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Abstract

However, In some the patent foramen ovale can open widely and enabling 
paradoxical embolism to transit from venous to arterial circulation, which 
is associated with stroke and systemic embolization. There are still unclear 
to date regarding the effectiveness of pharmacological anticoagulant therapy, 

addition, surgical and transcutaneous patent foramen ovale closure has been 
proposed for secondary prevention of stroke in patients with cryptogenic 

of closure have been shown to reduce the incidence of subsequent embolism 
substantially. This review will discuss the evidence regarding the relationship 
between patent foramen ovale and cryptogenic stroke and decision making 
for management strategies.
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Introdution

The patent foramen ovale, a part of the 
disorder known as an atrial septal defect, is 
a remnant of normal fetal anatomy. More 
than half of babies will develop patent 

foramen ovale by six months of age.1  Although it has 
no clinically significant impairment, it can persist into 
adulthood. For most people, patent foramen ovale 
will remain undetected or appear only as an accidental 
discovery during a cardiac examination. However, some 
patent foramen ovales may be wide open and act as 
access for materials such as thrombus, air or vasoactive 
peptides to provide shunt from the veins to the arterial 
circulation - paradoxical embolism. This is associated 
with cryptogenic (having no other identifiable cause) 
stroke, systemic embolism, migraine with aura, acute 
limb ischemia due to embolism and decompression 
sickness in divers.2,3

The diameter of the patent foramen ovale (average, 
4.9 mm) allows passage of a sufficiently large embolism 
from the venous system to occlude the middle cerebral 
artery to reach the cerebral circulation. Worldwide 
annually, 345,000 patients aged 18-60 years present 
with patent foramen ovale and embolic stroke from 
undetermined sources. Young patients with cryptogenic 
stroke had a 2.3-fold increased relative risk of having 
a patent foramen ovale, compared with individuals of 
the same age with a clear cause of stroke, suggesting 
that patent foramen ovale is the causative mechanism of 
stroke in these patients.4

Based on transesophageal echocardiographic 
(TEE) screening , patients with cryptogenic stroke / 
transient ischemic attack (TIA) had a mean prevalence 
of any patent foramen ovale, patent foramen ovale 
associated with atrial septal aneurysm (ASA), and large 
patent foramen ovale of 43.2%, 14.5%, and 19.5%, 
respectively. The prevalence of any patent foramen 
ovale, patent foramen ovale with septal aneurysm, 
and large patent foramen ovale showed a noticable 
variability between younger patients (<50 years) versus 
older patients: 59.9% vs 35.2%, 16.3% vs 11.6 %, and 
18.6% vs. 22.9%, respectively; indicating that patent 
foramen ovales tend to close over time, large patent 
foramen ovales tend to persist into older age.5

Patent Foramen Ovale – Associated Clinical 
Syndrome

Cryptogenic Stroke

Patent foramen ovale is a flap-like opening between 
the atrial septum secundum and primum at the fossa 
ovalis. this opening serves as a track for blood to the 
systemic circulation during the womb. as pulmonary 
circulation increases after birth, the patent foramen 
ovale functionally begins to close. Complete closure 
of the anatomical patent foramen ovale usually occurs 
in about 12 months. Patent foramen ovale plays a 
role in increasing the risk of stroke from paradoxical 
embolism. The risk of cryptogenic stroke is increased 
in patent foramen ovale with larger defects and the 
presence of interatrial aneurysms, this may be due to 
increased in situ thrombus formation in the aneurysm 
tissue or because patent foramen ovales with interatrial 
septal aneurysms tend to have larger defects. Despite 
previous reports noticing paradoxical embolism via 
patent foramen ovale, this phenomenon as a risk factor 
for stroke remains difficult to prove because deep venous 
thrombosis was rarely detected in such patients. In one 
study, pelvic vein thrombus was found to be more 
frequent in young patients with cryptogenic stroke than 
in those with known the cause of stroke. These findings 
may serve the source of venous thrombi, particularly 
when the source of venous thromboembolism (VTE) 
was not identified.2

