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Abstract

The presence of a patent foramen ovale (PFO) is implicated in
the pathogenesis of a number of medical conditions; however, the
subject remains controversial and no official statements have been
published. This interdisciplinary paper, prepared with involvement
of eight European scientific societies, aims to review the available
trial evidence and to define the principles needed to guide decision
making in patients with PFO. In order to guarantee a strict pro-
cess, position statements were developed with the use of a modi-
fied grading of recommendations assessment, development, and
evaluation (GRADE) methodology. A critical qualitative and
quantitative evaluation of diagnostic and therapeutic procedures
was performed, including assessment of the risk/benefit ratio. The
level of evidence and the strength of the position statements of
particular management options were weighed and graded accord-
ing to predefined scales. Despite being based often on limited and
non-randomised data, while waiting for more conclusive evidence,
it was possible to conclude on a number of position statements
regarding a rational general approach to PFO management and
to specific considerations regarding left circulation thromboem-
bolism. For some therapeutic aspects, it was possible to express
stricter position statements based on randomised trials. This
position paper provides the first largely shared, interdisciplinary
approach for a rational PFO management based on the best avail-
able evidence.

Abbreviations

AF atrial fibrillation

AUC  area under the receiver operating curve

¢-TCD contrast-enhanced transcranial Doppler

¢-TOE contrast transoesophageal echocardiography

c-TTE contrast-enhanced transthoracic echocardiography

DOAC direct oral anticoagulants

DVT  deep vein thrombosis

ECG  electrocardiogram

GRADE Grading of recommendations assessment, development,
and evaluation

ICM  insertable cardiac monitors

LAE  left atrium enlargement

LVH  left ventricle hypertrophy

NNH number needed to harm

NNT  number needed to treat

OAC oral anticoagulants

OR odds ratio

0SAS obstructive sleep apnoea syndrome

PE pulmonary embolism

PICO population-intervention-comparator-outcome

PFO  patent foramen ovale

RCT(s) randomised clinical trial(s)

RoOPE risk of paradoxical embolism

R-T-L right-to-left

Rx therapy

TIA  transient ischaemic attack

Introduction
The presence of a patent foramen ovale (PFO) is implicated in the
pathogenesis of a number of medical conditions. Recent randomised
clinical trials (RCTs) have shown evidence of benefit for device
closure as compared with medical therapy in patients with cryp-
togenic stroke. However, we are rarely able to be categoric about
the role of PFO in any given clinical setting, stressing the need for
specific clinical and research approaches for complex scenarios'.
Moreover, most studies on the subject are observational, with an
ensuing low certitude of effects and very disparate, often contradic-
tory, clinical choices in different local realms in the absence of offi-
cial positions. To address these concerns, the European Association
of Percutaneous Cardiovascular Interventions (EAPCI) Scientific
Documents and Initiatives Committee invited eight European sci-
entific societies and international experts to develop shared and
rational position statements on the management of PFO to help clini-
cians in decision making. To address that request, this paper aims to
define interdisciplinary rational principles needed to guide manage-
ment of patients with PFO by using a strict methodology to prepare
position statements with different underlying quality of evidence,
based on systematic literature reviews for each of the considered
issues and performing quantitative assessments whenever possible.
The present paper reports the approach to patients with PFO and
left circulation thromboembolisms, that affect large numbers of
patients®®. A subsequent paper will report on decompression sick-
ness, desaturation syndromes, migraine, and other clinical settings.
Editorial, see page 1350

Methods

In order to guarantee a strict evidence-based process, position
statements were developed with the use of a modified grading
of recommendations assessment, development, and evaluation
(GRADE) methodology (http://gdt.guidelinedevelopment.org/app/
handbook/handbook.html), by answering population-intervention-
comparator-outcome (PICO) questions and non-PICO questions.

A detailed review of the methodology used can be found in Sup-
plementary Appendix 1, Supplementary Appendix 2, Supplemen-
tary Appendix 3 and Supplementary Table 12. Systematic reviews
and statistical analysis were performed by a dedicated evidence
synthesis team.

IS PFO ASSOCIATED WITH CRYPTOGENIC LEFT
CIRCULATION THROMBOEMBOLISM?
The association between PFO and cryptogenic left circulation
thromboembolism has mainly been addressed in studies includ-
ing cryptogenic stroke and is strongly supported by epidemio-
logical data’'3, clinical observational studies'** (Supplementary
Appendix 4) and by RCTs showing that PFO closure reduces
stroke recurrence in comparison with medical therapy**?.
However, the evidence has been controversial due to the dif-
ferent role that a PFO can play in different clinical scenarios
and to the lack of adequately dimensioned prospective studies.
Pathophysiological processes include paradoxical embolism,



thrombus forming within the PFO, left atrial dysfunction, and
atrial arrhythmias (Supplementary Appendix 4). Research aimed
at identifying individual patients’ phenotypes is needed to improve

clinical management.

DEFINITIONS OF PFO-RELATED LEFT CIRCULATION
THROMBOEMBOLISM

PFO has been associated with left circulation thromboembolism
to several organs®; therefore we promote the use of standardised
definitions.

Cryptogenic ischaemic left circulation embolisms are defined as
any definite ischaemia (symptomatic or asymptomatic) occurring
in an arterial bed which lacks a known cause despite investigation.
Patients presenting with this clinical picture should be screened
for the presence or absence of a PFO. However, when a PFO is
thought likely to be implicated in a cryptogenic embolism, the
event should be classified as PFO-related instead of cryptogenic®'.
Current classifications do not yet generally include this aspect3>3,

GENERAL APPROACH TO PFO MANAGEMENT
The management we propose in this paragraph applies to systemic
thromboembolism as well as to all PFO-associated syndromes.

Table 1. Summary of statements.

Position statements

General management of PF0-associated syndromes

European position paper on PFO

An overview of the general approach to PFO management is sum-
marised in Table 1.

THE MAIN AXES OF EVALUATION

In all clinical scenarios, the two main axes guiding assessment and
treatment of PFO should be: 1) the probability that any PFO has
a relevant role in the observed clinical picture; 2) the likelihood
that the observed clinical event will recur. For patients with the
highest probability of both, closure of the PFO should be advised.
For patients with the lowest probability, medical therapy should
be considered. For patients with intermediate probabilities, clini-
cal judgement is required to allow good decision making in liaison
with the patient.

PROACTIVE APPROACH: AN INTERDISCIPLINARY
COLLABORATION, SHARED DECISION MAKING, AND OPEN
INFORMED CONSENT

Interdisciplinary involvement in decision making regarding PFO
management is axiomatic and should include an interventional
cardiologist and other specialists dictated by the patient’s clinical
manifestations. Active involvement of the patient in the decision-
making process is mandatory***” and should be documented in an
individualised, open, informed consent. The development of spe-
cific decision aids and the use of narrative tools are encouraged$.

Strength of | Level of
the statement | evidence

clinical settings

Interdisciplinary assessment and decision making should be done Strong © -
The decision making should be done taking into account an estimation of the Strong © -
individual:

a) Probability of a causal role of the PFO in the clinical picture

b) Risk of recurrence

Individual risk stratification should take into account clinical, anatomical and Strong @ -
imaging characteristics

Shared decision making should be documented in an open, individualised, Strong © -
informed consent

Decision aids and narrative tools are suggested to enhance patients’ involvement Conditional © 38-43
Standardised definitions of candidate events should be adopted in research and Strong C -

PFO diagnosis

To achieve the maximal accuracy in PFO diagnosis, the combined use of different Strong A 45, 54, 55 + Original

techniques is warranted meta-analyses page 1392 and
Supplementary Appendix 4

The technique achieving the highest sensitivity should be used as a first-line Strong © -

investigation in PFO diagnosis

c-TCD has a higher sensitivity than c-TTE as a first-line investigation to detect Conditional A 55 + Original meta-analyses

a R-T-L shunt page 1392 and
Supplementary Appendix 4

c-TTE has a lower sensitivity for small shunts than other techniques Conditional A Original meta-analyses page
1392 and Supplementary

Appendix 4

¢-TOE should be performed by experienced operators in PFO assessment Strong C 45-47

A strict methodology should be used performing c-TOE Strong © 46-47

c-TOE should be performed to stratify the risk Strong C 31, 48-52
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DIAGNOSING PFO

The diagnosis of PFO is required only for deciding on a treatment.
Several techniques can be used to diagnose PFO*. Their charac-
teristics are summarised in Supplementary Table 1. High-quality
comparative studies are still needed to express a conclusive posi-
tion on the best diagnostic strategies.

Contrast transoesophageal echocardiography (c-TOE) provides
unparalleled visualisation of the interatrial septum and other rele-
vant structures and can show the shunt itself. A meta-analysis
of the accuracy of ¢c-TOE in the diagnosis of PFO compared to
autopsy, cardiac surgery, and/or catheterisation yielded a weighted
sensitivity of only 89%*. Inability to perform an adequate Valsalva
manoeuvre during transoesophageal echocardiography is probably
responsible*#” (Supplementary Figure 1). Nonetheless, c-TOE is
necessary to characterise the PFO and stratify the risk in the diag-
nostic phase®*%2 and systematic reporting of a set of parameters
could help in guiding assessment (Table 2). Bleeding, aspiration,
or oesophageal perforation are rare TOE complications®.

Table 2. PFO variables to be assessed for decision making and
interventional treatment.

— PFO morphology: size, location, length of the tunnel

— Spatial relationship and distances between the PFO and the
aortic root, vena cava, valves and the free walls of the atrium

— Comprehensive evaluation of the atrial septum, including
inspection for atrial septal aneurysms, movement, and other
atrial septal defects

— Presence/absence of a Eustachian valve and/or Chiari network
— Thickness of the septum primum and secundum

— Colour Doppler evaluation of the shunt at rest and after a Valsalva
manoeuvre

In our updated meta-analysis of 29 studies comparing con-
trast-enhanced transcranial Doppler (c-TCD) with ¢-TOE across
2,751 patients (Supplementary Appendix 3, Supplementary
Appendix 4, Supplementary Figure 19), ¢-TCD had a sensitiv-
ity of 94% and a specificity of 92% (Supplementary Figure 2A)
with an area under the receiver operating curve (AUC) of 0.97
(Supplementary Figure 2B). This meta-analysis was limited by
the low quality of evidence (Supplementary Table 2) and by the
inconsistency across studies, being 67% for sensitivity and 73%
for specificity. In a previous meta-analysis, the specificity of
¢-TCD was increased to 100% when the threshold for a positive
shunt was increased to 10 high-intensity transient signals®.

We also performed an original meta-analysis of 13 studies
across 1,360 patients comparing contrast-enhanced transthoracic
echocardiography (c-TTE) against c¢-TOE (Supplementary
Appendix 3, Supplementary Appendix 4, Supplementary
Figure 20). c-TTE was only 88% sensitive and 82% specific with
an AUC of 0.91 (Supplementary Figure 3A), a severe inconsist-
ency among studies (Supplementary Figure 3B) and a low qual-
ity of evidence (Supplementary Table 2). A recent meta-analysis

also showed superior overall diagnostic yield of c-TCD compared
to c-TTE™.

At present, grounded on the accrued low-quality evidence, no
technique can be considered a gold standard and, in most cases,
a precise diagnosis of PFO needs the combined use of different
techniques, prescribed according to their different characteristics. As
first-line investigations must warrant accuracy by minimising false
negative screenings, we propose a diagnostic algorithm in Figure 1
that can be adapted to satisfy disparate clinical and logistic needs.

<@

c-TTE c-TCD

OR

NEGATIVE OR
EQUIVOCAL

c-TOE ‘

Figure 1. Algorithm for the diagnosis of PFO. ¢-TCD: contrast-
enhanced transcranial Doppler; c-TOE: contrast-enhanced
transoesophageal echocardiography; c-TTE: contrast-enhanced
transthoracic echocardiography; — negative test for the presence of
right-to-left shunt; + positive test for the presence of right-to-left
shunt

ASSESSMENT OF THE ROLE OF A PFO IN LEFT
CIRCULATION EMBOLISM

A PFO is seen in ~25% of the general population and may there-
fore coexist by chance in a patient with an unexplained left circula-
tion embolism. Due to the complexity and number of the variables
influencing the process, and the low scientific quality of the related
literature, no position can be expressed regarding the assessment of
the role of a PFO in a quantitative way; therefore, this role should
be evaluated with critical clinical judgement in an interdisciplinary
collaboration between physicians, weighting the following differ-
ent features on an individual basis. For a more detailed discussion
of each of the following paragraphs please refer to Supplementary
Appendix 4. Position statements are summarised in Table 3.
IS IT POSSIBLE TO ESTIMATE THE LIKELIHOOD OF A PFO-
MEDIATED STROKE?

Patient characteristics

A meta-analysis of observational studies showed a stronger relative
association of PFO with cryptogenic stroke in patients <55 years
as compared to older patients®®. However, the association was also
observed in older patients'>*7*%. The presence of other comorbidities
or clinical risk factors for stroke does not, per se, exclude a patho-
physiological role of PFO in cryptogenic embolism, though their
absence increases the likelihood of its pathogenic role®.

Imaging stroke pattern

Neither the localisation nor type of infarct pattern in grey or white
matter was specific for PFO embolism in observational studies™-®.



Table 3. Summary of statements on the assessment of PFO role in left circulation thromboembolism.

Position statements

Strength of

the statement | evidence

Level of

European position paper on PFO

Ref.

PFO can play a pathogenic role in cryptogenic left circulation thromboembolism Strong A 9-29, 51, 112, 132, Table 5
and Supplementary Table 7

It is essential to evaluate the role of the PFO in any given left circulation Strong A Table 5

thromboembolism

No statement is possible regarding the quantification of the role of PFO in left Strong C 13, 18, 27-29, 57-98

circulation thromboembolism

The evaluation of the role of the PFO in left circulation thromboembolism should Strong C 13, 18, 27-29, 57-98

be individualised with critical clinical judgement in an interdisciplinary

collaboration between physicians, weighting clinical, anatomical and imaging

characteristics

Estimating the probability of a PFO being embolism-related

No single clinical, anatomical or imaging characteristics are sufficient to make Strong A 26-28, 51,112, 128, 132,

a quantitative estimation of the probability of a PFO causal role Table 5, 13, 59, 61, 77-79,

171

When a PFO is considered to play a pathogenic role in an embolism, the episode Strong A 26-28, 51,112, 128, 132,

should not be classified as cryptogenic anymore Table 5

The presence of other risk factors does not exclude a causative role of PFO; Strong B 13, 56-59, 78, 79, 90

however, it is more likely when patients are young and lack other risk factors

Cortical infarcts are commonly embolic but, less frequently, also white matter Strong B 59, 60-63, 70

infarcts can be embolic

No specific imaging pattern has been associated with a causal role of PFO in Strong C 59-69, 77

stroke patients

ASA, shunt severity and an atrial septal hypermobility can be linked to a causal Strong A 27-29, 51,112,132,

role of PFO Table 5, Supplementary
Figure 5; 78, 79, 90, 122,

170,171, 71-74, 91

PFO sizes, presence of Chiari network or Eustachian valve can be linked to Conditional C 64, 75, 76, 208, 256

a causal role of PFO

Deep vein thrombosis, immobilisation, long journeys, straining pre-stroke or Conditional C 81, 84, 85

obstructive sleep apnoea can be linked to a causal role of PFO

Simultaneous pulmonary embolism and/or deep vein thrombosis strongly suggest Strong C 15, 18, 80-83

a causal role of PFO

The role of thrombophilia cannot be generalised Strong C 86-89

The RoPE score should only be part of a comprehensive individual evaluation.

Further validation studies on the RoPE score are needed Strong B 59, Supplementary Table 3

Estimating the risk of recurrences

— Atrial septal aneurysm and/or PFO diameter
— Older age

— Coagulation disorders

— Stroke at index

— D-dimer >1,000 at admission

— Acetylsalicylic acid use vs. OAC

The risk of recurrent embolism in unselected patients with PFO is low Strong A 90-92, 259
No single variable allows a quantitative prediction of recurrences Strong A 94, 95, 26-28, 51, 112, 128,
132, Table 5, Supplementary
Table 7
Variables linked to a higher recurrence rate in PFO patients are: Conditional B 72, 95-98

Cortical infarcts are usually considered embolic but a recent
patient-level meta-analysis of RCTs plausibly suggests that non-
cortical infarcts can also have an embolic origin.

Characteristics of the PFO

An atrial septal aneurysm (ASA) and/or a moderate-to-severe
shunt were strongly associated with a causal role of PFO in
patients with cryptogenic stroke in observational and randomised
studies?”®774, Other characteristics associated in randomised
studies with a causal PFO are large PFO size and atrial septal

hypermobility”. A Eustachian valve, Chiari network or a long
PFO tunnel was suggested to be linked to PFO-associated strokes
but only in retrospective studies’’¢. Other studies have failed to
detect one or more of these associations, however™’””, underlin-
ing the heterogeneity of phenotypes and the need to identify them.
Clinical clues

Candidate clinical clues have been addressed in retrospective studies
and infrequently in prospective observational studies. Logically, con-
ditions that strongly suggest paradoxical embolism in the presence
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of a PFO include the simultaneous or previous occurrence of pul-
monary emboli'®*®8! or the documentation of a venous source of
embolism around the time of stroke. Absence of evidence of venous
thrombus is unhelpful because of frequent false negatives!s80:8283
but immobilisation, recent major surgery, or an extended car or air-
plane journey implies possible venous clot development. Activity
at the time of the stroke is also relevant — straining manoeuvres,
obstructive sleep apnoea with stroke-on-waking should be enquired
for®!8485 Retrospective studies that have attempted to identify an
association between inherited thrombophilia and PFO-related stroke
have yielded conflicting results®®®.

The risk of paradoxical embolism (RoPE) score represents an
attempt to assign a causal relationship probability to individual PFOs
in the setting of stroke of unknown cause*® and may be useful in
helping to guide management decisions. However, it should always
be used in conjunction with other parameters because the quality of
evidence of internal validation studies has been rated moderate at
best (Supplementary Figure 15, Supplementary Table 3), and no
large external validation studies have been published.

