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ABSTRACT

Aortic arch anomalies are significant due to their potential association with vascular ring
malformations. Among these, a persistent right aortic arch is the most frequently seen in dogs.
However, there is limited published information regarding the distribution and types of these
vascular abnormalities. This retrospective study aimed to explore the prevalence and variety of
aortic arch anomalies detectable through thoracic CT scans. CT scans from a database collected
between 2008 and 2020 were analyzed by two reviewers to determine the frequency and
classification of aortic arch anomalies. Additional details such as breed, age, and reason for the
examination were extracted from medical records. The study reviewed 213 CT scans. Out of
these, 21 dogs (9.9%) presented with a right-sided aortic arch and a left ligamentum arteriosum,
resulting in esophageal compression. Further incidental findings included: an aberrant left
subclavian artery (76.2%), a persistent ductus arteriosus (4.8%), a left-sided brachiocephalic
trunk (14.3%), a bicarotid trunk (81.0%), and a double aortic arch (4.8%). The remaining 192
dogs (90.1%) showed a normal left aortic arch without any esophageal compression. In these
cases, incidental findings included an aberrant right subclavian artery (1.6%), a vessel
branching into the left caudal lung lobe (1.0%), dilation of the subclavian arteries (1.0%), and
a bicarotid trunk (0.5%). In line with earlier studies, an aberrant left subclavian artery was the
most commonly observed incidental abnormality in dogs with a persistent right aortic arch. A
novel finding in this research was the presence of a left-sided brachiocephalic trunk in 14.3%
of dogs with this anomaly, though it did not lead to additional esophageal compression.
Similarly, aberrant right subclavian arteries were found without causing esophageal
compression.
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Congenital aortic arch malformations carry clinical significance primarily because they can form vascular rings
that entrap the esophagus and trachea [1]. A vascular ring is any developmental anomaly of the great vessels that
fully or partially encircles these structures, producing secondary esophageal constriction [1-3]. Dogs with such
rings typically regurgitate undigested food shortly after meals [3]. Multidetector computed tomographic
angiography with intravenous contrast is currently the gold-standard imaging modality for definitive anatomical

diagnosis of these anomalies [4-6].

© 2025 International Journal of Veterinary Research and Allied Science


http://www.esvpub.com/
https://doi.org/10.51847/rZH0F8VU64

229

Obeng and Boateng,

Among vascular ring anomalies in dogs, persistent right aortic arch remains by far the most prevalent, accounting
for approximately 7% of cases in referral populations [7, 8]. Purebred dogs are affected more frequently than
mixed-breed individuals, with German Shepherd Dogs showing marked predisposition [7, 8].

Embryologically, the mature thoracic aorta derives from a complex bilateral system that begins with an aortic sac
connected to paired dorsal aortae via six pairs of pharyngeal arch arteries [9]. Under normal development:

- arches 1, 2, and 5 regress completely

- arch 3 forms the proximal common carotid arteries while the intervening dorsal aortic segments disappear

- the left 4th arch becomes the definitive aortic arch

- the right 4th arch contributes only to the brachiocephalic trunk

- the right 7th intersegmental artery forms the right subclavian artery

- the 6th arches give rise to the proximal pulmonary arteries and temporary ductus arteriosus (right side obliterates
prenatally; left side closes postnatally and persists as the ligamentum arteriosum)

- the right dorsal aorta caudal to the right subclavian artery regresses, allowing the left dorsal aorta to become the
descending thoracic aorta [9, 10].

Persistent right aortic arch results when the right 4th arch and right dorsal aorta persist and enlarge instead of their
left counterparts [10]. The physiologically retained left ligamentum arteriosum then stretches from the left
pulmonary artery to the abnormal right-sided arch, completing a constricting ring around the esophagus (classic
Type 1) [9].

Seven distinct vascular ring configurations that can cause varying degrees of esophageal compression are currently
recognized in the dog [9, 10] (Figure 1):

- Type 1: persistent right aortic arch + left ligamentum arteriosum

- Type 2: persistent right aortic arch + persistent left subclavian artery

- Type 3: persistent right aortic arch + left ligamentum arteriosum + persistent left subclavian artery

- Type 4: double aortic arch

- Type 5: left aortic arch + persistent right ligamentum arteriosum

- Type 6: left aortic arch + persistent right subclavian artery

- Type 7: left aortic arch + persistent right ligamentum arteriosum + persistent right subclavian artery
Widespread availability of thoracic CT has dramatically increased the detection of aortic arch variants in dogs
examined for reasons unrelated to suspected vascular rings, including many that never produce clinical signs. To
date, no large single-center series has reported the overall frequency and morphological range of aortic arch
anomalies encountered on routine thoracic CT examinations irrespective of clinical indication. The present
retrospective study was therefore designed to review all thoracic CT studies performed at our institution over a
13-year period, regardless of the original reason for imaging, in order to document the true prevalence and
spectrum of aortic arch anomalies in a general hospital population of dogs.



