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Cryptogenic stroke—that is, stroke of an undefined origin, despite thorough investigation—is relatively common, accounting for around 
one-quarter of cerebral ischemic events. People under 55 years of age are relatively more likely to experience cryptogenic stroke than 
older individuals. In many patients, the presence of a patent foramen ovale (PFO) may contribute to the risk of cryptogenic stroke; a PFO 

allows dislodged venous thrombi to pass from the right atrium to the left atrium. This is the basis of paradoxical embolism, and the resulting 
cerebral artery occlusion may lead to stroke. Treatment to reduce the risk of recurrent cryptogenic stroke uses antithrombotic agents and, 
increasingly, the interventional option of PFO closure using a catheter-based closure device. Following early clinical trials, the benefit of PFO 
closure was relatively uncertain. Emerging evidence from longer-term studies published in recent years, however, has presented a clear case for 
the benefits of PFO closure in selected patients under the age of 60 years in terms of reducing risk of recurrent stroke. Treatment guidelines are 
being updated to reflect these findings. 
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Globally, a high proportion (around 25%) of transient ischemic attacks 

(TIAs) and ischemic strokes are cryptogenic.1,2 The Trial of ORG 10172 

in Acute Stroke Treatment (TOAST) classification defines a cryptogenic 

stroke as a brain infarction that is not caused by definite cardioembolism, 

large artery atherosclerosis, or small artery disease, despite extensive 

investigations.3 The "ASCOD" classification defines strokes by subtype 

causes: (A) atherosclerosis, (S) small vessel disease, (C) cardiac disease, 

(O) other cause, or (D) dissection; a cryptogenic stroke is an event that is 

of completely unknown cause in that it does not conform to any of these 

subtypes.4–6 The lack of consistent criteria for cryptogenic stroke, and the 

fact that many TIAs are inappropriately described as cryptogenic stroke 

due to incomplete work-up, makes accurately defining cryptogenic 

stroke incidence challenging.5 Therefore, the concept of embolic stroke 

of undetermined source (ESUS) was introduced, which provides an 

operational definition and requires predefined diagnostic procedures.2 

However, across Europe, it is estimated that as many as one-third of 

TIAs and strokes are cryptogenic, accounting for around 400,000 events 

annually.1 Similarly, in the USA, cryptogenic stroke may account for up to 

30% of approximately 690,000 overall ischemic stroke events per year.7 In 

many cases, cryptogenic stroke is treated with antiplatelet therapy where 

there is an absence of concomitant atrial fibrillation.7

In younger patients (those <60 years), the incidence of cryptogenic stroke 

is relatively greater than in older patients,5 occurring in approximately half 

of younger stroke cases in a recent population-based study.1 The high 

incidence of cryptogenic stroke, combined with the uncertain cause of 

stroke, complicates secondary prevention strategies that focus on reducing 

the risk of future strokes.1 Cryptogenic strokes and ESUS are considered to 

have several potential underlying causes of thromboembolism, including 

occult arterial sources of thromboembolism, asymptomatic paroxysmal 

atrial fibrillation, minor-risk cardiac structural abnormalities or paradoxical 

embolism of venous emboli through a patent foramen ovale (PFO).1,2,5,8
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PFO is the most common congenital cardiac abnormality, and is present 

in approximately 25% of the adult population.9 The foramen ovale is an 

obligatory channel that allows placental oxygenated blood to reach the 

arterial circulation of the fetus, which closes spontaneously, postnatally, 

in around 75% of the population.9 A PFO occurs in adults who have 

incomplete postnatal fusion of the septum primum and secundum,10,11 and 

presents a pathway for paradoxical embolization.9 The prevalence of PFO 

among patients with cryptogenic stroke is relatively high, with a median 

prevalence of approximately 40–60%.12 Compared with older patients, PFOs 

are more frequent in younger cryptogenic stroke cases;5,11,13,14 as shown in a 

systematic review of 23 case-controlled studies, which found that younger 

(<55 years) patients with cryptogenic stroke had over two-fold higher odds 

of presenting with a PFO than older patients.15

Patent foramen ovale as a risk factor for 
cryptogenic stroke
The association of PFO with cryptogenic stroke has been repeatedly 

