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Summary

The aim of the study was to investigate the morphology and morphometry of ramifications of the aortic arch
in domestic shorthair cats in relation to the sex of the animals. The morphological study was performed on 61
hearts of adult domestic shorthair cats of both sexes, preserved in the 10% solution of formalin. Measurements
of the area of openings of basic branches and distances between them were performed. In cats we can observe
a double type of direct ramification of the aortic arch: the brachiocephalic trunk and the left subclavian
artery. In all studied cases, the surface area of the ostium of the brachiocephalic trunk (SABT) was greater
4.94 £ 1.35 mm’ than the surface area of the ostium of the left subclavian artery (SALSA) 2.38 + 0.88 mm?. The
average difference between the opening area of the above vessels (r) amounted to 2.56 mm?2. In the studied group
of cats, the distance between the openings (d) varied between 0.5 and 4.37 mm. In the post hoc comparison
of the mean values no statistically significant differences were found between the population of males and
females. Fundamental changes in the structure of openings were found in two females. The first one concerned
a secondary division of the brachiocephalic trunk opening and the second one — a secondary division of the
opening of the left subclavian artery in the area of their parting from the aortic arch. CT angiography or MRI
angiography is the method of choice for diagnosis of vascular disorders or malformations. The knowledge
of the aortic arch morphology in various species of animals is a prerequisite for a correct assessment of the
results of imaging tests.
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The morphology of the aortic arch and its branches
is noteworthy both in humans and in animals. This is
due to the occurrence of congenital malformations
of this part of the aorta, as well as of disorders in the
topography of the adjacent organs. They may take an
isolated form or occur as a complex defects of the
heart and vessels. Some common anomalies reported
in humans include: DAA —a double aortic arch, ARSA

— aberrant right subclavian artery, right sided aortic
arch, interrupted aortic arch and DLAA — double lu-
men aortic arch (1, 6). In animals, the most commonly
reported anomaly is a DAA, e.g. in cats (25, 30) and
dogs (10, 19).

Constant development of diagnostic imaging in-
creases the effectiveness of cardiovascular disorders
diagnosis. In veterinary medicine, computed tomo-
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graphy (CT) and magnetic resonance (MR) are increas-
ingly used for diagnostic purposes (7, 13). Due to the
lower cost and relatively easy testing, access to CT in
veterinary medicine is increasing rapidly. Computed
tomography enables acquiring images of sections of
the examined specimen without the superimposition of
organs. Modern, multi-row units provide high contrast
image quality with detailed anatomy of a patient. CT
angiography with intravenous contrast application
together with multiplanar reconstruction (showing the
studied structure in any chosen plane) and 3D recon-
struction allows practitioners to evaluate blood vessel
diseases with any related pathologies (14, 27). The
analysis of thus obtained images requires knowledge
of clinical anatomy. Descriptions of the morphology
of the aortic arch and its branches in the domestic cat
may be found mainly in academic textbooks and atlases
of anatomy (9, 12, 17, 26). Detailed anatomical stud-
ies on the morphology and morphometry of the aortic
arch branches are essential to provide reliable data
for practitioners using advanced imaging modalities
as CT and MRI. The aim of the study was therefore
to investigate the morphology and morphometry of
ramifications of the aortic arch in domestic shorthair
cats in relation to sex of animals.

Material and methods

The study was conducted on 61 adult domestic shorthair
cats of both sexes (29 males, 32 females), of the average
body weight of 3.98 kg, aged from 2 to 13 years (28). The
animals were euthanized by veterinarians of the Small
Animal Clinic of the Faculty of Veterinary Medicine,
Warsaw University of Life Sciences. The animals were not
killed for the purpose of this study. The animals presented
to the clinic were euthanized under general anesthesia by an
overdose of barbiturates with the owners’ consent for vari-
ous non-cardiac reasons. The anaesthetic was administered
via a peripheral intravenous catheter. The owners of the ani-
mals also consented to the use of the cadavers for scientific
purposes. According to Polish law, the post mortem use of
tissues does not require an approval from the Ethics Com-
mittee (24). Pathological examination of the whole body
was performed before the dissection of the hearts.

Each heart was dissected from the specimen and rinsed
with tap water to remove blood. This was followed by an
anatomical preparation for the visualization of the aortic
arch and the related vessels (Fig. 1). In the next stage, the
main vascular trunks were cut crosswise showing the ostium
of the brachiocephalic trunk and the left subclavian artery.
The obtained tissues were further fixed in 10% formalin and
0.25% ethanol. Before the measurements were taken, the
treated surfaces were dried with filter paper and a mechani-
cal aspirator. Morphological studies were performed with
the use of ECLERIS (HALOLUX 150, Ecleris USA Inc.,
San Diego, USA) surgical microscope with an integrated
video channel and software adapted to metric analyses of
images (AxioVision Rel. 4.7, Carl Zeiss Microlmaging
GmbH, Jena, Germany). Out of 61 cats, the measurements
were performed on 59 specimens. In the other 2 specimens,
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the measurements were not taken due to differences in the
structure of ostia. The following morphometric parameters
were analysed: SA ;- the surface area of the ostium of the
brachiocephalic trunk (mm?); SA ¢, —the surface area of the
ostium of'the left subclavian artery (mm?); r — the difference
between SA, and SA ., (mm?); d — distance between the
individual ostia of vessels (mm).

The statistical analysis was performed applying STATIS-
TICA 12 software (StatSoft, Inc. Tulsa, USA). The differ-
ences between the population of males and females for each
of the parameters were determined by the Fisher’s LSD test
with the significance level at p < 0.05.

