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ABSTRACT
Introduction: Patent foramen ovale (PFO) is increasingly recognized as a potential risk factor for cryptogenic ischemic stroke in young patients without conventional vascular risk factors. Methods: We report the case of a 38-year-old man admitted with a superficial right sylvian infarct, in whom comprehensive diagnostic work-up including ECG, carotid Doppler ultrasound, and laboratory testing excluded atrial fibrillation, carotid disease, and thrombophilia. Results: Brain CT confirmed ischemic stroke, and secondary prevention with aspirin and atorvastatin was initiated. Contrast-enhanced transesophageal echocardiography revealed a 3-mm PFO with a significant right-to-left shunt (>20 bubbles during Valsalva maneuver), without atrial septal aneurysm or thrombus. No percutaneous closure was performed, and the patient remained recurrence-free during follow-up under medical management. Conclusion: This case underscores the role of systematic PFO evaluation in cryptogenic stroke, highlights the diagnostic value of imaging in detecting interatrial shunts, and emphasizes the need for individualized management.
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INTRODUCTION
Patent foramen ovale (PFO) is recognized as a potential risk factor for ischemic stroke of undetermined origin, particularly in young patients. This anomaly, once regarded as a benign embryologic remnant, has been increasingly integrated into the diagnostic work-up of cryptogenic stroke, given its therapeutic implications in secondary prevention【1】.
Importantly, PFO is usually asymptomatic, but may cause paradoxical embolism and is considered a risk factor mainly for non-lacunar cryptogenic ischemia in young adults【9】.
The diagnosis of PFO relies primarily on cardiovascular imaging techniques. Contrast-enhanced transesophageal echocardiography (TEE) remains the gold standard for confirming interatrial shunt, while transcranial Doppler (TCD) ultrasound serves as a useful initial non-invasive screening tool【2】 .Therapeutic decisions whether medical management or percutaneous closure require multidisciplinary assessment based on patient age, shunt characteristics, and the estimated risk of recurrence.
The aim of this work is to present a clinical case of cryptogenic stroke associated with PFO and to discuss diagnostic and therapeutic strategies in light of recent recommendations.

CASE PRESENTATION 
A 38-year-old patient, with no modifiable cardiovascular risk factors and no significant medical history, was admitted to the neurology department for a cryptogenic ischemic stroke (IS), without clinical sequelae.
On admission, clinical examination revealed no motor or sensory deficits, and the National Institutes of Health Stroke Scale (NIHSS) score was 0. Laboratory tests including complete blood count, ESR, platelet count, renal function and coagulation profile were within normal limits.
Brain imaging by non-contrast computed tomography (CT) revealed a superficial right sylvian infarct without signs of intracranial hemorrhage (Figure 1). The most relevant radiological findings were highlighted with arrows for clarity.
The patient was started on aspirin at 100 mg/day for secondary prevention, in accordance with current recommendations. Although the lipid profile was normal, atorvastatin at 40 mg/day was introduced as part of a long-term vascular stabilization strategy.
Due to the absence of an identified etiology, the patient underwent contrast-enhanced TEE with saline microbubbles and Valsalva maneuver. This revealed a significant right-to-left shunt, with the passage of more than 20 bubbles and an interatrial communication measuring 3 mm (Figure 2, arrow), confirming the diagnosis of PFO (Figure 1) (Figure 2). No atrial septal aneurysm or intracardiac thrombus was detected. The patient did not undergo percutaneous closure, and clinical progression was favorable, with no recurrence during short-term follow-up.
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Figure 1: Transesophageal echocardiography demonstrating a patent foramen ovale measuring 3 mm
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Figure 2: Transesophageal echocardiography showing a massive right-to-left shunt through a patent foramen ovale with more than 20 microbubbles.




