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Introduction

There are different possible causes of stroke, but approximately 
20% are of cardioembolic origin [1]. If it is not discovered what 
caused the ischemic event, it is classified as cryptogenic. Strokes 
of unknown cause are particularly common in young adults, 
accounting for 10-40% depending on the population [2]. The atrial 
septum is formed during the embryogenesis by two membranes 
growing from the atrial walls (septum primum- a flap that forms 
the floor of the fossa ovalis and septum secundum-an infolding  

 
of the atrial wall on the right atrialside), leaving an oval shaped 
fenestration (foramen ovale).This communication allows blood 
from the inferior caval vein – directed preferentially to the foramen 
ovale by the Eustachian valve – to bypass the pulmonary circulation 
into the left heart (Figure 1). Following decreased pulmonary 
resistance and increased left atrial (LA) pressure at birth, the 
septum primum adheres to the fossa ovalis rim, and obliteration 
of the foramen ovale is usually complete by the first year of life 
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[3]. The foramen ovale is sealed during the first year of life by the 
fusion of the two membranes. The failure of this process leads to an 
interatrial slit-like channel, the patent foramen ovale (PFO) [4,5,6] 
(Figure 1). PFO is considered to be a subclass of ostium secundum 
defects [7]. PFO is present in 25%-35% of the general population, 
tending to decline with increasing age, andis the most frequent 
cause of R-L shunt in adults [5,8,9,10]. Although most of the times 
PFO is “innocent,” it has been associated with cryptogenic stroke 
(CS), migraine, peripheral embolism, and Alzheimer’s dementia4. 
The link between PFO and stroke was first described by Cohnheimin 
1877 [11], and since then, a strong association has been established. 
The PFO diameter (average, 4.9 mm) allows the passage of emboli 
from the venous system that are large enough to conclude up to the 
middle cerebral artery stem (3 mm) to reach the cerebral circulation 

[12]. Based on transesophageal echocardiographic (TEE)screening, 
patients with a cryptogenic stroke/transient ischemic attack (TIA) 
have an average prevalence of any PFO, PFO associated with atrial 
septal aneurysm (ASA),and large PFO of 43.2%, 14.5%, and 19.5%, 
respectively. Importantly, the prevalence of any PFO, PFO with septal 
aneurysm, and large PFO showed a remarkable variability between 
younger(<50 years) versus older patients: 59.9%vs. 35.2%, 16.3% 
vs. 11.6%, and 18.6% vs. 22.9%, respectively; suggesting that PFOs 
tend to close over time, with larger PFOs tending to persist into 
older age [13].On the other hand, many PFOs in stroke patients 
represent incidental findings [14]. Thus, it is essential to determine 
the high-risk features of PFOs, as only PFO-related CS patients will 
potentially benefit from a PFO-closure procedure [9,15,16]. 

Figure 1: (A) Normal atrial septum which results from the fusion of septum primum and septum secundum. (B) Failure of fusion of septum 
primum and septum secundum, leading to patent foramen ovale. (C) Right atrial septal pouch, resulting from malformation of atrial septum 
forming a blind-end socket. (D) Atrial septal aneurysm, the result of a hypermobile atrial septum. (Design and courtesy of Mr. Fotis G. Ioannidis).

According to the recently published guidelines of the German 
Society of Neurology, all “patients between 16and60 years of age 
with a cryptogenic ischemic stroke and PFO with moderate or 
pronounced shunt are recommended a PFO closure” [17]. These 
national recommendations are also mirrored internationally [18]. 
On the other hand, all of these guidelines do not cover the extent 
of neurological and cardiological assessment required prior to PFO 
closures, especially regarding the diagnostic procedures to rule out 
AF, i.e., by prolonged electrocardiogram (ECG)screening. Therefore, 
there is no comment on the need for screening for AF.

