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ABSTRACT

	 Stroke is a common cause of morbidity and mortality. Approximate 40% of strokes are cryptogenic, because              
patent foramen ovale (PFO) is commonly found in the normal population. They are conflicting data from studies examining the        
association between PFO and stroke. Various factors need to be considered such as atrial anatomic variations (PFO size, atrial 
septal aneurysm, eustachian valve anatomy), the presence of venous thrombosis, and the presence of hypercoagulable state. 
The presence of any of these findings increases the chance of PFO contributing to a stroke. Limited information suggests no 
advantage of warfarin over aspirin in preventing recurrent strokes. Both surgical and transcatheter devices have been shown to 
decrease the rate of subsequent embolic events substantially. Surgical and percutaneous PFO closures have not been directly 
compared. However, the percutaneous approach appears to be less invasive and so successful that it seems to be a reasonable 
consideration for first choice treatment of PFO.
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		  he definite etiology of ischemic stroke in young 
		  patients is often not found despite extensive sys-
		  tematic investigations. Such strokes are classified 
as cryptogenic.1  In patients with cryptogenic stroke, patent 
foramen ovale (PFO) can be detected in more than 50%, 
whereas its prevalence in the general population is at least 
25%.2 Therefore, PFO is likely associated with cryptogenic 
stroke. The presumed mechanism is paradoxical embolism 
of venous thrombotic material across the right-to-left shunt. 
Earlier studies have suggested that PFO is an incidental 
finding in patients with cryptogenic stroke and does not 
represent a risk factor for cerebral ischemia. On the other 
hand, later studies and a meta-analysis support PFO as a 
risk factor for stroke, and also found a strong association 
between the morphological characteristics of the PFO and 
the risk of embolic cerebrovascular events. The coincidence 
of an atrial septal aneurysm seem to increase the risk of 
brain infarction further. 
	 Even assuming the PFO is related to the stroke, 
optimal treatment is uncertain. Antiplatelet therapy, anticoa-
gulation, and closure of the PFO are all options, although, 
little definitive data exist to guide the choice of treatment.

PFO embryology and anatomy
	 The foramen ovale is necessary for blood flow across 
the fetal atrial septum.3 During fetal development, the in-
teratrial septum arises from two septa, the septum primum, 
and septum secundum.4 The septum primum form first, 
grows downwards from the roof of the primitive atrium 
and extends caudally. The septum secundum forms to the 
right of the septum primum, growing upwards from the 
interventricular septum. During fetal life, both septa have 
openings, the foramen secundum in the septum primum 
and the foramen ovale in the septum secundum (Fig 1).5 
Both of these ostia are part of the fetal interatrial pathway 
that allows maternally oxygenated blood to bypass the 
fetal pulmonary circulation in utero. At birth this inter-
atrial passage is closed as pulmonary pressure falls and 
the left atrial pressure exceeds that on the right. Within a 
few months of life, the foramen ovale seals shut in most 
individuals. This fusion is completed by age two in about 
75% of individuals, but patency occurs in the other 25%. 
It is a residual, oblique, slit-shaped defect resembling a 
tunnel. The reasons the PFO fails to close are unknown, 
but it is likely related to multifactorial inheritance.6 The 
autopsy-derived prevalence of probe-patent PFO is about 
27%, with decreasing prevalence at each decade of life.7
The PFO slit width in the adult ranges from 1-19 mm 
(mean 4.9 mm) derived from postmortem formalin-fixed 
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specimens. The PFO size increases with each decade of 
life. The mean diameter in the fi rst decade is 3.4 mm and 
in the tenth decade is 5.8 mm, perhaps refl ecting size-based 
selection over time where a larger PFO remains patent 
and smaller defects close. Greater PFO size increases the 
risk of paradoxical embolism.
 The PFO is associated with several anatomic abnor-
malities. A common association is atrial septal aneurysm 
(ASA), where part or all of the atrium septum shows aneury-
smal dilatation, protruding into either atria. The ASA is 
defi ned as phasic septal excursion of at least 10 mm during
the cardiac cycle. The term “aneurysm”, however, is a 
misnomer, as the defect does not consist of a weakened 
blood vessel wall, but rather a hypermobile septum pri-
mum which protrudes alternately into the right and left 
atria during each cardiac cycle. When the excursion of the 
septum exceeds a certain distance (criteria vary, but the 
most common defi nition is more than 10 mm), an ASA 
is considered present. Atrial septal aneurysm was found 
in 7.9% of stroke patients by biplane transesophageal 
echocardiography (TEE) and 15% by single-plane TEE.8,9 
A study in adults showed that 33% of patients with ASA 
also had PFO, although 32% had isolated ASA.10 Thus, 
ASA is more frequent in subjects with PFO, and ASA 
predicts PFO. The odds of PFO are 4.6 times greater with 
ASA than without ASA.

