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ABSTRACT 

Background: Congenital anomalies of the aortic arch are important to recognize as they may 

be associated with vascular rings. The most common vascular ring anomaly in dogs is 

persistent right aortic arch. However, published data of the distribution and percentage of the 

different types of vascular rings and other aortic arch anomalies are lacking. The objective of 

this retrospective descriptive study was to characterize the amount and types of aortic arch 

anomalies that can be detected in thoracic computed tomography (CT) examination in dogs. 

Results: Dogs that underwent thoracic CT between 2008 and 2020 were included. A total of 

213 CT studies were sampled; 21 dogs (21/213, 9.9%) showed a right aortic arch, and the 



following additional findings were detected: aberrant left subclavian artery (17/21, 76.2%) 

branching from the PDA (1/21, 4.8%), left-sided brachiocephalic trunk (3/21, 14.3%), bicarotid 

trunk (17/21, 81.0%), double aortic arch (1/21, 4.8%). No dog presented right aortic arch 

without further anomalies. Also, 192 dogs (192/213, 90.1%) showed left aortic arch. The 

following additional abnormalities were obtained: aberrant right subclavian artery (3/192, 

1.6%) without clinical signs of vascular ring, aberrant vessel branching from the aorta into the 

left caudal lung lobe (2/192, 1.0%), focal dilataion of the left or right subclavian artery (2/192, 

1.0%), bicarotid trunk (1/192, 0.5%).  

Conclusion: The current study indicates that aberrant left subclavian artery is the most 

common additional finding in dogs with persistent right aortic arch and that left-sided 

brachiocephalic trunk can occur in dogs, which was previously unpublished. Aberrant right 

subclavian artery can be an incidental CT finding without clinical relevance. 

 

1 BACKGROUND 

Anomalies of the aortic arch are important to recognize because they may be associated with 

vascular rings (1). A vascular ring is defined as a congenital disorder of the aortic vasculature 

that involves complete or partial encircling of the esophagus and trachea with secondary 

esophageal compression (1–3). Due to esophageal compression, affected dogs show 

postprandial regurgitation of solid food (3). Contrast-enhanced computed tomography allows 

an accurate anatomic diagnosis of vascular anomalies of the aortic arch (4,5,6). Persistent right 

aortic arch is one of the most common ring anomalies in dogs, with a prevalence of about 7% 

(7,8). Pure-breed dogs seem to be more often affected than mixed-breed dogs, with German 

Shepherd dogs being overrepresented (7,8). Embryologically, the aorta develops out of an 

aortic sac, which is connected to the bilateral dorsal aortae by six paired aortic arches that 



develop bilaterally to the pharynx (9). The dorsal aortae form a ring. During embryogenesis, 

the first, second, and fifth aortic arch degenerate. The third arches bilaterally become the 

common carotid arteries, and the dorsal aortae between the third and fourth arch 

degenerate(9,10). The left fourth aortic arch forms the ascending aorta, and the right fourth 

aortic arch contributes, together with the seventh intersegmental artery, to the right 

subclavian artery (9,10). The brachiocephalic trunk originates from the aortic sac and the third 

and fourth aortic arch. The sixth aortic arches become the left and right pulmonary arteries 

and continue as left and right ductus arteriosus. The right ductus arteriosus disappears 

prenatally, the left ductus arteriosus closes postnatally, and the ligamentum arteriosum 

remains (10). The right dorsal aorta degenerates caudally to the right subclavian artery, and 

the left dorsal aorta forms the descending aorta (9). When the right fourth aortic arch and the 

right dorsal aorta enlarge instead of the left, persistent right aortic arch develops (10). 