confirmed, with particularly robust evidence apparent in the younger 

population; however, PFO in older stroke patients is also important  

(Table 1).9,13,16 It may be considered that PFO is associated with cryptogenic 

stroke independent of age, but that the effect is stronger in patients  

≤60 years of age.9 

The presence of PFO allows intracardiac shunting when right atrial 

pressure exceeds left atrial pressure (e.g., at the end of a Valsalva 

maneuver), which is associated with up to 95% of right-to-left shunts.16 

Such increased right atrial pressure can arise from everyday activities, 

such as exercise, coughing, or defecating. The right-to-left shunt 

associated with PFO can allow migration of venous thrombi from the 

right to the left atrium (paradoxical embolism), thereby bypassing 

filtration in the pulmonary vasculature. This increases the risk of cerebral 

artery blockage and subsequent stroke.11 Venous thrombosis in the legs 

or pelvis, particularly in patients with deep vein thrombosis (DVT) is a 

common source of emboli.17 In patients, especially those who are older, 

with larger PFO and concomitant DVT, the risk of stroke is increased 

where a dislodged venous thrombus can shunt from the venous 

system to the cerebral arteries.18 Significant risk is posed by paradoxical 

embolism with thrombi of any size.18 In studies, DVT has been detected 

in 7.6–9.5% of patients with PFO and a stroke event.5 Importantly, it is 

estimated that up to 80% of DVT is asymptomatic, which highlights the 

need for thorough investigation in patients with PFO and cryptogenic 

stroke, who are at elevated risk of paradoxical embolism.5 An additional 

practical consideration is that DVT may develop in patients who are  

bed-ridden, post-stroke.5 The annual risk attributed to paradoxical 

embolism in people with PFO has been estimated at 28 per 100,000 

people, which is a sizeable proportion of the overall first ischemic stroke 

rate of 139 per 100,000 people per year in the European population.16

Atrial septal aneurysm (ASA), where the atrial septum primum is 

abnormally redundant and bulges into the right or left atrium during cardiac 

contraction, is also associated with PFO in 20–40% of patients.19 With each 

heartbeat, the ASA may open the PFO, potentially increasing the likelihood 

of paradoxical embolism, and thus the presence of an ASA correlates with 

increased risk of an initial stroke from paradoxical embolism.20

Historically, there has been debate over the role of PFO in recurrent stroke, 

with several studies observing no significant association.21,22 The presence 

of both PFO and ASA was significantly associated with increased risk of 

recurrent stroke,23 because an ASA may interact with the PFO and potentiate 

stroke risk.11 Case-control studies have suggested that PFO prevalence may 

be four-fold higher in younger patients with stroke and two-fold higher in 

older patients, compared with similar-aged control participants.24 Moreover, 

recent analyses have demonstrated significant benefit in the reduction 

of recurrent cryptogenic stroke or composite measures of stroke and TIA 

through the management of PFO, via PFO closure.20,25–27 This emphasizes 

the need for effective early detection of PFO and identification of patients 

who have experienced cryptogenic stroke for whom PFO closure may be 

beneficial in reducing risk of future stroke.

Table 1: The association of patent foramen ovale with cryptogenic stroke has been repeatedly confirmed 

Study Patients, N Age, years Cryptogenic, % (n/N) Control, % (n/N) p value

Younger patients

Lechat et al. 26 <55 54 (14/26) 10 (10/100) <0.001

Webster et al. 34 <40 56 (19/34) 15 (6/40) <0.001

Cabanes et al. 64 <55 56 (36/64) 18 (9/50) <0.001

De Belder et al.* 39 <55 13 (5/39) 3 (1/39) -

Di Tullio et al. 21 <55 47 (10/21) 4 (1/24) <0.001

Hausmann et al. 18 <40 50 (9/18) 11 (2/18) <0.050

Total - - 46 (93/202) 11 (29/271) -

Older patients

De Belder et al.* 64 >55 20 (13/64) 5 (3/56) <0.001

Di Tullio et al. 24 >55 38 (9/24) 8 (6/77) <0.001

Hausmann et al. 20 >40 15 (3/20) 23 (23/98) NS

Jones et al. 57 >50 18 (10/57) 16 (29/183) NS

Total - - 21 (35/165) 15 (61/414) -

*Includes different stroke subtypes.  
NS = not significant.  
Reproduced with permission from Homma et al. 2005.9
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Diagnosis in patients at risk of recurrent 
cryptogenic stroke with patent foramen ovale
Since individuals who experience cryptogenic stroke are generally relatively 