PFO detection
 Patent foramen ovale may be detected by transthoracic 
echocardiography (TTE), transesophageal echocardiography 
(TEE) (Fig 2), 5 transcranial Doppler (TCD), and some-
times by transmitral Doppler. These techniques have been 
compared in studies of proven embolic stroke. One study 
revealed that TEE detected PFO with the most sensitivity, 
showing the prevalence of 39%. In this study, TTE found 
PFO in 18% and TCD found 27%.11 All PFO detected 
by TTE and TCD were also detected by TEE. Six PFO 
that could not be detected by TCD were < 2 mm in size 
by TEE, implying that TCD may miss small defects. Pa-
tent foramen ovale detection can be augmented by cough 
or releasing a sustained Valsava maneuver. It opens the 
foramen when the right atrium fi lls with blood from the 
abdomen, while the left atrium is volume depleted prior 
to blood passing through the pulmonary circulation. This 
maneuver is now considered necessary to fi nd right-to-left 

shunts when performing echocardiography of any type, 
with or without contrast injection.
 Transcranial Doppler is comparable to contrast TEE 
for detecting PFO-related right-to-left shunts, and it is 
easy to perform at the bedside. One study compared the 
sensitivity of transcranial color-coded sonography with 
TEE for detecting right-to-left cardiac shunts. It showed 
that TCD was as sensitive as contrast TEE.12 Transcranial 
Doppler has recently been augmented by power M-mode, 
a new technology allowing power display with Doppler 
velocity and frequency signals over selectable depth ranges 
along the transducer beam.

Association between PFO and stroke
 The etiology of a stroke is either hemorrhagic or
ischemic. However, approximately 40% of ischemic strokes 
have no clearly defi nable cause and are termed cryptogenic 
stroke. Furthermore, data from the Northern Manhattan 
Stroke Study reported recurrence rates for all stroke sub-
types of 9.4% per year and 10% for cryptogenic stroke.13
Lechat et al  were the fi rst to report an unusually high 
prevalence of PFO in patients who had cryptogenic stroke.14 
They studied the prevalence of PFO, detected by contrast 
surface echocardiography, in a population of 60 adults 
younger than 55 years with ischemic stroke. A PFO was 
found in 40% of the study population compared with 10% 
of a control group without stroke (P<0.001). In addition, 
a PFO was present in 54% of patients with cryptogenic 
stroke (P<0.10). A meta-analysis of case control studies 
found that PFO increased the relative risk of stroke by 
a factor of 1.83 (95% confi dence interval, 1.25-2.66). In 
individuals younger than 55 years old, the relative risk was 
3.10 (95%CI, 2.39-4.21). A similar association was not 
found in older patients (≥ 55 years).15 Not all studies have 
confi rmed this association. Two population-based studies 
addressed the issue of PFO-related fi rst-ever stroke risk 
prospectively,16,17 one in the Olmsted county, MN, and the 
other in the northern Manhattan population of New York. 
Both studies failed to establish the role of PFO as an in-
dependent risk factor for stroke in the general population. 
There was only a non-signifi cant trend towards a higher 
stroke incidence in persons with PFO in both studies.
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Fig 1. Embryological cardiac development at 3 months of gesta-
tion. Noteข: LV = left ventricle, RV = right ventricle
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Fig 2. Transesophagesl echocardiogram of a patent foramen ovale 
(arrow). LA = left atrium, RV = right atrium
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	 Several conditions must be met for a paradoxical 
embolization through a PFO to occur. First, there must be 
a source of venous thrombus.18 The thrombus must then 
embolize and while passing through the heart, it must be 
subjected to increased right heart pressure allowing the 
thrombus to pass through the PFO to systemic circulation. 
Once in the systemic circulation it must be directed to the 
brain and then lodge in a sufficiently large artery to cause 
a clinical stroke. Each element of this clinical scenario 
may be a relatively unlikely event, making the final result, 
a clinical stroke, even less likely. The source of thrombus 
in patients with PFO and suspected paradoxical embolus 
is uncertain. Deep venous thrombosis (DVT) is found in 
only a minority of patients. In one study of patients with 
PFO and suspected paradoxical emboli, only 14% had a 
clinically evident DVT, but contrast venography showed 
venous thrombus in 57%.19 Such thrombi may form in 
superficial veins spontaneously after prolonged immobility 
or after minor trauma. However, it has been shown that 
when the DVT develops, it serves as the nidus for a bar-
rage of thrombo-emboli directed at the right atria. Overt 
symptoms or physical examination findings of DVT are 
often absent in patients with stroke associated with PFO. 
Pelvic veins are likely an important source of paradoxical 
emboli in patients with PFO. Autopsies of patients with 
cryptogenic pulmonary emboli or paradoxical emboli have 
documented isolated pelvic thrombi in 16-22% of cases 
respectively.20 Pelvic vein thrombi are difficult to detect 
even by lower extremity contrast venography. Magnetic 
resonance venography is an emerging diagnostic alternative. 
In the Paradoxical Emboli from Large Veins in Ischemic 
Stroke (PELVIS) study,21 MR venography detected pelvic 
DVT more frequently in patients with cryptogenic stroke 
than in those with stroke of determined origin (20 vs 4%;
P=0.025)

