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Abstract
BACKGROUND
To date, this is the first case of a paradoxical embolism (PDE) that concurrently manifested in the coronary and lower limb arteries and was secondary to a central venous catheter (CVC) thrombus via a patent foramen ovale (PFO). 

CASE SUMMARY
Here, we report a case of simultaneous coronary and lower limb artery embolism in a PFO patient carrier of a CVC. The patient presented to the hospital with acute chest pain and lower limb fatigue. Doppler ultrasound showed a large thrombus in the right internal jugular vein, precisely at the tip of the CVC. Transthoracic and transesophageal echocardiography confirmed the existence of a PFO, with inducible right-to-left shunting by the Valsalva maneuver. The patient was administered an extended course of anticoagulation therapy, and then the CVC was successfully removed. Percutaneous PFO closure was not undertaken. There was no recurrence during follow-up.

CONCLUSION
Thus, CVC-associated thrombosis is a potential source for multiple PDE in PFO patients.

Key Words: Paradoxical embolism; Central venous catheter; Patent foramen ovale; Acute myocardial infarction; Case report

Li JD, Xu N, Zhao Q, Li B, Li L. Multiple paradoxical embolisms caused by central venous catheter thrombus passing through a patent foramen ovale: A case report. World J Clin Cases 2024; In press

Core Tip: Paradoxical coronary embolism is a rare cause of acute myocardial infarction. Here, we report a case of simultaneous coronary and lower limb artery embolism in a patent foramen ovale (PFO) patient carrier of a central venous catheter (CVC). CVC-associated thrombosis is a potential source for paradoxical embolisms in PFO patients. Meanwhile, transesophageal echocardiography can help us detect PFOs more accurately.

INTRODUCTION
Paradoxical embolism (PDE) is a clinical condition characterized by a thromboembolism that originates in the right heart or venous vasculature and travels through an intracardiac or pulmonary shunt into the systemic circulation[1]. The clinical presentation is diverse and potentially life-threatening. In this case, we present a patient with a patent foramen ovale (PFO) who suffered from acute myocardial infarction (AMI) and lower limb arterial embolism resulting from a PDE caused by a central venous catheter (CVC)-associated thrombosis.

CASE PRESENTATION
Chief complaints
A 72-year-old female presented to the hospital with acute chest pain and lower limb weakness.

History of present illness
Six days ago, the patient had a CVC implanted for a lumbar disc operation. 6 h before admission, the patient experienced sudden chest pain during the rehabilitation training without shortness of breath or palpitations.

History of past illness
The patient had a medical history of hypertension for 4 years.

Personal and family history
No relevant disorders were identified.

Physical examination
Blood pressure was 145/70 mmHg, heart rate was 65 beats/min, respiratory rate was 20 breaths/min. Lower limb weakness, without pale and pain and the skin temperature was normal. The pulsation of bilateral dorsal foot arteries was weakened.

Laboratory examinations
The patient’s cardiac biomarkers were elevated, with a high-sensitivity troponin-T level of 0.688 µg/L and a creatine kinase level of 525.3 U/L.

Imaging examinations
ECG showed sinus rhythm and an ST-segment elevation of 0.1-0.2 mm in the inferior (II, III, and aVF) leads. Emergent coronary angiography (CAG) revealed an acute total occlusion at the proximal segment of right coronary artery (RCA) (Figure 1A), with normal blood flow of the left coronary artery (Figure 1B). After opening the RCA with balloon angioplasty, the repeat angiography revealed a smooth vascular wall without evidence of atherosclerotic plaque (Figure 1C) but the thrombus shattered and moved into the distal of the RCA (Figure 1C). After reperfusion, the patient was administered cardiovascular secondary prevention medication and low-molecular-weight heparin. Doppler ultrasound revealed thrombotic occlusions in the left anterior tibial artery and the right popliteal artery without any evidence of venous thrombosis.

Laboratory examinations
The patient’s cardiac biomarkers were elevated, with a high-sensitivity troponin-T level of 0.688 µg/L and a creatine kinase level of 525.3 U/L.

FURTHER DIAGNOSTIC WORK-UP
[bookmark: _Hlk143208311]A large thrombus (18 mm × 15 mm × 13 mm) at the tip of the CVC was detected by ultrasound (Figure 2A). A transthoracic echocardiogram initially showed suspicion for a PFO accompanied by mild pulmonary hypertension (Figure 2B). This preliminary diagnosis was subsequently corroborated through an agitated saline contrast examination conducted via transesophageal echocardiography (TEE). In resting conditions, the TEE with saline contrast revealed no evidence of a right-to-left shunt (Figure 2C). Furthermore, the induction of a right-to-left shunt across the intra-atrial septum (grade 2) was successfully achieved by applying a Valsalva maneuver (Figure 2D).

FINAL DIAGNOSIS
Combined with the patient’s medical history, the final diagnosis was Paradoxical coronary and lower limb arteries embolism caused by CVC-associated thrombosis passing through a PFO.

TREATMENT
On the basis of the guideline-based medical therapy for STEMI, the patient was administered an extended course of anticoagulation therapy, specifically low-molecular-weight heparin for seven days, followed by a regimen of apixaban, dosed at 15 mg daily. Before discharge, the CVC was successfully removed.