Case report: A 35-year-old lady, not known to have diabetes, 
hypertension, obstructive airway disease or coronary artery 
disease presented us with complaints of weakness of right upper 
limb and right lower limb for 7 hours. A non-smoker, who had not 
taken oral contraceptives for years, the patient did not have any 
family background of neurological disease. She also denied any 
headache, vomiting, altered consciousness, speech or swallowing 

difficulties. She admitted that she had similar types of attach 2 
weeks back which resolved of its own within 4 hours. Physical, 
cardiologic, and neurologic examinations in the Emergency 
Department were normal, except for the right hemiparesis and 
mild motor dysphasia. A cranial computed tomography without 
contrast showed no abnormalities. She was then submitted to a 
magnetic resonance imaging (MRI) of the brain which also failed 
to reveal any lesion. Carotid and vertebral Doppler scans were 
normal. Laboratory tests included normal levels of erythrocyte 
sedimentation rate, antithrombin III activity, protein C and S antigen, 
plasma homocysteine, determination of antinuclear factor and 
anti-DNA antibodies, VDRL and HIV antibodies, extractable nuclear 
antigen profile, determination of anti-cardiolipin antibodies, lupus 
anticoagulant, thyroid stimulating hormone, Leiden V factor study, 
lipids as well as a normal complete blood count and routine blood 
chemistries. ECG showed sinus rhythm. The contrast-enhanced 
transesophageal echocardiography showed negative echo contrast 
at PFO level (diameter <3 mm) (Figure 2 & 3).
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Figure 2 & 3: Transesophageal echocardiography showed negative echo contrast at PFO level.

Patient refused for CT angiography of cerebral vessels. Within 
next 16 hours her weakness completely resolved. The patient was 
subsequently started on vascular protection: clopidogrel 75 mg 
daily, rosuvastatin 20 mg daily and rabeprazole 20 mg daily. The 
patient was referred to a tertiary centre for percutaneous closure 
of PFO.

Discussion

Cryptogenic Stroke (CS) comprises 15-40% of all ischemic 
strokes, and PFO occurs in 40-56% in patients <55 years old 
with CS or transient ischemic attack (TIA) [9,19,20]. One has to 
distinguish between PFO being a direct cause of stroke and PFO 
being a risk factor for stroke. Depending on the criteria used for 
diagnosis and the technologyused in cardiac assessment, the 
prevalence of PFO inthe healthy population is approximately 20-
25% [5,21,22,23,24]. Thus, detection of a PFO during evaluation 
of a patient with a stroke is not surprising, and thefrequency of 
PFO detection in these patients can be ashighas40-45% [25]. This 
frequency of detection is especially high among people without 
any other obvious explanation for the stroke. Over all, et al. [26] 
concluded from a meta-analysis of several studies that the relative 
risk of stroke compared to non-stroke controls increased by a factor 
of 1.83 if a PFO was present.

The probability that stroke is attributable to PFO is higher in 
younger than in older patients [27], in the absence of clinical risk 
factors for stroke than in the presence of such risk factors [28], and 
in caseof a cortical infarct (suggesting an embolic mechanism) [29]. 
Notwithstanding, the association between PFO and stroke risk has 
been documented albeit less strongly in Nolder patients and in 
patients with classical stroke risk factors, as well as in non-cortical 
brain infarcts [30,31,32]. The presence of atrial septal aneurysm 
(ASA) seen in approximately 30% of PFO cases33 also increases the 
likelihood that PFO is implicated in stroke [27]as well as the risk of 
recurrent stroke [34].

Additionally, a causal relationship between PFO and stroke is 
more likely in the presence of larger PFOs (defined as the maximum 
separation of the septum primum and septum secundum ≥2 mm), 
longer tunnel length (defined as a maximum overlap of the septum 

primum and septum secundum ≥8 mm), and/or severe shunting 
(defined as >30 microbubbles on contrast echocardiography) 
[35,36]. Another clinical clue suggesting paradoxical embolism 
in the presence of PFO is concomitant venous thromboembolism 
(VTE) [37]. Other less-well established factors predisposing to 
paradoxical embolismin the setting of PFO include straining pre-
stroke, waking up with a TIA or stroke, and obstructive sleep apnea 
[38]. Accordingly, the risk criteria for stroke in patients with aPFO 
can be broadly categorized into clinical criteria (at the patient level), 
PFO anatomical/functional criteria, cerebral imaging criteria, and 
circumstantial criteria (e.g., concomitant VTE or straining pre-
stroke).