In addition, the RoPE score does not account for high-risk PFO
features (e.g., septal aneurysm) that have been shown to correlate
with higher risk of paradoxical embolisation.

WHAT IS THE RISK OF RECURRENCE IN A PFO-
ASSOCIATED STROKE?

Meta-analyses of observational and/or randomised studies suggest
that the annual recurrence rate on medical therapy ranges from 0%
to 5.8% for stroke and from 0% to 14% for either stroke or tran-
sient ischaemic attack (TTA)***2. This wide variability stresses the
heterogeneity of phenotypes in these syndromes. Causes of recur-
rence can of course include non-PFO mediated mechanisms®®.

Some predictors of stroke recurrence have been identified pro-
spectively and retrospectively’>*7 (Supplementary Figure 6).
Supplementary Table 4 lists features that were statistically signi-
ficant predictors in at least two studies. Atrial septal aneurysm
anatomy is particularly predictive (Supplementary Appendix 4).
In one study®, a high D-dimer level on admission was an inde-
pendent predictor of recurrent ischaemic stroke in patients with
PFO. Therefore, at present, the individual evaluation of the risk
of recurrence also cannot be quantitatively scored and should
be based on interdisciplinary qualitative clinical evaluation.

UNIFIED DIAGNOSTIC WORKUP IN LEFT CIRCULATION
THROMBOEMBOLISM

A diagnostic workup should follow logical steps (Figure 2).
Table 4 summarises position statements. Further details are pro-
vided in Supplementary Appendix 4.

The diagnostic process should always include interdisciplinary
clinical assessments and appropriate imaging.

Identifying atrial fibrillation (AF) is important because recur-
rences of left circulation embolism are, in the majority of cases,
due to left atrial appendage thrombosis instead of paradoxical
embolism. However, AF can be difficult to detect. A routine
12-lead electrocardiogram (ECG) and either in-patient cardiac

Clinical event or
incidental finding of
embolism at imaging

First-line diagnostic
workup for embolism
Plausible causes Al

PFO diagnostic Cryptogenic
workup embolism

PFO YESl

PFO-associated
embolism

i Likelihood of
Interdisciplinary

causative role
evaluation of the

role of the PFO
Recurrence risk

Figure 2. Algorithm for the diagnostic workup of cryptogenic left
circulation thromboembolism.

telemetry or 24-hour Holter monitoring are sufficient to diag-
nose permanent AF and sufficiently long transient AF episodes.
However, randomised and observational studies showed that
insertable cardiac monitors (ICM) are associated with an increased
yield of paroxysmal AF diagnoses relative to standard monitor-
ing also in cryptogenic stroke®-'* (Supplementary Appendix 4,
Supplementary Figure 16). Therefore, in high-risk patients for AF,
an ICM period of six months can be reasonably considered to rule
out AF before deciding on PFO closure'®”. In Figure 3 we propose
a strategy based on risk stratification of patients to be applied with
a critical clinical judgement (Supplementary Appendix 4). During
ICM monitoring, patients should be maintained on medical ther-
apy (see below). After six months, whatever the chosen treatment,
the monitoring can be extended to the full duration of the ICM life
to identify episodes of paroxysmal AF!%!2 to monitor the atrial
thrombosis burden in arrhythmic patients, and to aid diagnosis in
case recurrent ischaemia occurs.

MEDICAL AND INTERVENTIONAL MANAGEMENT
Further insights on each of the following paragraphs can be found
in Supplementary Appendix 4.

PICO questions for the choice of therapy are summarised in
Table 5 and Supplementary Appendix 5. Figure 4 summarises the
flow of the choice of the therapy.

EFFICACY AND SAFETY OF MEDICAL THERAPY

A variety of medical treatments has been used, based upon data from
secondary prevention studies for stroke in general and from studies
on cryptogenic stroke in particular. No adequately dimensioned RCT
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Table 4. Summary of statements on the evaluation and treatment of concurrent diseases.

Strength of Level of

I 0 S S the statement| evidence

AF rule-out strategy
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All patients should undergo a routine 12-lead ECG and either in-patient cardiac telemetry Strong B 260, 344
or 24-hour Holter monitoring

In patients >65 years old with negative routine monitoring, it is reasonable to consider Conditional G 99-102, 105, 166,
ICM before deciding on PFO closure or permanent OAC 173, 260-263
ICM evaluation period in cryptogenic left circulation embolism should be at least Conditional B 99-102,260-
6 months before deciding on PFO closure or permanent OAC 263,105

In patients 55 to 64 years old at risk for AF with negative routine monitoring, it is Conditional © 173, 264
reasonable to consider ICM before deciding on PFO closure or permanent OAC

In patients <55 years old with >2 high-risk factors for AF with negative routine monitoring, | Conditional © -

it is reasonable to consider ICM before deciding on PFO closure or permanent OAC

Patients undergoing diagnostic procedures should be maintained on medical therapy Strong B Table 6
Medical therapy should be decided according to the statements of this position paper Strong © Table 6

In patients with clear evidence of a causal PFO (e.g., simultaneous pulmonary embolism), Strong © Table 5
ICM can be withheld so as not to delay percutaneous closure

In patients undergoing ICM, the monitoring should be extended for the full duration of the Strong © 102

device life, regardless of the choice of therapy after 6 months

Management of PFO in the presence of concomitant diseases

Patients on temporary OAC, on OAC for pulmonary embolism or those considered at high Conditional © 159, 160
risk of recurrences despite OAC may undergo PFO assessment for possible closure

Paroxysmal AF episodes >30 seconds detected with intermittent recordings, or Conditional B 163-168
>5 minutes during ICM can be considered sufficient to evaluate the patient for OAC
according to current guidelines on AF

ICM results should always be interpreted with other clinical characteristics in order to Strong (0 102
weigh the AF embolic risk against the PFO embolic risk

Routine laboratory tests for prothrombotic states (thrombophilia testing) are not warranted Strong C 161, 162
to indicate permanent OAC

First-line diagnostic workup
for arrhythmias
- 12-lead ECG
- In-hospital telemetry
—24-hour Holter ECG monitoring

AF DETECTED

Evident PFO
causative role {33

v v v

Age <55 years old

Evaluate major AF risk

AF risk factors factor(s) \ ICM /,‘
1 NO N 4
H A
: @ I
1 1
1 1
1 1
AF RISK FACTORS
HIGH-RISK
—Uncontrolled hypertension — Obesity
—Structural heart alterations (LVH, LAE) — Atrial runs
—Uncontrolled diabetes —Pulmonary disease
—Congestive heart failure —Thyroid disease

Figure 3. Flow chart for the screening of overt atrial fibrillation in cryptogenic left circulation thromboembolism. The cut-off ages of 55 and
65 years old have been chosen according to data from large epidemiological studies'®®*"®, Patients <55 years may be considered for ICM
when they have high clinical suspicion of AF (i.e., 22 high-risk factors for AF). ECG: electrocardiography,; LAE: left atrium enlargement;
LVH: left ventricle hypertrophy




Table 5. PICO question. Should percutaneous closure of PFO vs. medical therapy be used for secondary prevention of stroke or other left
circulation thromboembolism in patients with high-risk PFO features?
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Population Secondary prevention of stroke, TIA, or other left circulation thromboembolism
Intervention Percutaneous closure of PFO
Comparison Medical therapy
Main outcomes Stroke, TIA, death, bleedings, atrial arrhythmias
S'I.'rAY'I'I:-:EVI(I)EET Strong statement for the intervention
POSITION The position of our societies is to perform percutaneous closure of a PFO in carefully selected patients aged from 18 to
STATEMENTS 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.

The interventional procedure must be proposed to each patient evaluating the individual probability of benefit based on
an assessment of both the role of the PFO in the thromboembolic event (Table 4) and the expected results and risks of

a lifelong medical therapy. The role of the patient should be proactive, keeping in highest regard his/her values and
preferences regarding outcomes and therapy trade-offs, and informing him/her about the uncertainties of their condition.

With the same shared decision-making approach, PFO closure can also be considered in patients >65 or <18 years of
age, taking into account on a case-by-case basis the lack of evidence, the age-related confounders and additional risks of
interventional and drug therapies.

Although no specific data are available to date, consistent with some guidelines on the topic, it seems justified to
consider percutaneous closure in patients with a cryptogenic TIA, stroke, or systemic emboli that occurred while on
therapy with OAC or antiplatelet agents.

The choice of device should take into consideration that most available evidence has been obtained with the
AMPLATZER™ PFO Occluder and GORE® HELEX® Septal Occluder (not available anymore) or the GORE® CARDIOFORM
Septal Occluder. The use of the latter should be balanced against a lower complete closure rate and a higher risk of AF
as compared to medical therapy. The potential use of devices other than AMPLATZER and CARDIOFORM, and the
inherent risks, should also be part of the shared decision making with patients, in the light of technical, anatomical, and
clinical features.

JUSTIFICATION Overall justification

The last, comprehensive, study-level meta-analyses incorporating the most recent randomised trials on patients aged
18-65 years with prior cryptogenic stroke or TIA showed superiority of PFO closure over medical therapy for the
prevention of stroke in the first 5 years after the procedure (Supplementary Figure 17, Supplementary Figure 4A). One
exploratory analysis of one of these trials extended to a longer follow-up supports a growing benefit of percutaneous
closure over medical therapy after that time limit.

The CLOSE, and the early-terminated DEFENCE-PFO trials performed in characterised patients with confirmed
cryptogenic stroke and high-risk PFO features, and the REDUCE trial which also enrolled higher-risk patients as
compared to previous trials, are the main drivers of this evidence (Supplementary Figure 4B and Supplementary

Figure 5). The difference in results between studies enrolling higher-risk PFO patients and those enrolling unselected
patients with prior cryptogenic cerebral accidents stresses the existence of higher- and lower-risk phenotypes of patients
that need to be characterised before deciding on the therapy. This finding is furthermore supported by the cost-
effectiveness analysis which demonstrated a benefit over 15 years only in high-risk patients. However, the significant
effect in some subgroups, the heterogeneity still present at subgroup analysis even in high-risk patients, and the
individual study limitations (Supplementary Appendix 4) enforce the need for carefully informed choices which must be
shared with patients and tailored to their personal values and preferences.

Detailed justification

Problem. PFO-related stroke is an important health problem; therefore, its secondary prevention is a priority.
Unfortunately, its management is problematic because high-quality data are lacking in this very heterogeneous class of
patients. Nonetheless, the possibility of an efficient secondary prevention should be granted without causing harm with
unnecessary treatments. Given the very disparate practices that exist within the medical community in this regard, it is
urgent that clinicians follow a balanced approach that is based upon the present level of knowledge, while waiting for
more conclusive evidence on better classified populations of patients.

Desirable effects. Our study-level meta-analysis on the 6 RCTs showed a clear superiority of PFO closure over medical
therapy in terms of reducing the incidence of stroke recurrence (Supplementary Figure 4A). The two previously published
meta-analyses on the 6 RCTs, all of the first five RCTs (hence excluding the DEFENSE-PFO trial) and the highest-quality,
patient-level meta-analysis of the first three published RCTs are consistent with our results. Two meta-analyses of
comparative observational trials are in keeping with these results (Supplementary Table 7).

Undesirable effects. Interventional treatment does not imply higher complication rates, with the exception of a higher
frequency of AF after percutaneous closure relative to medical therapy (Supplementary Figure 9). However, the higher
risk of AF with closure versus medical therapy was considerably lowered (Supplementary Figure 10) if an AMPLATZER
PFO Occluder was used. In the REDUCE trial using the GORE HELEX or CARDIOFORM septal occluders, the incidence
of AF was 6.6% at 5 years, a large proportion of which were only intraprocedural or periprocedural arrhythmias. Bleeding
complications were similar in the young cohorts of patients enrolled in RCTs in the short term; however, long-term
follow-up data are missing in patients undergoing lifelong medical treatments, which are likely to increase the risk of
haemorrhage as patients grow older.
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Table 5 (continued). PICO question. Should percutaneous closure of PFO vs. medical therapy be used for secondary prevention of stroke
or other left circulation thromboembolism in patients with high-risk PFO features?

TYPE OF

STATEMENT Strong statement for the intervention

JUSTIFICATION Certainty of evidence. The consistent results of all the meta-analyses performed so far were confirmed when considering
OR, RR and AR, even performing sensitivity analysis, and also when including CLOSURE I, the most outdated trial.

To date, despite several limitations of individual studies which implied an overall low score in the certainty of evidence
(Supplementary Table 9, Supplementary Table 10), in patients with high-risk PFO features the certainty is higher,

as shown by the reduction in heterogeneity in meta-analyses and by the recently published sequential analysis of the risk
of recurrent stroke’*. Therefore, future studies are not likely to impact on the certainty of evidence, at least in high-risk
populations.

Values. Large variations in preferences of patients indicate the need for tailored informed consent and the explicit
evaluation of therapeutic trade-offs with individual patients.

Balance of effects. The NNT with percutaneous closure obtained in RCTs outweighed the NNH for atrial fibrillation after
percutaneous closure, especially when an AMPLATZER PFO Occluder was used and when patients with higher-risk PFO
were considered. Moreover, based on United States estimates, the cost-effectiveness analysis favours over 15 years
percutaneous closure in patients with high-risk PFO features and with the use of an AMPLATZER PFO Occluder.
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SUBGROUP In published randomised studies, the age of patients was <65 years and 18 years. The DEFENSE-PFO trial, strongly
CONSIDERATIONS positive for PFO closure over medical therapy in the prevention of recurrent stroke, did not have age limitations for
enrolment and randomised patients aged up to 66 years old?°.

In our study-level meta-analysis of the 6 RCTs, a statistically significant improvement in stroke recurrence with
percutaneous closure was observed only versus antiplatelet therapy (Supplementary Figure 12A), whereas OAT yielded
a similar risk of recurrence (Supplementary Figure 12B, Supplementary Figure 12C). Moreover, no differences were
noted regarding the outcomes of different pooled clinical inclusion criteria regarding the index event (Supplementary
Figure 13). However, some of the previous meta-analyses on the first 5 RCTs consistently found that patients with
moderate-to-severe shunt size experienced enhanced outcomes with percutaneous closure relative to medical
therapy’87990.122,170.171 ‘Nonetheless, patients with ASA were associated with better outcomes with percutaneous closure
than with medical therapy only in some!’*172 but not in other meta-analyses’®’°. In our meta-analysis, we found that
patients with high-risk PFO features (ASA, hypermobility of atrial septum, moderate-to-severe shunt, or large PFO size)
reported enhanced outcomes with percutaneous closure relative to medical therapy, whereas in patients with low-risk
PFOs there was no additional benefit with PFO closure vs. medical therapy (Supplementary Figure 4B, Supplementary
Figure 5).

In our most recent analysis, no device was associated with statistically significant enhanced efficacy versus medical
therapy as compared to other devices (Supplementary Figure 14). The risk of new-onset atrial fibrillation was similar with
the AMPLATZER PFO Occluder and medical therapy while it was higher for the GORE CARDIOFORM device when
compared with medical therapy (Supplementary Figure 10).

In some meta-analyses other subgroups experienced enhanced outcomes with percutaneous closure relative to medical
therapy. These subgroups include males’®787°.%0 and age <45 years old’87°%°, However, these findings were not
confirmed in another meta-analysis'’!. Finally a single previous meta-analysis supported patients with a history of
migraines or non-cortical infarcts as having better outcomes with percutaneous closure as compared to medical
therapy’°.

IMPLEMENTATION PFO closure incurs procedural cost. However, cost-effectiveness studies showed that PFO is associated with economic
CONSIDERATIONS and QUALY gain after 15 years, provided that the procedure was performed in high-risk patients. Performing the
procedure in unselected patients translates into a sharp decrease in cost-effectiveness.

Moreover, procedural costs and procedure times may be decreased with the use of sedation instead of general
anaesthesia or of intracardiac echocardiography versus transoesophageal echocardiography, thereby eliminating the need
for an anaesthesiologist.

MONITORING AND Each neurological index event should be confirmed by a neurologist or a stroke physician. The cardiologist and the stroke
EVALUATION physician must come to the conclusion that the stroke or TIA was cryptogenic and communicate in order to reach
consensus regarding therapeutic decisions. Patients should be actively involved at all stages of management and their
contribution to choices should be documented.

RESEARCH — To verify the existence of additional risk factors and their cut-offs for prediction of events in strict epidemiological series.

PRIORITIES — To identify new high-risk phenotypes encompassing different clusters of clinical, anatomical and biological
characteristics in prospective observational trials (systems and precision approaches) and to perform new randomised
trials in these populations.

— To design adequately dimensioned RCTs comparing single medical therapies (vitamin K antagonists or DOAC) with
percutaneous closure in patients with higher-risk PFO-related left circulation embolism.

— To assess outcomes of percutaneous closure vs. OAC.

— To assess long-term outcomes (>5 years) with different treatments.

— To address the evaluation of persisting disability and quality of life with different treatments.

— To design prospective registries to evaluate practices and outcomes in the real world.

— To obtain new, cost-effectiveness analyses based on contemporary practices.

— To obtain quantitative and qualitative data on patient preferences and values in the setting of cryptogenic stroke or
systemic embolism with PFO.

— To obtain data on the effectiveness and efficacy of organisational models to manage patients with cryptogenic stroke/
systemic emboli.
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Table 6. PICO question. Should oral anticoagulants (OAC) vs. antiplatelet therapy be used for secondary prevention of stroke or other left
circulation thromboembolism?

Population

Secondary prevention of stroke or other left circulation thromboembolism

Intervention

OAC

Comparison

Antiplatelet therapy

Main outcomes

TYPE OF
STATEMENT

POSITION
STATEMENT

Stroke; major bleedings
Conditional statement for either the intervention or the comparison

In patients in whom a medical therapy only is chosen, the position of our scientific societies is to choose the specific
drugs weighing the individual risk of bleeding against the risk of PFO-related stroke recurrence, in close connection with
the patient. Long-term OAC with vitamin K antagonists may be preferred if: a) the patient has a low haemorrhagic risk,
b) a probable good therapeutic compliance is foreseen, and c) a proper anticoagulant monitoring can be guaranteed.