Physiologically, the right ductus arteriosus degenerates, and the left ductus arteriosus 

persists, forming a connection between the left pulmonary artery and the abnormal right 

aortic arch, leading to constriction of the esophagus (10). This is the most common type of 

vascular ring anomaly in dogs, classified as type one (9). Other described ring anomalies in 

dogs include a double aortic arch, persistent right ductus arteriosus, aberrant left subclavian 

artery (usually seen in combination with right aortic arch), and aberrant right subclavian artery 

(10). Because of the increased availability of computed tomography (CT), more thoracic CT 

studies are available, and aortic arch anomalies can be detected even in cases without clinical 

signs of vascular ring anomaly. To the authors knowledge, there is no data describing the 

frequency of aortic arch anomalies that could be detected during standard computed 

tomography of the thoracic cavity. Therefore, the purpose of the study was to retrospectively 



evaluate thoracic CT studies and to evaluate the percentage and types of aortic arch anomalies 

found in dogs. 

 

2 MATERIAL AND METHODS 

The study used a retrospective, case series descriptive design. As a retrospective study, all 

data sets were acquired from clinical patients using standard veterinary practice, and no 

animal care and use protocol was required. Thoracic CT examinations of dogs between 2008 

and 2020 were searched using the database of the Justus-Liebig University Clinic for small 

animals. Only dogs with a complete dataset, including a post-contrast study, were included. 

For dogs meeting the inclusion criteria, the following medical record data were documented: 

breed, sex, age at time of imaging, date of imaging, and reason for presentation. 

2.1 CT examination 

The computed tomographic examinations were performed under general anesthesia, which 

was induced using conventional techniques and maintained with isoflurane by use of 

mechanical ventilation. All CT examinations were carried out using a 16-detector-row 

computer tomography system (either SOMATOM Emotion, Siemens Healthcare, Erlangen 

Germany, or Diamond Select Brilliance, Philips Health Systems, Best, Netherlands). The CT 

scans were performed in sternal recumbency with breath-hold technique whenever possible. 

Contrast medium (AccupaqueTM 300; GE Healthcare Buchler GmbH & Co. KG; Braunschweig; 

Germany) was injected intravenously at a dose of 2mg/kg, using a power injector (Medtron 

AG, Saarbrücken, Germany) at a maximum flow rate of 5ml/sec, followed by a saline flush at 

the same injection rate. In most cases, scans were delayed for 60 to 90 seconds after contrast 

medium administration. In some cases, arterial phase images were acquired using bolus 



tracking. Scanner setting was as follows: 1.5 mm slice thickness, a pitch of 0.8, tube rotation 

time 0.6s, 130 kV, and 160 to 200 mA.  

 

2.2 Image evaluation 

All data sets were reviewed by a first-year resident (C.S.) of the European College of Veterinary 

Diagnostic Imaging (ECVDI) and one ECVDI board-certified radiologist (S.S.), using the DICOM-

viewing software (Horos v. 3.3.6, Los Angeles, California). Image orientation, window width 

and level could be adjusted by the reviewers according to personal preference. 

Abnormalities evaluated were limited to the aortic arch. Each case was evaluated for 

pathologies concerning the aortic arch, including the right aortic arch, the existence of a right 

or left aberrant subclavian artery, patent ductus arteriosus (PDA), normal anatomy of the 

brachiocephalic trunk, and other findings. 

 

3 RESULTS  

A total of 213 thoracic CT scans where evaluated. A group of twenty-one dogs presented due 

to clinical signs referring to a ring anomaly, at least regurgitation after food intake. Two dogs 

presented due to exercise intolerance. The remaining 192 dogs underwent thoracic CT due to 

other reasons not related to vascular rings, such as spontaneous pneumothorax, lung 

diseases, or for metastatic screening. 

 

3.1 Dogs with persistent right aortic arch 

All 21 dogs presenting with clinical signs of suspected vascular ring anomaly showed a right 

aortic arch. There were 15 female and 6 male dogs of the following breeds: 9 Labrador 

Retrievers, 4 German Shepherds, 2 mixed-breed dogs, 1 French Bulldog, 1 Gos d'Atura Català, 



1 Husky, 1 Jack Russel Terrier, 1 Border Collie, and 1 Australian Shepherd. The mean age of 

the dogs was 2 months (range 6 weeks to 4 months). 