The relationship between patent foramen ovale and 
cryptogenic stroke has been introduced in the 80s of 
the last century. Paradoxical embolism is the suspected 
mechanism that occured in patent foramen ovale with 
stroke when a thrombus from the systemic venous 
circulation passes through to the systemic circulation 
via a right-to-left shunt. The concept of paradoxical 
embolism via patent foramen ovale was first conceived 
by Zahn in 1881, who discovered a thrombus from 
a uterine vein trapped in patent foramen ovale on 
postmortem examination. In patients with cryptogenic 
stroke, the rates of patent foramen ovale (59% vs 19%) 
and deep vein thrombosis (20% vs 4%) were higher than 
patients with a stroke of known cause.5,6 In addition to 
paradoxical embolism, the combination of large patent 
foramen ovale with and atrial septal aneurysm (ASA) has 
been suggested as a cause of left atrial (LA) dysfunction 
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predisposing to systemic thromboembolism that 
normalized after patent foramen ovale device closure.5

About 40% of ischemic strokes have no clear 
etiology and are therefore termed cryptogenic. A study 
conducted on 60 adult patients under 55 years with 
ischemic stroke compared contrast echocardiography 
with 100 normal subjects. The prevalence of patent 
foramen ovale was significantly higher in the stroke 
group (40%) than in the control group (10%) (p 0.001). 
The study concluded that patent foramen ovale-induced 
paradoxical embolism is the cause of stroke.7 The patent 
foramen ovale-ASA study supports these findings, in 
which 46% of young cryptogenic stroke patients had 
patent foramen ovale.8 Cramer et al.6 evaluated young 
stroke patients (ages 18 to 60 years) immediately after 
the onset of stroke using magnetic resonance imaging 
(MRI) venography. Pelvic deep vein thrombosis was 
increased in the cryptogenic stroke population compared 
with controls (20% vs 4%). The cryptogenic stroke 
group was younger (42 vs 49 years). The prevalence 
of patent foramen ovale was significantly higher in the 
cryptogenic stroke group than in the control group 
(59% vs 19%). A prospective study of 598 patients (ages 
18 to 55 years) who had a cryptogenic stroke showed 
that 36% had patent foramen ovale, 1.7% had ASA, and 
8.5% had both condition. Patients with patent foramen 
ovale and ASA who have had a stroke have a higher risk 
of having recurrent strokes.9

An association between prothrombotic conditions 
and patent foramen ovale with cryptogenic stroke 
has been reported. Factor V Leiden and prothrombin 
G20210A mutations were observed to occur more 
frequently in patients with patent foramen ovale and 
cryptogenic stroke.10,11 In one study, at least one of 
these two prothrombotic genotypes was significantly 
higher in young cryptogenic stroke patients than in age-
matched controls (10.3% vs. 2.5%; p = 0.008), with the 
prothrombin G20210A mutation significantly higher 
than factor V Leiden (8.2% vs 2.1%).12 The association 
between either this two genotypes and patent foramen 
ovale increased the risk of stroke by 4.7-fold. The 
association between patent foramen ovale size and 
the presence of antiphospholipid antibodies has been 
reported.13 Common risk factors for venous thrombosis, 
such as recent surgery, traumatic injury, or use of 
contraceptive drugs, may increase the risk of paradoxical 
embolization via patent foramen ovale.14

Platypnea - Orthodexia syndrome

Platypnea-orthodeoxia syndrome consists of 
dyspnea and desaturation of the artery in an upright 
position (platypnea) with restoration in the supine 
position (orthodeoxia). The two components must 
coexist to establish this syndrome. One of the causes is 
an anatomical defect  and the other is functional. The 
anatomical component must have an interatrial shunt, 
consist of an atrial septal defect (ASD), patent foramen 
ovale, fenestrated ASA, or an intrapulmonary shunt.15,16

In this syndrome there is an increase in right atrial 
pressure which causes a right-to-left shunt. Interestingly, 
blood can flow from right to left at the atrial level even 
when the right heart pressure is normal, as is usually 
the case with persistent eustachian valves. The definitive 
treatment for platypnea-orthodeoxia is closure of the 
atrial shunt.15,17

