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ABSTRACT

Background: Aortic arch (AA) branching patterns vary among different mammalian species.
Most previous studies have focused on dogs, whereas those on raccoon dogs remain
unexplored.

Objectives: The objective of this study was to describe the AA branching pattern in raccoon
dogs and compare their morphological features with those of other carnivores.

Methods: We prepared silicone cast specimens from a total of 36 raccoon dog carcasses

via retrograde injection through the abdominal aorta. The brachiocephalic trunk (BCT)
branching patterns were classified based on the relationship between the left and right
common carotid arteries. The subclavian artery (SB) branching pattern was examined based
on the order of the four major branches: the vertebral artery (VT), costocervical trunk (CCT),
superficial cervical artery (SC), and internal thoracic artery (IT).

Results: In most cases (88.6%), the BCT branched off from the left common carotid artery
and terminated in the right common carotid and right subclavian arteries. In the remaining
cases (11.4%), the BCT formed a bicarotid trunk. The SB exhibited various branching
patterns, with 26 observed types. Based on the branching order of the four major branches,
we identified the main branching pattern, in which the VT branched first (98.6%), the

CCT branched second (81.9%), the SC branched third (62.5%), and the IT branched fourth
(52.8%).

Conclusions: The AA branching pattern in raccoon dogs exhibited various branching
patterns with both similarities and differences compared to other carnivores.

Keywords: Aortic arch; brachiocephalic trunk; raccoon dogs; subclavian artery; branching
pattern

INTRODUCTION

Aortic arch (AA) branching patterns represent diverse variations among mammalian species,
including carnivores [1-3], rodents [4,5], primates [6], pigs [7], horses [8], and ruminants
[9-11]. Each species has distinctive features [12].
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In anatomical textbooks, representative types of AA branching patterns for carnivores are
illustrated using dogs as examples. In dogs, the AA divides into two arteries, namely the
brachiocephalic trunk (BCT) and left subclavian artery (LSB). The BCT further branches
into the left common carotid artery (LCC), right common carotid artery (RCC), and right
subclavian artery (RSB) [13-17].

However, this description does not reflect the diversity of AA branching patterns in
carnivores. For instance, in some marine species, such as the gray seal [12], deep-diving
hooded seal [18], and ringed seal [19], the AA branches into three arteries: the BCT, LCC, and
LSB. Moreover, studies on dogs [20], cats [3,21], and Eurasian otters [2] found intraspecific
variations based on the configuration between the LCC and RCC. The bicarotid trunk (BC)
has been reported in various carnivorous species, including dogs [20], cats [21], crab-eating
foxes [22], Eurasian otters [2], racoons [12], and giant pandas [23].

The subclavian artery (SB) also exhibits various branching patterns in carnivores [1,2,24,25].
The SB branches into four arteries: the vertebral artery (VT), costocervical trunk (CCT),
superficial cervical artery (SC), and internal thoracic artery (IT) [13-16]. However, the specific
branching sequences of these four arteries are not detailed in most textbooks [13-15,26].
Some textbooks state that the VT and CCT are typically the first and second branches,
respectively [17,27,28].

However, studies on SB branching patterns have reported a wide variation in dogs [1,25], cats [29],
and Eurasian otters [2]. These variations make it challenging to determine the typical branching
sequences of the four arteries. Particularly in cats [29] and Eurasian otters [2], it has been frequently
observed that the IT branches as one of the first two arteries. These findings suggest the need for
comprehensive and comparative anatomical studies of SB branching patterns.

Therefore, to further investigate AA branching patterns in carnivores, we decided to study
raccoon dogs (Nyctereutes procyonides, Gray, 1834). Based on mitochondrial genome analyses,
raccoon dogs show genetic affiliations with members of the Canidae family, especially with
species from the genera Canis, Chrysocyon, Cuon, and Vulpes [30]. Recently, with an increase
in the raccoon dog population, the importance of research on anatomical structures has grown
[31]. However, limited research has been conducted on the arteries of raccoon dogs, including
the basilar arteries of the brain [32], facial arteries [33], and middle cerebral arteries [34]. No
reports have investigated the anatomical patterns and variations in the AA in raccoon dogs.

