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Objective: Patent foramen ovale (PFO) is a common developmental anomaly and is well associated with 
paradoxical embolism and cryptogenic stroke. The aim of this study was to investigate the relationship of PFO 
location with severity of cryptogenic stroke.
Materials and methods: Fifty patients with cryptogenic stroke and echocardiographically proven PFO were 
classified according to the severity of stroke. In order to define the location of PFOs, an imaginary line dividing 
the length of interatrial septum vertically into two equal parts was drawn manually at axial plane on cardiac 
multidetector computed tomography. PFOs located at superior part of this imaginary line was defined as superiorly 
located PFO, while PFOs located at inferior part of this imaginary line was defined as inferiorly located PFO.
Results: Fourteen patients (28%) revealed mild, 20 patients (40%) revealed moderate and 16 patients (32%) had 
severe stroke. Based on PFO location, there were 34 patients (68%) with superiorly (group 1), and 16 patients 
(32%) with inferiorly (group 2) located PFO. It was found that patients of group 1 had significantly higher frequency 
of moderate or severe stroke compared to those of group 2 (p < 0.005)
Conclusion: In conclusion, the patients with superiorly located PFO had higher frequency of severe stroke 
compared to the patients with inferiorly located PFO. Since this is a preliminary study, clinical application and 
importance of this finding necessitates further large-scale interventional studies.

Keywords: Patent foramen ovale, Stroke, Cardiac computed tomography

Introduction
Foramen ovale (FO) is an interatrial communication which 
is necessary during fetal life as it facilitates the passage 
of oxygenated blood coming from the placenta to the left 
heart of the fetal circulatory system.1 The flap of the FO 
(septum primum) closes against the atrial septum (sep-
tum secundum) within the first two years of life. When 
this closure does not occur, FO remains permeable into 
adulthood and is called as patent foramen ovale (PFO). 
Several studies reported the incidence of PFO as 25–30% 
in healthy adults.2,3

Stroke is defined as cryptogenic when it occurs without 
any identifiable cause and it consists of nearly 25% of all 
ischaemic strokes.4,5 It is well known that there is a sig-
nificant association between PFO and cryptogenic stroke 

both in the younger and older patient populations.6–8 One 
of the cause for cryptogenic stroke is suggested to be a par-
adoxical embolism, as venous thrombus can gain access 
to the systemic circulation from the right to the left atrium 
via the PFO and block a cerebral artery.4,9 Since there is a 
strong association between cryptogenic stroke and PFO, 
secondary prevention for recurrence of stroke has been 
based on inhibiting thrombus formation or occluding 
the path of the paradoxical embolism.10 Several studies 
searched superiority of percutaneous closure versus med-
ical therapy in these patients 6,9 but the results are contro-
versial. Investigators has tried to get an answer to ‘which 
patient should be selected for percutaneous closure?’ and 
‘which patients diagnosed with PFO have a greater risk for 
cryptogenic stroke?’. To solve this dilemma, some authors 
have developed a new technique to estimate the probability 
of finding a PFO in cryptogenic stroke patients based on 
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some clinical characteristics,11 but the correlation of PFO 
location with cryptogenic stroke has never been discussed. 
The aim of this study was to investigate the relationship of 
PFO location with severity of cryptogenic stroke.

Materials and methods
Approval of the local ethics committee was obtained for 
this retrospective study. Patients aged between 18 and 
50 years old and presented with a definite, clinically con-
firmed cryptogenic stroke were considered for the study. 
Fifty patients with diagnosis of echocardiographically 
proven PFO and underwent cardiac multidetector com-
puted tomography (MDCT) within last two years of index 
stroke occurrence (June 2012–March 2014) were included 
in the study. Indications for MDCT were as follows: for dif-
ferential diagnosis of chest pain and dyspnoea, for exclu-
sion of coronary, aortic and interatrial septal pathologies, 

subjects with poor echocardiographic images or untoler-
ated transesopageal echocardiography performed to detect 
cardiac source for stroke. The exclusion criteria were as 
follows: subjects with carotid artery disease, cerebrovascu-
lar disease, intracranial or subarachnoid haemorrhage, dys-
lipidemia, complex aortic arch atheroma, known coronary 
artery disease, history of myocardial infarction, or endo-
carditis, atrial fibrillation, aortic dissection or aneurysm, 
vasculitis, peripheral artery disease, drug abuse, intoxica-
tion, intracranial tumours, hypertension, pregnancy and 
smoking. Subjects with atrial septal aneurysms, any left-
sided valvular heart disease, left ventricle ejection fraction 
of <50%, presence of Eustachian valve or Chiari network, 
pulmonary artery systolic pressure of more than 30 mm 
Hg, the left atrial thrombus, the left atrial spontaneous 
echo contrast of grade 2 or more and congenital heart dis-
ease found in echocardiographic examination were also 