young, they are less likely to have classic risk factors for ischemic stroke 

such as hypertension, hyperlipidemia, and diabetes.1,7 PFO is a relatively 

common finding, so a thorough multi-disciplinary evaluation is important 

to establish it as the most plausible cause of a stroke. This is of particular 

importance because in some patients, PFO may be incidental,15 and the 

selected treatment strategy must address the underlying cause of a stroke 

to be effective. 

Complete patient work-up to identify PFO as a cause of cryptogenic stroke 

or a predictive factor for further stroke events would include: cardiac 

evaluation (including early rhythm monitoring); 72-hour Holter monitoring 

and transthoracic or transesophageal echocardiography (to exclude atrial 

fibrillation and other high-risk cardiac sources of embolism); neurologic 

imaging, ideally magnetic resonance imaging (MRI; to confirm that the 

stroke has an embolic presentation); and cervical and cerebral arterial 

imaging (to confirm that there is no clinically relevant stenosis).5,7,11,28

Transthoracic echocardiogram (TTE) with administration of agitated saline 

bubbles is often the preferred tool for initial detection of PFO. The “bubble 

study” observes the timing of bubbles appearing into the left-sided cardiac 

chambers and is important to differentiate intracardiac from transpulmonary 

shunts. TTE is best performed with increased pressure in the right atrium, 

for example, during the release phase of the Valsalva maneuver or with 

coughing, sniffing, or with the manual application of external abdominal 

pressure. Transesophageal echocardiogram (TEE) is used to examine the 

anatomical characteristics of the PFO, including tunnel length, margins, 

rims, and surrounding structures. TEE is currently considered the "gold 

standard" in PFO characterization.29 The greater anatomical detail provided 

by TEE can help diagnose multiple defects and may increase the chances 

of successful PFO closure.

Recent practical guidelines suggest a workflow for assessing risk of 

recurrent stroke due to PFO.30 This advises that appropriate imaging should 

be performed, with a recommendation to use TEE with bubble contrast in 

younger adults with unexplained cerebrovascular events. This is because 

TEE has higher sensitivity for PFO detection compared with transthoracic 

imaging. Work-up of the cryptogenic stroke profile should consider atrial 

septal defect, cardiac tumors, bacterial or non-bacterial valve vegetations, 

and atrial thrombi in addition to PFO. Detection of PFO should be performed 

by observing microbubbles entering the right atrium and, in the presence 

of a PFO, these will pass into the left atrium within a few heartbeats. The 

sensitivity of detection of right-to-left shunts is increased with cough or 

Valsalva maneuver during the bubble contrast injection. The guidance notes 

that, although usual shunting is predominantly left-to-right, there can be 

some right-to-left shunting as the relative pressures in the two chambers 

change during the cardiac cycle and with respiration. Detection of an ASA 

should be considered as an elevating risk factor for stroke in patients with 

a PFO.30 

A recent study has shown that the Risk of Paradoxical Embolism (RoPE) 

score may be used as an independent predictor of recurrent cryptogenic 

stroke and as a tool for assessing the likely benefit of PFO closure.31 The 

RoPE score is predictive of the likelihood of stroke recurrence after PFO 

closure, and can help quantify whether PFO may be causative or incidental 

to the stroke.31 However, in practice, physicians may find the RoPE score 

challenging to use in their patients, and consequently, studies have shown 

that patients stratified as most likely to experience PFO-related cryptogenic 

stroke have disproportionately low predicted recurrence rates. Physicians 

must also consider multiple other factors that increase the likelihood that a 

stroke is PFO-mediated, including obesity, index stroke severity, a history of 

DVT or pulmonary embolism, hypercoagulable states, prolonged travel or 

forced immobility, migraine, or performance of a Valsalva maneuver prior to 

the stroke event.32 These findings reflect the challenges faced by physicians 

in diagnosing PFO risk and selecting treatment.32

Treatment options in the management of 
recurrent stroke risk
Clinical decision-making needs to focus on effective early treatment 