Based on existing knowledge, our study aimed to describe the AA branching pattern in raccoon
dogs and compare their morphological features with those of other carnivores. This study
contributes to our understanding of vascular anatomy and highlights interspecific variations.

MATERIALS AND METHODS

Samples

A total of 36 raccoon dog carcasses (14 males and 22 females) that died during rescue or

care were obtained from the Jeonbuk Wildlife Rescue Center and Kangwon Wildlife Rescue
Center for anatomical research. The Institutional Animal Care and Use Committee (IACUC)
at Jeonbuk National University confirmed that ethical approval was not required for the use of
animal carcasses in our study (pain category A; use of non-living tissues).
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Vascular casting

We prepared silicone casts to examine AA branching patterns, as previously described

[9]. The thoracic and abdominal cavities were opened to expose the abdominal aorta. An
incision was made cranial to the celiac artery in the abdominal aorta, and blood clots were
flushed with saline. Commercial silicone (Lucky-Silicone; Wacker Chemical Korea, Korea)
was injected retrogradely through the incision. After ensuring that the silicone had filled the
major branches of the AA, the casts were left to solidify for 48 h. Subsequently, the casts were
analyzed for their branching patterns and photographed. Due to the failure of one BCT cast,
our study used 35 BCT casts and 72 SB casts.

Symbols

AA branching patterns are represented by four symbols indicating the positional relationship
between the two arterial branches (Fig. 1) [2]. “A-B” indicates that arteries A and B branched
offin that order. “A=B” indicates that arteries A and B branched at a similar level, whereas
“[A=B]” indicates that arteries A and B branched at the same branching level. If the
branching overlaps by more than half of the diameter of artery A, it is considered as “[A=B];”
otherwise, it is “A=B.” “[A&B]” indicates that arteries A and B arose from a common trunk.

Classification of the AA branching patterns

The AA branching pattern was analyzed at three branching levels: AA, BCT, and SB. Each
level applied a different classification method. All arteries were identified based on their
distribution area, vascular route, and relationship with adjacent structures, as referenced
from anatomical textbooks [15,17,35].

For the AA branching level, we classified the branching patterns according to the number of
arteries branching off directly from the AA, referred to as AA-types [4]. In AA-type I, the AA
only branched off one artery, the BCT. In AA-type II, the AA branched off two arteries, the
BCT and LSB. In AA-type III, the AA gave off three arteries, the BCT, LCC, and LSB.

For the BCT branching level, we examined the branching pattern based on the relationship
between the LCC, RCC, and RSB. These relationships are represented by the previously
described symbols [2]. We measured the total length of the BCT (length A), the length from
the AA to the LCC (length B), and the diameter of the LCC. The distance between the LCC
and RCC branches (length C) was calculated by subtracting length B from length A. For

BC, the distance from AA to BC was measured. Lengths A and B were measured from the

N ) ) )
N—1 N N—

5 L T D
N T

N— N— N— N—

A-B A=~B [A=B] [A&B]

Fig. 1. Symbols representing the positional relationships between two arterial branches.
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branching point of the BCT in the AA to the distal borders of RCC and LCC, respectively.
Measurements were performed using digital Vernier calipers (Mitutoyo Co., Japan).

To further investigate the relationship between LCC and RCC, the ratio of the distance
between the LCC and RCC to the total length of the BCT (RDCC, %) was calculated using
the following formula: Length C/Length A x 100 (%). Based on the RDCC, four branching
patterns were distinguished: RDCC-type I, RDCC > 30%; RDCC-type II, 15% < RDCC < 30%;
RDCC-type III, 0 < RDCC < 15%; and RDCC-type IV, RDCC = 0 [2].

For the SB branching level, we examined the branching pattern based on the relationships
between the four major branches: VT, CCT, IT, and SC. These relationships are represented
by the previously described symbols. Branching patterns represented by the same symbol
were categorized as a single pattern and referred to as the SB-type [2].