Risk for recurrent stroke
	 After the first cryptogenic stroke associated with a 
PFO, the risk of recurrent stroke is increased, but only 
quite modestly, in the order of 2% per year with anti-
thrombotic medication alone.22 Given this intermediate rate 
of recurrence, extensive investigation has taken place to 
identify additional features that would permit stratifying 
patients with cryptogenic stroke and PFO into subgroups 
at higher and at lower risk. The strongest potentiator of 
stroke risk related to PFO is the coexistence of an ASA. 
PFO was detected by TEE using contrast or Doppler color 
in 70% of ASA patients,23 suggesting that PFO detection 
is possible by intracardiac echocardiography. In the meta-
analysis ASA alone was associated with both stroke and 
cryptogenic stroke, but the combination of PFO and ASA 
greatly magnified the risk. In patients with cryptogenic 
stroke, the odds ratio was 3.16 (95% CI, 2.30-4.35) for 
PFO, 3.65 (95% CI, 1.34-9.97) for ASA, and 23.26 (95% 
CI, 5.24-103.2) for PFO/ASA.15 An additional potential 
risk stratification variable is the anatomic size of the PFO. 
A larger PFO may be associated with greater volumes of 
paradoxical blood flow and allow passage into the arterial 
circulation of larger clots more likely to cause symptomatic 
stroke. Several case-control studies have found that larger 
PFO size is associated with cryptogenic stroke, but others
have failed to confirm this finding. Similarly, several studies 
have found that stroke patients with PFO have a greater 
frequency of right-to-left shunting at rest compared with 
controls. The degree of right-to-left shunting is related not 
only to PFO size, but also to the presence of a prominent 

Eustachian valve. Before birth, the Eustachian valve directs 
oxygenated blood from the inferior vena cava towards and 
across the PFO into the systemic circulation. In patients 
with a PFO, a persisting Eustachian valve is frequently 
encountered directing the blood from the inferior vena 
cava to the interatrial septum, and a persisting Eustachian 
valve may prevent spontaneous closure of PFO after 
birth and may, therefore, doubly predispose a patient to 
a paradoxical embolism.24 
	 Coagulation abnormalities may promote paradoxi-
cal emboli in patients with PFO and cryptogenic stroke. 
Chaturvedi studied 17 patients who presented with crypto-
genic stroke and a PFO. A complete hematologic evaluation 
was performed in 16 patients. Hemostatic abnormalities 
were presented in 5 (31%) of 16 patients, including abnor-
mal activated protein C resistance. All patients with an 
identified hypercoagulable disorder underwent anticoagula-
tion with no reported stroke recurrence after 20 months. 
Although this study is small, it suggests hypercoagulability 
might be more prevalent in patients with PFO and stroke.25 
	 In conclusion, the clinical features suggesting a true 
causative relationship between a PFO and a cryptogenic 
stroke are shown in the following listing3:
	 1. History
		  1.1 Sedentary period prior onset
		  1.2 Valsalva at onset
		  1.3 Absence of common stroke risk factors
	 2. Anatomy
		  2.1 Atrial septal aneurysm
		  2.2 Large PFO size
		  2.3 Prominent Eustachian valve
	 3. Physiology
		  3.1 Shunt at rest
		  3.2 Spontaneous Doppler flow
		  3.3 Many bubbles cross on contrast injection
	 4. Neuroimaging and laboratory testing
		  4.1 Embolic stroke topography
		  4.2 Hypercoagulable state