Figure 1 (A) An imaginary line in red dividing the length of interatrial septum vertically into two equal parts is drawn manually 
at axial plane on cardiac MDCT and white arrow indicating inferiorly located patent foramen ovale. (B) Coronal oblique maximum 
intensity projection of the same patient shows an inferiorly located patent foramen ovale in channel-like appearance between 
the left atrium (LA) and the right atrium (RA) (white arrow).

Figure 2 (A) An imaginary line in red dividing the length of interatrial septum vertically into two equal parts is drawn manually at 
axial plane on cardiac MDCT and white arrow indicating superiorly located patent foramen ovale. (B) Coronal oblique maximum 
intensity projection of the same patient shows a superiorly located patent foramen ovale in channel-like appearance between 
the left atrium (LA) and the right atrium (RA) (white arrow).
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excluded. Presence of atrial fibrillation was excluded 
by 24-h Holter monitoring. Atrial Fibrillation (AF) was 
defined as an episode of irregular heart rhythm without 
discernible p-waves with duration of >30 s.

All patients were scanned with a 256 slice MDCT 
(Siemens Medical Systems, Somatom, Definition Flash, 
Forchheim, Germany) after contrast administration. The 
CT images were obtained with 16 × 0.75 mm collimation. 
The scan settings were 340 mAs, 120 kV and 420 ms rota-
tion time with a slice thickness of 1 mm. An automatic 
bolus tracking method was used to optimize visualization. 
Seventy millilitres of non-ionic, iodinated, low-osmolar 
contrast medium was injected through the antecubital vein 
at a rate of 5 ml/s. Subsequently, a bolus of 40 ml saline 
solution was administered at a rate of 2.5 ml/s to avoid 
possible contrast artefacts at the right atrial entrance. In 
addition to traditional axial images, maximum intensity 
projection (MIP), multiplanar reconstruction (MPR) and 
three-dimensional volume rendering (3D VR) images were 
obtained. Four patients with poor image quality MDCT 
scans were excluded from the study.

Patients were classified according to the severity of 
stroke as mild, moderate and severe in accordance with 
National Institutes of Health Stroke Scale (NIHSS). The 
age and gender of all subjects were also recorded. On axial 
CT images, interatrial septum was accepted as the com-
position of the septum primum and the septum secundum 
radiologically. The distance between the attachment point 
of septum secundum to atrial roof and the attachment point 
of the septum secundum to atrioventricular junction were 
accepted as the length of interatrial septum at axial plane. 
In order to define the location of PFOs, an imaginary line 
dividing the length of interatrial septum vertically into two 
equal parts was drawn manually at axial plane on cardiac 
MDCT. PFOs located at inferior part of this imaginary line 
was defined as inferiorly located PFO (Fig. 1(A)), while 
PFOs located at superior part of this imaginary line was 
defined as superiorly located PFO (Fig. 2(A)). The pres-
ence of both superiorly and inferiorly located PFOs was 
confirmed at coronal oblique projections. Two independent 
radiologists blinded to the clinical data of the subjects 
evaluated PFO locations on MIP, MPR and three-dimen-
sional VR images and recorded them as group 1 (superi-
orly located PFO) and as group 2 (inferiorly located PFO) 

accordingly. In case of divergent results, consensus was 
obtained accordingly.

SPSS software (version 11, SPSS) was used for data 
analysis. Continuous variables are presented as mean ± SD 
and categorical variables are presented as frequencies 
(%). Normality of continuous variables was tested with 
Kolmogorov–Smirnov test. All continuous variables did 
not show normal distribution. For the comparison of 
groups in respect to continuous variables, Mann–Whitney 
U test was used while the difference between the groups in 
respect to categoric variables was analysed with chi-square 
test. A p value of less than 0.05 was considered to show 
statistically significant result.