To further analyze the branching order of the four major branches, we counted the first,
second, third, and fourth branches [2]. We determined the main branching pattern based on
the branching order frequencies exceeding 50%. Additionally, we compared the frequencies
of LSB and RSB, as well as between the sexes.

Statistical analysis

All statistical analyses were performed using RStudio (version 2023.09.0+463; RStudio,
USA). Data are presented as mean + SD. Differences in the numerical data were analyzed
using the Student’s f-test. The Mann-Whitney U test was used to assess differences in the
arterial branching order in the SB, comparing individual arteries, between LSB and RSB, and
between the sexes. Statistical significance (p < 0.05) was determined.

RESULTS

Branching patterns at the branching level of the AA

We examined the AA branching patterns in raccoon dogs using silicone castings (Fig. 2). All
35 raccoon dogs showed AA-type Il with two arteries, the BCT and LSB, branching from the
AA. No anomalies were found in the AA of any raccoon dog.

Branching patterns at the branching level of the BCT

We investigated the BCT branching patterns based on the relationships between the three
major branches: LCC, RCC, and RSB. Among the 35 raccoon dogs, 31 had LCC-[RCC = RSB],
where the LCC branched first and terminated in the RCC and RSB (88.6%). The remaining
four animals displayed [[LCC&RCC] = RSB], in which LCC and RCC branched from a
common trunk, known as the BC (11.4%).

We measured several BCT parameters from the silicone specimens. The mean length A was
24.2 +5.6 mm, and the mean length B was 19.9 + 4.7 mm. The mean length C was 4.4 + 2.6
mm. RDCC values ranged from 0% to 38.3%, with a mean of 17.5% * 9.4% (Table 1). The
BCT branching patterns were classified into four types based on the RDCC. RDCC-type I
was observed in four raccoon dogs (one male and three females; 11.4%). RDCC-type II was
observed in 18 raccoon dogs (six males and 12 females; 51.4%). RDCC-type III was observed
in nine raccoon dogs (four males, five females; 25.7%). Only four cases (two males and two
females, 11.4%) exhibited an RDCC-type IV pattern with BC (Fig. 3).
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Fig. 2. Dorsal view of a silicone cast of the AA of a raccoon dog. Scale bar =10 mm.

AA, aortic arch; BCT, brachiocephalic trunk; LSB, left subclavian artery; RSB, right subclavian artery; LCC, left
common carotid artery; RCC, right common carotid artery; VT, vertebral artery; CCT, costocervical trunk; SC,
superficial cervical artery; IT, internal thoracic artery; AX, axillary artery.

Branching patterns at the branching level of the SB

We examined the SB branching patterns across a total of 72 cases in 36 raccoon dogs,
including both LSB and RSB. Various SB branching patterns were observed in the 26 SB types
from the total 72 cases (Table 2, Fig. 4). The most frequent SB-type was VIT-CCT-SC-IT, which
was found in 19 cases (26.4%). The second most prevalent SB-type was VI-CCT-[IT=SC],
which was observed in 10 cases (13.9%). SB-types VI-CCT-IT-SC and VT-CCT-IT=SC were
observed in 5 cases (6.9%). The SB-type VT-[CCT=SC]-IT was observed in 4 cases (5.6%).
Three SB-types, VI=CCT=SC-IT, VT-[CCT=IT]-SC, and [VT&CCT]-SC-IT, were each observed
in three cases (4.2%). Two SB-types, VI-CCT-SC=IT and VT-CCT=SC-IT, were observed in
two cases (2.8%). The remaining SB-types, represented by only one case each, constituted
1.4% of all cases.

