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ABSTRACT
Ischaemic stroke is among the leading causes of disability and
death. Despite extensive vascular, cardiac and serological
evaluations, the cause remains unknown in 20%–40% of
patients. These are classified as cryptogenic stroke. Paradoxical
embolism is one of the many causes of cryptogenic stroke. The
term paradoxical embolism is used to describe an embolus of
venous origin entering the systemic circulation through a
patent foramen ovale (PFO), atrial septal defect (ASD),
ventricular septal defect or extracardiac communication such
as pulmonary arteriovenous malformation. PFO is present in
about 25% of the population. PFO is seen more commonly
in patients with cryptogenic stroke. Secondary prevention of
stroke in such patients includes the prevention of formation
of a thrombus with antiplatelets, vitamin K antagonists or
closure of the PFO by either surgery or the percutaneous
route. Percutaneous closure using devices has been shown to
be safe and beneficial in preventing secondary stroke. Data
from randomized trials have shown device closure to be
superior to medical management in the secondary prevention
of cryptogenic stroke due to PFO.
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INTRODUCTION
Ischaemic stroke is among the leading causes of disability and
death.1,2 The classification used in the TOAST trial (Trial of
ORG10172 in Acute Stroke Treatment)3 categorizes acute stroke,
according to aetiology, into those due to large artery atherosclerosis,
cardioembolism, small vessel occlusion, other determined
aetiology and stroke of undetermined aetiology. Despite extensive
vascular, cardiac and serological evaluations, the aetiology remains
unexplained in 20%–40% of patients. These are classified as
cryptogenic stroke.4–7 Several pathophysiological mechanisms
have been proposed for cryptogenic stroke such as paroxysmal
atrial fibrillation, paradoxical embolism due to patent foramen
ovale (PFO) or atrial septal abnormalities, thrombophilias and
autoimmune and inflammatory states. Paradoxical embolism is
defined as one where the thrombus originates in the systemic

venous circulation and enters the systemic arterial circulation
through a PFO, atrial septal defect (ASD), ventricular septal
defect or extracardiac communication such as pulmonary
arteriovenous malformation. In 1877, Cohnheim coined the term
paradoxical embolism to describe an embolism of venous origin
entering the systemic circulation through a PFO.8 The embolus
can originate in the lower extremities, pelvic veins, in an atrial
septal aneurysm (ASA) or from a clot around the edges of PFO.

Foramen ovale with its flap-like valve between the right and
left atria is an important component of foetal circulation. At birth,
the flap is closed functionally due to relative increase in the left
atrial pressure, and later structurally due to adhesions. In
approximately 25% of individuals, the foramen ovale remains
patent and is a potential source of right-to-left shunting. Autopsy
studies indicate an incidence of 15%–35% of PFO in the general
population.9–12 The incidence of PFO tends to decrease with
increasing age.11 Even transient shunting across PFO, such as
during early ventricular systole, Valsalva manoeuvre and repetitive
cough, can lead to a paradoxical embolism.

DETECTION OF PFO IN VIVO
A number of ultrasound-based modalities, including transthoracic
echo (TTE), transoesophageal echo (TEE),13,14 transcranial
Doppler15,16 and transmitral Doppler,17 can be used to diagnose
PFO. The detection of a PFO by TEE using agitated saline as
contrast and colour Doppler imaging both at rest and with
manoeuvres has correlated well with autopsy studies.18 TEE is the
most sensitive technique for detecting PFO. TEE allows
visualization of the atrial septum flap covering the ASD and also
the transient right-to-left shunt occurring in early ventricular
systole or during straining.

PFO IN CRYPTOGENIC STROKE
The association of PFO with cryptogenic stroke was initially
observed by Lechat et al.19 and Webster et al.20 A large meta-
analysis of case–control studies summarized the evidence that
PFO, ASA or both are more likely to be found in patients with
stroke than in stroke-free individuals.21 Another study in 2002,
evaluating the benefit of secondary prevention by giving aspirin
in patients of cryptogenic stroke and PFO, found a similar positive
correlation.22 However, a population-based study in 2006,
evaluating the relation between PFO and cerebrovascular ischaemic
events, found no evidence.23 In this study, PFO was found in only
13% of the stroke group when compared with an average of 32%
in other studies. Later studies confirmed the association of PFO
with cryptogenic stroke in patients younger than 55 years. PFO
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showed a 4-fold increase in prevalence in patients of cryptogenic
stroke when compared with controls (~45% v. 11%, p<0.001).24

A prospective study of 503 patients found a significant prevalence
of PFO in cryptogenic stroke in young (<55 years) and old
patients.25 The presence of ASA increases the risk of recurrence
even more (Table I). In patients older than 55 years, initial studies
have been inconclusive.26–29 A large TEE study done in 2007
confirmed the association of PFO and ischaemic stroke in those
>55 years of age.25 Overall, PFO is associated significantly more
frequently with cryptogenic stroke in the young (<55 years old),
but this difference is found to be less pronounced in the old (>55
years old).