DISCUSSION
In young patients with ischemic stroke and no evident cause, patent foramen ovale (PFO) is an etiology that should be systematically investigated. Present in approximately 20–30% of the general population, PFO is often asymptomatic. However, its prevalence increases to as much as 40% in patients under 60 presenting with cryptogenic stroke, suggesting a potential link between this anatomical variant and paradoxical embolism【1】. In this mechanism, a venous thrombus bypasses the pulmonary filter and crosses the interatrial septum through a right-to-left shunt, especially during transient increases in right atrial pressure, such as during Valsalva maneuvers【2】.
Importantly, PFO is usually asymptomatic but may cause paradoxical embolism and represents a significant risk factor for non-lacunar cryptogenic ischemia in young adults【9】.
In the presented case, the absence of cardiovascular risk factors, atrial fibrillation, carotid stenosis, or thrombophilia supports the hypothesis of a paradoxical embolism mediated by PFO. The diagnosis relied on identifying the interatrial shunt. Contrast-enhanced transesophageal echocardiography (TEE) is currently considered the reference examination【3】. It allows direct visualization of the interatrial communication, morphological assessment of the septum (e.g., presence of an aneurysm or Eustachian valve), and precise quantification of the shunt based on the number of bubbles seen in the left atrium following the Valsalva maneuver【4】. In this case, the PFO measured 3 mm and showed massive bubble passage, confirming a significant shunt.
As an alternative or complement to TEE, transcranial Doppler (TCD) with saline contrast is a sensitive, non-invasive, and reproducible tool for detecting right-to-left shunts【5】. This test is particularly useful as a first-line modality or when TEE is contraindicated or poorly tolerated. However, its main limitation lies in its inability to precisely localize the site of the shunt (e.g., cardiac vs. pulmonary origin), which necessitates TEE for accurate anatomical characterization. Furthermore, suboptimal acoustic windows may limit feasibility, especially in elderly patients or Asian women.
The management of PFO in secondary prevention of stroke remains a matter of debate. Antiplatelet therapy, anticoagulation, and percutaneous closure are the three main options. Several randomized controlled trials, including RESPECT, CLOSE, and REDUCE, have demonstrated that percutaneous closure of the PFO in selected patients significantly reduces the risk of stroke recurrence compared with medical therapy alone【6】. However, this benefit is mostly observed in younger patients (<60 years) with high-risk PFO features, such as large shunt or septal aneurysm.
Notably, PFO and atrial septal aneurysm were identified as the cardiac source of embolism in only 2 patients out of 402 consecutive ischemic cardioembolic strokes in a large clinical series【10】. This emphasizes that PFO is not always causal and underlines the need for careful patient selection.
In this patient, atorvastatin was initiated despite a normal lipid profile, in accordance with ESC/EAS 2021 and ESO 2024 guidelines, which recommend statin therapy for all patients with ischemic stroke, regardless of LDL-C levels【7】. The rationale is based on the pleiotropic effects of statins, including endothelial function improvement, plaque stabilization, and anti-inflammatory action. The SPARCL trial demonstrated a significant reduction in recurrent stroke with high-dose atorvastatin, even in patients without manifest dyslipidemia【8】.
Although the patient exhibited a profile suggestive of a causal relationship (young age, significant shunt, absence of alternative cause), no percutaneous closure was performed, due to the absence of recurrence and a reassuring clinical context. Aspirin therapy alone remains consistent with current recommendations in cases of first cryptogenic stroke with moderate-to-large shunt but no additional high-risk features.
Furthermore, acute ischemic strokes in young patients differ from those in older adults regarding risk factor distribution, stroke subtypes, etiology, severity, and outcomes【11】. This observation highlights the need to individualize secondary prevention strategies.
The most recent European Stroke Organisation (ESO) 2024 guidelines highlight the need for embolic risk stratification, particularly using the Risk of Paradoxical Embolism (RoPE) score, to estimate the likelihood that the PFO is truly causative. A high RoPE score supports consideration of closure in the event of recurrence【7】.
Finally, a limitation of this case report is the absence of long-term follow-up and the lack of MRI at admission, which would have allowed better tissue characterization. Future studies should further explore patient selection criteria for closure and compare long-term outcomes of conservative versus interventional strategies.

CONCLUSION 
This case underscores the importance of a structured and individualized diagnostic and therapeutic approach in cryptogenic stroke associated with PFO. Beyond its role in acute management, this condition highlights the need for systematic screening in young patients with ischemic stroke of undetermined cause. Future research should focus on refining patient selection criteria for closure and exploring long-term outcomes of conservative versus interventional strategies.
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