


Case report 

Unmasking Paradoxical Embolism: Cerebellar Stroke Linked to Coexisting Arteria Lusoria and Patent Foramen Ovale


Abstract:
Background: The aberrant right subclavian artery (ARSA), or Arteria Lusoria, is a rare congenital anomaly of the aortic arch, often asymptomatic but capable of diverse presentations. Similarly, a patent foramen ovale (PFO) is a common cardiac anomaly, but its association with atrial septal aneurysm (ASA) significantly increases the risk of paradoxical embolism and stroke. The co-occurrence of ARSA with PFO and ASA, particularly with ARSA plaque formation, represents a uniquely complex and under-recognized risk profile for cerebrovascular events.
Case Presentation: We present a 64-year-old male with a history of hypertension, hyperlipidemia, and cholelithiasis who presented with acute cerebellar stroke. Investigations revealed ARSA and a patent foramen oval (PFO) with atrial septal aneurysm (ASA).
Discussion: This case strikingly illustrates a rare triad of anatomical variants (ARSA with plaque, PFO, and ASA) that together likely contributed to a paradoxical embolism leading to cerebellar stroke. It highlights the critical interplay between congenital anomalies and acquired risk factors, emphasizing how such a combination can create a prothrombotic environment and facilitate embolic transit. The diagnostic utility of multimodal imaging was paramount in uncovering these concurrent findings, guiding subsequent management.
Conclusions: This case underscores the importance of considering uncommon anatomical variations during stroke workup, especially when dealing with atypical presentations or increased risk factors. This approach can improve diagnostic accuracy and contribute to optimal patient care.
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1. [bookmark: _Hlk200623569]INTRODUCTION: 
Arteria lusoria, also known as aberrant right subclavian artery, is a rare congenital anomaly affecting approximately 0.5% to 2% of the population [1]. This anomaly involves the abnormal origin of the right subclavian artery, arising from the descending aorta instead of the usual brachiocephalic trunk.[2] While typically asymptomatic, ARSA can occasionally present with complications like dysphagia (swallowing difficulty) due to esophageal compression[3], [4]. However, its potential association with stroke remains an evolving area of research. Similarly, a patent foramen ovale (PFO), the most frequent cause of interatrial shunting, is usually clinically silent but can be a pathway for paradoxical embolism or a site for in situ thrombus development, contributing to cryptogenic stroke.[5]
This case report delves into the intriguing presentation of a 64-year-old male with a history of hypertension, hyperlipidemia, and cholelithiasis who experienced an acute cerebellar stroke. Interestingly, investigations revealed the presence of both ARSA and a patent foramen ovale (PFO) with atrial septal aneurysm (ASA).