Decompression Sickness

Arterial gas embolism via ASD was first reported 
in scuba divers in 1986.18 Type 1 DCS consists of local 
joint pain, musculoskeletal pain, and / or skin rash, 
and type 2 DCS consists of neurological symptoms 
(tingling of the legs, paresthesias, severe headache with 
altered mental status, paraplegia, loss of consciousness, 
audiovestibular symptoms, and dyspnea with chest 
pain). Patent foramen ovale is significantly associated 
with type 2 DCS.15

A recent study found a strong association between 
patent foramen ovale sizes and DCS in 230 divers.19 
Another study demonstrated the functional and 
anatomical characteristics of patent foramen ovale 
with and without DCS, this study shows that DCS 
is associated with right-to-left shunting at rest. Atrial 
septal mobility and patent foramen ovale diameter are 
also associated with the risk of DCS.20

Migraine

Migraine and vascular headaches are associated with 
patent foramen ovale. Migraine headache is a benign 
headache syndrome that recurs, accompanied by nausea, 
vomiting, and / or other symptoms of neurological 
dysfunction. More than 2,500,000 patients in the U.S. 
experiencing at least one migraine headache each week, 
with a lifetime prevalence of about 18%. Migraine is 
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a risk factor for cryptogenic stroke, notably in young 
patients without atherosclerotic risk factors. 15

One study represented a significant association 
between patent foramen ovale closure and migraine 
improvement with aura using the Transcranial Droppler 
(TCD). In that study, 5 of 17 patients experience 
complete resolution of migraine, 10 of 17 patients admit 
improvement, and 2 patients had no change for 6 months 
after closure of the patent foramen ovale.21 Another 
study conducted to find the association between patent 
foramen ovale and migraine with or without aura. The 
prevalence of patent foramen ovale was 48% in patients 
with migraine, 23% in patients without migraine, and 
20% in the control group. The differences between 
patients with and without migraine and patent foramen 
ovale were striking, as were the differences between 
patients with aura and the control group. However, the 
group without aura had no difference in patent foramen 
ovale prevaence compared to the control group. A recent 
study showed transcatheter patent foramen ovale closure 
led to complete resolution or a marked reduction in 
migraine frequency.22 In this study, has been investigated 
162 patients with paradoxical brain embolism who 
underwent transcatheter patent foramen ovale closure. 
Complete migraine resolution occurred in 56% of 
patients, and 14% of patients reported a significant 
reduction in migraine frequency. Patients reported a 
decrease in the mean number of migraine episodes per 
month by 80% after patent foramen ovale closure (6.8 ± 
9.6 before closure vs 1.4 ± 3.4 after closure, p < 0.001). 
Another study also concluded that patent foramen ovale 
or ASD closure in patients with migraine headaches 
exhibit to migraine resolution or improvement about 
76% of 89 adult patients.23

Venous blood can enter the arterial circulation 
directly without passing through the pulmonary 
circulation via the patent foramen ovale. Some chemicals 
and hormones such as serotonin can pass through the 
pulmonary circulation and directly cross the blood-
brain barrier causing migraines.24 Normally, Serotonin 
produced from platelet aggregation. Other evidence 
suggests that platelet activation and aggregation have 
been shown to increase in migraine patients.25 In 
addition, a study showed that aspirin, an anti-platelet 
drug can reduce platelet-fibrin complex formation and 
expexted to improve migraine, also has a statistically 
significant prophylactic effect on migraine.26

In addition, a small embolism from the systemic 
circulation can pass via patent foramen ovale and directly 
into the arterial system. This paradoxical embolism can 
cause tiny brain infarction, developoing low perfusion 
or cortical spreading depression, thereby leading to 
migraine attacks.24 

Diagnosis

Most patients with an isolated patent foramen ovale 
have no symptoms. For the majority of people, the patent 
foramen ovale will remain undetected or accidentally 
discovered during a heart exam. When patent foramen 
ovale do accure, the patient may have a history of 
stroke or transient ischemic attack of undetermined 
etiology (cryptogenic stroke), migraine, neurologic 
decompression sickness (seen in patent foramen ovale 
experienced by a small percentage of scuba divers).3