Results and discussion

In all studied specimens (n= 61), the double type of
direct branches from the aortic arch was found. This
means that two arteries arose from the mentioned struc-
ture: the brachiocephalic trunk and the left subclavian
artery (Fig. 1, 2).

In all studled cases, the SA . was greater (4.94 +
1.35 mm?) than the SA ., (2.38 +0.88 mm?), without
differences between the population of males and fe-
males (Tab. 1). The mean values of these parameters
in both sexes were very similar, and in terms of the
difference (r) between the surface areas of the ostia of
these arteries, they were even identical. Noticeably, in
4 cases, the difference between these parameters was
less than or equal to 1.0 mm? (Fig. 2B). However, in

Fig. 1. Auricular surface of the heart. Ramification of the
aortic arch

Explanations: 1 — aortic arch; 2 — brachiocephalic trunk; 3 — left
subclavian artery
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7 individuals the difference between the surface area
of the ostia of both arteries exceeded 4.0 mm?, and in
one female this measurement even reached 5.12 mm?

Fig. 2. Aortic arch (transverse section through the main
trunks)
Explanations: 1 —brachiocephalic trunk; 2 — left subclavian artery

B, i
Fig. 3. Aortic arch (transverse section through the main
trunks)

Explanations: A —secondary division of the brachiocephalic trunk
opening; B —secondary division of the opening of the left subcla-
vian artery; 1 — brachiocephalic trunk; 2 — left subclavian artery

Tab. 1. The level of parameters studied in relation to the sex
of cats

Parameters Males Females

SA;;

Mean 4.95° 4.927

SD 1.31 1.40

Min 2.60 2.78

Max 7.86 8.07
sALSI\

Mean 2.42? 2.33

SD 0.91 0.86

Min 1.10 1.01

Max 5.43 4.39
r

Mean 2.53? 2.59?

SD 1.02 1.05

Min 0.31 0.99

Max 4.72 5.12
d

Mean 2.24? 2.23?

SD 0.61 0.68

Min 1.14 0.50

Max 3.65 4.37

Explanations: a — means with superscript the same letter does
not differ significantly at p <0.05; SA — the surface area of the
ostium of the brachiocephalic trunk (mm?); SA , — the surface
area of the ostium of the left subclavian artery (mm?); r — diffe-
rence between SA_ and SA (, (mm?); d — distance between the

T LSA
individual ostia of vessels (mm)
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(Fig. 2A). No differences were recorded between the
population of males and females.

The distance between the ostium of the brachio-
cephalic trunk and the ostium of the left subclavian
artery (d) in males and females reached similar values
without differences between the population of males
and females. Both ostia were rather close to each other,
on average at 2.24 +0.61 mm in males and 2.23 +0.68
mm in females (Fig. 2A). In one female specimen it
reached 4.37 mm (Fig. 2B, Tab. 1).

In the case of two females, the assessment of the in-
vestigated parameters was not conducted. This was due
to the secondary division of the brachiocephalic trunk
and the left subclavian artery, taking place directly in
their ostia (Fig. 3).

Descriptions of the morphology of individual sec-
tions of the aorta have been featured in numerous
veterinarian publications (3,4, 8,9, 17, 18, 21, 26, 29).
In domestic mammals two types of direct branches of
the aortic arch can be distinguished. In the first one the
only branch present is the brachiocephalic trunk. It is
described in ruminants and in horses (9, 17, 26). In the
second type two vessels arise independently from the
ascending aorta: the brachiocephalic trunk and the left
subclavian artery. This type can be observed in carni-
vores, domestic pigs, brown hares, paca, chinchillas
and guinea-pigs (5,9, 12, 16, 17, 22, 23, 26).

Studies conducted by Atalar et al. (2) on porcupines
revealed the presence of three vessels originating from
the aortic arch. The largest branch is the brachioce-
phalic trunk. In close proximity arises the left common
carotid artery. The third branch is the left subclavian
artery, the diameter of which is significantly smaller
than of the brachiocephalic trunk.

In birds, a characteristic feature is the lack of
branches of the aortic arch and the above mentioned
vessels originate from the ascending aorta. In humans
the aortic arch has three branches, namely, the bra-
chiocephalic trunk, the left common carotid artery and
the left subclavian artery. There are many publications
on this topic in humans. The observed variations of
the branching pattern of the aortic arch relate to their
number, course and the area of their origination. Some
cases are described where the number of vessels varied
from 1 to even 6 (9, 15, 20).

In most of these papers, the authors only determine
the individual vessel syntopy based on morphological
and angiographic studies.

The available literature provides only one publica-
tion on the detailed morphology of the brachiocephalic
trunk in a domestic cat (11). The conducted study
showed the presence of three types of branches of the
said vessel. In the most common type, present in 29
out of 56 specimens, two vessels arise from the bra-
chocephalic trunk: namely, the left common carotid
artery and the common branch for the right subclavian
artery and the right common carotid artery. The second
most common (21 individuals) was the type specified
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by the authors as trifurcate. In these individuals the
three vessels: the right subclavian artery and the left
and right common carotid artery each had separate
ostia. In the cited publication, the authors describe the
distance between the ostia of the vessels arising from
the aortic arch. The longest one was 1.75 cm. In the
present study it was noticed that the distance between
the brachiocephalic trunk and the left subclavian ar-
tery varies from 0.5 to 4.37 mm. The difference can
be explained by the different cat population that was
investigated.

CT angiography or MR angiography is the method of
choice for diagnosis of vascular disorders or malforma-
tions (13, 14, 27). The knowledge of the variations of
aortic arch morphology in various species of animals
is a prerequisite for a correct assessment of the results
of imaging tests.
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