In patients in whom these conditions are not satisfied, or the risk of stroke recurrence is deemed low, an antiplatelet
therapy should be prescribed. Reassessment of the risk/benefit ratio should be performed on a regular basis, especially
with advancing age and the increase in comorbidities which can affect both risk and benefit issues. No position can be
expressed for DOAC, although intuitively their reduced bleeding risk compared with vitamin K antagonists in other
clinical conditions is appealing.

JUSTIFICATION

Overall justification

The randomised CLOSE trial shows a statistically non-significant reduction of stroke with OAC as compared to
antiplatelet therapy. However, a single trial enrolling only 300 patients reporting outcomes with wide confidence intervals
cannot be considered conclusive. Meta-analyses consistently indicate a statistically significant reduction in the risk of
stroke with OAC as compared to antiplatelet therapy, at the cost of a significantly higher risk of major bleeding. However,
the overall uncertainty of the evidence remains very high (Supplementary Table 11) and the inconsistency across studies
is severe (Supplementary Figure 7). Therefore, only a conditional statement for either OAC or antiplatelets can be
expressed, with the choice between them being guided by individual safety and expected risk of recurrence variables.

Detailed justification

Desirable effects. The randomised CLOSE trial shows a statistically non-significant reduction of stroke with OAC

as compared to antiplatelet therapy. Our meta-analysis indicates a statistically significant reduction of the odds ratio for
stroke of approximately 12% with OAC over antiplatelet therapy (Supplementary Figure 18). These results are in keeping
with previous meta-analyses.

Undesirable effects. An approximately 5-fold higher risk of major bleeding emerged from our meta-analysis with OAC
as compared to antiplatelet therapy. Also, these results are in line with previous analysis.

Certainty of evidence. The certainty of evidence is very low, because the results are mainly derived from non-randomised
comparisons (Supplementary Table 11), and the included randomised trial, enrolling only approximately 300 patients,
reported wide confidence intervals in effect estimates. Therefore, further RCTs will probably impact on effect estimates.

Values. Patients undergoing secondary pharmacological prevention for stroke appear to accept higher risk of bleeding if
a considerable certitude can be provided regarding the prevention of stroke.

Balance of effects. The balance of desirable and undesirable effects of therapy varies according to the expected benefits
of the therapy, as the risk of bleeding appears to be homogenous across studies. Therefore, therapy should be as
individualised as possible.

Feasibility. Feasibility of implementation of a safe OAC regimen with vitamin K antagonists is largely dependent on
availability of monitoring facilities of proper anticoagulation and on the possibility of accessing them by patients.

SUBGROUP
CONSIDERATIONS

No subgroup consideration can be derived from the accrued data. However, given the inconsistency of the studies and
the variability of results, subgroups should be identified for new study.

IMPLEMENTATION
CONSIDERATIONS

No cost-effectiveness studies have been performed in this field. However, as the costs of OAC and antiplatelet therapy
are low, the cost-effectiveness profile is dependent mainly on the costs of adverse events in the follow-up. The available
evidence shows that bleeding complications increase with age, rendering even more uncertain the cost-effectiveness of
this therapy in the long term.

MONITORING AND In antithrombotic therapy the risk/benefit ratio is highly dependent on time. It is therefore advised to reassess risks and

EVALUATION benefits of the chosen therapy on a regular basis, especially with advancing age and the increase in comorbidities. Local
registries for prospective evaluations of outcomes are strongly encouraged.

RESEARCH — To assess more precise risk factors and their cut-offs for prediction of events.

PRIORITIES — To identify new high-risk phenotypes encompassing different clusters of clinical, anatomical and biological

characteristics in prospective observational trials (systems and precision approaches).

— To design adequately dimensioned head-to-head RCTs comparing single medical therapies (e.g., acetylsalicylic acid,
clopidogrel, vitamin K antagonists, DOAC, etc.) in patients in whom percutaneous therapy has been excluded.

— To assess long-term outcomes (>5 years) with different treatments.

— To address the evaluation of persisting disability and quality of life with different treatments.

— To design prospective registries to evaluate practices and outcomes in the real world.

— To obtain new, cost-effectiveness analyses based on contemporary practices.

— To obtain quantitative and qualitative data on patient preferences and values in the setting of cryptogenic stroke or
systemic embolism with PFO.

— To obtain data on the effectiveness and efficacy of organisational models to manage patients with cryptogenic stroke/
systemic emboli.




Individual evaluation of
probability of causal link
and risk of recurrence

Low or uncertain

Evaluate Age 18-65
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bleeding/recurrence risk

Shared decision Shared decision
making making

PFO
closure

RISK OF RECURRENCE
High — Atrial septal aneurysm
g — Coagulation disorders

5
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Antiplatelet

LIKELIHOOD OF CAUSAL LINK
— Atrial septal aneurysm
High — Atrial septal hypermobility
—Moderate/severe shunt
— Simultaneous PE or DVT

OTHER FEATURES TO BE CONSIDERED

— Imaging features of embolism (cortical vs. deep)
—PFO size and tunnel length —Older age
— Chiari network —PFO size
— Prominent Eustachian valve —Need for antiplatelets vs. 0AC
—Clinical clues (long travel, immobilisation, straining — Stroke vs. TIA as index event

activity, recent major surgery, previous DVT or PE, 0SAS) — Stroke on Rx with antiplatelets or 0AC
—Age <55 years old
—Risk factors for stroke
—RoPE score

OTHER FEATURES TO BE CONSIDERED
TO ASSESS RISK

Figure 4. Treatment algorithm for secondary prevention of left
circulation cryptogenic thromboembolism. DVT: deep vein
thrombosis; OAC: oral anticoagulants; OSAS: obstructive sleep
apnoea syndrome; PE: pulmonary embolism; Rx: therapy;

TIA: transient ischaemic attack

has yet been published that has assessed the effectiveness of individ-
ual drugs specifically in PFO-associated cerebrovascular accidents.

Trials were almost exclusively observational with only one ade-
quately dimensioned RCT comparing oral anticoagulants (OAC)
and antiplatelet agents. One meta-analysis of RCTs showed
a recurrent stroke rate of 1.27 events per 100 patient-years with
drugs only™. In our meta-analysis of the RCTs, the incidence of
recurrent stroke on medical therapy was 4.6% after 3.8 years of
follow-up (Supplementary Figure 4A, Supplementary Figure 4B,
Supplementary Appendix 3), whereas in a meta-analysis of obser-
vational trials the recurrence rate was 5% per year'',

Despite a severe heterogeneity of results, the most recent
meta-analysis including the randomised study is consistent with pre-
vious meta-analyses of observational studies!'*!°, suggesting supe-
riority of OAC over antiplatelet agents in the prevention of stroke
(Supplementary Figure 7, Supplementary Appendix 3). Although
the overall quality of the evidence in this meta-analysis was esti-
mated to be very low (Supplementary Table 11), the superiority
of OAC vs. antiplatelet agents was also evident when considering
studies with multivariate adjustment only (Supplementary Figure 7).
No data are available on persisting disability and quality of life.

Reports on safety have often been incomplete or have yielded
inconsistent results. In a meta-analysis of observational studies,
1.1% of patients receiving medical therapy experienced a bleeding
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complication'. This surprisingly low proportion of bleeding
episodes can be explained by the young age of the patients and
the short follow-up and, thus, must be interpreted with caution
because most of these patients will undergo a lifelong medical
therapy with an incremental risk of bleeding with age. Indeed, in
our meta-analyses on PFO patients, an odds ratio (OR) of 4.57
was found for major bleeding with OAC relative to antiplatelet
drugs (Supplementary Figure 8). A previous meta-analysis con-
sidering secondary prevention of stroke in general revealed that
the potential benefit of OAC might be outweighed by the risk of
both intracranial haemorrhage (OR 2.54) and major extracranial
haemorrhage (OR 3.43)'7. In this respect, direct oral anticoagu-
lants (DOAC) may alter the risk-benefit ratio''®!"*, although no
data exist in these patients.

SAFETY AND EFFICACY PROFILE OF PFO CLOSURE
Percutaneous procedure

Primary technical success approaches 100%%'"* and complete clo-
sure is seen in 93-96% at one year'?>. The use of larger devices has
a higher risk of residual shunts'!%-125; the AMPLATZER™ PFO
Occluder (St. Jude Medical, St. Paul, MN, USA) may have lower
residual shunt rates than other devices'?*!13. Individual ran-
domised data show a relative risk reduction of up to 80% for recur-
rent strokes'3""1*2. One meta-analysis of RCTs has shown the stroke
recurrence rate to be 0.29 per 100 person-years’ (Supplementary
Appendix 3). In our study-level meta-analysis of RCTs with an
average 3.8 years of follow-up, the incidence of recurrent stroke
was 2% in the closure arms, and the number needed to treat (NNT)
with PFO closure to prevent one stroke overall was 37 (95% con-
fidence interval [CI]: 26 to 68) (Supplementary Figure 4A), and
21 in patients with high-risk PFO features (95% CI: 16 to 61)
(Supplementary Figure 5). Results on TIA and on death were
neutral (Supplementary Figure 4C, Supplementary Figure 4D,
respectively). An increase of the treatment effects over time can
be expected®® 13313 No data are available on persisting disability
and quality of life.

Complications are summarised in Supplementary Table 5.
Procedural complications had a 2.6% incidence in RCTs™. The
most frequent late complication is device thrombosis, which
is seen in 1.0-2.0%'. Device embolism is a serious event and
occurs at a rate of 0.9-1.3%"3513 Atrial wall erosions are serious
events that have been reported anecdotally. The risk of long-term
mortality or the need for cardiac surgery is less than one in 1,000.
Minor complications occur only in 1.0-1.7%.

The most frequent undesirable event following transcatheter per-
cutaneous closure is AF in RCTs and observational trials?®78106-111113,
In a meta-analysis of RCTs, a 4.6% incidence was reported after
3.8 years of follow-up™. In our meta-analysis, for incident AF, the
overall number needed to harm (NNH) was 25 (Supplementary
Figure 9A), whereas beyond 45 days there was no increased risk
for AF with PFO closure (Supplementary Figure 9B, Supplemen-
tary Figure 9C). The incidence of these events was lowest with the
AMPLATZER PFO Occluder (Supplementary Figure 10). Inter-
estingly, a statistically significant reduction of AF prevalence after
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percutaneous closure of PFO was also shown in other studies, sug-
gesting some antiarrhythmic effect of the procedure'’.
Management after percutaneous closure

No data on best management strategies after PFO closure are
available. Position statements are summarised in Table 7.

Drug treatments

To decide on post-procedural therapy one should consider that:
a) endocardialisation of the device can continue up to five years
post implantation'?*138-140; b) one of the most frequent complica-
tions after closure is device thrombosis; and c¢) premature discon-
tinuation of therapy may cause minor cerebrovascular events after
PFO closure, as suggested by a marked trend towards association
between duration of dual antiplatelet therapy after PFO closure
and the incidence of TIA in our study-level meta-regression analy-
sis (Supplementary Figure 11).

It is reasonable to decide on the post-procedural therapy accord-
ing to the strategies used in RCTs. Overall, 5/6 RCTs prescribed
or recommended a dual antiplatelet therapy in the first one to six
months after closure, continuing with a single drug beyond two
years in 3/4 RCTs that had a longer follow-up after that limit. In
all positive trials, an antiplatelet therapy was prolonged for the
entire duration of the study in the majority of patients (in 2/4 stud-
ies it was prescribed for five years). In one negative trial, only
50% and 41% of patients were still taking an antiplatelet therapy
after one and five years, respectively!'*?.

Delayed complications

Supplementary Table 5 displays the main tools available to
detect complications. At present, no relationship between PFO
patency after closure and the incidence of recurrence has been

found (Supplementary Table 6)'>*'4-147) but studies were small,
often plagued by partially incomplete follow-up, and problematic
regarding shunt detection accuracy'®. Also, a persistent shunt after
closure may reveal other sources of paradoxical embolism which
were missed during the diagnostic phase'*.

No high-quality data are available to guide the optimal manage-
ment of a residual moderate-to-severe PFO patency. The literature
on acute and long-term results after repeat device implantation
for a residual shunt is scarce, but retrospective evaluations are
encouraging'4%-15¢,

Empirically, antibiotic prophylaxis against endocarditis before
an invasive procedure or surgical intervention should also be con-
sidered routinely in all cases within the first six months after the
implantation and, probably, beyond six months in patients with
a residual shunt.

Surgical closure of PFO

There are no current indications for surgical closure of a PFO as
first-line treatment. Closure of incidental PFOs is usually under-
taken during valvular surgery or in the rare cases when surgery is
indicated for other conditions in which the PFO plays a role, such
as a straddling thrombus in the PFO, or seldom when complica-
tions of percutaneous closure occur which cannot be managed by
percutaneous means.

Management in the presence of concomitant diseases

Position statements are summarised in Table 4.

In the setting of hypercoagulability, deep vein thrombosis
and/or pulmonary embolism'’, PFO closure may be considered
when there is the need for only temporary OAC or a high risk
of recurrence despite permanent OAC, particularly in pulmonary

Table 7. Summary of statements on the management after percutaneous closure of PFO.

Position statements

Drug therapy and follow up after percutaneous closure

Strength of
the
statement

Level of
evidence

It is reasonable to propose dual antiplatelet therapy for 1 to 6 months after PFO closure Conditional A 27,29, 51,112,

132, Supplementary
Figure 11

We suggest a single antiplatelet therapy be continued for at least 5 years Conditional © 27-29, 51,112,
132, 128, 138-140

The extension of the therapy with single antiplatelet beyond 5 years should be based on Strong C -

the balance between patient’s overall risk of stroke for other causes and haemorrhagic risk

The choice of the type of antiplatelet drug in the follow-up is currently empiric Strong A 27-29, 51, 112,

132

The value of residual shunt after percutaneous closure cannot be deduced from available Strong C 124, 141-47

studies

Systematic, high-quality data on follow-up are needed Strong C -

To obtain comparable data we propose to perform: Conditional C 124, 141-147, 55 +

a) a TTE prior to hospital discharge Original meta-

b) c-TCD at least once beyond six months to assess effective PFO closure and thereafter, analyses page 1392

if residual shunt persists, annually until closure and Supplementary
c) c-TOE or ¢c-TTE in case of severe residual shunt at c-TCD, or recurrent events, or Appendix 4
symptoms during follow-up
Patients should undergo antibiotic prophylaxis for any invasive procedure performed in the | Conditional C -
first six months from PFO closure




embolism, where PFO was reported to be an independent predic-
tor of new brain lesions in the follow-up, despite optimal OAC!',

Routine laboratory tests for prothrombotic states (thrombophilia
testing) are not generally warranted to guide the need for perma-
nent OAC'"192,

Although no study has assessed this issue as yet, it is reason-
able that excluding patients with AF from PFO closure and treat-
ing them with permanent OAC should translate into an increased
effectiveness of secondary prevention of left circulation throm-
boembolism. However, as in the CRYSTAL-AF study, a higher
incidence of AF at ICM did not translate into a higher stroke inci-
dence'®?; the presence of short bursts of AF on an ICM may carry
a lower pathogenic value than a high-risk PFO. Therefore, the
burden of AF should be weighed against the burden of PFO by
considering other clinical characteristics to decide for or against
PFO closure. For patients with paroxysmal AF, there is uncertainty
regarding the duration of arrhythmic episodes which increases the
risk of embolism. According to the HRS/EHRA/ECAS expert con-
sensus statement on AF ablation, AF episodes >30 seconds con-
stitute clinically significant AF'®. During prolonged monitoring,
episodes of AF >5 minutes have a predictive value for embo-
lism!'6+168, These criteria should be combined with a thromboem-
bolic score to evaluate the need for OAC'®.

Conclusions

The management of patients with cryptogenic left circulation throm-
boembolism and PFO has been controversial, giving rise to hetero-
geneous strategies across different local realms in Europe. Based on
the best available evidence, we were able to reach, in this interdisci-
plinary position paper, a consensus among eight European scientific
societies on key diagnostic, therapeutic and research issues, from the
index event to follow-up. It was possible to express strict position
statements based on randomised trials for some therapeutic aspects,
whereas other aspects were often based on limited and non-ran-
domised data. This position paper provides the first largely shared
approach for a rational PFO management based on the best avail-
able evidence. This may help physicians to offer coherent strategies
throughout Europe and focus the research on high-priority subjects.
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Supplementary Appendix 1. Detailed methods.

General outline of the process

The European Association for Percutaneous Cardiovascular Interventions (EAPCI) planned to create
position statements on PFO management. Relevant European scientific bodies were invited to collaborate,
and task force members were chosen by each society. External international experts were also asked to join
the initiative as reviewers. Systematic reviews and statistical analysis were performed by a dedicated
evidence synthesis team. Grading of recommendations assessment, development, and evaluation (GRADE)

methodology (http://gdt.guidelinedevelopment.org/app/handbook/handbook.html) was used to develop

patients-interventions-comparators-outcomes (PICO) questions, evaluate evidence and formulate position
statements. Not all topics could be addressed by the PICO methodology and therefore additional non-PICO
questions were developed. Some PICO questions were reclassified as non-PICO after the literature search,

due to a lack of clear evidence. Non-PICO questions were formally defined by e-mail exchange.

The evidence synthesis team undertook relevant systematic literature searches for each question using a
combination of controlled vocabulary and free text terms. The databases searched for this purpose were:
Pubmed, Scopus, Google Scholar and ISI. Preliminary literature searches were performed in

September/October 2016 with an update in March 2018.

Evidence was evaluated qualitatively and where possible by quantitative methods. Each evaluation was
performed according to a pre-defined ranking of outcomes made by the task force. Grading of the quality of
evidence was made by consensus by the evidence synthesis team and the task force using the following
criteria: the type of studies included, limitations in study design and methodology (i.e., risk of bias),
inconsistency (or else: heterogeneity) of results, indirectness of evidence, imprecision, reporting bias, the
magnitude of the treatment effect, evidence of a dose—response relationship, and the effect of all plausible
confounding. Quality of evidence was evaluated by the means of GRADE-PRO GDT online tool
(https://gradepro.org) and graded as high, moderate, low and very low (Supplementary Table 12). When

several outcomes were assessed for a clinical question, the grade for the overall quality of evidence was

based on the grade for the most important outcome(s).