Presumably, most of the neurologic symptoms are secondary 
to paradoxical embolism of small thrombi that arise in the venous 
system and pass through the PFO during a transient right-to-left 
shunt. However, there is normally no direct evidence for paradoxal 
embolism and systematic screening for deep venous thrombosis 
in the lower limbs or pelvishasled to extremely variable estimates. 
Other possibl explanations for stroke secondary to PFO, but 
independent of paradoxical embolism, include, secondary cardiac 
arrhythmias or abnormalities of the endocardial surface of the 
septum or within the PFO which are a focus for thrombus formation 
[39,40]. In short, the mechanism of strokes among young people 
with PFO is ill-defined.

Patients with PFO are usually younger and have a lower 
incidence of hypertension, hypercholesterolemia, and smoking 
habits than do people with other causes of strokes [21]. Although 
PFO can be found inolder patients, these people have a high 
prevalence of atherosclerosis or other cardiac diseases, including 
atrial fibrillation, which could explain their vascular events. Thus, a 
PFO might not be perceived asbeing as important in an older person 
as in a young adult [22,26]. Fukujima, et al. [41], in their transversal 
trans esophageal echocardiography (TEE) study of 523 patients 
without any prior evidence of cardiac abnormality, concluded that 
TEE, widely used to diagnose cardiac source of cerebral embolism 
in young patients, seems to be useful for patients aged over 45, 
in whom risk of cerebral embolism is underestimated. Because 
most people with PFO never have symptoms, some lesions can 
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be assumed to be associated with a greater risk of strokes than 
others. Establishing a relationship between the size of the sept lab 
normality, a concomitant atrial septal aneurysm, the presence of 
a shunt at rest, or the size of the right-to-left shunt might identify 
those people at greatest risk.

With the use of contrast-enhanced TEE, the PFO is detected 
frequently during evaluation of patients with an ischemic stroke. 
The TEE without contrast showed a high sensitivity (90%) and 
specificity (93%) for detecting PFO whereas contrast transthoracic 
echocardiography has significant limitations for visualizing the 
atrial septum [42,43,44]. The use of different contrasts (aerated 
colloid solution) has increased the sensitivity of echo graphic 
techniques for diagnosing shunts through the foramen oval. 
According to Mesa, et al. [42], a greater mobility of the membrane of 
the oval cavity and a large degree of shunt contrast, as well as shunt 
at rest detected by saline-contrasted TEE, seems to identify PFO 
with ischemic stroke. Negrão, et al. [45] considered the transcranial 
Doppler as another valuable diagnostic tool to detect abnormalities 
of interatrial septum.

A right-to-left shunt is considered present if microbubbles are 
detected within 3 to 5 cardiac cycles [46]. The volume or number of 
bubbles is frequently used to quantify the size of the shunt. However, 
correlations between the size of the right-to-left shunt and the risk 
of stroke are not strong. Schuchlenz, et al. 14evaluated PFO size in 
a series of patients who subsequently underwent catheter closure 
of the defect and found that the balloon diameter of the PFO was 
considerably larger than the diameter estimated by TEE. They also 
reported that a PFO diameter greater than 4 mm was associated 

with increased thromboembolic risk. De Castro, et al. [47] noted 
a strong correlation with the risk of embolization when a PFO is 
associated with a highly mobile septal membrane.

