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Novel way of patent foramen ovale detection and percutaneous closure by intracardiac echocardiography: A case report
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Abstract
BACKGROUND
Patent foramen ovale (PFO) is the most common congenital heart disease and is associated with several diseases, including stroke and migraine. PFO diagnosis involves transoesophageal echocardiography, transthoracic echocardiography, and transcranial Doppler. Recent studies have shown that intracardiac echocardiography (ICE) can be used to diagnose and guide percutaneous transcatheter closure. 

CASE SUMMARY
A 70-year-old male presented with paroxysmal dizziness and limb weakness for the past 3 mo. Magnetic resonance imaging revealed a history of stroke, and a bubble test revealed the presence of PFO. The patient was then transferred to our hospital for PFO closure. Under ICE guidance, the separation of the septum primum and septum secundum was unclear; we then used a Swartz catheter to confirm PFO by applying physical pressure on the right part of the atrial septum without using any contrast. The ICE continuously and clearly guided the procedure.

CONCLUSION
ICE can guide PFO closure in patients with a history of stroke. When PFO is not evident under ICE, a Swartz catheter can be used.
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Core Tip: Patent foramen ovale (PFO) is the most common congenital heart disease and is associated with several diseases, including stroke and migraine. PFO diagnosis involves transoesophageal echocardiography, transthoracic echocardiography, and transcranial Doppler. Recent studies have shown that intracardiac echocardiography (ICE) can be used to diagnose and guide percutaneous transcatheter closure. Here, we represent the use of ICE in PFO detection and closure for PFO patient with a history of stroke. Importantly, when PFO is unobvious, Swartz catheter can be used to physically separate the septum primum and septum secundum.

INTRODUCTION
Patent foramen ovale (PFO) caused by failed fusion of the septum primum and septum secundum is the most common congenital heart disease and is present in approximately 25% of the general population[1]. Although most patients with PFO are asymptomatic, many studies have shown that PFO is implicated in diseases including migraine and decompression illness[2]. PFO may cause cryptogenic stroke, especially when accompanied by deep venous thrombosis and other structural abnormalities, which could be explained by the hypothesis that thrombi from the right heart system can directly pass the PFO to the left atrium when the pressure of the right heart increases[3]. However, the association between PFO and cryptogenic stroke remains unclear because the only one prospective longitudinal study has shown a negative result[1]. The Food and Drug Administration approved the use of percutaneous transcatheter closure (PTC) for PFO because closure can significantly decrease the rate of recurrent stroke. Furthermore, the Society for Cardiovascular Angiography and Interventions (SCAI) guidelines recommend PFO closure in patients with prior PFO-associated stroke[4]. PFO diagnosis involves transoesophageal echocardiography (TEE), transthoracic echocardiography (TTE), transcranial Doppler (TCD), and intracardiac echocardiography (ICE)[5]. TEE, with its relatively high resolution, was once considered the gold standard. Recently, a study has demonstrated the advantages of ICE in diagnosing and guiding PTC, including having higher resolution, the flexibility of obtaining multi-angle images, continuous guidance during the procedure, avoidance of general anaesthesia, and the capability of detecting other abnormalities[6]. Here, we shared one case of ICE use in diagnosis and PTC in a patient who had previously undergone cryptogenic stroke. We showed that if the PFO is not obvious, a Swartz catheter can be used.

CASE PRESENTATION
Chief complaints
A 70-year-old male presented with paroxysmal dizziness and limb weakness for the past 3 mo.

History of present illness
Three months ago, the patient got a sudden paroxysmal dizziness and limb weakness. Two months prior, the patient experienced more severe dizziness, weakness, vomiting, and nausea. Then, the patient was admitted to our hospital.

History of past illness
The patient has no history of hypertension, diabetes, hyperlipidaemia, coronary artery disease, or atrial fibrillation.

Personal and family history
The patient had a 50-year smoking history (30 cigarettes per day). No family history.

Physical examination
The patient has a muscular weakness of limbs.

Laboratory examinations
Laboratory tests showed that the hemoglobin A1c level was 6.2% and fasting plasma glucose was 7.47 mmol/L.

Imaging examinations
Three months prior, magnetic resonance imaging (MRI) of the local hospital showed remote cerebral infarction. Two months ago, MRI showed right cerebellar hemisphere infarction with local hemosiderin deposition. Echocardiography revealed ascending aortic enlargement, and the left ventricular ejection fraction was 59%. Bubble test of the right atrium indicated PFO.

FINAL DIAGNOSIS
Final diagnosis is PFO.

TREATMENT
PTC was then indicated according to the symptoms and examination findings[7]. Afterwards, we proceeded with the PFO confirmation using ICE. Firstly, the ICE catheter (Johnson & Johnson Medical, United States) was advanced into the right atrium from the left femoral vein, under fluoroscopic guidance. In the “home view”, the right atrium, right ventricle, tricuspid valve, and long axis of the right ventricular outflow tract can be observed (Figure 1A). Subsequently, by flexing the ICE catheter posteriorly and slightly tilting rightward, the transducer directly faced the interatrial septum, and the entire length of the interatrial septum became visible. However, we could not find the separation of the septum primum and septum secundum, even with the assistance of the colour Doppler test. Fortunately, PFO was confirmed using an 8.5 F Swartz sheath (Abbott, United States). The Swartz sheath was advanced into the inferior vena cava through the right femoral vein, and then to the right side of the interatrial septum. Then, by applying slight physical pressure on the right side of the interatrial septum, the septum primum was manually separated from septum secundum, which can avoid the use of aerated saline contrast and Valsalva maneuver (Figures 1B and 2A). Colour Doppler imaging confirmed right-to-left shunting (Figure 2B).
After careful measurement of the PFO and surrounding rims, the PTC procedure was performed and an Amplatzer PFO occluder (St. Jude Medical, United States) was implanted. The distal disk of the occluding device was first deployed in the left atrium through the withdrawal of the sheath (Figure 1C). The device and sheath were then pulled back against the atrial septum. When the left disk was in close contact with the septum, the right atrial disk of the occluding device was deployed via further sheath withdrawal (Figure 1D). After deployment, the position of the device was confirmed by ICE (Figure 2C), and the colour Doppler was used to ensure that there were no residual leaks (Figure 2D).