Quantitative absolute risk reduction, as classically performed in the GRADE method, was not deemed
sufficient to formulate position statements because of the low event rate frequency. Therefore, original meta-

analyses were undertaken for all PICO questions and some non-PICO topics.

Subsequently, the task force was structured in working groups, each addressing one question and writing the
relevant draft. These drafts were merged and distributed to the task force members for individual editing in

three consecutive editing rounds. Discrepancies were resolved by consensus and the final manuscript


http://gdt.guidelinedevelopment.org/app/handbook/handbook.html
https://gradepro.org/

underwent a formal approval by the task force, before being distributed to the relevant scientific societies for
the final endorsement. The final version was approved July 22nd 2018 and submitted for publication July
23rd 2018.

GRADE process and position statements

Formulation of the PICO questions was suggested and concluded by consensus among the members of the
working group. Twenty-two PICO questions were initially formulated. Only two of these could be addressed
by a modified GRADE methodology after the evidence evaluation ("Should percutaneous closure of PFO vs.
medical therapy be used for secondary prevention of stroke or other left-circulation thromboembolism ?" and
"Should oral anticoagulants (OAC) vs. antiplatelet therapy be used for secondary prevention of stroke or

other left-circulation thromboembolism ?").

The nature and strength of position statements was agreed by task force consensus.

Specifications of PICO are detailed in the relevant sections and tables of the document.

Population
These position statements refer to patients with PFO with various forms of putatively associated syndromes

and are specified throughout the text.

Interventions

Interventions addressing PFO-associated syndromes vary according to the relevant clinical scenario. We
have focused on percutaneous closure, pharmacological interventions and behavioural measures.
Pharmacological interventions include: oral anticoagulants, antiplatelet agents, and combinations of these
interventions. Behavioural measures consist in change of specific activities when they expose subjects to
risk. These activities include: lifestyle, surgical techniques when an operation is required, and habits or

working activities.

Comparators
As no gold standard therapies are available in PFO-associated syndromes, we compared different

interventions among those that are commonly used.

Outcomes

The GRADE methodology recommends that evidence-based guidelines consider outcomes which are of
importance to patients and/or their families and that more emphasis is placed on outcomes of greatest
importance to them. Therefore, we focussed on patients’ chance of survival, quality of life, working status,
and functional outcome. However, apart from death risk, those outcomes have seldom been considered in
published literature regarding PFO-related syndromes. We also considered the risks of adverse effects of

therapies (e.g., haemorrhage or arrhythmias). The position statements of this position paper are expressed on



agreement by consensus and on a grading of outcomes performed with a formal online poll. Therefore, the

priority is based on the lone judgement of the task force.

Non-PICO questions definition and position statements

Originally, 7 non-PICO questions were formulated for each PFO-associated clinical syndrome: four of which
are indicated in the chapter titles of the manuscript, two are incorporated into "Diagnostic workup" and one
in the "Efficacy and safety of therapies" chapters. After evidence evaluation, 20 questions formerly identified
as PICO questions were changed into non-PICO questions. Each question underwent the above described

process for developing position statements which were finally incorporated into the chapters of the position

paper.

Position statements were formulated by consensus among the members of the task force, based on the
evidence evaluation in the 3 Delphi editing rounds. Tables summarising position statements indicate the
strength of the position statement — strong or conditional (depending on patient values, physician opinion,
resources available or setting) according to GRADE method. We also indicated the quality of the data: A)
data derived from multiple RCTs or meta-analyses; B) data derived from single RCT or large non-
randomised studies; C) consensus of opinion of experts and/or small studies, retrospective studies and
registries. Despite a "C" level of evidence, some statements have been classified as "strong". The reasons for
this are because it is the low quality of evidence that supported the direction of the statement (e.g., more
research is needed in a sector because the lack of evidence) or because there were few or no specific studies
addressing the issue but the evidence on the PFO subject as a whole supported the statement (e.g.,
interdisciplinary assessment and decision making should be done in PFO-related syndromes although no
studies were performed comparing interdisciplinary approach with single professional management).
Conversely, in other situations, a statement may have been classified as "conditional" despite a level of
evidence "A" if the underlying evidence had a low quality despite being derived from randomised studies.
For strong statements, we use the terminology ‘should. . .” or definitely affirmative sentences. In case of
conditional/discretionary statements, we used a wording implying that doctors and patients should consider
more carefully whether the suggested option is the right choice or case for that particular patient.

In the tables summarising position statements, "Ref." denotes both bibliography and/or original evidence

which has been produced in this document.

LIST OF PICO AND NON-PICO QUESTIONS

1. Should analytical risk factors (clinical or anatomical) be used to diagnose causal or high-risk PFO in
cryptogenic stroke or other left-circulation thromboembolism?
2. Should the risk of paradoxical embolism (ROPE) score be used to diagnose causal or high-risk PFO
in cryptogenic stroke?

3. Should insertable cardiac long-term monitoring be used to diagnose atrial fibrillation in patients with
PFO-associated ischaemic cryptogenic stroke or other left-circulation thromboembolism?

4, Should transcranial Doppler with bubble test vs. transthoracic contrast echography be used to



diagnose PFO in suspected PFO-associated clinical syndromes?

5. Should transoesophageal contrast-echocardiography vs. transthoracic contrast echocardiography be
used to diagnose PFO in suspected PFO-associated clinical syndromes?

6. Should transcranial Doppler vs transoesophageal contrast-echocardiography be used to diagnose
PFO in suspected PFO-associated clinical syndromes?

7. Should transcranial Doppler vs transoesophageal contrast-echocardiography be used to diagnose
PFO patency in patients who underwent percutaneous closure?

8. Should transcranial Doppler vs. transthoracic contrast echocardiography be used to diagnose PFO
patency in patients who underwent percutaneous closure?

9. Should transoesophageal contrast-echocardiography vs. transthoracic contrast echocardiography be
used to diagnose PFO patency in patients who underwent percutaneous closure?

10. Should percutaneous closure of PFO vs. medical therapy be used for secondary prevention of stroke

or left-circulation thromboembolism? (PICO question)

11. Should oral anticoagulants (OAC) vs. antiplatelet therapy be used for secondary prevention of stroke

or other left-circulation thromboembolism? (PICO question)

12. Should percutaneous closure of PFO vs. medical therapy be used for pregnant women with
indication to secondary prevention of stroke or other left-circulation thromboembolism?

13. Should primary prevention vs. no prevention measures be used in patients with PFO and very high
risk of paradoxical embolisation or cryptogenic ischaemic stroke?

14. Should percutaneous closure of PFO vs. diving avoidance be used for secondary prevention of
decompression sickness in professional divers?

15. Should percutaneous closure of PFO vs. diving avoidance be used for secondary prevention of
decompression sickness in recreational divers?

16. Should percutaneous closure of PFO vs. flying avoidance be used for secondary prevention of
decompression sickness or asymptomatic embolisation in airplane pilots?

17. Should percutaneous closure of PFO vs. diving avoidance be used for primary prevention of
decompression sickness in professional divers?

18. Should percutaneous closure of PFO vs. diving avoidance be used for primary prevention of
decompression sickness in recreational divers?

19. Should percutaneous closure of PFO vs. flying avoidance be used for primary prevention of

decompression sickness in airplane pilots?

20. Should percutaneous closure of PFO vs. medical therapy be used for platypnoea-orthodeoxia
syndrome?
21. Should percutaneous closure of PFO + medical therapy vs. medical therapy alone be used for

migraine with aura?
22. Should percutaneous closure of PFO vs. no therapy alone be used in patients scheduled for surgery

in the sitting position?



GRADING OF OUTCOMES FOR THE POSITION STATEMENTS

Position statements were expressed evaluating the relevant outcomes in each particular setting. Before the
systematic literature reviews, task force members formally defined outcomes for each questions using Delphi
rounds and successively, with an online poll, graded their importance for making a decision regarding the
position statements. Outcomes were graded as: critical, important but not critical or of limited importance for
decision making. Grading was performed by each member of the task force rating each outcome numerically
on a | to 9 scale (7 to 9 — critical; 4 to 6 — important; 1 to 3 — of limited importance). The final grading of
outcomes was the average of the individual grading. If for a question, no outcome reached an average rate >
7, we considered critical for decision making those items that had the highest prevalence of individual scores
> 7 in the poll. If some outcomes had more than four votes <3, the item was ranked as of limited importance
for expressing a position. When, comparing similar questions, the poll vote resulted to be inconsistent, the
most reliable vote was considered.

After the evidence review was performed, a reassessment of importance was necessary. Supplementary

Table 13 summarise the final grading of outcomes used for this position document.

LITERATURE SEARCH QUERIES

1. Should analytical risk factors (clinical or anatomical) be used to diagnose causal or high-risk PFO in
cryptogenic stroke or other left-circulation thromboembolism?

((pfo) OR (patent foramen ovale)) and ((risk factor) OR (aneurysm) OR (septal pouch) OR (deep vein
thrombosis)) and ((stroke) OR (transient ischaemic attack) OR (TIA) OR (migraine) or (embolism)) NOT
((review[pt] OR editorial[pt] OR letter[pt]))

2. Should ROPE score be used to diagnose causal or high-risk PFO in cryptogenic stroke?

((pfo) OR (patent foramen ovale)) and ((risk factor) OR (aneurysm) OR (septal pouch) OR (deep vein
thrombosis)) and ((stroke) OR (transient ischaemic attack) OR (TIA) OR (migraine) or (embolism)) and
((score) or (ROPE)) NOT ((review|[pt] OR editorial[pt] OR letter[pt]))

3. Should insertable cardiac long-term monitoring be used to diagnose atrial fibrillation in patients with
PFO-associated ischaemic cryptogenic stroke or other left-circulation thromboembolism?

((pfo) OR (patent foramen ovale)) and ((ischaemic) OR (cryptogenic) OR (stroke) or (TIA) or (transient
ischaemic attack) or (embolism) or (migraine)) and ((atrial fibrillation) or (AF) or (asymptomatic) OR (loop
recorder) or (ILR) OR (insertable cardiac long-term monitoring )) NOT ((review[pt] OR editorial[pt] OR
letter[pt]))

4. Should transcranial Doppler with bubble test vs. transthoracic contrast echography be used to
diagnose PFO in suspected PFO-associated clinical syndromes?

((pfo) OR (patent foramen ovale)) and ((ischaemic) OR (cryptogenic) OR (stroke) or (TIA) or (transient
ischaemic attack) or (embolism) or (migraine)) and ((transcranial Doppler) or (bubble) or (transthoracic
contrast echography) or (echocardiography)) NOT ((review[pt] OR editorial[pt] OR letter[pt]))

5. Should transoesophageal contrast-echocardiography vs. transthoracic contrast echocardiography be

used to diagnose PFO in suspected PFO-associated clinical syndromes?



((pfo) OR (patent foramen ovale)) and ((ischaemic) OR (cryptogenic) OR (stroke) or (TIA) or (transient
ischaemic attack) or (embolism) or (migraine)) and ((transcranial Doppler) or (bubble) or (transthoracic
contrast echography) or (echocardiography)) NOT ((review[pt] OR editorial[pt] OR letter[pt]))

6. Should transcranial Doppler vs transoesophageal contrast-echocardiography be used to diagnose
PFO in suspected PFO-associated clinical syndromes?

((pfo) OR (patent foramen ovale)) and ((ischaemic) OR (cryptogenic) OR (stroke) or (TIA) or (transient
ischaemic attack) or (embolism) or (migraine)) and ((transcranial Doppler) or (bubble) or (transthoracic
contrast echography) or (echocardiography)) NOT ((review[pt] OR editorial[pt] OR letter[pt]))

7. Should transcranial Doppler vs transoesophageal contrast-echocardiography be used to diagnose
PFO patency in patients who underwent percutaneous closure?

((pfo) OR (patent foramen ovale) OR (patency)) AND ((closure) OR (percutaneous) or (Amplatzer) OR
(Watchman) OR (device) OR (Cardioseal/STARFlex) OR (Helix)) and ((ischaemic) OR (cryptogenic) OR
(stroke) OR (TIA) OR (transient ischaemic attack) OR (migraine) or (embolism)) and ((transcranial Doppler)
OR (bubble) OR (transthoracic contrast echography) OR (echocardiography) OR (trans oesophageal)) NOT
((review[pt] OR editorial[pt] OR letter[pt]))

8. Should transcranial Doppler vs. transthoracic contrast echocardiography be used to diagnose PFO
patency in patients who underwent percutaneous closure?

((pfo) OR (patent foramen ovale) OR (patency)) AND ((closure) OR (percutaneous) or (Amplatzer) OR
(Watchman) OR (device) OR (Cardioseal/STARFlex) OR (Helex)) and ((ischaemic) OR (cryptogenic) OR
(stroke) OR (TIA) OR (transient ischaemic attack) OR (migraine) or (embolism)) and ((transcranial Doppler)
OR (bubble) OR (transthoracic contrast echography) OR (echocardiography) OR (trans oesophageal)) NOT
((review[pt] OR editorial[pt] OR letter[pt]))

9. Should transoesophageal contrast-echocardiography vs. transthoracic contrast echocardiography be
used to diagnose PFO patency in patients who underwent percutaneous closure?

((pfo) OR (patent foramen ovale) OR (patency)) AND ((closure) OR (percutaneous) or (Amplatzer) OR
(Watchman) OR (device) OR (Cardioseal/STARFlex) OR (Helex)) and ((ischaemic) OR (cryptogenic) OR
(stroke) OR (TIA) OR (transient ischaemic attack) OR (migraine) or (embolism)) and ((transcranial Doppler)
OR (bubble) OR (transthoracic contrast echography) OR (echocardiography) OR (trans oesophageal)) NOT
((review[pt] OR editorial[pt] OR letter[pt]))

10. Should percutaneous closure of PFO vs. medical therapy be used for secondary prevention of stroke

or other left-circulation thromboembolism?

((pfo) OR (patent foramen ovale)) AND ((closure) OR (percutaneous) or (Amplatzer) OR (Watchman) OR
(device) OR (Cardioseal/STARFlex) OR (Helex)) and ((ischaemic) OR (cryptogenic) OR (stroke) OR (TIA)
OR (transient ischaemic attack) OR (embolism)) and ((medical) or (drug) or (aspirin) or (clopidogrel) or
(warfarin) or (antiplatelet) or (anticoagulation)) NOT ((review[pt] OR editorial[pt] OR letter[pt]))

11. Should oral anticoagulants (OAC) vs. antiplatelet therapy be used for secondary prevention of stroke

or other left-circulation thromboembolism?



((pfo) OR (patent foramen ovale)) AND ((ischaemic) OR (cryptogenic) OR (stroke) OR (TIA) OR (transient
ischaemic attack) OR (embolism)) and ((medical) or (drug) or (aspirin) or (clopidogrel) or (warfarin) or
(antiplatelet) or (anticoagulation)) NOT ((review[pt] OR editorial[pt] OR letter[pt]))

12. Should percutaneous closure of PFO vs. medical therapy be used for pregnant women with
indication to secondary prevention for left circulation embolism?

((pregnancy) OR (pregnant) OR (postpartum) OR (caesarean)) and ((pfo) OR (patent foramen ovale)) NOT
((review[pt] OR editorial[pt] OR letter[pt]))

13. Should primary prevention vs. no prevention measures be used in patients with PFO and very high
risk of paradoxical embolisation or cryptogenic ischaemic stroke?

((primary prevention) or (primary) or (asymptomatic)) and ((pfo) OR (patent foramen ovale)) AND
((closure) OR (percutaneous) or (Amplatzer) OR (Watchman) OR (device) OR (Cardioseal/STARFlex) OR
(Helex)) NOT ((review[pt] OR editorial[pt] OR letter[pt]))

14. Should percutaneous closure of PFO vs. diving avoidance be used for secondary prevention of
decompression sickness in professional divers?

((decompression) or (sickness) or (professional) or (recreational) or (amateur) or (divers) or (diver) or (scuba
diving)) and ((pfo) OR (patent foramen ovale)) NOT ((review|[pt] OR editorial[pt] OR letter[pt]))

15. Should percutaneous closure of PFO vs. diving avoidance be used for secondary prevention of
decompression sickness in recreational divers?

((decompression) or (sickness) or (professional) or (recreational) or (amateur) or (divers) or (diver) or (scuba
diving)) and ((pfo) OR (patent foramen ovale)) NOT ((review[pt] OR editorial[pt] OR letter[pt]))

16. Should percutaneous closure of PFO vs. flying avoidance be used for secondary prevention of
decompression sickness or asymptomatic embolisation in airplane pilots?

((decompression) or (sickness) or (airplane) or (pilot) or (fighter)) and ((pfo) OR (patent foramen ovale))
NOT ((review[pt] OR editorial[pt] OR letter[pt]))

17. Should percutaneous closure of PFO vs. diving avoidance be used for primary prevention in
professional divers?

((decompression) or (sickness) or (airplane) or (pilot) or (fighter)) and ((pfo) OR (patent foramen ovale))
NOT ((review[pt] OR editorial[pt] OR letter[pt]))

18. Should percutaneous closure of PFO vs. diving avoidance be used for primary prevention in
recreational divers?

(decompression) or (sickness) or (professional) or (recreational) or (amateur) or (divers) or (diver) or (scuba
diving)) and ((pfo) OR (patent foramen ovale)) NOT ((review|[pt] OR editorial[pt] OR letter[pt]))

19. Should percutaneous closure of PFO vs. flying avoidance be used for primary prevention in airplane
pilots?

((decompression) or (sickness) or (airplane) or (pilot) or (fighter)) and ((pfo) OR (patent foramen ovale))
NOT ((review[pt] OR editorial[pt] OR letter[pt]))

20. Should percutaneous closure of PFO vs. medical therapy be used for platypnea-orthodeoxia

syndrome?