Regardless of the presence of a PFO, the perceived risk of 
recurrent strokes among patients with symptomatic strokes is so 
high that some stroke prophylaxis regimen should be prescribed. 
The choices of antiplatelet aggregating agents, oral anticoagulants, 
transcatheter placement of an occlusive device or cardiac surgery 
present a broad range of options which entail different risks and 
vary considerably in economic costs. Hicken bottom emphasized 
that “for most patients with PFO, treatment with aspirin for 
antiplatelet therapy would seem to provide a reasonable approach; 
for patients with PFO who maybe at a higher risk of paradoxical 
embolism (underlying hyper coagulable state, recurrent embolic 
events), alternative options of anticoagulation, combined anti 
platelet therapy or percutaneous closure could be pursued” 
(Anticoagulation in acute ischemic stroke - AAN Annual Meeting of 
San Francisco, 2004).

The PICSS study [48] showed no statistically significant 
difference in mortality or frequency of recurrent stroke between 
patients treated with adjusted-dose warfarin at 2 mg or aspirin at 
300 mg, both taken once daily. The results of PICSS support those 
reported by Mas et al. [34]. Despite the expectation that warfarin 
would be superior to aspirin in preventing recurrent stroke, no 
data are currently available to support this assumption. Thus, the 
role of these medications is limited to treating patients with proven 
venous thrombus or coagulopathy.

Figure 4: A suggested management scheme for the prevention of recurrent stroke in patients with first ischemic stroke likely attributable to a 
patent foramen ovale (PFO). ASA, atrial septal aneurysm; APT, antiplatelet therapy; OAC, oral anticoagulant therapy; RoPE, risk of paradoxical 
embolism; VTE, venous thromboembolism.
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Surgical or endovascular closure could be the best option 
in very young patients if we consider the risks of a lifelong 
anticoagulation or antiplatelet therapy [49,50,51]. Mechanical 
closure of the PFO has been proposed as the definite way to 
prevent recurrent paradoxical embolism. Some carefully selected 
patient might benefit from surgery, but currently the features that 
would necessitate direct operative closure are not known. With 
the advances in transcatheter endovascular placement of closure 
devices, the role of major cardiac surgery seems to be diminishing. 
The procedure has several advantages. It can be done on an 
outpatient basis using local anesthesia and usually takes less than 
30 minutes. The PFO can be closed completely in approximately 
95% of patients [21] (Figure 4).

Gilon, et al. [52] concluded, in their case-control study, that 
mitral valve prolapse is considerably less common than previously 
reported among young patients with stroke or transient ischemic 
attack and no more common the naming controls. Using specific 
and currently accepted echocardiographic criteria, they could not 
demonstrate an association between the presence of mitral valve 
prolapse and acute ischemic neurologic events in young people.

In conclusion, interatrial septal abnormalities, including PFO, 
have been postulated as an additional risk factor for embolism 
among young ischemic stroke patients. Although its role is a 
matter of debate and earlier studies have suggested that PFO is an 
incidental finding, case studies have shown a higher prevalence of 
PFO in young stroke patients than in the controls. However, large 
studies need to be conducted to support the connection between 
interatrial septal abnormalities and ischemic stroke in young adults.

Conclusion

In conclusion, interatrial septal abnormalities, including PFO, 
may represent an incidental finding, a risk factor or a robust 
cause in young patients with ischemic stroke or TIA. Although its 
role is a matter of debate and earlier studies have suggested that 
PFO is an incidental finding, case studies have shown a higher 
prevalence of PFO in young stroke or TIA patients than in the 
controls. PFO is associated with cryptogenic stroke through several 
mechanisms; most theories support paradoxical embolism, in situ 
thrombus formation, and arrhythmogenesis, while other possible, 
yet unknown, explanations cannot be excluded. Young age, PFO 
morphological characteristics and factors predisposing to venous 
thrombosis are essential features to determine a pathogenic 
PFO. However, large studies need to be conducted to support the 
connection between interatrial septal abnormalities and ischemic 
stroke and TIA in young adults.
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