We analyzed the branching order of the four major arteries of the SB (Fig. 5). The VT

branched first in 71 (98.6%) and second in only one case (1.4%). The CCT branched first in
10 (13.9%), second in 59 (81.9%), and third in three cases (4.2%). The SC branched first in
one (1.4%), followed by five (6.9%), 45 (62.5%), and 21 (29.2%) cases, respectively. The IT

Table 1. Average parameters of each type of the BCT in raccoon dogs

Parameters RDCC-type | RDCC-type I RDCC-type |II RDCC-type IV Total
Total length of BCT (length A) (mm) 27.2 + 2.7 24.6 + 6.2 24.4+ 4.3 19.1+6.0 24.2+ 5.6
Length from AA to LCC (length B) (mm) 17.9+2.1 19.7 £ 5.2 21.3+3.8 19.1+£6.0 19.9+4.7
Distance between LCC and RCC (length C) (mm) 9.3+1.2 49+1.4 3.1+0.7 0 4.4+92.6
Length of bicarotid trunk (mm) - - - 3.6+0.6 °
RDCC (Length C/Length A x 100) (%) 34.2+3.2 20.1+ 4.0 12.7+1.9 0 17.5+9.4
Diameter of LCC (mm) 8.2 0,3 2.9+0.7 2.8+ 0.6 2.9+ 0.6 2.9+ 0.6

The data are presented as the mean + SD.

RDCC, the ratio of the distance between the left and right common carotid arteries to the total length of the brachiocephalic trunk; BCT, brachiocephalic trunk;
AA, aortic arch; LCC, left common carotid artery; RCC, right common carotid artery.

https://vetsci.org
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Fig. 3. Branching patterns of the BCT in raccoon dogs. (A) Schematic representation showing the measurement points for calculating RDCC. The figure
represents the total length of the BCT (length A), the length from the AA to the LCC (length B), and the distance between LCC and RCC branches (length C). (B)
The distribution of the RDCC in raccoon dogs. The dotted line indicates the mean, and the solid line indicates the SD. Each RDCC-type is symbolized as follows:
square (M) for RDCC-type |, circle (®) for RDCC-type II, diamond (@) for RDCC-type Ill and, triangle (A) for RDCC-type IV. (C) The frequency of each RDCC-
types of the BCT in the raccoon dog. Bars filled with solid color represent males, while those with diagonal stripes represent females. (D) Examples of silicone

specimens representing each RDCC-type of the BCT. Scale bar =10 mm.
AA, aortic arch; RSB, right subclavian artery; BCT, brachiocephalic trunk; LCC, left common carotid artery; RCC, right common carotid artery; RDCC, the ratio of
the distance between the left and right common carotid arteries to the total length of the brachiocephalic trunk.

branched first in three (4.2%), followed by five (6.9%), 26 (36.1%), and 38 cases (52.8%),
respectively. Statistical analyses revealed significant differences in the branching order of
major SB arteries.

We also compared the branching order between LSB and RSB (Fig. 6). From the frequency
distribution, it was evident that the VT and CCT predominantly branched as the first or second
branches, whereas the SC and IT mainly branched as the third or fourth branches. Based on
these observations, we grouped the data into first and second orders and third and fourth
orders. A subsequent Mann-Whitney U test revealed that CCT showed statistically significant
differences between LSB and RSB in the first and second orders (p = 0.038). In addition, the

https://vetsci.org https://doi.org/10.4142/jvs.23305 6/14
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Table 2. Frequency of the branching types of the subclavian arteries in raccoon dogs

No. SB-type Arteries Sex Total (%)
LSB RSB Female Male
1 VT-CCT-SC-IT 13 6 13 6 19 (26.4)
2 VT-CCT-[SC=IT] 7 3 7 3 10 (13.9)
3 VT-CCT-IT-SC 1 4 1 5 (6.9)
4 VT-CCT-IT=SC 5 - 2 3 5 (6.9)
5 VT-[CCT=SC]-IT 4 3 1 4 (5.6)
6 VT=CCT=SC-IT - 3 3 3(4.9)
7 VT-[CCT=IT]-SC 2 1 3 - 3(4.2)
8 [VT&CCT]-SC-IT 1 2 3 3(4.2)
9 VT-CCT-SC=IT 1 1 - 2 2(2.8)
10 VT-CCT=SC-IT 2 1 1 2(2.8)
11 VT-CCT=SC=IT 1 1 1(1.4)
12 [VT&CCT]-SC=IT 1 - 1 1(1.4)
13 [VT&CCT]-[SC=IT] - 1 1 - 1(1.4)
14 [VT&CCT]-IT-SC 1 - 1 - 1(1.4)
15 [[VT&CCT]=IT]-SC 1 1 - 1(1.4)
16 VT=CCT-IT=SC 1 1 = 1(1.4)
17 VT=CCT-[SC=IT] 1 1 - 1(1.4)
18 [VT=CCT]-[SC=IT] 1 1 - 1(1.4)
19 [VT=CCT]-SC-IT 1 1 - 1(1.4)
20 [VT=CCT=IT]-SC - 1 1 - 1(1.4)
21 VT-CCT=IT-SC 1 - 1 - 1(1.4)
29 VT-[CCT=IT]=SC - 1 1 1(1.4)
23 VT-SC=CCT=IT - 1 1 1(1.4)
24 [VT=IT]-CCT-SC 1 - 1 - 1(1.4)
25 VT-IT-CCT-SC - 1 1 - 1(1.4)
26 SC-[VT&CCT]-IT - 1 - 1 1(1.4)
Total 36 36 44 28 72 (100)