Some imaging modalities can be used to detect patent 
foramen ovale, especially transthoracic echocardiography 
(TTE), transesophageal echocardiography (TEE), or 
transcranial Doppler ultrasound (TCD).4 TTE is a 
non-invasive examination to detect patent foramen 
ovale.27 TTE is the least sensitive, detecting only 50% 
to 60% of the patent foramen ovales found in TEE or 
TCD. When compared with autopsy which is the gold 
standard diagnosis, TEE has a sensitivity of up to 90% 
and a specificity above 95%. TCD can detect 100% 
of the patent foramen ovale found in TEE and detect 
10% of the patent foramen ovale that is missed with 
TEE; TCD can even detect small patent foramen ovales 
that missed with TEE by perform Valsalva maneuver, 
and confirmed the waveforms formed during TDC. 
TEE and TCD are complementary. Both can detect 
patent foramen ovale and quantify the shunt size. TEE 
also able to characterizes patent foramen ovale anatomy 
and presence of an atrial septal aneurysm (ASA) and 
assesses the presence of competing proximal sources of 
embolism, including aortic arch atherosclerosis, atrial 
appendage thrombi, and signs of atrial cardiopathy. TCD 
uniquely quantifies the cerebral burden of paradoxical 
embolism, on both bubble study and during 30 minutes 
of monitoring for spontaneous microembolism, and 
assesses the presence of competing distal arterial sources 
of embolism.4

TTE and TEE have a considerable clinical role in 
patients with patent foramen ovale and cryptogenic 
stroke, however, the selection of these echocardiographic 
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Table 1. The Risk of Paradoxical Embolism (RoPE) score.29

Name Value

Vascular risk factors

No Hypertension
No Diabetes Mellitus
No prior stroke or transient ischaemic attack
Non-smoker

1
1
1
1

Age

18-29
30-39
40-49
50-59
60-69
≥70

5
4
3
2
1
0

Stroke features

Cortical infarction 1

modalities should be made on a case-by-case basis. A 
study in ischemic stroke patients with unknown etiology 
(before getting an echocardiogram) evaluated patients 
with TTE and TEE.28 Based on the TEE results, the 
presence of patent foramen ovale was determined the 
saline bubble shunting into the left atrium in three 
cardiac cycles (small shunt 3-10 bubbles , moderate 10-
20 bubbles and large> 20 bubbles), often augmented by 
the Valsalva maneuver that triggers the bubble to pass by 
increasing right atrial pressure. However due to the low 
sensitivity of TTE for patent foramen ovale detection, a 
high suspicion for patent foramen ovale with a negative 
TTE will often lead to ordering a TEE. Although the 
TEE shows a better look at cardiac structures, it is semi-
invasive, with sedation that often limits or precludes 
the Valsalva manoeuver.27 These suggest that TEE 
may be superior to TTE in including or excluding 
a cardioembolic source for stroke; on other hand, 
they suggest that when a stroke etiology has not been 
identified using conventional means, a TEE should be 
considered to help identify the stroke etiology and guide 
stroke prevention strategies.28

TCD has been shown to be more sensitive than TEE 
and just as specific as TTE or TEE in emboli detection. 
But TCDs cannot detect additional and potentially 
relevant structural features such as ASA and septal 
mobility (features that affect shunt size characterization) 
nor really distinguish between intracardiac and 
intrapulmonary shunts such as pulmonary arteriovenous 
malformations. ASA is present when redundant tissue in 
the fossa ovale causes more than 10–15mm of bulging 
into the left or right atrium during respiration, and may 
indicate a greater recurrent stroke risk compared with 
patent foramen ovale alone. Tobe et al found that a shunt 
grade determined by TCD can be a stronger predictor 
of TIA or stroke than shunt detection by TEE, and that 
TEE missed 15% of the shunts caught by TCD, and 
of those 40% were large shunts (grade 3 and higher). 
But, TCD should not replace echocardiographic 
modalities in patent foramen ovale detection and other 
shunt features, but can be a complementary and highly 
sensitive modality when performed by a properly trained 
and experienced operator.27

