
Abstract

Five case histories are described to illustrate the
importance of patent foramen ovale and atrial
septal aneurysm as risk factors in stroke aetiology.

Diagnostic methods, and the current and future
management of these atrial septal defects, are briefly
discussed.
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Case history 1
A 37-year-old woman, on holiday in Italy, developed a sudden
headache while she was in the swimming pool. On coming out,
she noticed weakness of her left arm and leg. She was admitted
to hospital where a left hemiparesis was confirmed. She also had
global aphasia. Initial CT scanning of the head on the day of
admission was normal but a repeat head CT three days later
showed a right parietal infarct. A Doppler ultrasound of her legs
revealed thromboses in the left superficial femoral and popliteal
veins. An electrocardiogram (ECG) and transthoracic echocardio-
gram (TTE) were normal. However, a transoesophageal echocar-
diogram (TOE) showed a patent foramen ovale (PFO) (figure 1).

She had no significant past medical history except migraine.
She did not use the oral contraceptive pill (OCP). However, she
did have marginally raised serum fibrinogen (410 mg/dL; normal
range = 170–400 mg/dL) and her mother had a history of deep
venous thrombosis. On her return to the UK, a repeat contrast
TOE performed at her local hospital confirmed a PFO with a
moderate degree of right to left shunt (spontaneous and
Valsalva-induced contrast). The erythrocyte sedimentation rate
(ESR), plasma viscosity, fibrinogen, proteins C and S, antithrom-
bin III and anticardiolipin antibodies were normal. Clotting stud-
ies were not performed since she was taking calcium heparin

and aspirin, which were then changed to warfarin. After a peri-
od of rehabilitation, she went home independently mobile and
able to care for herself. She had her PFO closed using a percuta-
neous transvenous catheter approach and her anticoagulation
was stopped three months later.

Case 2
A 32-year-old woman developed numbness of her face while
having a wash. She fell, and noticed weakness of her right side.
She had no risk factors for cerebrovascular disease or throm-
boembolism other than use of the OCP. A CT scan of the head
showed ischaemia in the left middle cerebral artery (MCA) terri-
tory. The ESR, clotting screen and autoantibodies, including anti-
phospholipid antibodies, were normal. The ECG, leg and carotid
Doppler and TTE were all normal. However, TOE showed a PFO
and an atrial septal aneurysm (ASA) (figure 2). She was treated
with warfarin, and made a very good recovery. Her PFO was
closed, ASA was repaired and her anticoagulants were stopped
three months later.

Case 3
A 37-year-old man presented with right hemiparesis. A CT scan
of the head showed an infarct in left MCA territory. Carotid
Doppler showed a clot occluding the left internal carotid artery
(ICA). A Doppler of the legs showed bilateral clots. TOE showed
a PFO, with a right to left shunt. However, since he could not per-
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Figure 1. Transoesophageal echocardiogram showing patent foramen 
ovale: separation of two interatrial septal flaps and right to left
shunt
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form the Valsalva manoeuvre the magnitude of the shunt could
not be quantified at that time. He is on warfarin, awaiting fur-
ther assessment of his PFO.

Case 4
A 58-year-old non-smoker with no classic risk factors for athero-
sclerosis presented to his optician with left upper quadrant-
anopia. CT of the head showed an ischaemic infarct in the right
temporal area. His right calf looked pigmented as a result of a
deep venous thrombosis (DVT) about 30 years before, follow-
ing an appendicectomy. In view of this he had Doppler of the
leg performed, but this was negative for clots. Carotid Doppler
did not show any significant stenosis. A TOE showed a PFO
with a mild right to left shunt. He was prescribed long-term
aspirin.

Case 5
A 66-year-old woman was admitted with an inferior myocardial
infarction (MI). She had a history of hypertension and smoked
cigarettes. Two days after admission she developed expressive
dysphasia and right arm weakness. CT of the head showed a left
parietal infarct. A TTE showed a small PFO and reduced left ven-
tricular function. The findings were confirmed with TOE.
Although a left ventricular thrombus could possibly have con-
tributed to stroke, in view of her risk factors carotid Doppler was
carried out. This showed critical stenosis of the left carotid artery.
She was referred for urgent carotid endarterectomy. 