with the goal of preventing future stroke events. This is of particular 

importance in the younger population to help limit the burden of repeated 

strokes throughout a patient’s subsequent lifetime. Treatment for the 

management of cryptogenic stroke falls into two major categories: 

antithrombotic medical therapy and interventional procedures plus 

medium- to long-term antithrombotics. For antithrombotic treatment, 

both anticoagulants and antiplatelets are typically used in patients with 

stroke.3,33 No significant difference in efficacy has been found between 

antiplatelets and anticoagulants in ischemic event recurrence, death rates 

or side-effects between patients with both cryptogenic stroke and PFO.5,34,35 

Since antiplatelets have a lower bleeding risk than vitamin-K antagonists, 

they may be preferred in practice.34 Anticoagulation with dabigatran has 

demonstrated similar bleeding risk to aspirin, as has rivaroxaban in the 

subset of patients with PFO.36,37 As a result of the lack of differentiating 

findings, there is little clear guidance on the selection of one of these agents 

over the other.5,33 As a consequence, treatment initiation should reflect the 

relative risks and benefits of therapy, as discussed with the patient, and in 

a multidisciplinary setting.

Interventional treatment seeks to close the PFO. Percutaneous PFO closure 

is performed using a catheter to implant a device to seal the PFO; there are 

differences in device design that affect ease of delivery, efficacy in achieving 

complete closure, and adverse effects.11 There is an increasing body of 

evidence that supports the emergence of PFO closure as a key treatment 

option for reducing risk of recurrent cryptogenic stroke in selected patients, 

particularly those <60 years of age, with PFO.11,20 For certain patients with 

PFO at risk of recurrent stroke, PFO closure in combination with long-term 

antithrombotic medication may offer significant benefit in reduction of 

stroke recurrence risk.30,38

Emerging evidence base for the benefits of patent 
foramen ovale closure
The evidence base drawn from randomized controlled trials of PFO closure 

has evolved over the past decade. Three trials that published findings 

in 2012–2013 found little evidence for superiority of PFO closure over 

antithrombotic therapy. 

The Closure or Medical Therapy for Cryptogenic Stroke with Patent Foramen 

Ovale (CLOSURE) trial was conducted in 909 patients (aged 18–60 years). 

This study reported a non-significant 22% reduction in the relative risk (RR) 

of the primary endpoint (frequency of strokes or TIA in the 2-year follow-up 

period, all-cause mortality in the first 30 days, or death due to neurological 

causes between day 31 and 2 years) versus medical treatment alone 
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(hazard ratio [HR] 0.78; 95% confidence interval [CI] 0.45–1.35; p=0.37).39 In 

addition, the Percutaneous Closure of Patent Foramen Ovale in Cryptogenic 

Embolism (PC) trial was conducted in 414 patients (18–60 years of age) 

and found a non-significant 37% RR reduction in the composite endpoint 

of death, non-fatal stroke, TIA, or peripheral embolism, over 4 years versus 

medical treatment alone (HR 0.63; 95% CI 0.24–1.62; p=0.34).40 

These early trials had relatively long initialization periods and relatively 

short follow-up intervals (45 days to 4 years), post-randomization. Although 

there were numerical benefits to PFO closure in these studies,38 the 

lack of significant effect led to widespread debate into the value of PFO 

closure over medical therapy alone. Recent trials, discussed below, have 

been conducted over longer observation periods (2–6 years) with larger 

patient populations and using more precise selection of patients, and have 

contributed more consistent findings to the evidence base for using PFO 

closure to reduce risk of new or recurrent strokes.

