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Abstract

The majority of dogs in Thailand are Thai native dogs, but their anatomy is rarely recorded. In this study,
we aimed to investigate the anatomical variation of subclavian arteries of dogs in Thailand. We observed 43
cadavers of Thai native dogs compared to 15 cadavers of other breeds during teaching veterinary anatomy.
Four new branching patterns of subclavian arteries were found and named as type Va, Vb/Vd, VIb, and VIIb/
VIId. Type V had had vertebral artery as the first branch, then costocervical and superficial cervical arteries
arose together. Type Vb/Vd, the internal thoracic artery arose opposite either to the costocervical trunk or
the superficial cervical artery while type Va the internal thoracic artery arose after the superficial cervical
artery, but not opposite to the costocervical trunk. VIIb/VIId was described as vertebral artery is the first
branch and then common trunk of costocervical and superficial cervical arteries, the internal thoracic artery
arose opposite either to the costocervical trunk or the superficial cervical artery. These new patterns accounted
for 5.9% of Thai native dogs in this study. From the new patterns, we created the new model that cover all
possible branching patterns of the subclavian artery (26 variations). Notably, the highest frequency of
branching patterns in Thai native dogs was type I (60.5%), specifically type Ib (33.7%), which was also the
major pattern for both sides of subclavian arteries and both sexes of dogs. Type Ib was described as the
vertebral artery was the first branch, then the costocervical trunk, later the superficial cervical and the
internal thoracic arteries arose oppositely. This knowledge is useful for veterinary anatomical education,

physiology, imaging diagnosis, and the surgical treatment for canine thorax, particularly in Thai dogs.
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Introduction

Currently, there are more than three hundred dog
breeds that have been recognised by the Fédération
Cynologique Internationale (FCI), the world dog
organisation (2017) according to their size, physical
appearance, and behaviour. Each breed has a unique
genetic signature (Parker, 2012) resulting in differences
in physiology and anatomy (Fleischer et al., 2008;
Schoenebeck and Ostrander, 2013; Oswald et al., 2015).
However, approximately more than 70% the global dog
population is not pure breed, it is the free-breeding
dogs (also known as the mongrel) which their genetics
and appearance are different from pure breed dogs
(Hughes and Macdonald, 2013; Pilot et al., 2015).
The genetics and characteristics of pure-breed dogs is
defined by human breeding practices whereas the
free-breeding dogs' genetics is largely defined by
ecological and evolutionary processes such as dispersal
pattern, mate choice, and natural selection (Pilot et al.,
2015).

In Thailand, more than 7 million dogs have been
officially recorded by the Bureau of Disease Control
and Veterinary Service (2016); however, there are no
reports regarding the distribution of dog breeds and
free-breeding dog. From the records of the Mahidol
University's Animal Hospital, it was observed that
more than 90% of the dog population in Thailand are
free-breeding dogs, and most of them were Thai native
dogs (unpublished data). We describe the appearances
of Thai native dogs as short hair, with fur colour of
black, white, brown, or mixed, and a weight between
10-15 kg. The Thai native dogs are usually free-breeding
dogs (more than 90%), except Thai Ridgeback which
are registered to the FCI. The genetic study demonstrate

that both Thai free-breeding-native and Ridgeback

dogs are ancient and highly related, they are originated
from the wolf (Pilot et al., 2015; Wang et al., 2016;
Boonyaprakob et al., 2017).

The canine subclavian arteries are the major
vessels circulating by distributing the blood from the heart
to the forelimbs, neck, and thoracic area, and they have
four branches: the vertebral artery, the costocervical
trunk, the superficial cervical artery, and the internal
thoracic artery (Dyce et al., 2010; Evans and de Lahunta,
2010, 2013). The branching order of the subclavian
arteries in dogs is previously described in detail in two
pure breeds, and these reports reveal the difference in
the branching pattern of the subclavian artery between the
German Shepherd (Kim et al., 2010) and the Greyhound
(Pols et al., 2016).

Knowledge of an anatomical variation is important
in order to understand physiology and pathology for each
type of dogs. However, textbooks for teaching canine
anatomy (Nickel et al., 1976; Pasquini et al., 2003; Adam,
2004; Dyce et al., 2010; Evans and de Lahunta, 2010) rarely
show anatomical variations. There are limited research
papers described anatomical variations of canine vessels,
only few vessels has been reported including the celiac
artery (Abidu-Figueiredo et al., 2005; Roza et al., 2012),
internal iliac arteries (Avedillo et al., 2015, 2016a, 2016b),
renal arteries (Sajjarengpong and Adirektaworn, 2006),
and coronary arteries (Noestelthaller et al., 2007).