Obeng and Boateng,

RS RC RC LC .
(1)
R R L
RC RC IC
RS l LC : RS LS
L
(0) RUA]L (4) rPL
R ‘i_c
RS LS
(7) = L

Figure 1. Newly proposed expanded classification of canine vascular ring-forming aortic arch anomalies.
Every configuration shown can potentially constrict the esophagus, although Types 2 and 6 rarely produce
clinically relevant compression

Schematic key (numbered panels):

(0) Normal left aortic arch configuration

(1) Type 1: right aortic arch + left-sided ligamentum arteriosum

(2) Type 2: right aortic arch + retroesophageal left subclavian artery (without ligamentum)

(3) Type 3: right aortic arch + left ligamentum arteriosum + retroesophageal left subclavian artery

(4) Type 4: double aortic arch

(5) Type 5: left aortic arch + right-sided ligamentum arteriosum

(6) Type 6: left aortic arch + aberrant right subclavian artery (no ligamentum)

(7) Type 7: left aortic arch + right ligamentum arteriosum + aberrant right subclavian artery

(8) Type 8: right aortic arch with left subclavian artery originating directly from a patent ductus arteriosus (novel
variant)

(9) Type 9: right aortic arch with a left-positioned brachiocephalic trunk that gives rise to both carotid arteries and
the left subclavian artery (“mirror-image” branching; novel variant)

Color coding: blue = pulmonary arterial structures; black = ligamentum arteriosum or patent ductus arteriosus.
Types 1-7 follow the original system published by Ellison G in 1980 [11]. Types 8 and 9 are newly introduced
variants identified in the current study population.

Materials and Methods

This was a retrospective descriptive study involving a review of thoracic CT images stored in the Justus Liebig
University Clinic database, covering the period from January 2008 to December 2020. Only CT scans that
included both pre- and post-contrast images were selected. The study adhered to standard veterinary practices for
clinical patients, and no specific animal care or use protocols were required for this retrospective study.

The data extracted for the dogs meeting the inclusion criteria included breed, sex, age at the time of imaging, date
of imaging, and the reason for the CT examination.

CT scan methodology
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The CT scans were performed while the animals were under general anesthesia. Propofol was used for induction,
followed by isoflurane to maintain anesthesia, and mechanical ventilation was employed throughout the
procedure. Two different CT machines were used: SOMATOM Emotion (Siemens Healthcare, Erlangen,
Germany) and Diamond Select Brilliance (Philips Health Systems, Best, Netherlands), both equipped with 16
detectors. The dogs were positioned in sternal recumbency, and in the majority of cases (201 out of 213), a breath-
hold technique was applied. This was achieved by inducing apnea through manual hyperventilation and
maintaining a positive pressure between 10 to 20 mm/Hg. A contrast medium (Accupaque™ 300, GE Healthcare)
was injected intravenously at a dose of 2 ml/kg body weight, followed by a saline flush. The contrast injection
was delayed for 60-90 seconds before scans were performed, capturing the "late venous phase." Additionally,
arterial phase images were obtained in 53 cases using bolus tracking. CT parameters included a slice thickness of
1.5 mm, pitch of 0.8, rotation time of 0.6 s, 130 kV, and 160-200 mA.

Image review procedure

The image datasets were reviewed by two radiologists: a first-year ECVDI resident (C.S.) and an ECVDI board-
certified radiologist (S.S.). Evaluation was conducted using DICOM-viewing software (Horos v. 3.3.6), and the
reviewers were free to adjust the image orientation, window width, and level according to their preferences. They
also had the option to generate 3D reconstructions. The focus was on identifying abnormalities in the aortic arch
and brachiocephalic trunk. Any structural irregularities, including the presence of a right aortic arch, abnormal
subclavian arteries, PDA, and the anatomy of the brachiocephalic trunk, were carefully noted. In cases with a right
aortic arch, the dogs were categorized according to previously defined types [9, 10], or if no match was found, the
origins and course of any abnormal vessels were recorded. The diameter of these vessels was subjectively
assessed, and any expansion in size beyond their origin was classified as a dilation.