((platypnea) OR (orthodeoxia) or (platypnea-orthodeoxia syndrome)) and ((pfo) OR (patent foramen ovale))
NOT ((review[pt] OR editorial[pt] OR letter[pt]))

21. Should percutaneous closure of PFO + medical therapy vs. medical therapy alone be used for
migraine with aura?

(migraine) and ((pfo) OR (patent foramen ovale)) AND ((closure) OR (percutaneous) or (Amplatzer) OR
(Watchman) OR (device) OR (Cardioseal/STARFlex) OR (Helex)) NOT ((review[pt] OR editorial[pt] OR
letter[pt]))

22. Should percutaneous closure of PFO vs. no therapy be used in patients scheduled for surgery in the
sitting position?

((sitting) or (sitting position) or (semisitting position)) and ((pfo) OR (patent foramen ovale)) NOT
((review[pt] OR editorial[pt] OR letter[pt]))



Supplementary Appendix 2. Statistical methods.

Continuous variables are reported as mean (standard deviation) or median (range). Categorical variables are
expressed as n/N (%). In order to support the expression of position statements, 4 original meta-analyses

were performed for PICO questions and for the accuracy of diagnostic tests for PFO. A meta-regression for
assessing the impact on outcomes of the length of dual antiplatelet therapy after closure was also performed.

Further details are provided in Supplementary Appendix 3.

Meta-analyses of association studies or of studies on therapy outcomes

Statistical pooling was performed according to a random-effect model with generic inverse-variance
weighting, computing risk estimates with 95% confidence intervals, using RevMan version 5.3, (The
Cochrane Collaboration, The Nordic Cochrane Centre, and Copenhagen, Denmark,

http://community.cochrane.org/tools/review-production-tools/revman). Hypothesis testing for superiority

was set at the two-tailed 0.05 level. Hypothesis testing for statistical homogeneity was set at the two-tailed
0.10 level and based on the Cochran Q test, with 12 values of 25%, 50%, and 75% representing, respectively,

mild, moderate, and extensive statistical inconsistency.

Meta-analysis of studies on diagnostic tests accuracy

Based on the frequencies of true-positive, false-positive, true-negative, and false-negative results in the
individual studies, the pooled sensitivity, specificity, and area under the summary receiver operating curve
(sROC) were estimated for TCD and TTE (vs TEE, which was treated as the gold standard procedure)
[174,175]. The area under the sSROC values were compared between TCD and TTE using the appropriate z
tests. All statistical analyses were performed with Review Manager (RevMan) version 5.3 software
(Copenhagen, Denmark, Nordic Cochrane Centre, Cochrane Collaboration, 2014) and STATA/SE version
13 (Stata Corp, College Station, TX). Pooled analysis of sensitivity, specificity and AUC was performed
with Meta Disc (version 1.42).

Evaluation of risk predictors

Risk estimates were not pooled from individual studies as this approach would have been not feasible and
valid given the likelihood of small study effects. We instead adopted Ross et al. approach [176] and
appraised the prevalence of studies in which a given predictor proved significantly and independently

associated with the outcome of interest in at least 2 studies.

Supplementary Appendix 3. Systematic review of evidence, assessment of its quality and meta-
analyses.

A systematic review of evidence was performed for each question. Supplementary Figure 6,
Supplementary Figure 15, Supplementary Figure 16, Supplementary Figure 17, Supplementary
Figure 18, Supplementary Figure 19, Supplementary Figure 20, display PRISMA diagrams of the
selection of the main searches. PRISMA diagrams were not produced for the questions that yielded a low

number of publications.


http://community.cochrane.org/tools/review-production-tools/revman

High quality evidence is generally lacking in PFO-associated syndromes. An evaluation of the quality of
evidence was formally performed with GRADE method for: all the meta-analyses that have been performed
for the aims of this document and for the studies addressing internal ROPE score validation (Supplementary

Table 3).

We performed two original meta-analyses for supporting decisions on each PICO question and a meta-
regression of RCTs aimed at assessing the effects of the length of dual antiplatelet therapy after closure on
stroke and TIA recurrence. We also performed two meta-analyses aimed at assessing accuracy of testing: a)
Transcranial Doppler with bubble test vs. Transoesophageal contrast-echocardiography in the diagnosis of
PFO and b) Transthoracic contrast-echocardiography vs. Transoesophageal contrast-echocardiography in the

diagnosis of PFO.

Supplementary Figure 17 and Supplementary Table 10 respectively display the PRISMA diagram and the
GRADE evaluation of the quality of evidence of the studies included in the meta-analysis comparing PFO
closure with medical therapies for secondary prevention of stroke, TIA or other left-circulation

thromboembolism in patients with previous cryptogenic left embolism.

Supplementary Figure 18 and Supplementary Table 11 respectively display the PRISMA diagram and the
GRADE evaluation of the quality of evidence of the meta-analysis of the studies comparing OAC with
antiplatelet for secondary prevention of stroke, TIA or other left-circulation thromboembolism in patients

with previous cryptogenic left embolism.

Supplementary Figure 19 and Supplementary Figure 20 display the PRISMA diagram of the meta-
analysis of the studies investigating the accuracy of PFO diagnostic tests. Supplementary Table 2 displays
the GRADE evaluation of the quality of evidence included in the meta-analysis of the same studies.

The main results of these meta-analyses are displayed in the published text.
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Supplementary Appendix 4. Detailed evaluation of specific issues.

The issue of complexity in PFO related syndromes

Even though its causal involvement in several diseases has been well-documented, the role of PFO in most
causal mechanisms remains intrinsically elusive. Two reasons for this are: a) because it can only be
presumed in most cases as its causal role is often transient and the medical observation is delayed; and b)
because of the “statistical noise” that is caused by the high prevalence of PFO in the general population and
competing causes. Moreover, some of the candidate PFO-associated clinical syndromes (e.g., decompression
sickness and transient ischaemic attacks) are themselves difficult to diagnose, which increases the

probabilistic nature of the argument.

Additionally, PFO is not simply a yes or no condition, and different anatomical variations and degrees of
patency might interfere with its causative role, thereby multiplying the possible phenotypes. To this, one
must add the fact that the anatomical characteristics of any PFO can vary according to changing clinical and
physiological conditions (e.g., a PFO can be more or less open depending on atrial pressure). As such,
existing diagnostic procedures might not be reliable or reproducible enough to assess the value and role of
the dynamic features of PFO in all its possible configurations (see "diagnosing PFO" paragraph in the
published text). Furthermore, as demonstrated by the accrued literature cited in this paper, clinical
classifications lump together populations of patients who are, in actuality, very heterogeneous from
pathophysiological, prognostic and therapeutic points of view. Indeed, the complex interacting network of
processes underlying clinical manifestations varies considerably between individuals, as well as within the
same person over the course of time, thereby masking the role of each individual node in studies performed

on large numbers of patients which are insufficiently characterised [1,2,112] (Supplementary Figure 21).

All of these characteristics, some improvable (i.e., due to imperfect knowledge or technology) and others not
(i.e., intrinsic factors), upsurge exponentially the incertitude of the system, and explain why randomised
studies performed in such patients have often yielded conflicting results [1] rendering assessments of the role
of PFO a complex paradigm in medicine. This complexity has important consequences because complex
systems are highly non-linear and cannot be addressed with classic deterministic approaches [177]. A
breakthrough is therefore warranted to define new classifications of patients with similar clinical
characteristics, prognosis, and therapeutic needs in a non-deterministic environment. Systems science and
precision medicine approaches are the major candidates to address these issues, because they have the
potential to guide decisions at the individual patient level [4,178].

While awaiting fresh systems medicine evidence-guiding decisions, individuals suffering from candidate
PFO-associated syndromes need to be approached within a multidisciplinary framework, wherein shared

decision making becomes essential.

Further details on diagnostic accuracy studies
Contrast transoesophageal echocardiography (c-TOE) has a lower sensitivity than previously believed. A

meta-analysis on this topic is discussed in the main text. This is confirmed by other studies [179-192], which

11



show a marked underestimation of the prevalence of PFO compared with historical autopsy studies [193—
203] (Supplementary Figure 1). This relatively high false negative result may influence the prediction of
recurrence related to the assessment of post-procedural shunt [96,139] and may in part explain the
inconsistent results of epidemiological studies [183].

Nonetheless, three-dimensional TOE is an ideal technique to understand the anatomy of the interatrial
septum and guide the interventional procedure [52].

Additionally, we performed an updated meta-analysis of 29 studies comparing contrast-enhanced
transcranial Doppler (c-TCD) with c-TOE across 2751 patients (Supplementary Appendix 3)
[44,126,147,204-230] and an original meta-analysis of 13 studies across 1360 patients comparing contrast-
enhanced transthoracic echocardiography (c-TTE) against c-TOE (Supplementary Appendix 3)
[189,216,218,229,231-239]. Results are discussed in the published text.

In a previous meta-analysis of 27 studies with 1,968 patients, the weighted mean sensitivity and specificity
for contrast-enhanced transcranial Doppler (c-TCD) in detecting right-to-left shunts, as compared to ¢-TOE,
were 97% (95% CI: 94%-98%) and 93% (95% CI: 86%-97%), respectively. However, when the threshold
for a positive shunt was increased from 1 high-intensity transient signal (HITS) to 10 HITS, ¢-TCD
specificity was increased to 100% without affecting sensitivity [54].

A recent meta-analysis of 35 studies comparing ¢-TCD and ¢-TTE to ¢-TOE in 3067 patients also showed a
superior overall diagnostic yield of c-TCD compared to that of c-TTE. In this study the AUC was
significantly greater (p < 0.001) in ¢c-TCD (AUC = 0.98, 95% CI = 0.97-0.99) compared to c-TTE studies
(AUC = 0.86, 95% CI = 0.82-0.89), with a a higher sensitivity and lower specificity of c-TCD as compared
to ¢-TTE [55].

Is PFO associated with cryptogenic stroke? What are the underlying processes?

Clinical studies supporting a key role for PFO in paradoxical embolisation.

In one study that involved over 205,000 subjects, after either deep vein thrombosis or pulmonary artery
embolism, the relative risk (RR) of stroke during the first year in patients with PFO increased 2.2-fold and
2.9-fold respectively, relative to patients without a PFO [14]. Another study identified a greater proportion of
pelvic deep vein thrombosis in patients with cryptogenic stroke and PFO than in patients with stroke of
determined reason [15]; while an additional study showed that the presence of a PFO was associated with

diffusion-weighted MRI-detected silent strokes in patients with recent pulmonary embolism [18].

Clinical studies supporting different pathophysiologic processes in PFO-associated embolism.
Pathogenic processes attributable to PFO presence include: paradoxical embolism [240]; thrombus forming
within the PFO [96,241]; left atrial dysfunction [242]; and atrial arrhythmias [56,243-245]. Indeed,
prevalence rates of atrial arrhythmias ranging from 1% to 10% were reported in a meta-analysis of a small
number of prospective observational and retrospective studies that were conducted in candidates for
percutaneous closure of PFO [137]; while new-onset atrial fibrillation following transcatheter percutaneous

closure, in rates ranging from 0.5% to 15%, has been detected in other studies [106—111]. Therefore, at least
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in some patients, pre-existing misdiagnosed AF may become clinically evident only after PFO closure,

possibly unmasked by the irritating local stimuli of the device [111,246] .

IS IT CLINICALLY POSSIBLE TO ESTIMATE THE PROBABILITY OF A CAUSAL RELATIONSHIP
BETWEEN A PFO AND STROKE?

Patient characteristics

Although observed in patients of almost any age [13], in a meta-analysis of 23 case-control studies
examining the prevalence of PFO in patients with cryptogenic stroke versus controls with a stroke of known
cause, the OR for younger (< 55 years) and older patients (> 55 years) were 5.1 (3.3 to 7.8) and 2.0 (>1.0 to
3.7), respectively [56]. However, despite the comorbidities, in older patients the association is still observed,
perhaps due to the increasing prevalence of venous clots or to the increasing size of PFO with age [13,57].
Some meta-analyses of RCTs not including DEFENSE-PFO trial suggest that younger age and male gender
may be associated to a more probable causal role of PFO [78,79,90], however this was not found by another

meta-analysis [171].

During their patient-level meta-analysis of observational cohorts of cryptogenic stroke patients, the RoPE
(Risk of Paradoxical Embolism) group [59] found that patients who were younger; who did not have
hypertension, diabetes, smoking, or a prior stroke or TIA; and who had a cortical stroke on neuroimaging
were more likely to have a PFO and, thus, had a higher likelihood that the index event was related to a PFO

rather than to other causes.

Imaging stroke pattern

Cortical ischaemic lesions, whether symptomatic or asymptomatic, suggest probable embolisation even
when they are small [59]. However, deep white matter lesions can also be embolic [60,62,63], even though
they are more likely due to lipohyalinosis [247]. Indeed, in a recent patient-level meta-analysis of
randomised clinical trials (RCT) comparing percutaneous closure of PFO and medical therapy, patients with
non-cortical infarcts had a lower rate of recurrence after PFO closure than those on medical therapy,

suggesting an embolic origin of the index event [70].

No pattern in grey or white matter has been specifically observed in PFO-associated strokes [61,64—69],
though a single study identified an inverse relationship between PFO size and number of brain lesions
observed on MRI and a direct relationship between PFO size and infarct volume [77].

An embolisation pattern in the posterior circulation has been described in PFO-associated strokes in
retrospective studies [248-250]. However, another report did not find any topographical association with
PFO-associated embolisms [61].

Taken together, these data again indicate the heterogeneity of the underlying pathophysiologic processes in
PFO-caused strokes. No studies have been performed regarding imaging patterns of PFO-associated non-

cerebral cryptogenic embolism.

Characteristics of the PFO
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The association between PFO and cryptogenic stroke has been reported to be stronger in patients who have
an atrial septal aneurysm (ASA) in addition to a PFO (with odds ratios as high as 33.3) [71-73,91].
However, in one study, the risk of recurrent stroke or TIA at four years of follow-up was 0% in patients with
an ASA but no PFO; 5.6% in patients with a PFO alone; and 19.2% in patients with both a PFO and ASA
[72]. Given that other studies have shown that the extent of the interatrial septum deviation correlates with
the anatomical size of a PFO [251,252], it is possible that a statistical interaction exist between ASA and the
size of the associated PFO and its aggregated time of gaping. Indeed, several studies have found that patients
with a more severe right-to-left shunt, a larger PFO opening, or the presence of right-to-left shunting at rest

are more likely to have had a cryptogenic stroke than controls lacking these [64,76,208,253-256].

Consistently, the recent interventional sub-study of the CLOSE trial performed in patients with an ASA or a
severe shunt showed that the closure of the PFO resulted in a statistically significant higher reduction of
stroke recurrences as compared to medical therapy [27]. The DEFENSE-PFO trial, performed in patients
with ASA or a severe shunt or a wide PFO opening or a interatrial septal hyper-mobility, also showed similar
outcomes [29]. Supplementary to this observation, also subgroup analysis of long term RESPECT study
results showed that patients with ASA or a larger shunt had a greater risk reduction with PFO closure [28].
Moreover, patients with a moderate-to-severe shunt were more likely to experience better outcomes with
percutaneous closure of PFO as compared to medical therapy alone in all meta-analyses of RCTs not
including DEFENSE-PFO study, suggesting a more probable causal PFO in these patients
[78,79,90,122,170,171].

However, as expected in heterogeneous patient populations, other studies have failed to detect these
associations, while others have shown that even small PFO can be causative, likely with different underlying
processes than large ones [59,77], stressing the need for multi-parametric risk stratification and

phenotypisation of patients.

The presence of anatomic atrial variants (e.g., a Eustachian valve or Chiari network) that can promote flow
from the inferior vena cava toward the PFO may favour the persistence of a patent foramen ovale and the
formation of an atrial septal aneurysm, thereby facilitating paradoxical emboli [75]. A long PFO tunnel has

also been linked to increased stroke risk in retrospective studies [76]

Clinical clues

Documentation of a venous source of embolism is a key criterion for a presumed diagnosis of paradoxical
embolism; but one first needs to exclude the possibility that the venous thrombosis is secondary to the
immobilisation that often results after the embolism becomes clinically manifest. The search for venous
thrombosis is often negative [80,82,83], though this may be due to an inability to detect small venous clots
[15]. Several acquired and hereditary pro-thrombotic states increase the risk of deep vein thrombosis [257]
(Supplementary Table 13) and may translate into a higher risk of PFO-associated emboli. Studies that have
attempted to identify an association between inherited thrombophilia and PFO-related stroke have yielded

conflicting results [87-89,258]. Indeed, in one meta-analysis, a significant association was identified
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between factor I1 G20210A and PFO-related stroke [OR 3.9; (95% CI 2.2 to 6.7) relative to those patients
without a PFO (2.3; 95% CI 1.2 to 4.4) [87], but a more recent study failed to confirm this finding [88].
Moreover, in a study by Pezzini et al., patients having either the factor V Leiden (G1691A) mutation or the
prothrombin G20210A variant exhibited an odds ratio for stroke of 1.98 versus controls [87]. Another study
failed to detect a significantly-increased risk of cerebrovascular events in subjects with the combined

presence of elevated antiphospholipid antibodies levels and a PFO [89].

Simultaneous occurrence of symptomatic or asymptomatic pulmonary and left circulation emboli should
strongly indicate paradoxical embolism, [18,80] while a history of previous single or recurrent pulmonary
embolism can support a paradoxical mechanism with recurrent clinical or asymptomatic cryptogenic

embolisms [81].

Circumstances that predispose someone to DVT — like an immobilising injury/surgery or an extended
automobile or airplane ride — or activities that promote paradoxical embolism — like straining to defecate,
heavy lifting, and other activities associated with a Valsalva manoeuvre immediately prior to stroke onset,
strengthen the hypothesis that a given stroke is due to paradoxical embolism and should be investigated
further. With a similar mechanism, also obstructive sleep apnea can cause a paradoxical embolism and this
possibility should be enquired for in case of cryptogenic stroke-on-awakening [84]. However, it is not clear
whether these predisposing factors are more frequent in cryptogenic stroke patients with than without a PFO

[81,85].