The knowledge of the variation of subclavian
artery is helpful for imaging diagnosis and surgical
treatment. Some abnormalities of the canine subclavian
artery and its branches are reported; for example, the
aberrant subclavian artery, stenosis of the subclavian
artery, and occlusion of the vertebral artery (Buchanan,
2004; Dekleer, 1971; He et al., 2002; Westworth et al.,

2006; Yoon and Jeong, 2011). These abnormalities are
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serious illness which can eventually cause death if
left untreated, and the accurate imaging diagnosis is
required before the surgical treatment can be performed
(Buchanan, 2004; Yoon and Jeong, 2011; Kim et al., 2017).
Furthermore, the knowledge of canine subclavian artery
and their branches is also useful for the human
disease model studies such as hypertension, stenosis
and atherosclerosis (Cohn et al., 2003; Saha et al., 2017).

Therefore, it is important to understand the
anatomy of Thai native dogs whose anatomical structures
have not been fully documented. Our research project
aimed to investigate the variation of canine anatomy in
Thai native dogs compared to other dogs. In this study,
we investigated the anatomical variation of branching

patterns of subclavian arteries.

Materials and methods
Cadavers

All canine cadavers from this study were free
from infectious diseases. They were donated to the
Faculty of Veterinary Science for teaching canine gross
anatomy. This study was performed in dissected cadavers
previously examined by veterinary students of the
Faculties of Veterinary Science from Mahidol University
and Chulalongkorn University. This research project
was approved by Animal Care and Use Committee,
Faculty of Veterinary Science, Mahidol University
(MUVS-2017-11-52).

Forty-three cadavers of Thai native dogs were
observed and compared with 15 non-Thai dogs consisting
of four Golden Retrievers, three Beagles, three Labrador
Retrievers, one Dalmatian, one French Bulldog, two

Siberians Huskies, and one Poodle.

Cadaver preparation

All donated cadavers were kept either in either
4°C refrigerator (Chulalongkorn University) or -20°C
freezer (Mahidol University) until embalming. A
preservative chemical solution (a mixture of formaldehyde,
glycerine, and phenol) was injected to the left common
carotid artery of the specimens. After seven days, 200
to 500 mL of coloured latex were introduced into the left
common carotid artery by a pressure pump. The cadavers
were then kept at room temperature for a day before
they were immersed into the diluted formalin solution

for long-term storage.

Branching pattern

Initially, we used the previous classification
(Kim et al., 2010; Pol et al., 2016) to observe the cadavers
in this study. The initial study by Kim et al. (2010)
describe 12 variations while Pol et al. (2016) suggest
two more variations. After the observation from our
canine cadavers, we found that the previous classification
did not cover all the possibility of branching pattern.
Therefore, we created the new branching model (26
branching patterns) to cover all possibilities (Fig 1).
The new variations were divided into7 main types
(type I-VII) based on the appearance of the first and
second branches of the subclavian artery (Table 1).
For each main type, 4 subtypes (a-d) were categorised
based on the level of the internal thoracic artery related
to the superficial cervical artery and the costocervical
trunk (Table 2). Based on this category, type Vb and Vd
were the same pattern as well as type VIIb and VIId,
we then called type Vb/Vd and VIIb/VIId.
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Statistical analysis statistical software (https://www.graphpad.com/)

The statistical difference of the occurrence of using Fisheris exact test. P-value less than 0.05 was

branching pattern was calculated using GraphPad considered as a statistical significance in this study.
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Fig. 1 The illustrated model of branching patterns of canine subclavian arteries. V = Vertebral artery. C = Costocervical

trunk. S = Superficial cervical artery. I = Internal thoracic artery. DS = Dorsal scapular artery. DC = Deep cervical

artery.
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Table 1. Main types of subclavian variations based on the appearance of first and second branches of subclavian artery.