Results
Mean age of the patients in group 1 was 33.5 ± 7.1 years, 
while mean age of patients in group 2 was 33.0 ± 6.3 years. 
Of the 34 patients in group 1, 21 (62%) were men, while 
there were 10 (71%) men in group 2. Both groups didn’t 
show significant difference in respect to age and gender 
(p = 0.867 and 0.960, respectively). The groups were 
well matched in respect to demographic data of racial 
differences. The echocardiographic examination results 
of both groups didn’t differ significantly (Table 1). Out 
of 50 patients, 28 patients had Doppler examination for 
lower extremity, and all of these patients had a negative 
lower extremity Doppler result for deep vein thrombosis.

On the basis of NIHSS; 14 patients (28%) revealed 
mild, 20 patients (40%) moderate and 16 patients (32%) 
severe stroke. There were 34 (68%) patients with supe-
riorly (group 1) and 16 patients (32%) with inferiorly 
located PFO (group 2) in terms of PFO locations. Of 
group 1, there were 7 patients (21%) with mild stroke, 
11 patients (32%) with moderate stroke and 16 patients 
(57%) with severe stroke, while of group 2, there were 7 
patients (44%) with mild stroke and 9 patients (56%) with 
moderate stroke. Statistically, we found that the patients in 
group 1 had significantly higher frequency of severe stroke 
compared to the patients in group 2 (p < 0.005).

Discussion
In the literature, it is accepted that PFO and cryptogenic 
stroke are well associated. Some investigators suggest 
that any detected PFO should be considered as possible 

Table 1 Demographic characteristics of the patients (group 1 included the patients with superiorly located patent foramen 
ovale; group 2 included the patients with inferiorly located patent foramen ovale)

Note: LVEF: left ventricle ejection fraction; LVEDD: left ventricle end diastolic diameter; LAD: left atrial diameter; IVSd: interventricular septum 
diastolic thickness; PWd: posterior wall diastolic thickness.

Group 1 (n = 34) Group 2 (n = 16) p value

Age (year) 33.5 ± 7.1 33.0 ± 6.3 0.867
Gender (Male/Female) 21/13 10/6 0.960
LVEF (%) 65 ± 4 64 ± 3 0.335
LVEDD (mm) 44.0 ± 1.9 44.1 ± 2.3 0.833
LAD (mm) 34.0 ± 2.0 33.3 ± 1.9 0.271
IVSd (mm) 8.5 ± 1.2 8.5 ± 1.2 0.865
PWd (mm) 8.2 ± 0.9 8.2 ± 1.1 0.898
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especially under high-risk conditions such as hypertension 
and vascular disorders. Thus, he suggested that the risks of 
device implantation, such as thromboembolic complica-
tions and atrial fibrillation, must be taken into account and 
balanced against the cumulative lifetime risk of recurrent 
stroke.

In general population, PFO is commonly found and 
prevention of these cases from any neurological situa-
tions, primary stroke or transient ischaemic attack, is an 
important responsibility. There are few studies dealing 
with identification of the patients under high risk for par-
adoxical embolization. Homma et al. reported that pres-
ence of clinical findings such as atrial anatomic variation 
(PFO size, Eustachian valve anatomy), hemodynamic 
disorders, venous thrombus identified through higher sen-
sitivity tests such as lower extremity/ abdominal/pelvic 
Magnetic Resonance Imaging (MRI) and hypercoagulable 
states increase the risk of stroke due to PFO.10 However, 
there is no study in literature questioning the impact of 
PFO location on risk of stroke. According to the results of 
our study, superiorly located PFO was strongly associated 
with severe and moderate stroke; we suggested that hemo-
dynamic changes due to intracardiac pressure differences 
created by contractions during the atrial systolic phase of 
the cardiac cycle might be responsible for this tendency. 
Our hypothesis is based on the assumption that in atrial 
systolic phase, aperture of inferiorly located PFO narrows 
partially by contractions of the higher number of nearby 
muscle fibres. On the other hand, contractions start from 
the superior part of the atrium and superior part of intratrial 
lumen pressure is higher than inferior locations which pro-
vide a successful ejection. Thus, it is more likely for a 
right-to-left shunt to occur in superiorly located PFOs. 
As a result, superiorly located PFOs expand more than 
inferiorly located PFOs and produce a potential risk for 
thromboembolism.29