2. CASE PRESENTATION:

A 64-year-old male with a history of hypertension, hyperlipidemia, and cholelithiasis presented to the emergency department with a sudden onset of severe vertigo, frontal headaches, and vomiting. On examination, he was conscious, alert, and oriented but exhibited rotatory vertigo, left upper limb dysmetria, multidirectional nystagmus, and an inability to stand without assistance. His NIHSS score was 4, reflecting mild deficits attributable to cerebellar dysfunction. No cranial nerve abnormalities were found, and deep tendon reflexes were normal. While an initial head CT scan was unremarkable, subsequent MRI confirmed a left cerebellar stroke (Figure 1). 
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Figure 1: MRI showing a left cerebellar stroke.
Transthoracic echocardiography revealed a normal left ventricle and atrium, no significant valvular abnormality, and a normal ascending aorta. EKG indicated normal sinus rhythm, and laboratory tests, including a hypercoagulability panel, were unremarkable. 
A 72-hour Holter ECG showed no rhythm disturbances, and a negative neoplastic workup ruled out malignancy. 
Transesophageal echocardiography identified a PFO with ASA and a positive bubble test, demonstrating the potential for paradoxical embolism. Additionally, it revealed a normal left ventricular ejection fraction, a discrete mitral and aortic regurgitation, a free auricle, and a non-atheromatous appearance of the ascending aorta and aortic arch. 
Finally, the supra-aortic trunks CT showed the presence of an aberrant right subclavian artery (ARSA), or arteria lusoria with a plaque formation (Figures 2,3).
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Figure 2: CT showing an arteria Lusoria with a plaque formation
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Figure 3: Reconstruction of the aortic arch with the arteria Lusoria
Based on these findings, the patient received a diagnosis of cerebellar stroke, PFO with ASA, and arteria Lusoria with plaque. He was initiated on antiplatelet therapy with aspirin 160mg daily to prevent future thromboembolic events and underwent physical therapy to regain mobility. This comprehensive approach resulted in significant improvement, with symptom resolution and regained ability to walk with assistance, highlighting the potential for recovery with proper management.
3. Discussion: 
Left aortic arch with aberrant right subclavian artery (ARSA), also known as arteria lusoria, is a congenital anomaly occurring in approximately 0.5% to 2% of the population [1], with a higher prevalence among females [2]. This anomaly arises due to regression of the right arch, including the right ductus arteriosus, leading to the proximal right subclavian artery originating from the distal right dorsal aorta instead of the usual fourth arch. Consequently, the aberrant right subclavian artery typically courses obliquely behind the esophagus, from the left caudal to the right cranial direction [1]. In such cases, the brachiocephalic trunk is absent, and the aortic arch gives rise directly to four arteries: the right common carotid, left common carotid, left subclavian, and the ARSA (Figure 4).
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Figure 4:  Schematic arrangements of the presence of an aberrant right subclavian artery.
While typically isolated, ARSA can coexist with other congenital anomalies such as aortic coarctation, patent ductus arteriosus (PDA), ventricular septal defect (VSD), or carotid and vertebral artery anomalies [1], [6]. In a study analyzing over 11,000 pathologic specimens, Hugo Zapata reported septal defects in 28% of arteria lusoria cases, including a small proportion with atrial origin[7] .
Most individuals with ARSA remain asymptomatic [3]. However, esophageal or tracheal compression may lead to dysphagia or dyspnea, respectively—though tracheal compression is rare in adults [4]. A classical presentation is dysphagia lusoria, caused by esophageal compression from the retroesophageal artery [6], [8], [9]. Another rare but important manifestation is Ortner syndrome, where recurrent laryngeal nerve palsy results from vascular compression [10]. Kommerell's diverticulum—dilatation at the ARSA origin—also poses clinical and surgical challenges due to its association with aneurysmal transformation and risk of rupture [11]. ARSA’s aberrant course may also increase the risk of vascular injury during head and neck surgeries such as thyroidectomy, tracheotomy, and mediastinal lymph node dissection.
Although ARSA is often regarded as a benign anatomical variant, recent literature has underscored its clinical relevance, particularly when it coexists with anomalies like atrial septal defects (ASD), patent foramen ovale (PFO), or atherosclerotic plaques[3]. In our case, the patient presented with a cerebellar stroke and was found to have a rare triad: PFO with atrial septal aneurysm (ASA), and ARSA containing atherosclerotic plaque. This combination creates a prothrombotic environment and increases the potential for paradoxical embolism.
This association is significant, facilitating embolic transit through transient right-to-left shunting [3]. In their case, the combination of ARSA and ASD led to paradoxical embolism and cerebral infarction. These findings support the use of vascular imaging in young patients with cryptogenic stroke.
Our case also supports this diagnostic strategy. CT angiography revealed the ARSA and its plaque burden, while transesophageal echocardiography (TEE) confirmed the PFO and ASA. These tools were essential for diagnosis, and align with the growing body of evidence recommending multimodal imaging for comprehensive stroke evaluation, especially in younger patients without traditional vascular risk factors [3].
Furthermore, the patient's history of hypertension, hyperlipidemia, and cholelithiasis increased his baseline cardiovascular risk. However, the coexisting PFO and ASA offered a likely anatomical conduit for paradoxical embolism. Simultaneously, the ARSA may have contributed via local turbulence and plaque formation—factors recognized for embolic potential.
Management strategies for symptomatic ARSA are evolving. Historically, left thoracotomy was the standard surgical approach, but it presented technical difficulties, especially for anterior repositioning of the subclavian artery [12]. Similarly, right posterolateral thoracotomy carries the risk of incomplete relief if the ARSA is not adequately divided near its origin [3]. More recent literature supports the use of median sternotomy or hybrid/endovascular approaches as safer, more adaptable options with favorable outcomes [4]. Dueppers et al. demonstrated high technical success using individualized multimodal techniques, including subclavian-carotid transpositions and stent grafting [13].
In our case, the absence of recurrent embolic events and compressive symptoms supported a conservative, medical approach. Nevertheless, the possibility of future events necessitates careful follow-up. This case emphasizes the importance of considering less common anatomical variants in stroke etiology and highlights how early diagnosis using appropriate imaging can guide optimal treatment.
Ultimately, ARSA—particularly when atherosclerotic or coexisting with PFO—should not be dismissed as an incidental finding. It warrants thorough evaluation and long-term monitoring. In select cases, early antithrombotic management or surgical referral may be indicated to prevent further embolic complications.
Limitations of the Case Report
This case report has several limitations. First, it describes a single patient, which precludes generalization of findings. Second, while multimodal imaging strongly suggested paradoxical embolism as the stroke mechanism, direct evidence of thrombus transit through the PFO was not captured. Third, the rarity of ARSA in stroke populations is supported by a clinical series of 1,000 consecutive patients with acute cerebrovascular disease, in which arteria lusoria was not identified in any case (Med Clin (Barc). 1993;101(8):281–5) [14]. This suggests that ARSA is likely an incidental finding in most stroke patients and underscores that our observation may represent an exceptional rather than representative scenario. Nevertheless, the coexistence of ARSA with PFO and ASA in our case may represent a rare but clinically significant combination. Finally, long-term follow-up data are needed to assess the efficacy of antiplatelet therapy in preventing recurrent events in such complex anatomies.

CONCLUSION: 
This case presentation highlights the possible connection between uncommon anatomical variations, like ARSA, and other established stroke risk factors in atypical presentations. While the definitive role of ARSA in stroke pathogenesis is still under investigation, this case adds to the growing body of literature exploring this potential association.
It emphasizes the necessity for clinicians to consider less common anatomical variations and associated anomalies in stroke evaluation, ensuring early diagnosis and appropriate treatment to optimize patient outcomes.
Future studies should explore the prevalence of ARSA in cryptogenic stroke cohorts using systematic vascular imaging, as its role in embolic pathogenesis remains speculative. Prospective registries could clarify whether ARSA with concomitant PFO/ASA warrants aggressive intervention (e.g., PFO closure or anticoagulation). Additionally, hemodynamic studies investigating plaque vulnerability in ARSA’s aberrant course may elucidate its thrombogenic potential.
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