Type 1* branch 2 branch
I Vertebral artery Costocervical trunk
I Vertebral & Costocervical arteries Superficial cervical artery
I Common trunk of Superficial cervical artery

Vertebral & Costocervical arteries

v Costocervical trunk Vertebral artery

v Vertebral artery Costocervical &

Superficial cervical arteries

VI Vertebral, Dorsal scapular Superficial cervical artery

& Deep cervical arteries”

VII Vertebral artery Common trunk of

Costocervical & Superficial cervical arteries

“There was no costocervical trunk in this pattern

Table 2. Subtype of subclavian variations base on the level of the internal thoracic artery related to the superficial cervical

artery and the costocervical trunk.

Subtype Description

a The internal thoracic artery arose after the superficial cervical artery, and not opposite

to costocervical trunk

b The internal thoracic arteries arose at the same level of the superficial cervical artery

c The internal thoracic artery arose before the superficial cervical artery, and not opposite

to the costocervical trunk

d The internal thoracic artery arose opposite to the costocervical trunk
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Table 3. Branching patterns of left and right subclavian arteries in all dogs.

47

Type Subtype Case n (%) Left n (%) Right n (%)
I a 6(5.2) 4(6.9) 234
b 38 (32.8) 13 (22.4) 25 (43.1)
c 15 (12.9) 10 (17.2) 5(8.6)
d 9(7.8) 4(6.9) 5(8.6)
Subtotal 68 (58.6) 31 (53.4) 37 (63.8)
| a 5(4.3) 1(1.7) 4(6.9)
b 16 (13.8) 9 (15.5) 7(12.1)
c 7 (6.0) 5 (8.6) 2(34)
d b n -
Subtotal 28 (24.1) 15 (25.9) 13 (22.4)
11 a oLk, 2 2 (3.4)
b 54.3) 2(3.4) 3(5.2)
c 1(0.9) - 1.(1.7)
d 1 . -
Subtotal 8(6.9) 2(3.4) 6 (10.3)
v a - - -
b 7(6.0) 7(12.1) ]
c s : -
d £ L .
Subtotal 7 (6.0) 7 (12.1) 0(0.0)
\% a 1(0.9) Z 1(1.7)
b/d 2(1.7) 1(1.7) 1(1.7)
c E . -
Subtotal 3(2.6) 1(1.7) 234
VI a - - -
b 1(0.9) 1(1.7) 0 (0.0)
c - . -
d - - -
Subtotal 1(0.9) 1(1.7) 0(0.0)
VIiI a - - _
b/d 1(0.9) 1(1.7) -
c - . -
Subtotal 1(0.9) 1(1.7) 0(0.0)
Total 116 58 58
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Table 4. Branching patterns of subclavian arteries of Thai native dogs compared to non-Thai native dogs.

Journal of Applied Animal Science Vol. 12 No.3 September-December 2019

Thai native dogs

Non-Thai native dogs

Type Subtype
Casen (%) Leftn(%) Rightn (%) Casen (%) Leftn(%) Rightn (%)
I a 5(5.8) 3(7.0) 247 13.3) 1(6.7) -
b 29 (33.7) 11 (25.6) 18 (41.9) 9 (30.0) 2 (13.3) 7 (46.7)
c 11 (12.8) 7 (16.3) 4(9.3) 4(13.3) 3(20.0) 1(6.7)
d 7 (8.1) 3(7.0) 4(9.3) 2(6.7) 1(6.7) 1(6.7)
Subtotal 52 (60.5) 24 (55.8) 28 (65.1) 16 (53.3) 7 (46.7) 9 (60.0)
1I a 22.3) - 247 3 (10.0) 1(6.7) 2(13.3)
b 11 (12.8) 6 (14.0) 5(11.6) 5(16.7) 3(20.0) 2(13.3)
© 4 (4.7) 3(7.0) 1(2.3) 3 (10.0) 2 (13.3) 1(6.7)
d " - - 3 A -
Subtotal 17 (19.8) 9 (20.9) 8 (18.6) 11 (36.7) 6 (40.0) 5(33.3)
111 a 1(1.2) - 1(2.3) 1(3.3) - 6.7
b 5(5.8) 2 4.7 37 - - 1(6.7)
c 1(1.2) - 1(2.3) - 2 -
d - L d - - -
Subtotal 7 (8.1) 24.7) 5 (11.6) 13.3) 0 (0.0) 1(6.7)
v a - - - - - -
b 5(5.8) 5(11.6) - 2(6.7) 2(13.3) -
c 2 = . . - -
d 2 . . @ - -
Subtotal 5(5.8) 5 (11.6) 0 (0.0 2 (6.7) 2(13.3) 0 (0.0)
v a 1(1.2) - 1 &3) - - -
b/d 2(2.3) 1(2.3) 1(2.3) - - -
c - - - - - -
Subtotal 3(3.5) 1(2.3) 24.7) 0 (0.0) 0 (0.0) 0 (0.0)
VI a - - - - - -
b 1(1.2) 1 - - - -
c - - - - - -
d - - - - - -
Subtotal 1(1.2) 1(2.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
viI a - - - - - -
b/d 1(1.2) 1(2.3) - - - -
c - - - - - -
Subtotal 1(1.2) 1(2.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Total 86 (100) 43 (100) 43 (100) 30 (100) 15 (100) 15 (100)
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Table 5. Branching patterns of subclavian arteries of Thai native dogs, comparison between male and female dogs.