The Closure of Patent Foramen Ovale versus Medical Therapy after 

Cryptogenic Stroke (RESPECT) trial included 980 patients (18–60 years of 

age). A significant 63% RR reduction in a composite endpoint of stroke 

during the 2-year follow-up period or early all-cause death versus medical 

treatment alone in the per-protocol analysis (HR 0.37; 95% CI 0.14–0.96; 

p=0.03) was observed. However, this improvement was not significant in 

the intention-to-treat cohort, with nine endpoint events occurring in the 

PFO closure cohort and 16 in the medical treatment cohort (HR 0.49; 95% 

CI 0.22–1.11; p=0.08).41 Long-term results have now been provided for the 

RESPECT study; data are available for 980 patients who were observed for 

a median of 6 years. There was a significant reduction in stroke recurrence 

in the PFO closure cohort, compared with medical treatment alone (HR 

0.55; 95% CI 0.31–0.99; p=0.046) and a significant reduction in recurrence 

of stroke of unknown origin (HR 0.38; 95% CI 0.18–0.79; p= 0.007).42,41 Over 

the longer follow-up period, the signal for the probability of freedom from 

stroke events starts to separate after around 2 years and continues to 

demonstrate benefit over a 10-year period.42

The Patent Foramen Ovale Closure or Anticoagulants versus Antiplatelet 

Therapy to Prevent Stroke Recurrence (CLOSE) trial studied 663 patients 

(16–60 years of age) with an ASA or a large shunt. This population 

would therefore be at high risk of a paradoxical embolism being the 

causative mechanism of stroke. Patients were randomized across three  

treatment groups:

• Randomization group 1: PFO closure plus long-term antiplatelet therapy 

(PFO closure group), antiplatelet therapy alone, or oral anticoagulation;

• Randomization groups 2 and 3: patients with contraindications to 

anticoagulants or to PFO closure were randomly assigned to the 

alternative non-contraindicated treatment, or to antiplatelet therapy.

The CLOSE study demonstrated a significant 97% RR reduction for fatal 

and non-fatal stroke in the PFO closure cohort compared with antiplatelet 

therapy alone over 5.3 years (HR 0.03; 95% CI 0.00–0.26; p<0.001). The study 

reported no stroke events among the patients undergoing PFO closure 

throughout the follow-up period. There was no significant difference in 

the primary endpoint outcome between anticoagulant therapy alone or 

antiplatelet therapy alone.43 

The REDUCE trial was conducted in 664 patients (18–59 years of age) and 

observed a significant 77% RR reduction in recurrent ischemia or incidence 

of new stokes over 3.2 years of follow-up, with PFO closure plus antiplatelet 

therapy versus antiplatelet treatment alone (HR 0.23; 95% CI 0.09–0.62; 

p=0.002).44 The DEFENSE-PFO study followed 120 patients over 2 years of 

observation and found a significant reduction (p=0.013) in the composite of 

stroke, vascular death, and major bleeding, versus medical treatment alone, 

recording no events in the PFO closure cohort. Enrollment and progression 

of this study was terminated early on account of the emerging trial data 

from CLOSE and REDUCE, which had clearly demonstrated benefits of PFO 

closure over medical management alone in the relative reduction of risk of 

stroke.45 Overall, trends for reduction in incidence of stroke, TIA, and death 

were seen in all PFO-closure trials, compared with medical treatment alone 

(Table 2). It has been observed that CLOSE, REDUCE and the long-term 

RESPECT datasets showed particularly notable benefits in patients with 

large shunt volumes (and/or ASA, in RESPECT and CLOSE).38

Recent meta-analyses have demonstrated clinically relevant benefit 

with PFO closure in the reduction of recurrent cryptogenic stroke versus 

medical therapy alone (Figure 1).11,20,46 A meta-analysis reported that, 

compared with medical intervention alone, PFO closure was associated 

with a 57% reduction in risk of recurrent stroke (RR of recurrent stroke 

0.43; 95% CI 0.21–0.90; p=0.024).25 A recent analysis concluded that, 

compared with medical antiplatelet therapy alone, PFO closure plus  

long-term medical antiplatelet therapy provided a significant 81% RR 

reduction in recurrent stroke.11 Collectively, the PFO closure trials show 

effective sealing of PFO, with minimal residual, if any, shunt volumes being 

detected post-intervention.11 Considering all PFO closure study findings, it 

has been suggested that in routine practice, individuals most likely to benefit 

from PFO closure are younger (<60 years old), with a RoPE score ≥7 (no 

other identifiable stroke risk factor), and with neurologic imaging strongly 

Table 2: Trends for reduction in incidence of stroke, transient ischemic attack, and death were seen in all patent foramen 
ovale-closure trials, compared with medical treatment alone 