SECONDARY PREVENTION
Therapeutic measures for secondary prevention of ischaemic
stroke in patients with PFO are focused mainly on prevention of
thrombus formation by antiplatelets, antithrombotics and/or
prevention of paradoxical embolism through the PFO by surgery
or the transcatheter route. Medical management usually involves
giving vitamin K antagonists, targeting an international normalized
ratio (INR) of 2–3 and/or antiplatelets. Despite being on medical
management, patients with PFO and cryptogenic stroke have an
increased risk of recurrence.22 The risk of recurrent stroke in a
4-year period was found to be 25%30 in patients on medical
therapy. An ASA along with PFO further increases the risk of
recurrence. In such a setting, closure of the PFO is an attractive
option to prevent recurrence of stroke. A pooled analysis of data
available till 2004 showed a modest benefit from percutaneous
closure when compared to medical management with the combined
rate of recurrent stroke, death or transient ischaemic attack of 2.95
events/100 person-years, slightly lower than that of the medical
management group.31 Death and major complications such as
major haemorrhage and tamponade occurred in about 1.5% of
patients in a meta-analysis of 1355 patients.18 Other complications
such as atrial arrhythmias, device arm fractures, device
embolization and device thrombosis occurred in 7.9% of patients.18

Improvements in the technology and quality of devices, along
with experience with the procedure, have decreased complications
and the rate of recurrence. A recent meta-analysis showed that the
incidence of atrial fibrillation was higher in the device group
compared to medical management (odds ratio [OR] 3.29, 95% CI
0.86–12.6, I2=60%).32 However, after excluding the CLOSURE I
study, which used STAR flex septal closure system, there was a
statistically insignificant incidence (OR 1.81, 95% CI 0.60–5.42,
I2=4%). The incidence of major bleeding also was not different
between the two groups (OR 1.43, 95% CI 0.47–4.42, I2=49%).32

Windecker et al.33 did a non-randomized trial comparing
medical management (vitamin K antagonists or antiplatelet agents)

in 158 patients with percutaneous device closure in 150 patients
who underwent PFO device closure and found the latter to be as
effective as medical management. In patients who had complete
closure of the PFO, after 2 years it was more beneficial than
medical management.

Agarwal et al.34 did a meta-analysis of the available non-
randomized observational studies comparing transcatheter closure
with medical therapy for PFO in the prevention of recurrent
neurological events (RNEs). This analysis found device closure to
be better in the prevention of recurrence.

The CLOSURE I trial (2012)35 was the first randomized
controlled trial that compared the STAR flex septal closure
system to medical management in patients with cryptogenic
stroke and PFO. It failed to show any benefit of device closure. In
fact, there were increased adverse events in the device closure
arm––a high prevalence of residual shunt and high incidence of
device-related atrial fibrillation.

The PC (2013)36 and RESPECT (2013)37 trials used the
Amplatzer™ PFO septal occluder. Both these studies showed a
benefit of device closure, but the difference was not statistically
significant (Table II). These studies had a low incidence of strokes
compared to the normal population and more dropouts; factors
that may have contributed to the results. However, the benefits on
mortality and morbidity were more apparent on long-term follow-
up (after 2 years) and this continued after 4 years.36,37

In 2013, Khan et al. did a systematic review and meta-analysis
of the three available randomized trials (CLOSURE I, PC and
RESPECT). It showed that device closure was beneficial and had
a 33%–39% reduction in the hazard of RNEs. When only the
RESPECT and PC trials were analysed (using Amplatzer™ PFO
occluder), the reduction in recurrence was 46%–58%.32