Thai male dogs Thai female dogs
Type Subtype
Casen (%) Leftn(%) Rightn (%) Casen (%) Leftn(%) Rightn (%)
I a 4(8.3) 2(8.3) 2(8.3) 1(2.6) 1(5.3) -
b 12 (25.0) 4 (16.7) 8(33.3) 17 (44.7) 7 (36.8) 10 (52.6)
c 5(10.4) 3(12.5) 2(8.3) 6 (15.8) 4(21.1) 2 (10.5)
d 6 (12.5) 3(12.5) 3(12.5) 1(2.6) - 1(5.3)
Subtotal 27 (56.3) 12 (50.0) 15 (62.5) 25 (65.8) 12 (63.2) 13 (68.4)
1I a 24.2) - 2 (8.3) - - -
b 6 (12.5) 4(16.7) 2 (8.3) 5(13.2) 2 (10.5) 3 (15.8)
c 4 (8.3) 3 (12.5) 1(4.2) - - -
d " - - A A -
Subtotal 12 (25.0) 7 (29.2) 5 (20.8) 5(13.2) 2 (10.5) 3(15.8)
111 a - - - - - -
b 3(6.3) - 3 (12.5) 2(5.3) 2 (10.5) -
c - - - 1(2.6) - 1(5.3)
d - L d - - -
Subtotal 3(6.3) 0 (0.0) 3 (12.5) 3(7.9) 2 (10.5) 1(5.3)
v a - - - - - -
b 4 (8.3) 4(16.7) - 1 (2.6) 1(5.3) -
c 2 = . . - -
d 2 . . @ - -
Subtotal 4 (8.3) 4 (16.7) 0 (0.0) 1(2.6) 1(5.3) 0 (0.0)
v a 1(2.1) - 14.2) 1(2.6) - 1(5.3)
b/d 1(2.1) 14.2) - 1(2.6) - 1(5.3)
c - - - - - -
Subtotal 24.2) 14.2) 14.2) 2(5.3) 0 (0.0) 2 (10.5)
VI a - - - - - -
b - - - 1(2.6) 1(5.3) -
c - - - - - -
d - - - - - -
Subtotal 0 (0.0) 0 (0.0) 0 (0.0) 1(2.6) 1(5.3) 0 (0.0)
Vil a - - - - - -
b/d - - - 1(2.6) 1(5.3) -
c - - - - - -
Subtotal 0 (0.0) 0 (0.0) 0 (0.0) 1(2.6) 1(5.3) 0 (0.0)
Total 48 (100) 24 (100) 24 (100) 38 (100) 19 (100) 19 (100)
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Table 6. The frequency of individual dog having a symmetrical branching pattern in the left and right subclavian arteries.

Symmetry (%) Asymmetry (%)
Male 9(28.1) 23(71.9)
Female 9(34.6) 17 (65.4)
Total 18 (31.0) 40 (69.0)

Results

In this study, four new variations were found, they
were type Va, Vb/Vd, VIb, and VIIb/VIId. Type V had had
vertebral artery as the first branch, then costocervical
and superficial cervical arteries arose together. Type Vb/
Vd, the internal thoracic artery arose opposite either to
the costocervical trunk or the superficial cervical artery
while type Va the internal thoracic artery arose after the
superficial cervical artery, but not opposite to the
costocervical trunk. VIIb/VIId was described as vertebral
artery is the first branch and then common trunk of
costocervical and superficial cervical arteries, the internal
thoracic artery arose opposite either to the costocervical
trunk or the superficial cervical artery.The new patterns
were found 4.4% of all dogs (Table 3) and 5.9% of
Thai native dogs (Table 4). The frequency of branching
patterns of all dogs in this study is shown in Table 3.
The highest frequency of branching pattern in this study
was type I (58.6%), specifically type Ib (32.8%), and
it was statistically higher (P < 0.01) than other types.
Type Ib was also the most common pattern for both left
and right subclavian arteries.

