagensen MK, Abe AS, Falk E, Wang T. Physiological importance of the
coronary arterial blood supply to the rattlesnake heart. J Exp Biol. 2008;211:
3588–93.

15. Farrell AP. Coronary flow in a perfused rainbow trout heart. J Exp Biol. 1987;
129:107–23.

16. Aksoy G, Karadag H, Ozudogru Z. Morphology of the venous system of the
heart in the Van cat. Anat Histol Embryol. 2003;32:129–33.

17. Barszcz K, Kupczyńska M, Janczyk P, Dzierzęcka M, Jańczak D. Venous
drainage of the heart in the domestic cat. Med Weter. 2016;72:186–90.

18. Besoluk K, Tipirdamaz S. Comparative macroanatomic investigations of the
venous drainage of the heart in Akkaraman sheep and angora goats. Anat
Histol Embryol. 2001;30:249–52.

19. Aksoy G, Özmen E, Kürtül İ, Özcan S, Kardağ H. The venous drainage of the
heart in the Tuj sheep. Kafkas Univ Vet Fak Derg. 2009;15:279–86.

20. Atalar Ö, Yilmaz S, Dіnç G, Özdemіr D. The venous drainage of the heart in
porcupines (Hystrix cristata). Anat Histol Embryol. 2004;33:233–5.

21. Smodlaka H, Henry RW, Reed RB. Macroscopic anatomy of the great vessels
and structures associated with the heart of the ringed seal (Phoca hispida).
Anat Histol Embryol. 2009;38:161–8.

22. Bahar S, Tipirdamaz S, Eken E. The distribution of the cardiac veins in
angora rabbits (Oryctolagus cuniculus). Anat Histol Embryol. 2007;36:250–4.

23. Yoldaş A, Nur İH. The distribution of the cardiac veins in the New Zealand
white rabbits (Oryctolagus cuniculus). Iran J Vet Res. 2012;40:227–33.

24. Kresakova L, Purzyc H, Schusterova I, Fulton B, Maloveska M, Vdoviakova K,
Kravcova Z, Boldizar M, Jenca A Jr. Alternative venous drainage of heart
ventricles in rabbits. Biologia. 2014;69/10:1439–44.

25. Krešáková L, Purzyc H, Schusterová I, Fulton B, Maloveská M, Vdoviaková K,
Kravcová Z, Boldižár M. Variability in the cardiac venous system of Wistar
rats. J Am Assoc Lab Anim Sci. 2015;54:10–6.

26. Noor NA, Al-Ayat MA, Swielim GA, Alloush GM. Pattern of distribution of the
cardiac veins of the heart of goat (Capra Aegagrus Hircus) Advan. Biol Res.
2015;9:449–66.

Barszcz et al. BMC Veterinary Research           (2020) 16:38 Page 7 of 8

mailto:karolina_barszcz@sggw.pl
http://oz.6401.06.7.2012.ls


27. Hegazi AE. Die Blutgefäßversorgung des Herzens von Rind, Schaf und Ziege.
1958;5:776–819. https://doi.org/10.1111/j.1439-0442.1958.tb00536.x.

28. Evans HE, de Lahunta A. Miller's anatomy of the dog. St. Louis: Elsevier
Health Sciences; 2013.

29. König HE, Liebich HG. Veterinary anatomy of domestic mammals. Stuttgart:
Schattauer; 2009.

30. Olbrych K, Barszcz K, Bartyzel B, Szara T, Kupczyńska M. Histological and
morphometric study of the uterus of the lowland bison. Med Weter. 2017;
73:661–5.

31. Parliament of the Republic of Poland: Ustawa z dnia 15 stycznia 2015 r. o
ochronie zwierząt wykorzystywanych do celów naukowych lub
edukacyjnych. Dz.U. 2015 r. poz. 266. www.dziennikustaw.gov.pl/du/2015/
266/D2015000026601.pdf

32. Polguj M, Jędrzejewski KS, Dyl Ł, Topol M. Topographic and morphometric
comparison study of the terminal part of human and bovine testicular
arteries. Folia Morphol (Warsz). 2009;68:271–6.

33. Polguj M, Jedrzejewski KS, Topol M. Angioarchitecture of the bovine
spermatic cord. J Morphol. 2011;272:497–502.

34. Barszcz K, Kupczyńska M, Klećkowska-Nawrot J, Janczyk P, Krasucki K,
Wąsowicz M. Arterial coronary circulation in cats. Med Weter. 2014;70:373–7.

35. Barszcz K, Kupczyńska M, Polguj M, Klećkowska-Nawrot J, Janeczek M,
Goździewska-Harłajczuk K, Dzierzęcka M, Janczyk P. Morphometry of the
coronary ostia and the structure of coronary arteries in the shorthair
domestic cat. PLoS One. 2017;12(10):e0186177. https://doi.org/10.1371/
journal.pone.0186177.

36. Barszcz K, Szaluś-Jordanow O, Czopowicz M, Mickiewicz M, Moroz A, Kaba J,
Polguj M, Wysiadecki G, Haładaj R, Purzyc H. Topography of coronary
arteries and their ramifications in the goat. Biologia. 2019;74:683–9.

37. Polguj M, Kiciński P, Nowicka Z, Barszcz K, Szaluś-Jordanow O, Topol M.
Quality and quantity comparison study of corrosion casts of bovine testis
made using two synthetic kits: Plastogen G and Batson no. 17. Folia
Morphol (Warsz). 2019;78:487–93.

38. Nomina Anatomica Veterinaria sixth edition. Prepared by the International
Committee on Veterinary Gross Anatomical Nomenclature (I.C.V.G.A.N.)
Published by the Editorial Committee Hanover (Germany), Ghent (Belgium),
Columbia, MO (U.S.A.), Rio de Janeiro (Brazil). 2017 With permission of the
World Association of Veterinary Anatomists (W.A.V.A.)

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Barszcz et al. BMC Veterinary Research           (2020) 16:38 Page 8 of 8

https://doi.org/10.1111/j.1439-0442.1958.tb00536.x
https://doi.org/10.1371/journal.pone.0186177
https://doi.org/10.1371/journal.pone.0186177

	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Morphology of the vena cordis magna
	Morphology of the v. cordis media
	Right cardiac veins

	Discussion
	Conclusions
	Methods
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