Treatment
	 There are no compelling clinical trial data available 
to guide treatment for patients with cryptogenic stroke and 
a PFO and no studies have investigated the treatment of 
choice for primary prevention in asymptomatic individuals. 
Treatment options for PFO in patients with stroke include 
antiplatelet therapy, anticoagulants, endovascular closure, 
or surgical closure. Treatment with antiplatelet therapy 
and anticoagulant therapy are intended to reduce venous 
thrombus formation and embolization, whereas closure of 
the interatrial septal defect with surgery or with an endo-
vascular device is intended to eliminate access by embolic 
particles to the artery. Endovascular treatment has largely 
replaced surgical closure due to the higher morbidity rate 
associated with the surgical approach.
	 In a retrospective study by Mas et al in 132 patients 
younger than 60 years with PFO and cryptogenic stroke, 
patients were treated with either aspirin (250-500 mg/d) 
or oral anticoagulation (target international normalization 
ratio [INR], 2.0-3.0). The average annual rate of recur-
rence was 1.2% for stroke and 3.4% for the combined end 
point of TIA and stroke.26 Similar recurrence rates with 
medical treatment were reported from the Lausanne stroke 
registry. Ninety-two patients with PFO and cryptogenic 
stroke were treated with aspirin (250-500 mg/d), whereas 
37 patients were treated with oral anticoagulant (target 
INR, 2.0-3.0). In 8 patients, the regimen was switched to 
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aspirin after 3 months of oral anticoagulant. The mean 
annual rate of recurrence  was 1.9% for stroke and 3.8% 
for the combined end point of TIA and stroke during a 
follow-up period of 3 years, with no statistically significant 
difference between the two antithrombotic drug regimens.27 
The largest cohort study, the French PFO/ASA study, was 
an unblended trial of 881 patients with stroke. Of these 
37% of the patients had a PFO and 1.7% had a PFO 
combined with an atrial septal aneurysm. All received 
acetylsalicylic acid (300 mg/d). After 4 years of follow 
up, the risk of recurrent stroke was 2.3% in patients with 
PFO compared with 4.2% in patients without cardiac                                       
abnormalities.28 The Warfarin-Aspirin Recurrent Stroke 
Study (WARSS) was a prospective trial that randomized 
2206 patients with ischemic stroke to either aspirin (325 
mg/d) or warfarin (target INR, 1.4-2.8). This 2-year trial 
found no difference between the 2 therapies regarding end 
points of recurrent stroke or death.29 PICSS (Patent Fora-
men Ovale in Cryptogenic Stroke Study)30 was a sub-study 
of the randomized-controlled Warfarin-Aspirin Recurrent 
Stroke Study (WARSS). It compared acetylsalicylic acid 
and anticoagulation for the secondary prevention of stroke. 
A PFO was found in 39% of 265 patients with crypto-
genic stroke and in 30% of 365 patients with a stroke of 
determined etiology. In addition, when the groups with and 
without a PFO were analyzed in relation to the efficacy 
of warfarin (mean INR, 2.04) or acetylsalicylic acid (325 
mg/d), no significant differences were found. In PICSS 
acetylsalicylic acid and warfarin were equal in preventing 
recurrent stroke or death.
	 Surgical closure of the PFO provides an alternative 
to lifelong antiplatelet or anticoagulation therapy. Surgical 
treatment can potentially permanently close the interatrial 
defect, eliminating the need for medical therapy. The 
major disadvantage of surgical closure is that is requires 
both a thoracotomy and cardiopulmonary bypass. Although 
perioperative mortality is minimal, morbidity includes atrial 
fibrillation, pericardial drainage for effusion, repeat sur-
gery for exploration for bleeding source, wound infection, 
and postpericardiotomy syndrome. Recurrence of cerebral 
ischemia may have been due to incomplete closure of the  
PFO. Dearani et al retrospectively analyzed 91 patients 
to determine the outcome of surgical closure of PFO in 
patients with prior ischemic neurologic events to define 
the rate of stroke or TIA recurrence and to identify risk 
factors for these recurrences.31 All their patients underwent 
successful surgical closure (suture in 82, patch closure in 
9) with a 2-year follow-up. They found that the overall 
freedom from TIAs and strokes was 92.5% at 1 year and 
83.4% at 2 years. Of the many patient demographic and 
preoperative variables analyzed, only multiple neurologic 
events before PFO closure were a significant risk factor 
for TIA or stroke recurrence by univariate analysis (P =.05).
	 Because of the morbidity of open heart surgery, 
catheter-based approaches to PFO are an attractive alterna-
tive. Percutaneous endovascular PFO closure theoretically 
offers the benefits of eradication of the right-to-left shunt 
without the risks associated with surgical intervention, 
nevertheless, complications can also occur. They include 
atrial wall perforation with pericardial effusion, device 
dislodgement or embolisation, device fractures, early and 
late free wall erosions, aortic regurgitation, thrombosis 
on the device and thrombus embolization, septal fibrosis, 
arrhythmias, venous access complications, air embolism 
through the transseptal sheath, and death.32 However, 
growing experience with more careful manipulation of 