OUTCOME AND FOLLOW-UP
The patient experienced no complications during the procedure. Three months later, the frequency and degree of dizziness significantly decreased. Furthermore, the patient did not have recurrent stroke, and his subjective quality of life improved.

DISCUSSION
The association between PFO and stroke has not yet been consolidated. Our patient had a history of cryptogenic stroke, and according to the SCAI guidelines, we recommended performing PFO closure to prevent stroke. However, closure is fraught with possible complications during follow-up. Patients may develop complications, including arrhythmia, thrombus formation on the surface of the device, and even chest pain. Therefore, it is important to fully evaluate whether patients should undergo PFO closure, and long-term follow-up is needed.
As shown in previous studies, even though TEE was once considered the gold standard for detecting PFO, it has some limitations for diagnosis and PTC when compared to ICE. In our case, we demonstrated the detailed application of ICE to confirm PFO and guide PTC. Previous studies have shown that compared to TEE, ICE can find more abnormalities, including the Chiari network and atrial myxoma[8]. ICE can be used to easily visualise the posterior and inferior rims of the interatrial septum. Additionally, ICE can help visualise clinical problems such as lead endocarditis masses and post-lead extraction floating masses inside the right atrial chamber[9,10]. Moreover, TEE reportedly misses the diagnosis in approximately 10% of patients[11]. Furthermore, compared to TEE, ICE does not require general anaesthesia, an oesophageal probe, or assistance from an additional sonographer. Therefore, complications related to general anaesthesia and intubation can be avoided, and interventional cardiologists can perform both the imaging and catheterisation procedures. In addition, it is difficult for the patients to do the Valsalva manoeuvre using TEE. When using ICE, a cardiologist can directly and efficiently obtain ideal images, which can decrease the operation and fluoroscopy time[12]. ICE can also be used to detect residual shunting immediately after PTC[13]. It can directly monitor procedure-related complications such as thrombus formation and pericardial effusion.
Although ICE can directly visualise the PFO and separation of the septum primum from the septum secundum or can be supported by a colour Doppler (Figures 2A and 2B), most PFO is asymptomatic and shunting may only occur when the right heart pressure increases. Therefore, it is necessary to manually create shunting. In our case, we used a Swartz sheath to further confirm PFO by manually applying physical pressure on the interatrial septum. To the best of our knowledge, the present study is the first to use a Swartz sheath. Previous studies used aerated saline bubbles assisted by the Valsalva manoeuvre or by coughing to increase right heart pressure and create shunting of the contrast. However, if the PFO is not apparent, the efficacy of the Valsalva manoeuvre or coughing becomes low; moreover, these approaches cannot be performed under general sedation. Furthermore, a study showed that saline contrast may cause cerebral ischaemic events[14]; therefore, our method could be safer. In patients who require atrial septal puncture, the Swartz sheath can be used for both detection and puncture without additional expense.
ICE can fully evaluate the surrounding structures, confirm that there are no other abnormalities, and measure the rims of PFO. It can also provide continuous guidance for septal puncture and closure deployment. Other diagnostic methods for PFO include TTE and TCD. TTE is the most commonly used method for the initial diagnosis, but this approach has relatively lower sensitivity. TCD can indirectly detect PFO by detecting shunting between the left and right atria, and its sensitivity is between those of TTE and TEE[15]. However, because TCD cannot directly observe shunting in the atrium, it can be difficult to distinguish between PFO, atrial septal defects, and intrapulmonary shunts. Although the sensitivities of TTE and TCD are lower than those of TEE and ICE, they are convenient and non-invasive. Therefore, we hypothesised that TTE and TCD can be used to screen for PFO. If the screening result is positive and the patient has a history of stroke, PFO closure and ICE will be the first choice. If the screening result is positive and the patient has no history of stroke, the patient needs to be followed up regularly because some PFO could automatically close with ageing.

CONCLUSION
Detection and closure of PFO are of utmost significance. Here, we presented the use of ICE for PFO detection and closure in a patient with a history of stroke. More importantly, we demonstrated that when the PFO is not obvious, a Swartz catheter can be used to physically separate the septum primum and septum secundum.
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Figure Legends
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Figure 1 Concept procedures for percutaneous patent foramen ovale closure through intracardiac echocardiography guidance. A: The intracardiac echocardiography catheter was advanced into the right atrium; B: The septum primum was artificially separated from the septum secundum by applying physical pressure using a Swartz sheath; C: Deployment of the right atrial disk; D: Complete deployment of right and left side disks. ICE: Intracardiac echocardiography.
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Figure 2 Intracardiac echocardiography images in the diagnosis and closure of patent foramen ovale. A: Separation of the septum primum and septum secundum through a Swartz sheath; B: Patent foramen ovale (PFO) was confirmed using a colour Doppler; C: The septum primum and septum secundum were fixed together after complete deployment of right and left side disks; D: Confirmation of PFO closure using a colour Doppler. PFO: Patent foramen ovale.
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