SB, subclavian artery; LSB, left subclavian artery; RSB, right subclavian artery; VT, vertebral artery; CCT,
costocervical trunk; IT, internal thoracic artery; SC, superficial cervical artery.

IT was statistically significant at the third and fourth positions (p = 0.021). When considering
all branching orders from the first to fourth, SC was found to be statistically significant (p =
0.012). No differences in branching order were identified between sexes.

Based on our findings, the branching patterns of the four major SB arteries with frequencies
exceeding 50% were as follows: VT branched first (98.6%), CCT branched second (81.9%),
SC branched third (62.5%), and IT branched fourth (52.8%). Based on these results, the main
branching pattern was determined to be VI-CCT-SC-IT (Fig. 7A).

We observed differences in the main branching patterns between LSB and RSB. For the

LSB, the main branching pattern was VI-CCT-[SC=IT], with VT branching first (100%),

CCT second (91.7%), and both SC and IT third (61.1% and 50.0%, respectively; Fig. 7B). In
contrast, for the RSB, the main branching pattern was VI-CCT-SC-IT, with VT branching first
(97.2%), CCT second (72.2%), SC third (63.9%), and IT fourth (63.9%) (Fig. 7C).

We investigated the symmetry of SB branching patterns between LSB and RSB (Table 3).

Asymmetric cases were found in 29 animals (80.6%), while symmetric cases were found in
only seven animals (19.4%).

https://vetsci.org https://doi.org/10.4142/jvs.23305 7/14
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Fig. 4. Schematic diagrams illustrating the branching patterns of the subclavian artery in raccoon dogs, as observed in more than one case.
VT, vertebral artery; CCT, costocervical trunk; SC, superficial cervical artery; IT, internal thoracic artery.
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Fig. 5. Distribution of the branching order of each major branch of the subclavian artery in the raccoon dogs. Statistical analysis was performed using the Mann-
Whitney U test.
*p < 0.05; ***p < 0.001.
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Fig. 7. The main branching pattern of the SB in raccoon dogs. (A) The main branching pattern of both the LSB and RSB. (B) The main branching pattern of the LSB.
(C) The main branching pattern of the RSB. Scale bars, 10 mm.

SB, subclavian artery; VT, vertebral artery; CCT, costocervical trunk; SC, superficial cervical artery; IT, internal thoracic artery; LSB, left subclavian artery; RSB,
right subclavian artery; RCC, right common carotid artery.
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Table 3. Frequency of symmetric or asymmetric branching patterns in the left and right subclavian arteries in the
raccoon dogs

Sex Symmetric cases (%) Asymmetric cases (%)
Male (n = 14) 2 (14.3) 12 (85.7)
Female (n = 22) 5(22.7) 17 (77.3)

Total (n = 36) 7 (19.4) 29 (80.6)
DISCUSSION

The present study examined the morphology of AA branching patterns in raccoon dogs. We
focused on three branching levels: AA, BCT, and SB. The morphology observed in raccoon
dogs showed both similarities and differences with other carnivores.