None of the dogs with a right aortic arch showed a physiological brachiocephalic trunk. 

The following abnormal aortic branching patterns were found (Table 1): 

1.) 17 dogs showed a bicarotid trunk branching from the right aortic arch: in the remaining 2 

dogs, the left and right carotid artery arose separately from the right aortic arch; 

2.) 16 dogs showed an aberrant left subclavian artery, crossing the esophagus dorsally from 

the right arch to the left side; 

3.) one dog with a patent ductus arteriosus showed the left subclavian artery branching from 

the ductus arteriosus and mild dilation of the left subclavian artery; 

4.) three dogs had a left-sided brachiocephalic trunk composed of both carotid arteries and 

the left subclavian artery, and the right subclavian artery arose separately from the aorta; 

5.) one dog had a double aortic arch; in this case, the left subclavian artery branched from the 

left aortic arch, the right subclavian artery, and a bicarotid trunk branched from the right aortic 

arch; 

5.) in all cases, the right subclavian artery had a discrete branch from the right aortic arch. 

 

TABLE 1 Percentages of additional findings in dogs with persistent right aortic arch. 

Anomalies in dogs with persistent right aortic arch (n = 21) Dogs Percentage 

Physiological brachiocephalic trunk 0 0.0 

Aberrant left subclavian artery 16 76.2 

Bicarotid trunk 17 81.0 

Left-sided brachiocephalic trunk including both carotid arteries 

and the left subclavian artery 

3 14.3 

Aberrant subclavian artery branching from the PDA 1 4.8 



Double aortic arch 1 4.8 

 

3.2 Aortic arch anomalies in dogs with left aortic arch  

Two of the remaining 192 dogs presented due to exercise intolerance. Dog signalment was 

one male 2-month-old Flat-Coated Retriever and one male 6-month-old Shetland Sheepdog. 

The CT examination revealed a congenital malformation of the aortic arch, with aberrant 

origin of an arterial vessel, arising from the aorta at the level of the fourth thoracic vertebral 

body. The aberrant vessel was running caudally and ventrally, draining into the left caudal lung 

lobe with subsequent systemic to pulmonary connection. Both dogs showed a persistent 

ductus arteriosus. The Flat-Coated Retriever presented a hypoplastic pulmonary artery on the 

left side as well as a moderately reduced lung volume on the left side.  

The remaining 190 dogs showed no signs of cardiovascular disease. The mean age of the dogs 

was 6.4 years (range 1 to 16 years). There were 47 female, 42 female-spayed, and 56 male 

and 45 male-neutered dogs, representing 61 different breeds: 153 were pure-breed dogs and 

37 were mixed-breed ones. The following CT findings regarding the aortic arch were 

documented (Table 2): 

1.) All dogs had a left aortic arch; 

2.) three dogs showed an aberrant right subclavian artery arising as a separate vessel from the 

descending aorta and passing the esophagus dorsally; 

3.) one dog showed focal moderate dilation of the left subclavian artery; 

4.) one dog showed focal moderate dilation of the right subclavian artery; 

5.) one dog showed a bicarotid trunk arising from the brachiocephalic trunk. 

 



TABLE 2 Percentages of aortic arch anomalies found in dogs without persistent right aortic 

arch. 

Aortic arch anomalies in dogs without persistent right aortic 

arch (n = 192)   

Dogs  Percentage 

Malformation of the aortic arch on the left side with aberrant 

vessel draining into the left caudal lung lobe  

2 1.0 

Aberrant right subclavian artery  3 1.6 

Focal dilatation of the left subclavian artery 1 0.5 

Focal dilatation of the right subclavian artery 1 0.5 

Bicarotid trunk arising from the brachiocephalic trunk 1 0.5 

 

4 DISCUSSION 

To the authors´ knowledge, this is the first paper systematically describing variations of the 

aortic arch that can be found during thoracic CT examination in dogs. Concerning the whole 

study population, 9.9% showed a persistent right aortic arch; these findings are consistent 

with previously published data (7,8). In contrast to other studies, German Shepherd dogs were 

not overrepresented in the study population (6,7). The most affected breed described in the 

current paper was the Labrador Retriever dog, representing 42.9% of the cases. In current 

literature, seven different types of vascular ring anomalies have been classified in dogs: Type 