Study Results

Out of the 213 dogs included, 53 had both arterial and venous phase scans available, while the remaining dogs
only had venous phase images. Of these, 21 dogs presented clinical signs suggestive of a vascular ring anomaly,
such as regurgitation after eating, while the other 192 dogs underwent CT for unrelated conditions, including
exercise intolerance, spontaneous pneumothorax, lung diseases, and metastatic screening. These dogs did not
exhibit clinical symptoms indicative of a vascular ring anomaly. The results are categorized as follows:

Dogs with clinical symptoms of vascular ring anomaly

Of the 21 dogs showing clinical signs, there were 15 females and 6 males. These included 9 Labrador Retrievers,
4 German Shepherds, 2 mixed-breed dogs, and 1 each of the following: French Bulldog, Gos d’Atura Catala,
Husky, Jack Russell Terrier, Border Collie, and Australian Shepherd. The average age was 2 months, ranging
from 6 weeks to 4 months. All 21 dogs were found to have a right aortic arch on CT, with secondary compression
of the esophagus caused by the left ligamentum arteriosum. This finding was confirmed surgically in each case.
Among these 21 dogs, 16 were diagnosed with Type 3 vascular ring anomaly (persistent right aortic arch,
persistent left ligamentum arteriosum, and aberrant left subclavian artery). Two of these 16 dogs also showed the
aberrant left subclavian artery branching from the PDA, confirmed via CT (Figure 2). Both underwent surgery to
close the PDA and dissect the left subclavian artery. One dog was identified as having a Type 4 anomaly (double
aortic arch). Three other dogs did not fit any of the previously described types. These dogs displayed a right aortic
arch along with a left-sided brachiocephalic trunk, which included both carotid arteries and the left subclavian
artery, while the right subclavian artery branched separately from the aorta (Figure 3). In these three cases, the
esophageal compression was caused by the right aortic arch and the left ligamentum arteriosum.
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Figure 2. 3D CT rendering showing an abnormal left subclavian artery (LSA) originating from the patent
ductus arteriosus (PDA). Legend: A = Aorta, RSA = Right Subclavian Artery, CA = Carotid Arteries

@ r 75 -3
Figure 3. CT image depicting a left-sided brachiocephalic trunk (BCT) that consists of both carotid arteries
(CA) and the left subclavian artery (LSA). The right subclavian artery (RSA) branches independently from
the aorta. (A) 3D volume-rendered image, (B) Sagittal MIP, (C) Dorsal MIP. Legend: A = Aorta

Among the 21 dogs with a right aortic arch, none exhibited a normal brachiocephalic trunk. Instead, several dogs
displayed abnormal vascular branching patterns, as summarized in Table 1.

Table 1. Summary of Arterial Branching Anomalies in Dogs with Right Aortic Arch

Anomaly (in dogs with persistent right aortic arch, n =21) Per:::/:)t age Nur(;l(:)gesr of
Normal (right-sided) brachiocephalic trunk 0.0 0
Bicarotid trunk 81.0 17
Aberrant left subclavian artery (classic Type 3) 76.2 16
Left-sided brachiocephalic trunk (containing both carotid arteries + left subclavian 143 3
artery) )
Double aortic arch (Type 4) 4.8 1
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Aberrant left subclavian artery arising directly from patent ductus arteriosus 9.5 2
Patent ductus arteriosus visible 14.3 3
Right subclavian artery originating as a separate branch from the right aortic arch 100 21

Esophageal compression, caused by the left ligamentum arteriosum, was observed in all of these cases.

Dogs without vascular ring anomaly symptoms

The other 192 dogs, which had CT scans for reasons unrelated to vascular ring anomalies, included 47 females,
42 spayed females, 58 males, and 45 neutered males, with a mean age of 6.4 years (range: 2 months to 16 years).
Among them, 155 were purebred, and 37 were mixed-breed. Of these, 184 dogs had normal aortic arches and
brachiocephalic trunks, with no signs of esophageal compression. However, 8 dogs displayed changes in the
branching patterns or diameter of the aorta or brachiocephalic trunk, which are detailed in Table 2. Six of these
cases were considered incidental, with no clinical significance. These findings included: an aberrant right
subclavian artery without esophageal compression, focal dilation of the subclavian arteries, and a bicarotid trunk.