Despite the strong evidence shows there is an 
association between patent foramen ovale and the risk of 
stroke, confirming a causal relationship in a given patient 
is still challenging. Even in those with cryptogenic 

stroke, at least one third of patent foramen ovales 
discovered are likely to be incidental and closure of an 
incidental patent foramen ovale would expose patients 
to procedural and device-related risks while leaving 
the actual cause of stroke unrevealed. Estimating the 
probability of a patent foramen ovale being embolism 
related is based on patient’s clinical profile (younger 
age, absence of atherosclerosis risk factors, a higher 
RoPE scope, pulmonary hypertension/ obstructive sleep 
apnea), cerebral infarct pattern (typical of embolism), 
anatomical patent foramen ovale features (large shunt, 
atrial septal aneurysm), and conditions potentially 
predisposing to/precipitating paradoxical embolism 
through patent foramen ovale.5

Worldwide, about 345,000 patients aged 18–60 
years with a patent foramen ovale and an embolic stroke 
of otherwise undetermined source preset each year. 
Younger patients with a cryptogenic stroke have a 2.3-
fold increased relative risk of having a patent foramen 
ovale, compared with age-matched individuals with a 
stroke of a clear cause, suggesting 73% likelihood that 
patent foramen ovale is the mechanism of the stroke in 
those patients.5

Several studies have examined clinical hints that can 
be used to determine how likely patent foramen ovale 
is causing paradoxical embolism. History of diseases 
such as pulmonary embolism or DVT, migraine, stroke 
symptoms preceded by the Valsalva maneuver, and 



Indonesian Journal of Cardiology 

Indonesian J Cardiol  Vol. 42, Issue III July - Sept 2021

symptoms of stroke / TIA coincide on waking from 
sleep preceded by sleep apnea has been associated as a 
major risk factor for cerebrovascular events associated 
with patent foramen ovale.27 The development of 
atheroscelrotic plaque was linearly correlated with the 
incidence of ischemic stroke. However, patent foramen 
ovale as a cause of stroke is supported by the absence 
of risk factors for plaque development such as younger 
age, absence of hypertension, hyperlipidemia, diabetes 
mellitus, and smoking.

The difficulty in attributing patent foramen ovale 
for the culprit cause of stroke has led to the development 
of the Risk of Paradoxical Embolism (RoPE) score for 
cryptogenic stroke, which was drawn from a database 
of 3023 patients with cryptogenic stroke, who had 
previously been examined using TEE or TCD, the 
cryptogenic stroke defined by the Trial. Org 10172 
in Acute Stroke (TOAST).27,29 The RoPE score is 
calculated from the following variables: younger age, the 
presence of a cortical stroke on neuro imaging, absence 
of diabetes, absence of hypertension, non smoker, and 
no prior stroke or TIA. The highest RoPE score, that 
indicating a higher likely-hood patent foramen ovale 
related stroke rather than incidental, can be found in 
case of the youngest patient with superficial strokes 
and without atherosclerosis risk factors. RoPE score 
is helpful and practical, but should always be used in 
conjunction with other parameters because it is only 
modestly validated and does not account for high-risk 
morphological features of the patent foramen ovale.30 
There was few external validation studies, one of small 
study identified a RoPE score >7 as a cutoff point that 
indicated patent foramen ovale is more likely to be 
stroke related.31 In other cohort study of a cryptogenic 
stroke, the prevalence of patent foramen ovale-related 
right-to-left shunt was 50–56% in patients with RoPE 
scores <7 compare with 79% in those with a score ≥7. 
Additionally, a higher RoPE score correlated modestly 
with the severity of right-to-left shunt.32 Another studies 
use a score >5 or >6 to classify patent foramen ovale as 
stroke related.33,34

Cerebral Infact Pattern

Stroke was only called as cryptogenic after history, 
exam, routine labs and extensive testing including; initial 
neurovascular assessment (CT/MRI, vascular Imaging), 
initial cardiac assessment does not identified the stroke 

mechanism.28 Association between patent foramen 
ovale and cryptogenic stroke has been established in 
the 80s of the last century. Paradoxical embolism is the 
suggested mechanism patent foramen ovale related to 
stroke and occurs when a thrombus from the systemic 
venous circulation passes to the systemic arterial 
circulation trhough a right-to-left shunt.5 The mean 
diameter of persisting patent foramen ovales is 4.9 mm 
(range about 1–19 mm), more than sufficient to allow 
passage of emboli large enough to occlude the middle 
cerebral artery stem (3 mm) and major cerebral cortical 
branches (1 mm).4