catheters, wires, and devices, has increased the success 
rate of implantation close to 100% and decreased the rate 
of significant complications to 1%. Martin et al reported 
the immediate and long-term outcome in 110 consecutive 
patients who underwent percutaneous endovascular PFO 
closure because of paradoxical embolism.33 Procedural  
success with successful device deployment without shunt 
was achieved in all the patients. One device migrated early, 
requiring surgical intervention (0.9%), and 1 device place-
ment led to cardiac tamponade, requiring pericardiocentesis. 
Long-term follow-up of 2.3 years revealed 2 patients who 
experienced recurrent neurologic events (1 fatal stroke and 
1 TIA) and 4 patients (3.6%) who required reinterven-
tion for device misalignment of the significant shunt. A 
Kaplan-Meier analysis showed a freedom from recurrent 
embolic events and reintervention of 96% and 90% at 1 
and 5 years, respectively.
	 Comparisons between antithrombotic treatment and 
percutaneous endovascular PFO closure in patients with 
cryptogenic stroke are scarce and currently at the level of 
case-control studies. Windecker et al  compared the risk 
of recurrence in 308 patients with cryptogenic stroke and 
PFO, who were treated either medically (158 patients) or 
underwent percutaneous PFO closure.34 Patients undergo-
ing percutaneous PFO closure had a larger right-to-left 
shunt (P=0.001; 95% confidence interval [CI] 1.38 to 3.07) 
and were more likely to have suffered more than one 
cerebrovascular event (p = 0.03; 95% CI 1.04 to 2.71). 
At four years of follow-up, percutaneous PFO closure    
resulted in a non-significant trend toward risk reduction of 
death, stroke, or transient ischemic attack (TIA) combined 
(8.5% vs. 24.3%; p = 0.05; 95% CI 0.23 to 1.01), and 
of recurrent stroke or TIA (7.8% vs. 22.2%; p = 0.08; 
95% CI 0.23 to 1.11) compared with medical treatment. 
They concluded that percutaneous PFO closure appears at 
least as effective as medical treatment for the prevention 
of recurrent cerebrovascular events in cryptogenic stroke 
patients with PFO. It might be more effective than medi-
cal treatment in patients with complete closure and more 
than one cerebrovascular event.

CONCLUSION

	 Stroke is a common cause of morbidity and morta-
lity. Approximate 40% of strokes are cryptogenic. Because 
PFO is commonly found in the normal population, we 
need to identify a subset of cryptogenic stroke patients 
who are likely to have experienced paradoxical emboliza-
tion. Various factors need be considered such as atrial 
anatomic variation (PFO size, ASA, Eustachian valve 
anatomy), hemodynamic parameters, presence of venous 
thrombosis, and presence of hypercoagulable state. The 
presence of any of these findings increases the chance of 
PFO contributing to stroke. Limited information suggests no 
advantage of warfarin over aspirin in preventing recurrent 
stroke. Both surgical and transcatheter devices have been 
shown to decrease the rate of subsequent embolic event 
substantially. Surgical and percutaneous PFO closure have 
not been directly compared. However, the percutaneous 
approach appears less invasive and so successful that it 
seems to be  reasonable for first choice treatment.
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