1, consisting of persistent right aortic arch with persistent left ligamentum arteriosum; Type 

2, consisting of persistent right aortic arch with persistent left subclavian artery; Type 3, 

consisting of persistent right aortic arch with persistent left ligamentum arteriosum and left 

subclavian artery; Type 4, consisting of double aortic arch; Type 5, consisting of normal left 

aortic arch with persistent right ligamentum arteriosum; Type 6, consisting of normal left 

aortic arch with persistent right subclavian artery; Type 7, consisting of normal left aortic arch 

with persistent right ligamentum arteriosum and right subclavian artery (9). In a previously 

published review, two additional types of vascular ring anomalies have been mentioned (3). 

The first has been characterized in a single surgical case report in 1979; the authors described 



an aberrant branch of the aorta arising 3 centimeters caudal to the left subclavian artery, 

passing anteromedially and draining into the brachiocephalic artery (11). Considering the long 

course of the described vessel, a complete vascular ring appears less likely, and the complete 

and correct surgical visualization of the vessel might be questionable. The second additional 

mentioned type of vascular ring has also been found surgically and described as incomplete 

esophageal constriction due to the first right intercostal arteries branching directly dorsal 

from the aorta instead of branching from the costocervical trunk (12). Considering the 

incomplete vascular ring in both cases, the two proposed additional types represent rather 

aberrant aortic vessels than classical ring anomalies. Therefore, they were not included into 

the classification scheme proposed in the current article. Concerning the own study 

population, Type 3 was the most frequently detected ring anomaly, affecting 76.2% of all dogs 

with right aortic arch. Type 1 anomaly, without additional vascular changes, was not detected 

in any dog.  his is in contrast to previously published data describing Type 1 as the most 

common type (9). Embryologically, right aortic arch results from regression of the left fourth 

arch between the left carotid artery and the left subclavian artery, resulting in the left 

subclavian artery being the last one branching from the aorta (1). Type 1 is therefore unlikely 

to occur. In a more recently published study, an aberrant left subclavian artery was detected 

in 33% of the cases (4,13). The lower percentages of aberrant left subclavian artery, published 

in older literature, are probably because the final diagnosis was exclusively made by surgery. 

In some dogs, retroesophageal left subclavian artery as well as other additional vascular 

anomalies are not obvious and may not have been identified by the surgeon. Another study 

describing CT features of dogs with right aortic arch revealed an aberrant left subclavian artery 

in 60% of the cases; in the current study, additional vascular changes of the persistent right 

aortic arch were present in all dogs (4). Therefore, CT examination appears to be more 



accurate in detecting an aberrant left subclavian artery than surgery alone. Surgery may 

underestimate additional vascular abnormalities. The clinical relevance of an aberrant left 

subclavian artery is unclear and may not contribute to esophageal compression, probably 

because of its more dorsally and near-midline origin (6). Nevertheless, surgeons should be 

aware of the presence of aberrant left subclavian artery to assess the possible constriction 

during thoracotomy. 

Type 6 anomaly was detected in three dogs without clinical signs suspicious for vascular ring 

anomaly and occurred as an incidental finding in the CT examination of the thoracic cavity 

performed due to other reasons. Aberrant right subclavian artery is usually associated with 

normal left aortic arch (10). Embryologically aberrant right subclavian artery occurs when the 

right dorsal aorta, cranial to the subclavian artery, abnormally degenerates. Consequently, the 

distal right aorta, instead of the right fourth arch, becomes the base of the right subclavian 

artery, which is linked caudally to the left aorta. Therefore, the right aberrant subclavian artery 

is the last branch leaving the aortic arch (1,14). In human medicine, left aortic arch with 

aberrant right subclavian artery is the most common congenital malformation of the aortic 