Parameters CLOSURE PC  RESPECT REDUCE CLOSE DEFENSE-PFO

Stroke (%) M 3.1 2.4 5.8 5.4 6.0 10.5

Stroke (%) C 2.9 0.5 3.6 1.4 0 0

TIA (%) M 4.1 3.3 4.8 - - 2.0

TIA (%) C 3.1 2.5 3.4 - - 0

Death (%) M 0 0 2.2 0 0 0

Death (%) C 0 1.0 1.4 0.5 0 0

C = PFO closure; M = medical treatment; PFO = patent foramen ovale; TIA = transient ischemic attack.  
Reproduced with permission from Diener et al. 2018.38
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in favor of a cardioembolic event.27 Patients with large shunt volumes are 

particularly likely to benefit from PFO closure.38 Recurrent strokes following 

PFO closure are typically non-cryptogenic and are associated with atrial 

fibrillation or conventional vascular risk factors for stroke.27

No difference in incidence of bleeding events has been reported in analysis 

of PFO closure versus medical therapy.12 Atrial fibrillation is the most notable 

adverse event following PFO closure, compared with medical therapy 

alone.11,12,27,46,47 In practical terms, this highlights the need for personalization 

of treatment selection; physicians must determine the relative benefits of 

PFO closure versus the potential introduction of a stroke risk factor. 

Evolving guidelines for patent foramen ovale 
closure in the management of cryptogenic  
stroke risk
Practical guidelines are evolving to reflect the broadening evidence 

base for the use of PFO closure in certain patients at relatively high risk 

of recurrent cryptogenic stroke. The 2018 Canadian Stroke Best Practice 

Recommendations for the secondary prevention of stroke state that: “There 

is now sufficient evidence to recommend PFO closure for very carefully 

selected patients aged 60 years or younger with an unexplained embolic 

stroke event who are found to have a PFO and who do not require chronic 

anticoagulant therapy for another reason.”48 These guidelines recommend 

antiplatelet therapy without PFO closure for patients >60 years of age with 

a history of stroke, and advocate the same approach in patients for whom 

the PFO is likely to be incidental.48 A 2019 German guideline consensus 

stated that: “Interventional PFO closure should be performed in patients 

aged 16 to 60 years (after neurological and cardiological diagnostic  

work-up) with a history of cryptogenic ischemic stroke and PFO with 

moderate or extensive right-to-left shunt.”38 Where patients are not suited 

to PFO closure, these recommendations find no superiority with either 

anticoagulant or antiplatelet therapy.38 A recent European position paper 

summarizing the consensus views of eight societies stated that: “The 

position of our societies is to perform percutaneous closure of a PFO in 

carefully selected patients aged from 18 to 65 years with a confirmed 

cryptogenic stroke, TIA, or systemic embolism and an estimated high 

probability of a causal role of the PFO as assessed by clinical, anatomical 

and imaging features.”47 The American Heart Association/American Stroke 

Association guidelines note that PFO closure may be of benefit to patients 

with cryptogenic stroke, a PFO, and a history of DVT.33 

This collection of guidance is broadly echoed in the 2018 British Medical 

Journal Rapid Recommendations statement on clinical practice guidelines 

for selecting therapy for patients <60 years old with PFO who have had a 

cryptogenic ischemic stroke, when extensive work-up for other etiologies of 

stroke is negative.30 The current guidance (Figure 2) advocates that for patients 