Clinical risk scores

The RoPE score represents an attempt to assign a causal relationship probability to individual PFOs, based
on the assumption that identifying subjects with similar characteristics to subgroups in which a PFO was
found to be more prevalent implies a greater probability of causation [59]. Variables associated with a PFO
in cryptogenic stroke patients included younger age, the presence of a cortical stroke, and the absence of
diabetes, hypertension, smoking, or a prior stroke or TIA. RoPE developers incorporated these factors into
the 10-point RoPE score, whereby the higher the score (i.e., the fewer atherosclerotic vascular risk factors a
given patient has), the more likely it is that the patient has a PFO, with a cut-off of more than 6 points on a
10-point scale indicating a higher probability of association between PFO and the stroke [59]. However,
external validation studies still are to be published; and even the imprecision of internal validation studies
has been judged severely (Supplementary Table 3). Moreover, paradoxically, a higher causation probability
of a PFO as assessed by the RoPE score seem to be associated to a lower rate of recurrence [59], which is in

contrast to the findings of the most recent randomised studies.

RISK OF RECURRENCE IN PFO-ASSOCIATED STROKE
Risk of recurrence is a pivotal factor to consider during decision making in patients with a PFO-associated
stroke. One meta-analysis that incorporated one RCT, three case-control studies, and 11 case series,

identified a rate of recurrent stroke or TIA of four events per 100 patient-years (95% CI 3.0-5.1) and a rate
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of recurrent stroke of 1.6 events per 100 patient-years (95% CI 1.1-2.1), while the pooled absolute rate of
recurrent ischaemic stroke or TIA was 4.0 events per 100 person-years overall [91]. However, in different
studies, these figures ranged 0 to 4.4% for stroke and 0 to 14% for either TIA or stroke [259], emphasising
the heterogeneity of the risk and of the characteristics of patients in these populations, and the need to
discriminate between them.

In another meta-analysis that assessed 14 observational studies encompassing 4251 patients, cryptogenic
stroke patients with a PFO exhibited no increased risk either of recurrent stroke alone of either stroke or TIA
recurrence, when compared to cryptogenic stroke patients without a PFO [95]. The finding that cryptogenic
stroke patients with and without a PFO have similar rates of stroke seems odd, but might just reflect that, in

patients without a PFO, other occult causes of stroke might similarly increase the risk of recurrence [92].

A few studies have examined the aetiology of recurrent cerebrovascular events in PFO patients [93,94]. One
important finding is that an alternative cause of stroke (e.g., large artery disease, small artery disease, cardio-
embolism, other causes), unrelated to PFO, was identified in many patients with recurrent stroke. This
finding does not exclude PFO as causal for the first (or recurrent) episode but shows that the causes of
recurrence may change over time, adding a dynamic pattern to the complexity of the overall picture. In
particular, in the CLOSURE 1 trial [94], in both arms of the study an aetiological alternative to paradoxical

embolism was frequently (37%) responsible for recurrent events.

The systematic review of literature revealed that few specific predictors of stroke recurrence in patients with
a PFO have been identified. A PRISMA diagram of the selection process in the literature review to obtain
these studies is displayed in Supplementary Figure 6. Some features were found to be statistically-
significant predictors in at least two studies (Table 3 in the published text). ASA seems to have a particular
role with this respect. In the RoPE database, septal hypermobility was a significant predictor of stroke
recurrence [97]. In the PFO-ASA study, cryptogenic stroke patients with both PFO and an atrial septal
aneurism (ASA) were more likely to have a recurrent stroke than cryptogenic stroke patients without a PFO.
The risk of recurrent stroke in this group was four times higher than in patients with no PFO, but the
confidence interval for this estimate was large[72]. Moreover, two meta-analyses not including DEFENSE-
PFO study, suggest that the subgroup patients with ASA had a greater risk reduction with PFO closure than

patients without these characteristics, hence supporting the role of ASA in stroke recurrences [170,171].

With regards to the size of the PFO, all studies that have examined this potential predictive factor have found
that cryptogenic stroke patients with small and large shunts have roughly equivalent stroke recurrence rates
[72,95,96], though this may reflect the unreliability of transoesophageal echocardiography in the prediction
of future events [96]. Indeed, the subgroup analysis of the randomised controlled trial RESPECT, supported
large shunts to be associated with more frequent stroke recurrences [28]. However, unexpectedly, in the
RoPE database [97] a small shunt was a significant predictor of stroke recurrence in patients who had a high

probability that their PFO was stroke-related rather than an incidental finding.
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DIAGNOSTIC WORKUP
The diagnostic process must begin with a clinical assessment, based upon the clinical presentation or the

organ involved, as well as organ-specific and appropriate vessel imaging (colour-Doppler ultrasound, CT or
MRI angiography, or invasive angiography). Additional clinical assessments and imaging can be performed
to detect sub-clinical embolism in other organs, including pulmonary scans or scintigraphy, organ-specific
CT scans or abdominal sonography (e.g., spleen or kidney).

Whatever the embolism site, thorough transthoracic echocardiographic and neurological evaluation should

be performed.

In cases involving a cerebrovascular accident, an accurate neurological evaluation is required to differentiate
a TIA from syncope, peripheral vertigo, or transient focal deficits, such as those that may occur after a

seizure or associated with a migraine attack. Most TIAs persist less than one hour.

Assessing asymptomatic paroxysmal AF

Paroxysmal AF occurs without specific symptoms in the vast majority of patients with cryptogenic stroke
[102] and is under-detected after spontaneous resolution [99]. Randomised and observational studies
performed using insertable cardiac monitors [99—102] and external ECG monitoring [260,261] have
consistently demonstrated that prolonged monitoring and the selection of high-risk populations increases AF
detection in cryptogenic stroke, albeit at highly variable rates [164]. A systematic review of all the studies
conducted on detection of AF after ischaemic stroke or transient ischaemic attack with various monitoring
systems (inpatient cardiac monitoring, 24-hours, 48-hours and 72-hours Holter, external loop recorder,
mobile cardiac outpatient telemonitoring) demonstrated a highly variable rate of AF detection with
considerable heterogeneity among studies [260]. However, in this meta-analysis, a prolonged non-invasive
monitoring (>24 hours) increased yield of AF detection in patients with cryptogenic stroke and old age.
These data were confirmed by the randomised controlled trial Embrace, assessing the detection of AF with
external ECG monitoring in cryptogenic stroke [261]. Based on these data, the selection of candidates for
ICM monitoring based on risk factors for AF has been proposed, leading to silent AF detection in up to 35%
of patients at six months and 46% at a median follow-up of 14.5 months [262,263].

Given that, in the Cristal AF study, the insertable cardiac monitor (ICM) removal rate was 2.4%, due to
infection at the insertion site or pocket erosion, while the number of implanted ICM needed to detect a first
episode of AF was 14 over six months of monitoring, 10 over 12 months, and four over 36 months, an ICM-
based rule-out protocol of paroxysmal AF is a reasonable option in selected high-risk patients after a
cryptogenic stroke. Patients may be considered at high risk if: >55 years old, given the very low incidence of
AF in patients <55 years old in large cohorts [173,264]; or with an history of prior cortical or cerebellar
infarction on neuroimaging and a CHADS?2 or CHA2DS2-VASc score > 1 [100,101,265]. However, the
CHA2DS2-VASc score was designed for stroke prediction in AF patients rather than for AF risk prediction,
but four of its six individual items have been repeatedly identified as strongly associated with AF, therefore
they can also be considered high risk markers: congestive heart failure [266,267], hypertension [268],
advanced patient age [101,265,266], and diabetes mellitus [267,269]. Furthermore, also frequent atrial runs
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and left atrial dilation are known predictors of AF in patients with cryptogenic stroke [101,266,270,271].
Finally, left ventricular hypertrophy, pulmonary or thyroid disease, and obesity are also associated with an
increased AF risk [272] and can be considered high risk features. Likely, the same considerations apply to

any form of left-circulation thromboembolism.

Evaluating the need for anticoagulants in AF

The higher sensitivity of extensive monitoring poses the question that the detection of extremely brief
harbinger episodes alone may be less critical. Indeed, in a recent meta-analysis involving 1149 patients
across four randomised studies, despite the higher recognition rate of 30-second AF episodes with
monitoring prolonged over six days versus < 48 hours, the outcomes of patients in the two groups were
similar [164]. In the Mode Selection Trial (MOST), high-rate atrial arrhythmic episodes lasting at least five
minutes predicted a higher incidence of the composite outcome of death or nonfatal stroke [165]. In the
Asymptomatic Atrial Fibrillation and Stroke Evaluation in Pacemaker Patients and the Atrial Fibrillation
Reduction Atrial Pacing Trial (ASSERT), an episode of high-rate atrial arrhythmia lasting more than six
minutes conferred a relative risk of 2.5 for subsequent ischaemic stroke or systemic embolism. A higher AF
threshold duration, as indicated by the SOS-AF study (1 hour), TRENDS trial (5.5 hours), and AT500
Registry (24 hours), may be inappropriate for secondary stroke prevention [ 166—168]. Patients with
cryptogenic stroke and PFO, and having a pre-stroke CHA2DS2-VASc score >1, are a cohort at elevated risk
of atrial fibrillation recurrence. Therefore, the relevance of transient episodes of AF may be greater in this
group than AF detected incidentally in patients without a prior stroke. The ICM-detected arrhythmia duration
may be combined with the baseline CHADS? score to evaluate the risk of thromboembolic events. In
patients with a CHADS?2 score >2, AF episodes lasting more than five minutes appear to significantly

increase the risk of stroke [169].

ADDITIONAL INSIGHTS ON EFFICACY AND SAFETY OF MEDICAL THERAPIES

Contemporary medical treatments are based upon the extrapolation of data from secondary prevention
studies for stroke at large, from studies on cryptogenic stroke at large, or from their sub-group analysis. In
the different studies that have been published, medical therapy has always been heterogeneous, even within
each study. In most studies, the oral anticoagulants (OAC) used have consisted of vitamin K inhibitors while
direct oral anticoagulants (DOAC) were also allowed in CLOSE trial. Antiplatelet therapy has also been very
variable, consisting of acetylsalicylic acid, clopidogrel, and extended-release dipyridamole, alone or in

different combinations, and sometimes in conjunction with OAC.

Prior to the publication of CLOSE, REDUCE and DEFENSE-PFO trials, one meta-analysis of randomised
trials, comparing a mixed medical therapy to the percutaneous closure of PFO, identified in its medical
therapy arm a pooled incidence of primary endpoints of 1.8 events per 100 patients/year (95% CI, 0.7-2.9)
[273].

In the individual trials assessed in these meta-analyses, the event rate of stroke, TIA, peripheral embolism,

and/or death ranged between 2.5% (OAC) in the RESPECT trial [131] and 7.9% (acetylsalicylic acid) in the
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CLOSURE I study [274]. In a meta-analysis of observational trials, mixed medical therapy yielded a pooled
incidence rate of recurrent neurological events of 5.0 per 100 person-years (95% CI: 3.6 to 6.9) [113]. One of
the last, comprehesive, meta-analyses of RCTs reported a stroke incidence of 1.27 events per 100

patients/year (95% CI, 0.84-1.78)[74].

Only one recent randomised sub-study, part of a larger one, has compared the use of OAC (vitamin K
inhibitors or DOAC) and antiplatelet therapy (acetylsalicylic acid, clopidogrel or a combination of
acetylsalicylic acid+dipyridamole) in 361 patients with cryptogenic stroke with a large PFO and/or an atrial
septal aneurism showing, after an average 5 years of follow-up, a statistically non-significant lower
incidence of stroke in patients receiving OAC as compared to those who received antiplatelet therapy [1.6%

vs 4.0%, respectively; p=0.21; OR=0.34 (95% CI: 0.10 to 1.53)] [27].

Five meta-analyses, not including CLOSE trial, have been published to date comparing antiplatelet therapy
and OAC for PFO-associated cryptogenic strokes. Four study-level meta-analyses (the first three involving
observational studies only and the last one both observational and randomised studies not comparing directly
OAC and antiplatelet therapy), incorporating up to 3311 patients, consistently found a statistically-significant
advantage of OAC over antiplatelet therapy, including an OR = 0.37 for stroke or TIA (95% CI: 0.23 to

0.60) [114], an incidence rate ratio of 0.42 (95% CI, 0.18—-0.98) for stroke and/or TIA [115], a relative risk of
pooled recurrent neurological events of 0.58 (95% CI: 0.41 to 0.82) [113], and event rates for stroke and/or
TIA at or beyond 12 months of 7.7% versus 9.8%, respectively, p = 0.03 [116]. In a patient-level meta-
analysis of 12 databases and 2385 patients not including CLOSE trial, a point estimate of the reduction of
strokes, TIAs or death and stroke alone was noted with OAC of approximately 25% as compared to
antiplatelet therapy, but this reduction was not statistically significant [275]. However, similar to the results
of medical substudy of CLOSE trial, the number of events identified during follow-up was small,
underlining imprecision in the estimation of effects [275]. These findings may also be due, as for many other
of the aforementioned factors in this population, to heterogeneity within the populations classified as having
PFO-associated cryptogenic emboli, even when they are deemed to be at higher risk according to a few
indicators, such those enrolled in CLOSE trial. Indeed, OAC had a statistically-significant beneficial effect
on the primary composite outcome in analyses that were standardised to only include patients who had

actually received antiplatelet therapy (adjusted HR: 0.64, 95% CI 0.42—0.99) [275].

Overall the quality of the available evidence for safety issues is low. In the first three randomised studies on
PFO excluding CLOSE, REDUCE and DEFENSE-PFO trials, only 7/11 bleeds were major haemorrhages
amongst patients receiving medical therapy. In a meta-analysis of observational studies, 1.1% of the patients
receiving medical therapy experienced a bleeding complication [113]. The young age of patients and the
short follow-up may influence the estimate of bleedings. Indeed, in one of the above-mentioned meta-
analyses on PFO patients, an OR of 6.49 (95% CI: 3.25 to 12.99) was reported for major bleeding with OAC
relative to antiplatelet drugs [116]. In addition, another meta-analysis of 11 trials involving 2487 patients and

considering the secondary prevention of stroke at large revealed that the potential benefit of OAC might be
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outweighed by the risk of both intracranial haemorrhage (OR 2.54, 95% CI 1.19 to 5.45) and major
extracranial haemorrhage (OR 3.43, 95% CI 1.94 to 6.08) [117].

ADDITIONAL INSIGHTS ON THE SAFETY AND EFFICAY OF PERCUTANEOUS CLOSURE

The initial report on percutaneous PFO closure pertained to an atrial septal defect device [120]. The first
dedicated PFO closure device was implanted in 1997 [121].

The main quantitative and quantitative characteristics of the RCTs are summarised in Supplementary Table
9 and in Supplementary Table 10.

Regarding more detailed qualitative characteristics, despite the fact that all these studies are RCT, therefore
the highest ranked source of evidence, all individual studies shared important limitations.

All studies were underpowered due to a lower incidence of outcomes as compared to forecasts and therefore
also reported wide confidence intervals in their results. It is likely that this probably also due to the short
duration of follow up for these kind of endpoints (usually 2 years, except in PC and the extended Respect
post-hoc analysis). All the studies also had a lower-than expected rate of recruitment which accounts for a
high risk of referral bias. All the studies were therefore concerned by the possibility of a high attrition bias,
with the possibility of some patients at higher risk treated outside the study. Moreover, all studies compared
PFO closure with mixed medical therapies. No study had a comprehensive AF rule-out strategy with ICM
before the randomisation, so that overt AF may be reliably excluded. Finally, the stroke risk attributable to
atrial fibrillation induced by PFO closure is unknown, therefore the impact of post-procedural AF in patients

undergoing percutaneous closure (mostly transient) is unclear.

The Closure I trial [S1]was the first study to be published and evaluated the STARFIex PFO closure system
(now out of market) against the administration of warfarin, acetylsalicylic acid, or combined acetylsalicylic
acid and warfarin at the physician’s choice. It had a long enrolment phase from 2003 to 2008, which also
caused the need to amend the original protocol to lower the number of patients. Finally, 909 patients aged
18-60 with a cryptogenic stroke (including lacunar patern at imaging) or TIA and a PFO, were randomised
1:1: 447 to PFO closure (72.6 % stroke, 27.4 % TIA) and 462 to medical therapy (71.4 % stroke, 28.6 %
TIA). The primary endpoint was a composite of recurrent stroke or TIA at 2 years, any death within 30 days,
or death from neurologic causes at 2 years. Moderate to substantial shunts and atrial septal aneurysm
prevalence was similar in study arms (on average approximately 52 % and 36%, respectively). No relevant
deaths occurred. Procedural success was 89.4 % for implantation and 86.1 % for effective closure at 6
months of followup. In the follow-up 52 cerebrovascular outcome events occurred: 25 ischaemic strokes and
30 transient ischaemic attacks. There was no evidence that endovascular PFO closure was superior to
medical therapy alone in the prevention of stroke or TIA (5.5 % vs 6.8 %, HR 0.78, 95 % CI1 0.45-1.35,
p00.37), stroke (2.9 % vs 3.1 %, HR 0.90, 95 % CI1 0.41-1.98, p00.79), or TIA (3.1 % vs 4.1 %, HR 0.75, 95
% CI1 0.36-1.55, p00.44). This lack of benefit persisted when the analysis was confined to modified intent-
to-treat or per-protocol patients only. However, there was a significant increase in the risk of major vascular
procedural complications after PFO closure (3.2 % vs 0, p=0.001). Among the main limitations of this study:

the high risk of referral bias due to the low number of enrolled patients per centre, the risk of selection bias
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due to the low risk of patients, the short follow-up, the inclusion of interventional centres with low volume of
activity, the use of an outdated and probably less-effective device, the inclusion of TIA as index events and

as outcome measure, the inclusion of lacunar syndrome,.