Table 2. Frequency and Types of Aortic and Brachiocephalic Trunk Abnormalities in Dogs with Left Aortic

Arch
Aortic arch and brachiocephalic trunk anomalies observed in dogs with normal Percentage Number of
left aortic arch (n =192) (%) dogs
Aberrant right subclavian artery 1.6 3
Aberrant vessel arising from the descending aorta and terminating in the left caudal 10 )
lung lobe )
Focal dilatation of the left subclavian artery 0.5 1
Bicarotid trunk originating from the brachiocephalic trunk 0.5 1
Focal dilatation of the right subclavian artery (Figure 5) 0.5 1

Two dogs, one 2-month-old male Flat-Coated Retriever and one 6-month-old male Shetland Sheepdog, presented
with exercise intolerance. CT imaging revealed an abnormal vessel in both dogs, originating from the aorta at the
fourth thoracic vertebral level, as shown in Figure 4. This vessel coursed caudally and ventrally, draining into the
left caudal lung lobe, establishing a systemic-to-pulmonary shunt. Both dogs also had a persistent ductus
arteriosus. The Flat-Coated Retriever had a hypoplastic left pulmonary artery and reduced left lung volume
compared to the right side, though both pulmonary arteries were present. In the Shetland Sheepdog, the PDA was
successfully closed via catheter embolization, and the dog was lost to follow-up.

Figure 5. 3D CT rendering illustrating mild dilation of the right subclavian artery. (B) Transverse image, (C)
Dorsal image showing the dilation, with arrows pointing to the affected area. Legend: A = Aorta, RSA =
Right Subclavian Artery, LSA = Left Subclavian Artery, CA = Carotid Arteries
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Figure 4. CT reconstruction of an abnormal arterial vessel (AV) originating from the left aorta (A) and
draining into the left caudal lung lobe. (A) Dorsal MIP view, (C) Angiography, highlighting the AV with
arrows. The contrast enhancement shows the injection site into the aorta

Discussion

This is the first study to systematically assess variations in the aortic arch detectable by thoracic CT in a canine
population, comparing these findings to previously recognized types. In this study, 9.9% of dogs showed a
persistent right aortic arch, which aligns with past research [7, 8]. However, unlike other studies, German
Shepherds were not the predominant breed in our cohort [6, 7], with Labrador Retrievers being the most commonly
affected breed, representing 42.9% of cases. This suggests a higher representation of Labrador Retrievers in our
hospital’s population.

In addition to the seven established types of vascular ring anomalies described in prior studies [9], two further
types were referenced in a previous review [3]. One of these types, first noted in a 1979 surgical case, involved
an abnormal vessel branching from the aorta near the left subclavian artery, passing medially and draining into
the brachiocephalic artery [11]. This case is more likely an aberrant right subclavian artery rather than a full
vascular ring anomaly. The second type, characterized by incomplete esophageal compression caused by an
unusual branching pattern of the right intercostal artery, was also described surgically [12]. These two anomalies
are better categorized as aberrant vascular structures rather than traditional vascular ring anomalies, so they are
excluded from the current classification.

The most frequent anomaly found was Type 3 (persistent right aortic arch with left ligamentum arteriosum and
left subclavian artery), affecting 76.2% of the dogs with a right aortic arch. In contrast, Type 1, which was
previously considered the most common [9], was not observed. Type 1 is less likely to occur as it involves the
regression of the left fourth aortic arch, which is a rare developmental process [1]. Previous studies have found
aberrant left subclavian arteries in 33-60% of dogs with right aortic arches, which may not always be detected in
surgeries, suggesting CT might offer more accurate detection [4, 13].

Anomalies such as Type 6 (normal left aortic arch with right subclavian artery) were detected incidentally in three
dogs undergoing CT for reasons unrelated to vascular anomalies. The right subclavian artery abnormality is caused
by abnormal regression of the right dorsal aorta [14], and while it's common in humans (0.5-2% prevalence), its
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clinical relevance in dogs remains unclear. In this study, an aberrant right subclavian artery was detected in only
1.4% of dogs and did not cause clinical symptoms. Additionally, two dogs showed mild dilation of the subclavian
artery, which is not considered clinically significant and differs from Kommerell’s diverticulum, a condition
associated with subclavian artery dilatation in humans [4, 15, 16].

One novel finding in this study was the left-sided brachiocephalic trunk, observed in three dogs with a right aortic
arch. This trunk included both carotid arteries and the left subclavian artery, mirroring the typical brachiocephalic
trunk on the opposite side. To the authors' knowledge, this type has not been previously reported in dogs. In human
medicine, this condition is known as a right aortic arch with mirror-image branching and is one of the more
common forms of right-sided aortic arch anomalies [1]. In this study, this left-sided brachiocephalic trunk was
identified in 14.3% of dogs with a right aortic arch, suggesting that this type should be added to the current
classification (Figure 1).