Noncontrast head CT highly effective for excluding 
intracranial hemorrhage; however, it is poor at best for 
identifying small infarcts. MRI is better than CT in 
detecting ischemic stroke. when available, MRI should 
be preferred over CT for the initial imaging of the 
stroke patient. Diffusion-weighted found in MRI may 
also help identify a stroke mechanism; for example, 
multiple lesions in different vascular territories may 
suggest a cardioembolic origin. Otherwise, scattered 
lesions to a single vascular distribution suggest large-
artery atherosclerosis. Other study have suggested that 
cryptogenic stroke patients who have clinical and CT 
evidence of one ischemic lesion should take a subsequent 
MRI assessment to further delineate potential causes.35,36 
The probability that stroke is related to patent foramen 
ovale is increase in case of a cortical infarct (suggesting 
an embolic mechanism).5

Management of Patent Foramen Ovale-Related 
Cryptogenic Stroke

In general there are two treatment options for 
secondary prevention of recurrent stroke in cryptogenic 
ischemic stroke patients with patent foramen ovale 
include medical treatment (alone or in combination, 
antiplatelet and anticoagulant therapy) and patent 
foramen ovale closure (surgical patent foramen ovale 
closure, and percutaneous patent foramen ovale 
closure).4

Medical Treatment

Acording to pathophysiological standpoint, 
anticoagulation might be better than antiplatelet therapy 
in purpose to preventing patent foramen ovale-related 
stroke, as anticoagulants is superior prevent thrombi 
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arising in veins. Nevertheless, anticoagulation is also 
associated with increased bleeding event, and comparative 
studies have shown only modest evidence of an efficacy 
advantage.5 In addition, bleeding complications were 
significantly more frequent among anticoagulated 
patients. Compared with older anticoagulants, non–
vitamin K–dependent oral anticoagulants are promising 
options, more reduced bleeding rates, and comparable 
efficacy in prevention of DVT, but in patients with 
patent foramen ovale have not been studied yet.4 While 
antiplatelet therapy applied in clinical trials is variable, 
including of acetylsalicylic acid, clopidogrel, and/or 
extended-release dipyridamole. Currently available 
evidence suggests that anticoagulants may be superior 
to antiplatelet therapy.5

Among the medical therapy options, US national 
practice guidelines weakly endorsed antiplatelet therapy 
as preferred. Although physiological reasoning suggests 
that anticoagulation might be superior to antiplatelet 
therapy, as anticoagulants better avert stasis thrombi 
arising in veins, anticoagulation is also associated with 
increased bleeding, and comparative studies are only 
weakly suggestive of an efficacy advantage. There was 
two randomized trials comparing anticoagulant against 
antiplatelet therapy in subgroups of patients with patent 
foramen ovales and cryptogenic ischemic stroke found 
non-significant efficacy differences: PICSS trial (patent 
foramen ovale in Cryptogenic Stroke Study; hazard ratio 
[HR], 0.52; 95% confidence interval [CI], 0.16–1.67; 
P=0.28)37 and CLOSE trial (Patent Foramen Ovale 
Closure or Anticoagulants versus Antiplatelet Therapy 
to Prevent Stroke Recurrence; HR, 0.44; 95% CI, 0.11–
1.48; P=0.18).38

Patent foramen ovale and deep vein thrombosis 
(DVT) are both common findings at the same time. 
Currently AHA/ASA Stroke Prevention in Patients with 
Stroke or TIA Guidelines recommend the following 
; There are insufficient data to establish whether 
anticoagulation is equivalent or superior to aspirin for 
secondary stroke prevention in patients with patent 
foramen ovale (Class IIb; Level of Evidence B). For 
patients with an ischemic stroke or TIA and a patent 
foramen ovale who are not undergoing anticoagulation 
therapy, antiplatelet therapy is recommended. (Class 
I, Level of Evidence B) For patients with an ischemic 
stroke or TIA and both a patent foramen ovale and a 
venous source of embolism, anticoagulation is indicated, 

depending on stroke characteristics (Class I; Level of 
Evidence A). When anticoagulation is contraindicated, 
an inferior vena cava filter is reasonable (Class IIa; Level 
of Evidence C).28