The Respect trial [112] compared the Amplatzer PFO Occluder with four treatment regimens: monotherapy
with warfarin, acetylsalicylic acid or clopidogrel, or a combination of acetylsalicylic acid with extended-
release dipyridamole. Also this study suffered an 8§ years enrolment phase, caused, among other factors, by a
double amendment in the protocol, needing an increase in patients to be included. At the end, 980 patients
aged 18—60 with a cryptogenic stroke only and a PFO were randomised 1:1: 499 to PFO closure and 481 to
medical therapy. The primary efficacy endpoint was a composite of recurrent nonfatal ischaemic stroke, fatal
ischaemic stroke, or early death after randomisation in the time span necessary to 25 events to occur. A
similar proportion of patients with an atrial septal aneurysm (36.1 % vs 35.1 %) and presence of substantial
shunting (defined as more than 10 microbubbles of right-to-left shunt, 77.9 % vs 74.1 %) was observed.
Procedural success was 96.1 % for implantation and 93.5 % for effective closure at 6 months of follow-up.
The primary publication in 2013 reported a total of 25 primary endpoint events (nine in the closure group
and 16 in the medical therapy group), all of which were recurrent nonfatal stroke (0.66 events per 100
patient-years, HR with closure = 0.49, 95 % CI: 0.22—1.11; p=0.08). The primary analysis showed similar
results in the prevention of stroke in the 2 arms (1.33 % vs 1.73 % at 1 year, 1.60 % vs 3.02 % at 2 years, and
2.21 % vs 6.40 % at 3 years, HR 0.492, 95 % C1 0.217-1.114, p=0.083. However, the per-protocol analysis
of 20 events suggested benefit for PFO closure (HR 0.366, 95 % CI 0.141-0.955, p=0.032). Subgroup
analyses suggested a benefit in the presence of a substantial shunt or atrial septal aneurysm. Atrial fibrillation
occurred in 0.6 % of patients in both groups. There were no cases of device thrombus or embolisation. Major
vascular complications were exclusively seen in the device group, but without a statistically significant
difference as compared to medical therapy.

In a second publication in 2017,[28] the investigators reported that after 10 years, in an intention-to-treat
analysis, PFO closure with the Amplatzer PFO Occluder resulted in a 62 % relative risk reduction (RRR) for
recurrent ischaemic stroke compared to medical management (HR 0.38; 95 % CI: 0.18—0.79; 10-year event
rates 2.3 % versus 11.1 %; p=0.007). Similar results were seen in patients <60 years of age (58 % RRR; HR
0.42; 95 % CI: 0.21-0.83; 10-year event rates 3.0 % versus 13.2 %; p=0.01). The rates of atrial fibrillation,
major bleeding, and death from any cause were comparable or lower in the device study arm. Specific
limitations of this trial are: a different drop-out rate in the two study arms and the caution to be used in per-

protocol analysis instead of in intention-to-treat analysis.

The PC trial [132]compared the Amplatzer PFO Occluder with any antiplatelet or anticoagulation therapy of
the physician’s choice, which resulted to be: acetylsalicylic acid, ticlopidine, clopidogrel and warfarin. Also
in this study a low enrolment rate was observed (9 years). 414 patients aged 18-60 years old with
neuroradiologically verified cryptogenic stroke or TIA or peripheral thromboembolism and a PFO were
randomised 1:1: 204 to closure and 210 to medical therapy groups. The primary endpoint was a composite of

death, nonfatal stroke, TIA, or peripheral embolism at 4.5 years Device implantation was successful in
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95.9% of patients and effective in 95.9% of those. The prevalence of moderate-to-severe shunt and of ASA
was similar in the two study arms (on average approximately 65% and 24%, respectively). Eighteen primary
endpoint occurred (6 strokes, 12 TIA): 3.4% in the closure group and 5.2% in the medical therapy group
(hazard ratio for closure vs. medical therapy, 0.63; 95% confidence interval [CI], 0.24 to 1.62; P = 0.34). No
relevant deaths occurred. At subgroup analysis no significant differences emerged in the two study arms.
Except for a statistical trend towards a higher minor atrial fibrillation rate in PFO closure (2% vs. 0%,
p=0.058), the overall complication rate was similar in the two study groups.

Specific limitations of this trial were: a possible high attrition bias, the inclusion of TIA as index events and
as outcome measure and the considerable risk of selective reporting by the clinical event committee in this

open label trial.

The Reduce trial [26], evaluated PFO closure with the Gore Helex (not available any more) or Gore
Cardioform septal occluder plus antiplatelet therapy versus to antiplatelet treatment alone. Antiplatelet could
consist of: acetylsalicylic acid, a combination of acetylsalicylic acid and dipyridamole or clopidogrel,
Enrolment lasted 6 years. 664 patients with a cryptogenic ischaemic stroke a PFO aged 18-59 years old were
randomly 2:1: 441 patients to PFO closure group and 223 to medical therapy only group. The first co-
primary endpoint was freedom from clinical evidence of an ischaemic stroke (clinical ischaemic stroke)
through at least 24 months. The second co-primary endpoint, derived from a secondary endpoint with a
protocol amendment, was the incidence of new brain infarction (composite of clinical ischaemic stroke or
silent brain infarction detected by MRI). In 7.3% of patients of the interventional group no device was
implanted. In those who received the device, the implantation was successful in 98.8% of patients and
effective at 12 months in 75.6% of those. ASA was present in 20% of patients undergoing closure, whereas
this data is not available for patient on medical therapy only. A moderate-to large shunt was present in
approximately 80% of patients in both arms. Primary endpoint clinical ischaemic stroke occurred in 18
patients. The incidence of new brain infarctions was significantly lower in the PFO closure group than in the
antiplatelet-only group (5.7% vs. 11.3%; P = 0.04), but the incidence of silent brain infarction did not differ
significantly between the study groups (P = 0.97). Serious adverse events were similar in the two groups.
Atrial fibrillation occurred in 6.6% of patients after PFO closure vs 0.4% (p<0.001). Also in this study a

different dropout rate was observed in the two study arms, accounting for a possible selective reporting bias.

The Close study [27]was a 3 arm randomised study. The 3 arm of the study were: 1) antiplatelet therapy plus
trans-catheter PFO closure with any CE-mark of PFO closure device; 2) antiplatelet therapy alone; 3)
anticoagulant therapy alone (with OAC or DOAC). Antiplatelet therapy consisted of: acetylsalicylic acid,
clopidogrel or acetylsalicylic acid combined with extended release dipyridamole. Enrolment was stopped at
8 years, before reaching the planned target of 900 patients, because of budget limitations. As a compensation
for this, the follow-up period was prolonged. The study finally included 663 patients aged 16-60 years old,
with a cryptogenic ischaemic stroke and a PFO with an associated ASA or large interatrial shunt. Patients
were randomised 1:1:1: 235 to antiplatelet only, 238 to PFO closure and the remaining to anticoagulants.

Pre-specified comparisons included only the comparisons of closure vs. antiplatelets and antiplatelets vs.
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anticoagulants. Primary endpoint was the occurrence of fatal or nonfatal stroke at 3 years. With the 11
different devices used (with a large majority being Amplatzer PFO occluder), the closure procedure was
successful in 98.6% of patients and the rate of effective PFO closure was 93.0%. ASA was present in
approximately 32% of patients in both arms, a large shunt was present in approximately 72% of patients in
both arms.

Recurrent fatal or non-fatal stroke occurred in 14 patients, but none in the PFO-closure group. Therefore, the
risk of recurrent stroke was significantly reduced in the PFO closure group as compared with the antiplatelet
therapy alone group (97 % RR; HR 0.03; 95 % CI: 0.00-0.26; p<0.001). A significantly higher rate of new-
onset paroxysmal atrial fibrillation in the PFO closure group compared to the antiplatelet only group was
also reported (4.6 % versus 0.9 %; p<0.02). In a post-hoc analysis comparing PFO closure vs.
anticoagulation, 3 patients on anticoagulants had a recurrent stroke over a follow-up of 967 patient-years,
compared with none in the PFO Closure group over a follow-up of 963 patient-years (intention-to-treat

analysis), which was statistically non-significant at the survival analysis.

The Defense-PFO study [29]compared PFO closure with Amplatzer PFO Occluder or medical therapy alone
as chosen by the caring physician (acetylsalicylic acid, acetylsalicylic acid in combination with clopidogrel,
acetylsalicylic acid in combination with cilostazol or warfarin). Enrolment lasted 6 years, when it was
terminated for the advantage in PFO closure arm which was evident before the end of the planned enrolment.
The study randomised, 1:1, 120 patients who experienced a cryptogenic ischaemic stroke and had a high risk
PFO (ASA, PFO width >2 mm or moderate-to-large shunt): 60 to percutaneous closure and 60 to medical
therapy only. ASA was present in approximately 10% of patients in both arms, atrial septal hypermobility in
45% and a large shunt in 90% of patients.

The primary endpoint was a composite of stroke, vascular death, or Thrombolysis In Myocardial Infarction
(TIMI)—defined major bleeding during 2 years of follow-up, and occurred in 6 patients undergoing medical
therapy only, and in none undergoing PFO closure (p=0.013). The study reports 2 cases of AF in the group
undergoing closure and none in the medical therapy-group. Specific limitation of this trial is the low number

of enrolling centres (i.e. two).

SURGICAL CLOSURE OF PFO

There are no current indications for surgical closure of a PFO as first-line treatment. Closure of incidental
PFOs at the time of coronary artery bypass surgery is not generally advocated because of the higher risk of
postoperative stroke [157], but during valvular surgery incidental PFO closure is usually undertaken.
Surgical PFO is also done in rare cases when surgery is indicated for other conditions in which the PFO
plays a role, such as a straddling thrombus in the PFO or a right-sided cardiac tumours causing hypoxaemia
or paradoxical embolism through a PFO [158]. Finally, PFO should be closed during surgery performed for
rare complications which cannot be managed by percutaneous means, such as infected or misplaced PFO

devices or erosion of the atrial free wall caused by a PFO device.
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Supplementary Appendix 5. GRADE evaluation of evidences for PICO questions.

Should percutaneous closure of PFO vs. medical therapy be used for secondary prevention of stroke or
other left-circulation thromboembolism?

POPULATION: Secondary prevention of stroke,
TIA, other left-circulation
thromboembolism
INTERVENTION: Percutaneous closure of PFO
COMPARISON:  Medical therapy
MAIN Stroke, TIA, death, bleedings,
OUTCOMES: atrial arrhythmias
SETTING: Hospital
Assessment
ADDITIONAL
JUDGEMENT RESEARCH EVIDENCE CONSIDERATIONS
Is the problem a priority? Stroke is an important cause of Based on these data,
o No morbidity and persistent disability, with | PFO is causal in
o Probably no 16.9 million people suffering a stroke between approximately
o Probably yes each year. The incidence of stroke in 1.2 million and 3
® Yes young adults and in low-income million strokes each
countries is increasing. Cryptogenic year worldwide.
o Varies strokes represent 30-40% of all strokes | Cryptogenic non-
= | o Don't know and there is evidence demonstrating a cerebral systemic
5—1 causal role of PFO in this figure, varying | embolism is similar to
m from 25% to approximately 50% of the | cryptogenic embolic
8 total. stroke, thereby
A increasing the number
of people affected
yearly. Finding an
effective PFO
treatment would
translate into a
substantial population
effect.
o, | How substantial are the Currently data are available on 7137 Studies are available
5 desirable anticipated effects? patients in 11 nonrandomised for cryptogenic stroke
E o Trivial comparisons, six randomised studies, 3 | only; however
b [ o Small study-level meta-analysis of the 6 RCTs, | cryptogenic non-
| © Moderate 2 study-level meta-analysis of 5 RCTs cerebral embolism can
é o Large and observational comparisons, 10 be considered a variant
é study-level meta-analyses of 5 RCTs, of this condition.
o | ® Varies one patient-level meta-analysis of the 3
B | o Unknown first published RCTs, one meta-analysis
A . .
performed on observational trials only
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UNDESIRABLE EFFECTS

How substantial are the
undesirable anticipated effects?
o Large

o Moderate

e Small

o Trivial

o Varies
o Don't know

ans 17 meta-analyses of the 3 first
published RCTs(Supplementary Table
7, Supplementary Table 8).

Three of the six RCTs (CLOSE,
REDUCE and DEFENSE-PFO trials)
showed superiority of PFO closure plus
medical therapy vs. medical therapy
alone for reducing recurrent strokes. The
remaining 3 studies showed a similar
efficacy with interventional or medical
therapies, although one reported the
superiority of PFO closure only on pre-
specified as-treated analysis [112]. In
this study an exploratory analysis at
extended 5.9 years’ follow-up yielded a
superiority of PFO closure over medical
therapy [28].

Our study-level meta-analysis performed
on the 6 published RCTs, shows
superiority of PFO closure over medical
therapy for stroke recurrence on ITT
analysis with an odds ratio (OR) = 0.38
(95% CI: 0.18-0.80), with a
heterogeneity across studies which is
borderline between moderate and
significant (y*=10.7, p=0.06; I>’=53%)
(Supplementary Figure 4A). However,
when considering subgroups classified
as per risk characteristics of the PFO, in
the low risk subgroup this heterogeneity
disappeared (1>=0%) and was reduced in
the high-risk subgroup (I>=40%)
(Supplementary Figure 5). Moreover,
in the same analysis, the superiority of
percutaneous closure was clearly driven
by the high-risk patients
(Supplementary Figure 5). This was
also true when considering altogether the
studies which selected high risk patients
upstream (CLOSE, DEFENSE-PFO and
REDUCE), without subgroup analysis
(Supplementary Figure 4B).

The superiority of PFO closure was
confirmed also for the stroke reduction
of the studies when compared with
antiplatelet therapy with an OR = 0.38
(95% CI:0.17-0.84) (Supplementary
Figure 12A) but not with OAC,
although only 3 RCTs could be analysed
for the latter comparison
(Supplementary Figure 12B). Of note,
the only RCT of those allowing the
direct comparison of percutaneous
closure with OAC in a post-hoc analysis,
found no statistically significant
difference in stroke incidence in the
follow-up [74].

The NNH for atrial
fibrillation is likely to
increase substantially
with more adequate
screening strategies for
AF before treatment
allocations.
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On the contrary, interventional and
medical therapy yielded similar results in
preventing TIA and Death
(Supplementary Figure 4C,
Supplementary Figure 4D).

On patient-level meta-analysis not
including CLOSE, REDUCE and
DEFENSE-PFO trials, PFO closure was
superior to medical therapy on ITT
analysis for stroke recurrence, with a
hazard ratio (HR) = 0.58 (95%CI: 0.34—
0.98), and for the primary composite
endpoint (stroke, TIA or death) only
after adjusting for covariates with an HR
=0.68 (95%CI: 0.46—-1.00) [70]. The 3
comprehensive study-level meta-
analyses and 11 study-level meta-
analyses not including DEFENSE-PFO
trials (Supplementary Table 7), all
showed superiority of PFO closure over
medical therapy only.

One of the study-level meta-analyses of
the 6 published RCTs revealed an
incidence rate of 1.27 per 100
patients/year with medical therapy (95%
CI, 0.84— 1.78; I2= 53%) and of 0.29
strokes per 100 person-years with
percutaneous closure (95% CI, 0.02—
0.76; 12= 83%) in the PFO closure group
[74].

Death rates were similar in medical and
interventional arms (pooled RR 0.79,
95% CI, 0.39— 1.60, P=0.51; I2=
0%)[74]. No deaths were associated to
stroke.

Incidence rates for haemorrhage and
overall adverse events were similar in
the intervention and medical therapy
arms in all meta-analyses. However, it
should be taken into account that most of
the patients were young and follow-up
not very long, therefore a life-long
medical therapy may cause an
underdetected late rise in haemorrhages
with advancing age.

The risk of atrial arrhythmias,
particularly atrial fibrillation, was higher
after PFO closure than after medical
therapy in our meta-analysis of the 6
RCTs with an OR=4.15 (95%CI: 2.42-
7.13) (Supplementary Figure 9A) and
also in all meta-analyses of the first 5
RCTs [78,79,90,122,170,171,276-278].
However, this difference was influenced
by the type of device received by
patients. With the use of Amplatzer
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device, no difference in the risk of
postprocedural AF was found in our
meta-analysis (Supplementary Figure
10) and in four previous meta-analyses
including less studies than the last one.
Moreover a less significant difference in
AF risk war reported with Amplatzer
device in other three previous meta-
analyses [70,172,279-283]. Among the 6
RCTs, the use of GORE septal
occluders, in the REDUCE trial, was
associated with the highest probability of
AF with OR=15.6 (95%CI: 2.11-115.48)
(Supplementary Figure 10).

CERTAINTY OF EVIDENCE

What is the overall certainty of
the evidence of effects?

o Very low

e Low

o Moderate

o High

o No included studies

All individual RCTs were underpowered
(Supplementary Table 9), mainly
because of the discrepancy between the
expected vs. observed incidence of
events, and meta-analyses should be
interpreted accordingly.

Moreover, individual RCTs have low
internal and external validity
(Supplementary Table 10). Indeed,
event rates were low and confidence
intervals wide. Moreover, innumerable
data from meta-analyses and randomised
and observational studies (see text) show
that substantial heterogeneity exists in
the populations studied. However, part
of this heterogeneity disappeared when
considering the subgroups of patients
according to PFO risk features,
suggesting that in part the PFO
characteristics may account for the
observed difference in study results.
Therefore, the conclusion in this
subgroups of patients are likely not to
change with new trials. Nonethelss, more
precise phenotyping with
multidimensional data is warranted to
design more appropriate randomised
trials indentifying new subgroups of
responders vs. non-responders to each
therapy.

VALUES

Is there significant uncertainty
about or variability in how
much people value the main
outcomes?

o Important uncertainty or
variability

e Possibly important uncertainty
or variability

o Probably no important
uncertainty or variability

o No important uncertainty or

No study addressed the issue of patient
preferences or values regarding
outcomes and treatments for cryptogenic
stroke with PFO. A systematic review
recently addressed these issues stroke
prevention with medical therapy in
patients with atrial fibrillation across 27
studies [284]. Generally speaking, most
patients were willing to accept even high
risks of a therapy if a certain threshold in
stroke risk reduction could be reached.
This acceptance went in many cases
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variability

beyond the judgement of physicians.
Moreover, significant differences in
preferences appeared also between
patients.