The comparison between Thai native dogs and
non-Thai dogs is shown in Table 2. For Thai native
dogs, the main branching pattern was type 1 (60.5%),
particularly type Ib (33.7%), and it was statistically
higher (P < 0.01) than other types. Type 1b was dominant

in both left and right subclavian arteries of Thai native

dogs. In non-Thai dogs, the major pattern was also type
Ib (30.0%), but it was not statistically different from IIb
(P > 0.05). Notably, type Ib in non-Thai dogs was
dominant on the right subclavian artery whereas the
most common types of left subclavian were type Ic
(20.0%) and IIb (20.0%).

The comparison between male and female Thai
native dogs is shown in Table 5. Type Ib was the most
common pattern in both male and female Thai native
dogs. However, the occurrence of type Ib in female
Thai native dogs was significantly higher (P < 0.05)
than in the male (44.7% vs 25.0%). Notably, the left
subclavian artery in male Thai native dogs had three
common types (Ib, IIb and IVb, 16.7% each) whereas
the common pattern in the females was only type Ib.

The similarity of branching pattern between left
and right subclavian arteries is shown in Table 6. The
occurrence of the asymmetric pattern (69.0% of dogs)
of the subclavian artery was significantly higher
(P < 0.01) than the symmetric pattern. Regarding to the
sex, the asymmetric pattern was also more common in

both male (71.9%) and female dogs (65.4%).
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Discussion

The highest frequency of branching pattern in this
study was type I (particularly type Ib) which was also the
most common pattern for both left and right subclavian
arteries. This finding is similar to previous report in
the German Shepherd (Kim et al., 2010), but not the
Greyhound who has the type Id as the most common
pattern (Pols et al., 2016). This information will help
veterinarian for understanding normal structure of
subclavian artery of Thai native dog which is useful
imaging diagnosis and surgery.

The occurrence of type Ib in female Thai native
dogs was higher than the males, this finding is similar to
the German Shepherd (Kim et al., 2010), but not the
Greyhound (Pols et al., 2016). Initially, Kim et al. (2010)
describe the anatomical variation of the subclavian
artery using 4 main types (type I-IV) and 3 subtypes
(a-c), 12 patterns in total. Type Ia to Illc (9 patterns) are
logically classified based on the level and appearance
of the vertebral, costocervical, and superficial cervical
arteries, but they describe type IV as all remaining case.
Later, Pols et al. (2016) suggest that type IV should be
logically described as the costocervical trunk arise
before the vertebral artery, so they reclassify the pattern
by replacing the old IV types with their new well
described types, but they neglect type of IVa and IVc of
Kim et al. (2010). In the present study, we included
all variations found in previous studies and the present
study and also illustrated the possibility of other
variations that were not found yet. All variations were
logically described and could be used for the future
reference.

There are few disagreements between our study
and the reference books used to study veterinary anatomy.
Textbooks is reported that the internal thoracic artery

usually arise simultaneously with the superficial cervical

artery (subtype 'b'), and the vertebral artery is always
the first branch of the subclavian artery (Ghoshal,
1975; Pasquini et al., 2003; Adam, 2004; Konig et al.,
2007; Dyce et al., 2010; Evans and de Lahunta, 2010,
2013), this statement is inconsistent with our finding
and recent studied (Kim et al., 2010; Pols et al., 2016)
which found that only half of dogs have these variations.
It is possible that the many textbooks relied on the old
information (more than 10 years) and not updated with
recent publications, this can cuase confusion with
teachers and students.

In the present study, the common trunk of the
vertebral artery and the costocervical trunk (type III)
can be found approximately 4%, and the possibility that
both arteries arose at the same level (type II) was 7%,
this finding is consistent to the German Shepherd's study
(Kim et al., 2010) but not the Greyhound (Pols et al.,
2016) who has a type II pattern more than 32%.
Moreover, the present study showed that the asymmetric
pattern of the subclavian artery was more common than
the symmetric pattern, which is comparable to previous
studies (Kim et al., 2010; Pols et al., 2016), but it is not in
accordance with the presentation in many textbooks
(Pasquini et al., 2003; Adam, 2004; Konig et al., 2007;
Dyce et al., 2010; Evans and de Lahunta, 2013).