arch, with a prevalence described between 0.5 and 2%, leading to esophageal compression in 

about 10% of the cases (1,15). In veterinary medicine, only few case reports exist, and there 

are no data describing the overall prevalence (14,16–19). The clinical relevance of aberrant 

right subclavian artery in dogs is unclear, with some case reports describing clinical syndromes 

such as dysphagia and regurgitation (11,13–16). The data collected in the present study show 

that an aberrant right subclavian artery in dogs, as it is reported in humans, can be an 

incidental finding without any clinical relevance. The prevalence of an aberrant right 

subclavian artery is 1.4% in the study population. Another incidental finding was a mild focal 

dilatation of the right and left subclavian artery, detected in two dogs without any clinical 



relevance. In human medicine, dilatation of the subclavian artery is defined as Kommerell’s 

diverticulum and characterized by focal dilatation near the origin from the aorta (4,20,21). The 

dilatation of the subclavian artery recognized in the own population was more distally and can 

therefore not be defined as Kommerell’s diverticulum, but may be assessed as a normal 

anatomical variant. 

One main finding of the study was the left-sided brachiocephalic trunk, found in three dogs 

with right aortic arch. The left-sided brachiocephalic trunk was composed of the left 

subclavian artery and both carotid arteries and thus represented a complete reflection of the 

brachiocephalic trunk on the left side. To our knowledge, this type has not been previously 

described in dogs. In human medicine, this type has been described as right aortic arch with 

mirror image branching and is the second most common form of a right-sided aortic arch (1). 

Embryologically, the left-sided brachiocephalic trunk results from regression of the left dorsal 

aorta distal to the origin of the seventh intersegmental artery (1). The findings of the current 

study show that a left-sided brachiocephalic trunk also occurs in dogs, with a prevalence of 

14.3% of dogs with right aortic arch in the study population. Therefore, complementing the 

current classification scheme by the new type is proposed (Fig. 1). 

One dog with right aortic arch showed an aberrant left subclavian artery branching from the 

patent ductus arteriosus. This type of aortic malformation has been described in only one dog 

before and thus appears to represent a rare variant (22). The malformation, which is defined 

by an isolated left subclavian artery, is caused by regression of the left arch at two segments 

cranially and caudally to the left subclavian artery (1). Like the previously reported type, this 

variant has not yet been characterized and should be included in the new modulated 

classification scheme, which is proposed by the authors (Fig. 1). Regarding surgical treatment, 

in both cases, ligation and dissection of the left subclavian artery were performed. In human 



medicine, occlusion or stenosis of the proximal subclavian artery results in reversal blood flow 

through the vertebral artery. Common clinical signs are vertigo, syncope, and intermittent 

claudication of the involved upper extremity; the syndrome is known as subclavian steel 

syndrome (23). No clinical signs consistent with the described subclavian steel syndrome were 

detected in one of the two dogs following surgery. Nevertheless, surgeons should be aware 

of potential side effects, and dissection of the subclavian artery with subsequent anastomosis 

to the left carotid artery could be recommended to prevent subclavian steel syndrome. 

Two dogs in our study showed an aberrant vessel branching from the aortic arch, coursing 

caudally and draining into the left caudal lung lobe. Systemic to pulmonary shunting vessels 

have been described in dogs in multiple case reports (24–29). In most cases, in the veterinarian 

literature, systemic to pulmonary shunting is described as hypertrophy of the 

bronchoesophageal artery, with multiple tortuous shunt vessels (24–27). Bronchoesophageal 

artery hyperplasia can be a congenital disorder or may be acquired due to long-standing 

hypoxic states or due to pulmonary artery flow reduction (27,30). The two patients in the 

current study showed no evidence of bronchoesophageal artery hyperplasia, and there was 

only a single linear shunt vessel visible, branching directly from the descending aorta. In the 

respective patients, both pulmonary arteries were physiologically detectable even though the 

left pulmonary artery in one dog was mildly hypoplastic. In contrast to other authors, no direct 