who are suited to all treatment options, there is a “weak recommendation for 

PFO closure plus long-term antiplatelet therapy, rather than anticoagulant 

therapy." For patients in whom anticoagulation is contraindicated or 

declined, there is a “strong recommendation for PFO closure plus long-term 

antiplatelet therapy versus antiplatelet therapy alone.” For patients in whom 

PFO closure is contraindicated or declined, there is a “weak recommendation 

for anticoagulant therapy rather than antiplatelet therapy."30

The authors of the British Medical Journal Rapid Recommendations 

statement reiterate the need for personalized treatment.30 This is 

emphasized in findings from the RESPECT trial population, in which 

there was a higher incidence of DVT and venous thromboembolism 

(VTE) compared with the general population. This suggests the need for 

prioritizing anticoagulation therapy over antiplatelet therapy, and may 

challenge the recommendations that are given in local guidelines. It 

is considered that patients who show evidence of VTE should receive 

optimized anticoagulation therapy;49 this may be even more important in 

patients with a PFO. However, there remains a need for more understanding 

of the safety and efficacy of anticoagulation compared with vitamin K 

agonists in patients with PFO; to date, evidence is limited to subgroups of 

the RE-SPECT ESUS and NAVIGATE ESUS studies.36,37

Recent commentary has suggested that guidelines should re-evaluate 

their management recommendations for patients with PFO-mediated 

strokes, and noted that cryptogenic stroke, ASCOD and ESUS criteria 

may underestimate the role of PFO in strokes in real-world practice.50,51 

Figure 1: Meta-analysis of benefits in recurrent stroke following patent foramen ovale closure

CI = confidence interval; M–H = Mantel–Haenszel. 
Reproduced with permission from Mojadidi et al. 2018.20

0.001 0.1

Favors (device) Favors (control)

1 10 1,000

Study or subgroup

CLOSE  0 238 14 235 6.1% 0.03 [0.00–0.57] 2017

RESPECT  18 499 28 481 32.2% 0.62 [0.35–1.11] 2017

REDUCE  6 441 12 223 24.1% 0.25 [0.10–0.66] 2017

PC  1 204 5 210 9.5% 0.21 (0.02–1.75] 2013

CLOSURE  12 447 13 462 28.0% 0.95 [0.44–2.07] 2012 

Total events 37 72

Heterogeneity: Tau2=0.38; Chi2=9.72, df=4 (p=0.05); I2=59%

Test for overall effect: Z=2.22 (p=0.03)

Total (95% CI)  1,829  1611 100.0% 0.42 [0.20–0.91]

Events Total
Device

Events Total Weight M–H, random, 95% CI Year
Control Risk ratio

M–H, random, 95% CI
Risk ratio
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Physicians may consider that PFO is always a potential culprit for stroke, 

even where other traditional risk factors exist.

Ongoing challenges in the selection of patent 
foramen ovale closure in patients with 
cryptogenic stroke
In routine practice, there remain a number of unresolved issues concerning 

cryptogenic stroke treatment that require individualized consideration, 

and, in due course, evidence-based guidance. The selection of medical 

therapy as an adjunct to PFO closure is contested, with limited data 

showing an advantage for either antiplatelet or anticoagulant treatment 

in terms of trial endpoints.14 While anticoagulation has benefits in the 

management of patients with VTE, there are associated risks in terms 

of increased bleeding.14 Moreover, the selection of a non-vitamin K 

antagonist oral anticoagulant instead of warfarin has been shown 

to reduce the risk of stroke in patients with atrial fibrillation, without 

increased risk of bleeding. This is of particular importance to patients 

who may develop atrial fibrillation as a consequence of PFO closure. 