In conclusion, the anatomical variation of
branching patterns of the subclavian artery is unique in
each type of dog. Type Ib is the most frequent pattern
but being found less than half of the cases, and it is
found in the female more often the male. The symmetric
pattern of left and right subclavian arteries is uncommon.
Many findings are inconsistent with many textbooks
of canine anatomy. The knowledge of the subclavian
artery variation is useful for veterinary education,

imaging diagnosis, and surgical treatment.



52 Journal of Applied Animal Science Vol. 12 No.3 September-December 2019

Acknowledgements
We would like to thank Dr Jane Taylor from the
University of Edinburgh, UK for English proofreading.
We acknowledge Mr Somchai Sa-ing-kaew for cadaver
preparation. This research did not receive any specific
grant from funding agencies in the public, commercial,

or not-for-profit sectors.

References
Abidu-Figueiredo M, Dias GP, Cerutti S, Carvalho-
De-Souza B, Maia RS, Babinski M.A. Variations
of celiac artery in dogs: Anatomic study for
experimental, surgical and radiological practice.

Int J Morphol. 2005; 23: 37-42.

Adam DR. Canine Anatomy: A systemic study. 4™ ed.

Towa: Towa Stat Press. 2004.

Avedillo L, Martin-Alguacil N, Salazar I. Anatomical
Variations of the Blood Vascular System in
Veterinary Medicine: The Internal Iliac Artery of
the Dog: Part One. Anat Histol Embryol. 2015;

44:299-307.

Avedillo L, Martin-Alguacil N, Salazar 1. Anatomical
Variations of the Blood Vascular System in
Veterinary Medicine. The Internal Iliac Artery of
the Dog. Part Two. Anat Histol Embryol. 2016;

45; 88-99.

Avedillo L, Martin-Alguacil N, Salazar 1. Anatomical
Variations of the Blood Vascular System in
Veterinary Medicine: The Internal Iliac Artery of
the Dog - Part Three. Anat Histol Embryol. 2016;

45: 189-96.

Buchanan JW. Tracheal signs and associated vascular
anomalies in dogs with persistent right aortic arch.
J Vet Intern Med. 2004; 18: 510-4.
Boonyaprakob U, Homsavart S, Noosud J,
Tungtrakanpoung R.. Cloning and comparative
analysis of zinc-finger protein gene on Y-chromosome
(ZFY) between Thai Bangkaew dog and other

Thai canids. ANRES. 2017. 51; 3: 212-7.

Bureau of Disease Control and Veterinary Service.
The population of dog and cat in Thailand. 2010.
Available from http://dcontrol.dld.go.th/dcontrol/

index.php/rabies/747-dogpop2016.

Cohn WE, Ruel M, Zhang JP, Sellke FW, Johnson RG.
Internal thoracic artery flow competition: studies
in a canine H-graft model. Eur J Cardiothorac

Surg. 2003; 23: 56-9.



Journal of Applied Animal Science Vol.12 No.3 September-December 2019 53

Dekleer VS. An anomalous origin of the right
subclavian artery in the dog. Br Vet J. 1971; 127:

76-82.

Dyce KM, Sack WO, Wensing CJG. Textbook of
veterinary anatomy. “* ed. St Louis, Missouri, U

SA: Saunder Elsevier. 2010.

Evans HE, De Lahunta A. Guide to the dissection of
the dog. 7™ ed. St Louis, Missouri: Saunders

Elsevier. 2010

Evans HE, De Lahunta A. Miller's Anatomy of the Dog.
4™ ed. St Louis, Missouri: Saunders Elsevier.

2013.

Fédération Cynologique Internationale (FCI). Presentation
of our organisation. 2017. Available from http://
www.fci.be/en/Presentation-of-our-organisation-

4.html.

Fleischer S, Sharkey M, Mealey K, Ostrander EA,
Martinez M. Pharmacogenetic and metabolic
differences between dog breeds: their impact on
canine medicine and the use of the dog as a
preclinical animal model. AAPS J. 2008; 10:

110-9.