The 10-year follow-up results of the RESPECT trial presented
at the 28th Transcatheter Therapeutics showed a significant
benefit with closure of PFO in patients <60 years of age and a
cryptogenic stroke.38 The mean follow-up for the device closure
group was 6.3 years and for the medical management group 5.5
years. In the intention-to-treat cohort, there was a 45% relative
risk reduction (hazard ratio [HR] 0.55, 95% CI 0.305–0.999,
p=0.046) in recurrent ischaemic stroke for the PFO group and a
62% risk reduction (HR 0.38, 95% CI 0.18–0.79, p=0.007) of
recurrent ischaemic stroke due to unknown mechanism. An
additional sensitivity analysis of all-cause stroke in patients <60
years of age showed a 58% relative risk reduction (HR 0.42, 95%
CI 0.21–0.83, p=0.01). The procedure-related serious adverse
events (SAEs) were cardiac perforation (needing pericardio-
centesis) 0.4%, cardiac perforation (requiring no treatment) 0.4%,
access site bleeding 0.6%, right atrial thrombus 0.2%, deep
venous thrombosis 0.2%, atrial fibrillation 0.2%, and others
(allergic responses, vasovagal response) 0.4%. Device-related
SAEs were ischaemic stroke 0.4%, pulmonary embolism 0.4%,
thrombus in the right atrium (not attached to device) 0.2%,
explant/surgical intervention 0.4%, residual shunt 0.2%, and
others (chest tightness, atrial flutter, non-sustained ventricular
tachycardia and sepsis) 0.8%.

Based on the results of the extended follow-up of the RESPECT
trial, the US Food and Drug Administration (FDA) approved
Amplatzer™ PFO occluder for prevention of recurrent stroke in
the age group of 18–60 years with cryptogenic stroke, presumed
to be due to paradoxical embolism as determined by a neurologist
and a cardiologist following an evaluation to rule out the known
causes of ischaemic stroke. The US FDA panel opined that the
benefits outweigh the risks. However, the American Academy of

TABLE I. Prevalence of cryptogenic stroke in patients with patent
foramen ovale (PFO)

Study Prevalence

Lechat et al.19 Prevalence of PFO was significantly higher in cases
(40%) than controls (10%, p<0.001)

Overell et al.21 Odds ratio (OR) in patients <55 years of age
—PFO 3.10 (95% CI 2.29–4.21)
—Atrial sepal aneurysm (ASA) 6.14 (95% CI 2.47–15.22)
—PFO and ASA 15.59 (95% CI 2.83–85.87)

Handke et al.25 PFO in cryptogenic stroke (43.9%) was significantly
higher than in patients with known source of stroke
(14.3%) (OR 4.7, 95% CI 1.89–11.68, p<0.001)
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Neurologists has advised against routine use of device closure in
PFO with cryptogenic stroke and has emphasized that patients
need to be counselled regarding the condition, and the commonality
and rarity of it being the cause of cryptogenic stroke.

At the 3rd European Stroke Organization Conference in May
2017, evidence from trials such as Gore REDUCE and CLOSE
were presented.39 The Gore REDUCE study is a multicentre
randomized controlled trial which compared long-term outcomes
with closure by GORE HELEX septal occluder to the outcomes
with medical management alone. The trial included 664 patients
who were randomized in a 2:1 ratio to device closure and medical
management groups. The annualized recurrent stroke rate was
0.39 in the device closure group and 1.70 in the medical
management group (HR 0.23, 95% CI 0.09–0.62). The CLOSE
trial, done in Germany and France, enrolled 663 patients and
randomized them to (i) closure of PFO; (ii) oral anticoagulant
therapy; or (iii) oral antiplatelet therapy. Comparison between
PFO closure and antiplatelet therapy showed four recurrent strokes
in the antiplatelet group compared with none in the closure group
(HR 0.03, 95% CI 0–0.25, p<0.001). An interesting observation
was that patients with PFO and ASA had more recurrent stroke
(2%) than patients with PFO and a large shunt (0.5%).

CONCLUSION
PFO is a congenital abnormality found in 15%–35% of
individuals.9–12 It is associated with stroke of undetermined origin/
cryptogenic stroke in about 32% of individuals in various studies.23

Percutaneous device closure is a safe and attractive option for
secondary prevention of cryptogenic stroke. Randomized trials
have shown survival benefit in patients undergoing device closure
compared with medical management. Awareness of this condition
and the treatment options available need to be improved and also
must be communicated clearly to patients. A combined team of a
cardiologist and a neurologist such as a heart–brain team seems to
be an innovative option for a correct decision on an individual basis
and to avoid unnecessary procedures. Multicentric trials are needed
to further validate the benefit of device closure and to formulate
clear guidelines for patients of cryptogenic stroke with PFO.
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