In patients with atrial fibrillation, apixaban had a comparable bleeding 

risk to aspirin,52 and in the RE-SPECT ESUS trial, dabigatran had a similar 

bleeding risk to aspirin.36 

Atrial fibrillation can occur during or acutely after PFO closure, and is 

related to irritation caused by device implantation. The risk of atrial 

fibrillation may be slightly elevated during the first 6 weeks after closure, 

but is considered transitory and the condition generally resolves with or 

without medical treatments such as beta blockers. In the RESPECT trial, 

after the periprocedural period, there was no difference in the incidence 

of atrial fibrillation between the device and the medical treatment arms.41 

As the PFO population ages, post-closure, it is likely that the incidence 

of new atrial fibrillation will be no different than that of a similarly aged 

population, which has not undergone closure. Other complications 

following implantation, occurring in less than 1% of cases, may include 

infection, erosion into the pericardium or aorta at the rim of the device, 

or formation of a new atrial septal defect caused by tearing of the septum 

primum by the rim of the device.53 Palpitations are not uncommon 

immediately following implantation, and usually subside spontaneously.53 

A study of long-term serious complications, defined as: atrial fibrillation or 

flutter, cardiac tamponade, pneumothorax, hemothorax, a vascular access 

complication, or death, found a cumulative incidence rate of 16.3% over the 

5 years following implantation, with a mortality rate of 3.4%.54

The role of PFO closure in older patients or patients with a history of 

stroke of unknown origin is also less well defined; the pivotal randomized 

controlled trials enrolled only patients <60 years of age and generally only 

included cryptogenic stroke, excluding lacunar strokes.38–45 The paucity of 

data in older patients, or those without clearly defined cryptogenic stroke, 

makes generalization of study data difficult, hence current guidance must 

recommend PFO closure in younger patients only, where the PFO is not 

likely to be incidental.14 That said, in individual patients over the age of 

60 who have experienced several cryptogenic strokes, particularly when 

vitamin K antagonists have been discontinued for surgical procedures, 

an exception to the previous guidance should be considered. A further 

unresolved issue is the role of the presence of atherosclerotic plaques in 

the aortic arch or carotid arteries in patients with PFO.

In future trial design, it may be beneficial for patient selection and inclusion 

to be based on the ESUS criteria rather than cryptogenic stroke. Diagnosis 

of ESUS requires brain imaging and exclusion of significant stenosis or 

occlusion of both extra- and intracranial arteries. These criteria may also 

help inform patient selection for PFO closure in routine practice.14

A multidisciplinary approach to cryptogenic 
stroke management
Cooperation between neurologists and cardiologists as part of a 

multidisciplinary team approach to managing risk of recurrent cryptogenic 

stroke is key. Many aspects of diagnosis and determination of treatment 

suitability require input from both specialties. The exchange of neurological 

imaging and cardiological assessment is essential to help avoid inaccurate 

diagnosis of PFO as a culprit for cryptogenic stroke, and skills from both 

neurological and cardiological settings are valuable in selecting patients 

who are most likely to benefit from intervention. In routine practice, it 

is considered that diagnosis might be most effectively based on ESUS 

criteria. In patients with proven DVT and risk of stroke, a combination of 

anticoagulation and PFO closure requires consideration.

Figure 2: Clinical practice recommendations for treatment 
selection in patients with patent foramen ovale and risk of 
recurrent cryptogenic stroke 

APL = antiplatelet; OAC = oral anticoagulant; PFO = patent foramen ovale.
Reproduced with permission from Kuijpers et al. 2018.30
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Sharing of best practice and familiarity with available treatment options is 

also pivotal in selecting the most beneficial strategy for a patient. Patients 

managed primarily in a neurology setting may have reduced access to PFO 

closure than those seen in conjunction with an interventional cardiologist. 

It has also been observed that a younger patient managed in the neurology 

setting may not be screened for VTE in the acute phase of stroke, which is 

of clear importance to patients with a PFO and cryptogenic stroke; a lack of 

insight into the presence of VTE may also contribute to suboptimal medical 

therapy selection, if the patient is managed using antiplatelet agents 

rather than anticoagulants. A multidisciplinary team may also consider 

the potential benefit of PFO closure for older ESUS patients in whom 

atherosclerosis is excluded by medical history and ongoing assessment. 

Similarly, the benefits on migraine burden in patients with a PFO might also 

be taken into account in the management strategy.

Through coordination of multidisciplinary care teams, management 

of cryptogenic stroke can move away from an observational and  

non-interventional approach and towards a more timely and effective 

strategy. PFO closure represents a once-in-a-lifetime intervention 

protecting against the recurrence of certain types of stroke.55 Greater 

awareness of the technique may play a role in reducing ischemic stroke 

recurrence and thus the burden of repeated strokes throughout the 

patient’s remaining lifetime. 

Concluding remarks
The understanding of cryptogenic stroke and ESUS, and the capacity for 

their diagnosis is improving constantly. With the support of an effective 

multidisciplinary team, the early determination of culprit versus incidental 

PFO will help inform early and effective management strategies. 

Personalization of medicine is key in this complicated field; however, 

the emerging evidence base for the use of PFO closure, particularly in 

younger patients at risk of recurrent cryptogenic stroke, provides support 

for this intervention. Challenges remain in the selection of patients for 

PFO closure in routine practice, especially for older patients or patients 

with a history of lacunar stroke. We welcome the ongoing evolution of 

treatment guidelines and await further long-term evidence to develop 

our understanding of the benefits of PFO closure and the selection of 

peri- and post-intervention medical therapy, to help inform optimized 

management strategies and improve outcomes in patients at risk of  

recurrent stroke. 
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