Discussion
Prevalence of patent foramen ovale 
Paradoxical embolism through a patent foramen ovale is well
known.1 Embolism to the lungs,2 ophthalmic and coronary arter-
ies and other peripheral vessels has been reported. Autopsy stud-
ies have shown a prevalence of PFO of between 20% and 35%
among the normal population.3 An increased prevalence has

been reported in the brains of divers.4,5 It has also been suggest-
ed that PFO might be a family trait in women.6

PFO and stroke 
The role of PFO as a risk factor for ischaemic stroke has been
debated for many years. However, recent studies have gathered
more substantial evidence to incriminate PFO and atrial septal
aneurysm (ASA) as risk factors for ischaemic stroke, especially in
the young.7-10 Echocardiographic studies have shown a PFO
prevalence of 26% in cryptogenic stroke (no known risk factors),
14% in stroke with one risk factor and 3.2% in normal controls.
Thus, cryptogenic stroke patients are about eight times more
likely to have a PFO than the general population.10 Cases 1 and
2 prove beyond doubt that PFO is an important factor in the
mechanism of embolisation. Air travel11-13 and the Valsalva
manoeuvre were other important risk factors in case 1.

Contrast TOE has shown a significantly higher prevalence of
PFO in cryptogenic (no obvious risk factor) strokes, especially in
the young.1,14 Some studies have shown no increase in preva-
lence of PFO in the elderly.15 However, some researchers argue
that older people are less likely to be investigated for PFO since
most will have classic risk factors for atherosclerosis, as illustrat-
ed by our case 5.10

Risk of stroke recurrence
People with PFO who have had an ischaemic stroke are at risk of
having further strokes. A meta-analysis showed a five-fold risk
for recurrent events in the presence of a PFO. The risk is even
higher if an ASA is also present.16 Other studies have shown no
significant risk with isolated PFO but a high risk in association
with ASA.17 Factors associated with higher recurrence are size of
PFO (> 5 mm), severity of right to left shunt (> 50% left atrium
filling),18-20 spontaneous echo contrast, > 20 microbubbles, pos-
terior cerebral artery infarct, recent active migraine and presence
of an ASA.21 Some investigators have identified other morpho-

Figure 3. Transoesophageal echocardiogram showing interatrial septum 
aneurysm

Figure 2. Transoesophageal echocardiogram showing patent foramen 
ovale and interatrial septum aneurysm with right to left shunt
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logical features, such as Eustachian valve directed toward the
PFO, as further risk factors.22 Other factors, such as a hypercoag-
ulable state, put some patients with a PFO at higher risk than
others.

Atrial septal aneurysm
An ASA or a hypermobile septum primum in isolation (figure 3)
or in association with PFO (figure 2) has been considered to con-
fer higher risk for ischaemic stroke.23 However, a large study
involving 600 patients and four-year follow-up showed no risk
associated with an ASA unless a PFO was also present.24 ASA is
now generally accepted as a risk factor only in the presence of a
co-existing PFO.25,26

Diagnosis
Contrast TOE, especially with Valsalva manoeuvre, is the best
investigation to detect the presence of PFO and its severity.1,14,17-20

Recently, transcranial Doppler ultrasound is also proving a reliable
and sensitive test.27,28

Source of embolus
Whereas a peripheral venous site seems the most likely origin for
paradoxical embolisation in patients with a PFO, in-situ thrombus
formation is thought to be the likely source in patients with an
ASA. In most cases, the venous source of clots cannot be estab-
lished (cases 2 and 4). Even when such clots are detected, their
significance may be uncertain (cases 1 and 3). Studies have
shown a prevalence of between 10%29 and 57%30 in patients
with suspected paradoxical embolism.

Management
Management of strokes associated with a patent foramen ovale
or atrial septal aneurysm has been non-evidence based. High
annual recurrence after a stroke or a transient ischaemic attack

seems to be the logical reason for the treatment of PFO.16

However, there is no consensus on whether to treat PFO surgi-
cally (by direct or percutaneous transcatheter closure) or med-
ically (using antiplatelet or anticoagulant therapy).31,32 The
Lausanne study showed an 8% recurrence rate in patients treat-
ed surgically, 26% recurrence in those treated with anticoagu-
lants and 66% recurrence in those treated with antiplatelet
therapy.33 Good results have been seen in selected centres after
surgical closure.34 Percutaneous closure of PFO and repair of ASA
seems to be a very promising approach.35 However, studies
involving surgery or catheter closure have been either too small
or retrospective. There is an urgent need for prospective studies
to compare percutaneous closure, surgical repair and antithrom-
botic therapy. 
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Correction
Please note that this is a corrected version of the print article that was originally published, which unfortunately contained some incorrect figures. 
The authors and editors apologise for the mistake.
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