OUTCOME AND FOLLOW-UP
A follow-up examination conducted two months postdischarge, which included CAG and Doppler ultrasound, indicated successful resolution of the thrombus in the distal region of the RCA (Figure 1D), bilateral limb arteries, and superior vena cava.

DISCUSSION
The PFO has been identified as a potential source of PDE since the late 19th century and is now recognized as the most common intracardiac shunt in PDE cases[1,2]. The most common sites of PDE are the extremities, accounting for 49% of cases, followed by the cerebrum at 37%. The coronary, renal, or splenic arteries are less frequently affected[3,4]. Instances of PDE resulting in multiple arterial embolisms are rare. Simultaneously, myocardial and renal infarction resulting from a PDE through a PFO was reported[5]. Islam et al[6] reported a case of PDE through a PFO involving the left upper extremity, brain, and coronary artery. However, there have been no reported cases of simultaneous myocardial infarction and lower limb thrombi due to a PDE caused by a CVC-associated thrombosis. This highlights the complexity and variability of PDE and underscores the need for continued research and understanding.
Acute myocardial infarction (AMI) is often precipitated by coronary atherosclerosis. Despite presenting several risk factors for atherosclerosis, the patient in this case demonstrated a different pathogenesis of AMI. Emergency CAG revealed a thrombotic occlusion in the RCA. After opening the RCA with balloon angioplasty, a repeat angiography of the RCA revealed a smooth vascular wall without evidence of atherosclerotic plaque. Her intact left coronary artery also excluded the presence of coronary atherosclerosis. Hence, we considered that the total occlusion of the RCA is caused by acute thromboembolism rather than chronic due to plaque. Evidence of acute thrombosis was also found in the Doppler ultrasound of the lower limb arteries, where the thrombi had completely disappeared after anticoagulation therapy.
In most cases, the elevated right atrial pressure is secondary to an acute process, such as the Valsalva maneuver, coughing or acute pulmonary embolism with cor-pulmonale or right-sided strain. This permits paradoxical emboli to easily cross the PFO from the right to the left atrium and enter the arterial circulation. Paradoxical emboli have the potential to traverse any branch of the coronary artery via anterograde blood flow, thereby precipitating an AMI. Furthermore, these emboli can disseminate to various organs, including peripheral arteries, resulting in widespread arterial embolisms. In this case, the presence of a small PFO and right-to-left shunting was confirmed through transesophageal echocardiography (TEE) and an agitated saline contrast examination. As reported, TEE is the gold standard because it can offer superior sensitivity and precision in detecting atrial anomalies and intracardiac shunts compared to transthoracic echocardiogram[7]. 
CVC-associated thrombosis constitutes 10% of all deep venous thrombosis (DVTs) in adults and 50%-80% of DVTs among children[8]. In this case, Doppler ultrasound showed the presence of a large thrombus at the tip of the CVC. Brain infarction caused by a CVC-originated paradoxical thrombus was previously reported[9,10]. CVC-associated thrombosis risk factors include catheter material and size, duration of placement, hereditary disorders or hypercoagulable states, blood flow stagnation, and potential endothelial damage from corrosive drugs[8,11,8]. The most likely risk factor for this case of CVC-associated thrombosis was the extended duration of the CVC placement and potential infection. As suggested by Citla et al[8], it is necessary to continue anticoagulant therapy for at least three months after catheter removal. The EAPCI advises that patients over 65 years of age should be evaluated for PFO closure on an individual basis[12]. In this instance, percutaneous PFO closure was not undertaken due to the PFO’s relatively small size and the potential for eliminating and preventing CVC-associated thrombosis, which was considered the source of the PDE. Considering the patient’s personal preferences, a pharmacological treatment approach was selected.

CONCLUSION
CVC-associated thrombosis is a potential source for PDE in PFO patients. Examinations for PFO and CVC in unexplained thrombotic events are important to look for possible sources of embolism. Furthermore, TEE can help us detect PFOs more accurately.
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Figure Legends
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Figure 1 Coronary angiography. A: Emergent coronary angiography (CAG) revealed a total occlusion in the proximal segment of the right coronary artery (RCA); B: CAG revealed no significant atherosclerotic lesions in the left main, left anterior descending and left circumflex; C: After percutaneous coronary intervention (PCI), repeat angiography revealed the result of thrombolysis in myocardial infarction (TIMI) 3 blood flow in RCA. Thrombus were observed in the first posterior descending artery and posterior lateral artery; D: Two months after PCI, CAG showed TIMI 3 blood flow in the distal region of the RCA without signs of thrombus.
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[bookmark: OLE_LINK7428][bookmark: OLE_LINK7429]Figure 2 Imaging examination of central venous catheter associated thrombosis and patent foramen ovalePFO. A: Doppler ultrasound of the right internal jugular vein showing a large thrombus (18 mm × 15 mm × 13 mm) at the tip of the central venous catheter; B: Transthoracic echocardiogram showing a suspicious patent foramen ovale (PFO); C: In resting conditions, transesophageal echocardiography (TEE) with saline contrast showing no evidence of a right-to-left shunt; D: TEE following saline contrast clearly demonstrates the presence of bubbles in the left atrium, with Valsalva indicating the presence of a moderate right-to-left shunt at the atrial level through a PFO. RA: Right atrium; LA: Left atrium.
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