 Patent Foramen Ovale Closure

Surgical closure of the patent foramen ovale 
requiring thoracotomy and cardiopulmonary bypass 
is rarely performed as independent therapy. It may be 
an option if the patient is undergoing heart surgery for 
other indications. In observational series, open surgical 
closure has a low rate of perioperative mortality, but can 
leave sequelae of morbidity including AF, pericardial 
effusion, postoperative bleeding, infection, and 
postpericardiotomy syndrome. The annual incidence 
rate for recurrent stroke or transient ischemic attack 
ranges from 0% to 9%. Recurrence of cerebral ischemia 
associated with incomplete closure of the patent foramen 
ovale with an open surgical approach occurs in up to 
73% of patients.4

The percutaneous patent foramen ovale closure 
device is a minimally invasive approach to anatomical 
management that has advanced in the last quarter 
century since the first trials were carried out on humans. 
Device designs differ in important ways that affectease 
of delivery, efficacy in achieving complete closure, and 
adverse effects.4 A large number of devices with varying 
shapes and sizes have been marketed, the need for 
evidence from randomised controlled trials prior to 
approval means fewer devices have been approved by 
the Food and Drug Administration. Most devices are 
of double-disc design, connected by a short waist. The 
Gore Septal Occluder (WL Gore & Associates) and the 
AMPLATZER patent foramen ovale Occluder (Abbott 
Vascular) are two of the more commonly used devices 
(Picture 1). The Gore Septal Occluder is constructed 
from five nitinol wires covered with expanded 
polytetrafluoroethylene, early clinical experience has 
shown that it is a versatile device with easy deployment, 
high procedural success rates and low complication rates. 
The AMPLATZER patent foramen ovale Occluder is 
also a nitinol-based device. These devices are used most 
often in randomized controlled trials, and the evidence 
for their effect is very reliable. The operator must gain 
experience using different devices to find out the best 
outcome for the patient.3
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Recent investigations have shown that closure of 
patent foramen ovale, particularly with atrial septal 
aneurysms and / or large interatrial shunts, can reduce the 
risk of recurrent stroke compared with pharmacological 
treatments. However, it remains challenging to risk 
stratify patients with suspected patent foramen ovale-
associated stroke and to decide whether device closure 
is indicated or not.5 Patients with cryptogenic stroke 
or TIA and patent foramen ovale without evidence of 
DVT, available data do not support the benefit for patent 
foramen ovale closure (Class III; Level of Evidence A). 
In patent foramen ovale and DVT settings, patent 
foramen ovale closure by a transcatheter device might 
be considered, depending on the risk of recurrent DVT 
(Class IIb; Level of Evidence C).28

The antithrombotic regimen after device closure 
is still uncertain.3 Hence, routine dual antiplatelet 
therapy (Aspirin and clopidogrel) is recommended for 
1-6 months after patent foramen ovale closure, and 
single antiplatelet therapy (usually clopidogrel 75 mg 
daily) afterwards for at least 5 years.3,5 Transthoracic 
echocardiography (TTE) should be performed prior to 
discharge and 6 weeks after device insersion to eliminate 
pericardial effusion and device embolisation. Potential 
successful rate of closure are high using modern devices, 
and the main objective is sealing the patent foramen 
ovale flap valve opening. Total closure depends on 
device endothelialization and can take up to 6 months, 
after which a repeat bubble study should be performed 
to confirm complete closure has occurred.3

Conclusion
In this article, patent foramen ovale management 

focused on cryptogenic stroke has been discussed, along 
with scientific evidence of either pharmacological or 
intervention for patent foramen ovale closure. Clinical 
knowledge and attention to detail in indication for the 
procedures and risks to patients are required with the 
help from experienced interventional cardiologists.
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