The AA branching pattern varies among different animal species depending on the number

of arteries branching from the AA. This variation is associated with thorax breadth [9,12]. For
instance, animals with a laterally compressed thorax, such as ungulates (Bovidae [10], Equidae
[8], and Cervidae [9]) usually exhibit AA-type I with only one artery: the BCT. Conversely,
animals with a thorax compressed from dorsal to ventral, such as humans [36] and rhesus
monkeys [6], commonly display AA-type Il with three arteries: the BCT, LCC, and LSB.

Most carnivores with an intermediate thorax breadth predominantly exhibit AA-type II
with two arteries: the BCT and LSB. These animals include dogs [20], cats [21], lions [12],
Eurasian otters [2], foxes [22], raccoons [12], and tigers [12]. However, certain marine
carnivores such as gray seals [12], deep-diving hooded seals [18], and ringed seals [19]
have been reported to exhibit AA-type III. This suggests that marine habitats may influence
branching patterns. In the present study, all 35 raccoon dogs exhibited AA-type II, aligning
with the findings on most carnivores.

Previous investigations on BCT in carnivores have revealed intraspecific variations related

to the configuration of LCC and RCC [20,21]. In the separation form, LCC and RCC branch
individually. In the bifurcated form, they branch at the same point. In the bicarotid form,
they form a common trunk known as the BC. In German shepherd dogs, the occurrences of
the separation, bifurcation, and bicarotid forms were 50.0%, 21.7%, and 22.3%, respectively
[20]. In cats, Gonzalez et al. [3] reported occurrences of 51.8%, 37.5%, and 10.7%, whereas
Pongkan et al. [29] reported percentages of 63.3%, 31.7%, and 5.0%, respectively. The
distributions of Eurasian otters were 76.7%, 27.8%, and 5.6%, respectively [2].

In our study, the BCT of raccoon dogs also showed intraspecific variation. The separation form
was 62.8% for both RDCC-type I and II, the bifurcation form was 25.7% for RDCC-type III,
and the bicarotid form was 11.4% for RDCC-type IV. Generally, in the BCT branching type in
carnivores, the separation form was observed as a typical branching pattern in over 50% of

the cases. The bifurcation and bicarotid forms were found to have anatomical intraspecific
variations in a small proportion of dogs, cats, Eurasian otters, and raccoon dogs [2,3,20,21,29].
These findings suggest the potential for intraspecific variation in other unstudied carnivores.

For further investigation, we applied the RDCC, which is defined as the ratio of the distance
between LCC and RCC to the total BCT length. This indicates the relative distance between
the two arteries and suggests the degree of cranial fusion between the left and right third
pharyngeal arch arteries during development [2,37]. In raccoon dogs, the incidence of RDCC
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ranged from 0% to 38.3%, with an average of 17.5%. Based on the RDCC classification,
RDCC-type II was the most common (51.4%). This suggests varied origins of LCC and RCC,
depending on the animal. Furthermore, these findings indicate that cranial fusion occurred
further from the BCT branching origin point but did not extend to the branching level of the
fourth pharyngeal arch arteries [37]. In comparison, Eurasian otters exhibited an average
RDCC 0f 20.0%, ranging from 0% to 31.6% [2]. This implies that the distance between LCC
and RCC is generally shorter in raccoon dogs, although the distribution is more varied than
that in Eurasian otters.

SB branching patterns vary significantly across species and individuals [1,2,24,625,29].
Although this diversity had long been unrecognized, recent studies in dogs [1,24,25], cats [29],
and Eurasian otters [2] have revealed various branching patterns in the four arteries of the SB.
Our study on raccoon dogs revealed 26 diverse branching patterns among individual animals.

Interspecific and intraspecific variability has caused inconsistent descriptions of the SB
branching order in anatomical textbooks. Some textbooks, such as Nickel et al. [28], Ghoshal
[27], and Hermanson et al. [17], state that VT branches first, followed by CCT; however, they
do not specify the third branch. Singh stated that the order was VT first, CCT second, IT
third, and SC fourth [35]. Konig et al. [16] stated CCT branching first, but did not specify the
order of other arteries. Most textbooks do not specify the order of branches [13-15,20].