connection between the shunt vessel and the pulmonary artery was detected (31). There was 

no evidence for acquired aortic to pulmonary shunt vessels in the current study population 

and, except for the PDA, no accompanying congenital cardiac anomalies were evident. In 

human medicine, persistence of the 5th aortic arch can lead to systemic to pulmonary 

connection by an aberrant vessel (1,32,33). Physiologically, the 5th aortic arches are 

rudimentary vessels that quickly degenerate during embryogenesis and lie between the 4th 



and 6th aortic arch (1,33). As the herein described anomalous vessels originated from the 

descending aorta caudal to the PDA, representing a remnant of the 6th aortic arch, a persistent 

5th aortic arch is considered unlikely in these cases. Therefore, the origin of the described 

vessels remains unclear and most likely represents an aberrant intercostal artery. The 

aberrant vessel in the 6-month-old Shetland Sheepdog was closed via catheter embolization. 

The second dog was lost to follow-up. 

Limitations of this study include the retrospective nature. Arterial phase-computed 

tomographic studies were not available in all cases because thoracic-computed tomography 

was often performed due to other reasons than suspected vascular abnormalities. 

Nevertheless, visualization of the aortic arch was good in the late-phase contrast study. The 

small group of dogs with right aortic arch did not allow generating epidemiological data in 

respect of the distribution of congenital aortic arch malformation in dogs. The own referring 

clinic has a large focus on cardiac patients, and therefore, patients with cardiac diseases may 

have been overrepresented in the current study population. 

 

5 CONCLUSIONS 

This study describes aortic arch anomalies and their distribution in a large population of dogs, 

detected during thoracic-computed tomography. The findings indicate that further 

classification of right aortic arch types is needed since two more - to date unclassified - types 

are present in dogs, leading to a total number of at least nine different types in dogs. A new 

classification scheme is therefore proposed by the authors. Furthermore, the results indicate 

that the aberrant right subclavian artery is an incidental finding in dogs with left aortic arch 

without evidence of clinical signs. Future studies are needed to determine whether the 

findings from this study remain valid even for a larger dog population. 



Figure Legend 

Figure 1 

Title: Classification scheme for aortic arch anomalies 

Legend: (A) normal anatomy of the aortic arch; (B) Type 1, consisting of persistent right aortic 

arch with persistent left ligamentum arteriosum; (C) Type 2, consisting of persistent right 

aortic arch with persistent left subclavian artery; (D) Type 3, consisting of persistent right 

aortic arch with persistent left ligamentum arteriosum and left subclavian artery; (E) Type 4, 

consisting of double aortic arch; (F) Type 5, consisting of normal left aortic arch with persistent 

right ligamentum arteriosum; (G) Type 6, consisting of normal left aortic arch with persistent 

right subclavian artery; (H) Type 7, consisting of normal left aortic arch with persistent right 

ligamentum arteriosum and right subclavian artery; (I) Type 8, consisting of right aortic arch 

with left subclavian branching from the left sided ligamentum arteriosum; (J) Type 9, 

consisting of right sided aortic arch with “mirror” image. 
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Figures

Figure 1

Classi�cation scheme for aortic arch anomalies (A) normal anatomy of the aortic arch; (B) Type 1,
consisting of persistent right aortic arch with persistent left ligamentum arteriosum; (C) Type 2, consisting
of persistent right aortic arch with persistent left subclavian artery; (D) Type 3, consisting of persistent



right aortic arch with persistent left ligamentum arteriosum and left subclavian artery; (E) Type 4,
consisting of double aortic arch; (F) Type 5, consisting of normal left aortic arch with persistent right
ligamentum arteriosum; (G) Type 6, consisting of normal left aortic arch with persistent right subclavian
artery; (H) Type 7, consisting of normal left aortic arch with persistent right ligamentum arteriosum and
right subclavian artery; (I) Type 8, consisting of right aortic arch with left subclavian branching from the
left sided ligamentum arteriosum; (J) Type 9, consisting of right sided aortic arch with “mirror” image.