Although transesophageal echocardiography is the 
gold standard for the evaluation of PFO, it is an inva-
sive method that is not always well tolerated, and it fre-
quently needs sedation that can make it difficult to carry 
out a valsalva maneuver to confirm diagnosis of PFO. 
Additionally, its application is very hard in patients with 
decreased consciousness, a poor systemic condition, tra-
cheal intubation or inability to swallow an oesophageal 
transducer. ECG-gated cardiac MDCT enables an accurate 
anatomical analysis of the interatrial septum with spatial 
and temporal resolution.30 Sensitivity and specificity of 
cardiac MDCT in detection of PFO were given as 73.1 
and 98.4%, respectively.31 In our study, all patients were 
diagnosed echocardiographically with PFO. MDCT failed 
to diagnose only four patients due to poor image quality.

There are some limitations of our study. The major lim-
itation of the study is its retrospective design with a rela-
tively low number of subjects enrolled. Further prospective 
studies with higher number of patients are needed to support 
our hypothesis. Echocardiographic measurements were not 

cause of transseptal cryptogenic stroke, and they also put 
forward that there is a greater risk with larger lesions.12 
Since the incidence of PFO is high in normal population, 
it is important to take prompt measures for the manage-
ment of the patients with cryptogenic stroke and PFO as 
well as for the ones with incidental echocardiographically 
proven PFO to prevent any future neurological problems. 
In this preliminary study, we found that the patients with 
superiorly located PFO on MDCT had higher frequency 
of severe stroke compared to the patients with inferiorly 
located PFO.

Treatment of patients with diagnosis of stroke and PFO 
is based on different options. Medical prevention of sec-
ondary stroke includes antiplatelet therapy, oral anticoagu-
lants and transcatheter device closure.11 Oral anticoagulant 
therapy seems to be more appropriate if thrombus origi-
nates in the cardiac chamber, but it has many drawbacks 
and carries a risk of major bleeding.13 On the other hand, 
antiplatelet drugs reduce recurrent ischaemic events as 
well if used for secondary prevention in all the patients 
with ischaemic stroke. Transcatheter device closure is 
successful in the majority of patients, but it has risk of 
complications due to invasive nature of the technique 
such as retroperitoneal haemorrhage, cardiac perforation, 
cardiac tamponade, air embolism, device embolization, 
arrhythmias, septal erosion and thrombus formation on 
the device.14–17 Additionally, patients with device failure 
can face similar problems in the rest of their lives since 
15–20% of patients can develop residual shunts in follow-
ing 6 months.18,19 Thus, patient selection for the procedure 
has great importance. In this study, we aimed to show the 
importance of PFO location in occurrence of stroke which 
may have potential use in patient selection.

A lot of studies discussed possible superiority of clo-
sure versus medical therapy for prevention of recurrent 
stroke in patients with PFO. In various meta-analyses and 
observational studies, authors suggested that transcatheter 
device closure is superior to medical therapy in the pre-
vention of recurrent stroke among patients with PFO.20–25 
Kutsios et al.21 pointed that the incidence of recurrent 
stroke after PFO closure (0.36 per 100 person) is signifi-
cantly lower compared to medical therapy (2.53 per 100 
person). In a prospective study with 143 patients based on 
PFO closure outcomes, only 3 patients were given medical 
treatment instead of device closure, but later they also 
were referred for device closure following a second cer-
ebrovascular event, suggesting the efficacy of the treat-
ment.26 However, few studies found controversial results 
indicating similar outcomes between device closure and 
medical therapy.25,27 The reason for these findings can be 
due to non-uniform inclusion of patients with PFO (such 
as different size, channel-type).

The selection criteria of patients with stroke for PFO 
closure have also been discussed. Handerson and Bath28 
pointed that the risk of recurrent stroke related to PFO in 
older patients is low relative to the overall risk of stroke, 
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performed by the same cardiologist thus characteristics of 
PFOs (size, channel-type, amount of bubble passage) were 
not classified in detail. The speculative explanation for the 
aetiology of paradoxical embolism in superiorly located 
PFO should also be studied with experimental and anat-
omy-based studies as well as very well-designed clinical 
studies. Additionally, the size of PFO should be taken into 
account along with location of PFO. Our oncoming studies 
will hopefully enlighten this issue.

Conclusion
The patients with superiorly located PFO had higher fre-
quency of severe stroke compared to the patients with 
inferiorly located PFO. Since this is a preliminary study, 
clinical application and importance of this finding neces-
sitates further large-scale interventional studies.
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