Furthermore, the interspecific variability in the SB branching pattern complicates the unified
classification of various carnivores. In the conventional classification method of the SB
branching pattern in dogs, Kim et al. [1] proposed a system with 12 branching types: four
major types based on the branching order and level of the VT and CCT, and three subtypes
based on those of the IT and SC. This classification has been proven effective for German
shepherd dogs [1] and greyhounds [25]. However, as research expanded beyond dogs to other
species, difficulties arose due to the various SB branching patterns. In studies on cats [29]
and Eurasian otters [2], where the SB branched with the IT first or second, this classification
was inapplicable. In our study of raccoon dogs, we encountered four exceptions in which this
method could not be applied, specifically where the SC and IT branched either first or second
(SB-types VI-SC=CCT=IT, [VT=IT]-CCT-SC, VI-IT-CCT-SC, and SC-[VT & CCT]-IT). To
address these limitations, we applied a classification method based on the branching order of
each SB arterial branch [2].

The SB branching patterns in raccoon dogs showed both similarities and differences. In dog
breeds such as German shepherd dogs and greyhounds, VT branched first (99.1% and 97.0%,
respectively), followed by CCT (75.9% and 52.5%, respectively) [1,25]. Similarly, in raccoon
dogs, the VT branched first (98.6%) followed by the CCT (81.9%). This indicated a similarity
between raccoon dogs and dogs, where the VT consistently appeared as the first branch
followed by the CCT (VT-CCT).

However, the branching patterns of the IT and SC in the raccoon dogs were significantly
different from those previously reported in the dogs [1,25]. In raccoon dogs, most cases
showed that the SC branched third and the IT branched fourth (SC-IT). Such a pattern is
not the predominant branching pattern in dogs. For instance, in German shepherd dogs,
most cases represented the SC and IT branching together as the third branch ([SC=IT]) [1].
In greyhounds, most cases exhibited the opposite pattern, with SC branching third and IT
branching last (IT-SC) [25].
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These differences may have arisen from the variations in the shape of the thoracic cage

[25]. Depending on the breed of dog, the thoracic cage can be classified based on the
width-to-depth ratio into brachiomorphic (0.90 to 1.0), mesomorphic (0.60 to 0.89), and
dolichomorphic groups (0.50 to 0.59) [38]. The German shepherd dog belongs to the
mesomorphic group, whereas the greyhound belongs to the dolichomorphic group [38].
According to research on raccoon dogs, the width-to-depth ratio is 0.92, which falls within
the brachiomorphic group [39]. Considering these facts, we suggest that the branching
position of the IT branches becomes more cranial as the width-to-depth of the thoracic cage
increase [25].

We also investigated the differences between LSB and RSB. The SB branching pattern was
asymmetrical in most cases (80.6%). We identified statistical differences in the branching
sequences of the CCT, SC, and IT between LSB and RSB. In particular, the most frequently
observed branching order for the IT was third in the LSB and fourth in the RSB. Therefore,
the main branching patterns differed between two sides: VI-CCT-[SC=IT] for the LSB, and
VT-CCT-SC-IT for the RSB.

The differences between LSB and RSB may be attributed to their distinct embryological
origins. Specifically, the proximal segment of the RSB originates from the right fourth

AA artery, whereas the remainder is derived from the right dorsal aorta and right seventh
dorsal intersegmental artery [37]. In contrast, the LSB originates from the seventh dorsal
intersegmental artery, which emerges from the left dorsal aorta [37]. We assumed that these
embryological differences could influence the branching differences between LSB and RSB.

In conclusion, raccoon dogs exhibited various branching patterns with both similarities and
differences compared to other carnivores. We comprehensively described the AA branching
patterns of raccoon dogs at three different levels: AA, BCT, and SB. In addition, this study
provided a wide comparison with other carnivorous species. The AA and BCT branching
patterns in raccoon dogs were similar to those observed in other carnivores; the AA branched
into the BCT and LSB, and the BCT branched into LCC and RCC separately. However, in

the SB branching pattern, most cases represented the SC branching third and the IT last,
significantly differing from dogs.
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