In two canines diagnosed with a persistent right aortic arch, the left subclavian artery originated directly from a
patent ductus arteriosus. This specific vascular configuration has been documented in only two prior canine cases,
confirming its rarity [17, 18]. The anomaly arises from regression of the left fourth aortic arch both cranial and
caudal to the origin of the left subclavian artery [1]. Similar to earlier reports, this variant has not been formally
classified and warrants inclusion in the expanded classification system proposed herein (Figure 1). Surgically,
both affected dogs underwent ligation and transection of the aberrant left subclavian artery. In human patients,
proximal subclavian artery occlusion or stenosis can induce retrograde flow via the vertebral artery, producing
subclavian steal syndrome characterized by vertigo, syncope, and upper-limb claudication [19]. Neither dog
exhibited clinical evidence of subclavian steal syndrome postoperatively. Nonetheless, surgeons should remain
cognizant of this potential complication, and reimplantation of the subclavian artery onto the left carotid artery
may be considered to preserve antegrade flow. Beyond ductal origin, three additional anomalous patterns of the
left subclavian artery have been reported: isolated course, hypoplasia, and lateral aortic origin [18]. Within the
present cohort, one dog displayed mild stenosis of an aberrant left subclavian artery immediately distal to its aortic
origin, consistent with previously described subclavian hypoplasia; however, compensatory hypertrophy of left
intercostal arteries was not observed.

Two additional dogs with a left-sided aortic arch exhibited a solitary aberrant vessel arising from the descending
aorta, coursing caudally, and terminating within the left caudal lung lobe. Systemic-to-pulmonary arterial shunts
have been reported in several canine case studies [20-25]. Most veterinary descriptions characterize these shunts
as hypertrophic, tortuous bronchoesophageal arteries [20—23]. Such hyperplasia may be congenital or acquired
secondary to chronic hypoxia or reduced pulmonary arterial flow [23, 26]. In contrast, the two cases reported here
showed no bronchoesophageal artery hyperplasia and demonstrated only a single, straight shunt vessel originating
directly from the descending aorta. Both pulmonary arteries were identifiable, although mild left pulmonary artery
hypoplasia was noted in one individual. No direct communication between the anomalous vessel and the
pulmonary arterial tree was observed [27]. No evidence supported an acquired etiology, and apart from the patent
ductus arteriosus, no concurrent congenital cardiac defects were identified. In human embryology, persistence of
the fifth aortic arch may produce systemic-to-pulmonary connections [1, 28, 29]. Normally, the fifth arches are
transient structures located between the fourth and sixth arches that regress early in development [1, 29]. Given
that the anomalous vessels described here originated caudal to the ductus arteriosus (a remnant of the sixth arch),
persistence of the fifth arch appears improbable. Consequently, the embryological origin remains uncertain, with
an aberrant intercostal artery being the most plausible explanation. Although aberrant pulmonary arterial supply
from the aorta has been documented in humans [27], comparable canine cases have not been published to date.
The vessels observed most likely represent either aberrant nutritive pulmonary vasculature or an accessory
pulmonary artery. Occlusion of the vessel in one case produced no clinical sequelae, suggesting limited functional
significance.

Study limitations include its retrospective design. Dedicated arterial-phase CT angiography was not performed in
every patient, as thoracic imaging was frequently conducted for indications unrelated to suspected vascular
pathology. Nevertheless, late-phase contrast enhancement provided adequate visualization of the aortic arch. The
modest number of dogs with persistent right aortic arch precluded meaningful epidemiological analysis of
malformation distribution. Referral bias toward cardiac cases at the authors’ institution may have enriched the
population with cardiovascular anomalies.

Conclusions
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This investigation documents the spectrum and prevalence of aortic arch anomalies identified by thoracic CT in
a canine population. The results highlight the need for refined subclassification of persistent right aortic arch, with
at least two previously unrecognized variants identified, yielding a minimum of nine distinct forms in dogs. An
expanded classification framework is therefore proposed. Additionally, an aberrant right subclavian artery in dogs
with a left aortic arch may constitute an incidental, clinically silent finding. Prospective studies involving larger
cohorts are required to validate these observations.
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PDA=Persistent ductus arteriosus
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