Ghoshal NG. Carnivore heart and arteries. In: Getty R,
editor. Sisson and Grossmanis the Anatomy of the
Domestic Animals. Philladelphia, PA: W.B.

Saunder. 1975.

He H, Jia L, Li J, Kong Q, Ji R, Yu K. Impact of ligation
of vertebral artery on function of central nervous
system, an experimental study. Zhonghua Yi Xue

Za Zhi. 2002; 82: 418-21.

Hughes J, Macdonald DW. A review of the interactions
between free-roaming domestic dogs and wildlife.

Biol Cons. 2013; 157: 341-51.

Kim J, Eom K, Yoon H. Computed tomography
angiography reveals stenosis and aneurysmal
dilation of an aberrant right subclavian artery
causing systemic blood pressure misreading in an
old Pekinese dog. J Vet Med Sci. 2017. 79,

1052-5.

Kim IS, Yang HH, Tae HJ, Na IJ, Leem HS, Ahn
DC. Branching patterns of the subclavian arteries
in German Shepherd dogs. Anat Histol Embryol.

2010; 39: 529-33.



54 Journal of Applied Animal Science Vol. 12 No.3 September-December 2019

Konig HE, Ruberte J, Liebich HG. Organs of the
cardiovascular system (Systema cardiovasculare).
In: Konig HE, Liebich HG, editors. Veterinary
Anatomy of Domestic Mammals: Textbook
and Colour Atlas (3™ ed). Stuttgart: Schattauer.

2007.

Nickel R, Schummer A,Seiferle E. The Anatomy of the
Domestic Animals, Vol. 3, the Circulatory System,
the Skin, and the Cutaneous organs of the Domestic
Animals. Berlin and Hamburgh: Verla Paul Parey.

1976.

Noestelthaller A, Probst A, Konig HE. Branching
patterns of the left main coronary artery in the dog
demonstrated by the use of corrosion casting

technique. Anat Histol Embryol 2007; 36: 33-7.

Oswald H, Sharkey M, Pade D, Martinez MN. Canine
gastrointestinal physiology: Breeds variations that
can influence drug absorption. Eur J Pharm

Biopharm. 2015; 97: 192-203.

Parker HG. Genomic analyses of modern dog breeds.

Mamm Genome. 2012; 23: 19-27.

Pasquini C, Spurgeon T, Pasquini S. Anatomy of
Domestic Animals; Systemic & Regional
Approach. 10™ ed. Pilot Point: Sudz Publishing.

2003.

Pilot M, Malewski T, Moura AE, Grzybowski T,
Olenski K., Rusc A, et al. On the origin of mongrels:
evolutionary history of free-breeding dogs in

Eurasia. Proc Biol Sci. 2015; 7: 282, 20152189.

Pols S, Henneberg M, Norris R. Cranial Arterial
Patterning in Greyhounds: Another Case of

Internal Intraspecific Variation. Anat Histol Embryol.

2016; 45: 161-72.

Roza MS, Marinho GC, Pereira JA, Salvador-Gomes M,
Abidu-Figueiredo M. Celiac artery with a pulmonary
branch in dog: a rare variation. J Morphol Sci.

2012; 29: 253-5.

Saha T, Naqvi SY, Ayah OA, Mccormick D, Goldberg S.
Subclavian Artery Disease: Diagnosis and Therapy.

Am J Med. 2017;130: 409-16.

Sajjarengpong K, Adirektaworn A. The variations and
patterns of renal arteries in dogs. Thai J Vet Med.

2006; 36: 39-46.



Journal of Applied Animal Science Vol.12 No.3 September-December 2019 55

Schoenebeck JJ, Ostrander EA. The genetics of canine Westworth DR, Vernau KM, Cullen SP, Long CD, Van
skull shape variation. Genetics. 2013; 193: 317-25. Halbach V, Lecouteur RA. Vascular anomaly
causing subclavian steal and cervical myelopathy
Wang GD, Zhai W, Yang HC, Wang L, Zhong L, Liu YH, in a dog: diagnosis and endovascular management.
et al. Out of southern East Asia: the natural history Vet Radiol Ultrasound. 2006; 47: 265-9.
of domestic dogs across the world. Cell Res.
2016; 26, 21-33. Yoon HY, Jeong SW. Surgical correction of an aberrant
right subclavian artery in a dog. Can Vet J. 2011;

52: 1115-8.







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