BALANCE OF EFFECTS

Does the balance between
desirable and undesirable
effects favour the intervention
or the comparison?

o Favours the comparison

o Probably favours the
comparison

o Does not favour either the
intervention or the comparison
o Probably favours the
intervention

e Favours the intervention

o Varies
o Don't know

See the "desirable effects" and
"undesirable effects" sections of this
table for a summary of evidence.

On our study-level meta-analysis of the
6 RCTs, the number needed to treat
(NNT) over 3.9 years follow-up with
percutaneous closure was 37 to avert one
stroke as compared to medical therapy
on ITT analysis (Supplementary Figure
4A), but it was only 21 in high risk PFOs
and 27 to avert one primary endpoint as
compared to antiplatelet therapy only
(Supplementary Figure 5,
Supplementary Figure 12A,
respectively).

On patient-level meta-analysis of the
first 3 published RCTs, NNT with
percutaneous closure over 2.5 years was
50 to avoid 1 primary composite
outcome event; to avoid 1 ischaemic
stroke, the NNT was 67 [70]. On study-
level meta-analysis, the NNT for an
Amplatzer device to prevent one stroke
at 5 years was 29, while to prevent one
TIA it was 49 [282]. This benefit
continues to grow beyond 5 years
[28,70,133].

On our meta-analysis, the NNH to cause
an atrial fibrillation over 3.9 years is 25
as compared to medical therapy
(Supplementary Figure 9A), but this
value appears to be influenced by the
kind of device (Supplementary Figure
10).

ACCEPTABILITY

Is the intervention acceptable to
key stakeholders?

o No

o Probably no

e Probably yes

o Yes

o Varies
o Don't know

Based on a meta-analysis of the first 5
published randomised trials (therefore
excluding Defense-PFO trial), a recent
study showed that over a 15-year time
horizon, PFO closure resulted in a gain
of 0.33 QALYs at cost savings of $3568
as compared to medical therapy only,
representing an incremental net
monetary benefit of $52 761 (95%
interval —$8284 to $158 910). However
this gain only applies when the hazard
ratio for stroke remains low (i.e. in
higher risk populations). With the rise of
HR, a sharp decline in cost-effectiveness
occurs [285]

Previous data from the three first
published RCTs comparing PFO closure
with medical therapy, showed that, at
31.0 years (29. 6- 33.6), the per-patient

Calculations of the
cost/effectiveness in
the Stortecky meta-
analysis were based on
the overall costs of one
procedure with
Amplatzer in the UK,
which ranges from
6,300 to 10,000 Euros.
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mean cost of medical therapy exceeded
that of PFO closure. Among studies
utilising only the Amplatzer device, the
cost analysis more strongly favoured
closure: cost to prevent one stroke =
652,392 USD (318,955-26,888,272);
time to less than 50,000 USD/QALY -
gained, 2.4 years (1.3 to 10.1); time to
medical cost exceeding closure cost,
22.7 years (19.75 to 26.7)[273]

In another meta-analysis of the first 3
published trials, the costs to prevent one
stroke through PFO closure with an
Amplatzer device ranged between
182,000-290,000 Euros, whereas the
incremental cost-effectiveness ratio
would range from 40,000-63,000
Euros/QALY-gained [282].

FEASIBILITY

Is the intervention feasible to
implement?

o No

o Probably no

o Probably yes

® Yes

o Varies
o Don't know
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Should oral anticoagulants (OAC) vs. antiplatelet therapy be used for secondary prevention of stroke or
other left-circulation thromboembolism?

POPULATION: Secondary prevention of stroke or other left-
circulation thromboembolism
INTERVENTION: OAC
COMPARISON: Antiplatelet therapy
MAIN OUTCOMES: Stroke; major bleedings
Assessment
JUDGEMENT RESEARCH EVIDENCE
Is the problem a priority? PFO-related stroke, TIA and peripheral
o No embolisms impact a considerable
s |© Probably no proportion of patients yearly with deaths
5 o Probably yes and persisting disability. At present the
m | e Yes pharmacological therapy for secondary
2 prevention has been derived from stroke
A~ | o Varies studies at large with no reference therapy
o Don't know for PFO-related left circulation
thromboembolism.
»» | How substantial are the desirable anticipated Only one randomised study has compared
5 effects? the use of OAC (vitamin K antagonists or
|| o Trivial DOACS) and antiplatelet therapy
B o Small (acetylsalicylic acid, clopidogrel or a
m | © Moderate combination of acetylsalicylic acid and
E o Large dipyridamole) in 361 patients with
é cryptogenic stroke with a large PFO and/or
o | ® Varies an atrial septal aneurism showing, after an
B | o Don't know average 5 years of follow-up, a statistically
A o . .
non-significant difference of stroke in
) ) . patients receiving OAC as compared to
How substantial are the undesirable anticipated |} < 1o received antiplatelet therapy
effects? [1.6% vs 4.0%, respectively; p=0.21;
o Large OR=0.34 (95% CI: 0.10 to 1.53)] [27].
© Moderate Only one meta-analysis including CLOSE
© Sn?alll study has been performed to date and it is
o | © Trivial reported in this document. It includes 20
5 ) studies (1 randomised, 4 adjusted
= | Varl'es observational and 15 non-adjusted studies,
(| © Don't know including sub-analysis of 3 randomised
E studies) and 3509 patients. We report a
m statistically significant OR: 0.85 (95%CI:
§ 0.81-0.90) for stroke in favour of OAC
g (Supplementry Figure 7). However, we
a found a severe inconsistency across both
% studies (12: 98%) and subgroups (12:
96.5%) with statistically significant
heterogeneity (p<0.00001). Moreover, the
quality of evidence was estimated very
low, because of risk of bias and
imprecision (Supplementary Table 11)
and because most of the evidence was
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derived from nonrandomised comparisons,
although some were adjusted comparisons.
As compared to antiplatelet therapy, in a
previous patient-level meta-analysis of
non-randomised trials, OAC yielded a
statistically non-significant reduction of
strokes, TIAs or death and stroke alone
[275].

Four previous study-level meta-analyses
incorporating up to 3311 patients, again
not including CLOSE trial, (the first three
involving observational studies only and
the last one both observational and non-
randomised comparisons of randomised
studies), also consistently found a
statistically-significant advantage of OAC
over antiplatelet therapy, including an OR
= (0.37 for stroke or TIA (95% CI: 0.23 to
0.60)[114], an incidence rate ratio of 0.42
(95% CI, 0.18-0.98) for stroke and/or TIA
[115], a relative risk of pooled recurrent
neurological events of 0.58 (95% CI: 0.41
to 0.82) [113], and event rates for stroke
and/or TIA at or beyond 12 months of
7.7% versus 9.8%, respectively, p = 0.03
[116].

In our meta-analysis on 14 studies and
1426 patients we found an OR 4.57
(95%CI: 2.10-9.93) for increased bleeding
with OAC as compared to antiplatelet
therapy, with no inconsistency at all across
studies (Supplementary Figure 8).

This is in-keeping with a previous meta-
analysis of non-randomised comparisons
only where an OR of 6.49 (95% CI: 3.25
to 12.99) was reported for major bleeding
with OAC relative to antiplatelet drugs
[116].

CERTAINTY OF EVIDENCE

What is the overall certainty of the evidence of
effects?

o Very low

e Low

o Moderate

o High

o No included studies

Overall, the available meta-analyses are
consistent with an advantage of OAC over
antiplatelet therapy as a secondary
prevention in patients with previous PFO-
related stroke or TIA.

Also in our meta-analysis, including the
only randomised study performed so far,
most of the benefit of OAC was due to
non-randomised studies, although in 4 of
them the comparisons were adjusted. In
the CLOSE study, a trend was observed
towards an advantage of OAC over
antiplatelet therapy, but it was not
statistically significant. However, this
study was underpowered due to a lower
than expected incidence of primary
endpoint in the control arm. Moreover,
other individual studies had a low quality
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of evidence because of imprecision and
risk of bias. Therefore, more adequately
powered studies are needed to obtain a
higher certitude of the estimate of effects.

Is there important uncertainty about or
variability in how much people value the main
outcomes?

o Important uncertainty or variability

o Possibly important uncertainty or variability

e Probably no important uncertainty or variability
o No important uncertainty or variability

No study addressed the issue of patient
preferences or values regarding outcomes
and treatments during medical therapy for
cryptogenic stroke with PFO.

A systematic review addressed these
issues for stroke prevention in patients
with atrial fibrillation across 27
publication describing the results of
studies conducted in 12 different countries

n [284]. Most studies showed that patients
) were willing to accept higher bleeding
j risks if a certain threshold in stroke risk
> reduction could be reached, resulting in
the fact that physicians appeared to be
more sensitive to bleeding risk than
patients. Moreover, patients preferred
easy-to-administer treatments, such as
treatments that are applied once daily
without any food/drug interactions and
without the need for bridging and frequent
blood controls, implying a preference for
DOAC:.
Does the balance between desirable and Despite the high statistical significance of
undesirable effects favour the intervention or our meta-analysis favouring OAC, and its
2 the comparison? narrow confidence intervals, the severe
O | o Favours the comparison inconsistency among studies disallows
& o Probably favours the comparison generalisations (Supplementary Figure
@ | o Does not favour either the intervention or the 7). On the contrary the higher risk of
% comparison bleeding with OAC was consistent across
m | © Probably favours the intervention all the considered studies (Supplementary
O | o Favours the intervention Figure 8). This translates in that the
% balance between desirable and undesirable
j e Varies effects varies mainly according to the
A | o Don't know magnitude of the benefit OAC, the risk of
major bleeding being similar across
subgroups.
Is the intervention acceptable to key Cost effectiveness evaluation of different
E stakeholders? medical therapies has not been performed
= | o No in patients with PFO-related cryptogenic
m | o Probably no stroke, TIA, and peripheral embolism.
ﬁ e Probably yes
5 | o Yes
Q
% o Varies
o Don't know
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FEASIBILITY

Is the intervention feasible to implement?
o No

o Probably no

e Probably yes

© Yes

o Varies
o Don't know

Feasibility of implementation appears
evident but the feasibility of a safe OAC in
comparison to vitamin K antagonists is
largely dependent on the availability of
monitoring facilities of proper
anticoagulation and on the possibility to
access them by patients.
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Supplementary Table 1. PFO diagnostic methods.

shower/curtain: severe

Low cost and
reproducible.

D CROSS USE DIAGNOSTIC CRITERIA ADVANTAGES LIMITATIONS
METHOD
Transthoracic Evaluation of cardiac structures, e Constrast in left atrium in Well tolerated by the Reduced sensitivity for mild
Echocardiography interatrial septum motility the first 3-5 cardiac patient. interatrial shunts
TTE . . 1 i
( ) Evaluation of potential causes of . ?;CO is bbl Low cost and Nehed for E. Suiﬁcm.lt id
cardiac embolism (e.g. left atrial mass mild /;0 deerite reproducible. echographic t oracic window
or thrombus, left ventricular 1 Ease for Valsalva Semi-quantitative assessment
thrombus, etc) e >20 bubbles severe : of the shunt
’ manoeuvre, sniff, .
. . .. . Need for training in
Dlagnosmg a clinically relevant coughing sonographers
intracardiac shunt at rest and after a Visualisation and
¥alsalva maneuver (With Bubble semi-quantification of
est) the right-to-left shunt
Comparative follow-
up method
Transesophageal Morphological characterisation of Constrast in left atrium in Gold standard for Patient discomfort
Echocardiography interatrial septum, atrial structures the first 3-5 cardiac visualisation of Impossibility to perform
TEE . : 1 : :
(TEE) Evaluation of ascending aorta CYees les: cardiac and aortic proper Valsalva manocuvre
' . o <20 bubbles: structures and sources Training requested
Anatomical details of PFO indicated mild/moderate .
for i . of embolism (tumors,
or intervention >20 bubbles: severe ) }
thrombi, vegetations,
complex aortic
plaques)
Semi-quantitative
assessment of the
shunt
Transcranial Diagnosing right-to-left shunts at rest 3-10 HITS: Well tolerated by the Unable to be performed in
Doppler (TCD) and after a Valsalva maneuver mild/moderate patient 20% of the patient for bone
>10 HITS / thickness

Impossibility of directly
visualise shunt location
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High sensitivity for any
right-to-left shunt
Semi-quantitative
assessment of the shunt
Contrast improves
feasibility loss due to
bone thickness
Magnitude of shunt is
predictor of relapse

Lack of standardisation
Methodology influences
results
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Supplementary Table 2. Qualitative evaluation of diagnostic studies.

A: Transcranial Doppler with bubble test vs. Transoesophageal contrast-echocardiography in the diagnosis of PFO

Ne of Factors that may decrease quality of evidence Test
5 Study
studies (Ne desion accuracy
of patients) &N Risk of . . . . Publication QoE
. Indirectness Inconsistency Imprecision .
bias bias
29 studies | Cohort Serious Not serious Not serious  Serious ° None 1100
2751 & a LOW
patients case-
control
type
studies
Explanations

a. high risk of adjudication bias
b. no sample size calculation

B. Transthoracic costrast-echocardiography vs. Transoesophageal contrast-echocardiography in the diagnosis of PFO

No of

- Factors that may decrease quality of evidence Test
studies  Study FTIEy
(Neof | desien | pigop|. . .. Publication QOE

patients) bias Indirectness Inconsistency Imprecision bias
13 Cross- Serious ' Not serious  Not serious | Serious ° None epO0O
studies | sectional  ? LOW
1360 (cohort
patients | type
accuracy
study)
Explanations
a. High risk of adjudication bias b. No sample size calculation
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Supplementary Table 3. Qualitative evaluation of the studies on RoPE score.

Ne of Factors that may decrease quality of evidence
studies = Study . o Test accuracy
(Ne of  design Rl Indirectness Inconsistency Imprecision REchcaen QoE
patients) of bias bias
4 Cohort | Not Not serious | Not serious | Very Strong Y14 1@)
studies | and serious serious *®  association MODERATE
6362 case-
patients | control
type
studies
Explanations

a. 2 on 4 studies with multivariate analysis.
b. No studies with sample size calculation

Supplementary Table 4. Predictors of cryptogenic stroke recurrence in the presence of a PFO.

Kind of predictor N. of pts N. of OR/HR LCI UCI
studies

Older Age [73,97,286,287] 2171 4 1.47 1.2 1.8
Septal aneurysm [288-292] 630 5 3.0 1.8 4.8
Acetylsalicylic acid use vs. OAC [11,72,293— 1235 5 2.5 1.1 6.1
295]

Coagulation disorders [296,297] 258 2 2.75 1.17 6.49
Stroke at index [298,299] 367 2 3.0 1.4 6.5
PFO diameter (continuous variable) [11,290] 334 2 3 1.9 4.6

All predictors significant at multivariate analysis in 2 studies or more have been included, along with number of studies.
OR/HRs (Odds ratio/Hazard ratio) have been reported of the study with the smallest confidence interval. LCI: Lower

confidence interval, UCI: upper confidence interval
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Supplementary Table 5. Complications of percutaneous closure.

COMPLICATION INCIDENCE PATHOPHYSIOLOGY SYMPTOMS/SIGNS DIAGNOSTIC
WORKUP
Residual shunt 10-15% e Temporary or persistent e Possibly e ¢-TCD
[123,124,300,301] mild to severe device leak asymptomatic o Cc-TTE
due to device-PFO e Recurrent systemic | e ¢-TOE
mismatch and/or embolism
incomplete endocardial e Observed in
coverage different positions
Atrial arrhythmias 0.5-15% e Related to age and/or e Possibly e Holter ECG
[106-111,302] ASA asymptomatic e ICM
e Mechanical irritation e Atrial Fibrillation
related to device type and | e  Superaventricular
size tachyarrhythmias
e Inflammatory reaction e Recurrent systemic
e FElectrical barrier by the embolism
device
e P-wave dispersion
Device thrombosis 1-2% e Thrombosis of device e Possibly e TTE
[135,303] arms not covered by asymptomatic e TOE
endocardium e Systemic embolism
Pericardial effusion/ 0.5-1% e Perforation during e Possibly e TTE
tamponade procedure asymptomatic e TOE
[48,49,301,303-305] . Early(24-48h) and late e Dyspnea (erosion)
CTOSION . . e Chest pain
e Allergic reaction (mild
effusion)
Device embolisation 0.9-1.3% (early) | e Early and late e Possibly e TTE
[135,136,301,306-309] Rare (late) mobilisation due to asymptomatic e TOE
erosion of the atrial e Pulmonary e Chest X-ray
septum or to device-PFO embolism
mismatch
Endocarditis Anecdotal e Colonisation of device e Unexplained fever e TOE
[127,310,311] arms not covered by e Systemic septic
endothelium embolism
Atrio-aortic fistula Anecdotal e Erosion of aortic wall e New onset murmur | o TOE

[312]

¢-TTE: contrast-enhanced transthoracic echocardiogram; c-TOE: contrast-enhanced transoesophageal echocardiogram; c-
TCD: contrast-enhanced transcranial doppler; ICM: internal cardiac monitor; ASA: aceytlsalycilic acid; ECG:

electrocardiogram
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Supplementary Table 6. Prognosis of patients with PFO patency.

Author Nr.of | Follow- | % of positive | % of positive | N of events | N of events | N of events | N of events
patien up TCD TOE in patients in patients | in patients | in patients
ts (months) with with with with
positive positive negative negative
TCD TOE TCD TOE
Anzola, 2004 [143] 112 12 9,00% 9,00% 0 0 1 1
Balbi, 2008 [144] 109 6 17,5% 21,6 % 0 0 0 0
(6 months) (3 months)
Cifarelli, 2010 202 6 4% 4% 0 0 0 0
[141]
Caputi, 2013 [124] 243 12 32,00% 32,00% 4 4 8 8
de Cillis, 2010 72 6 6.9% 5,5% 0 0 0 0
[145]
Donti, 2006 [146] 11 1 36,00% - 0 0
Orzan, 2010 [147] 68 6 25,00% 11,76% 0 0
Ussia, 2009 [142] 14 6 (TCD) 21% 0% 0 0
12 (TOE)

TOE: transesophageal echocardiogram; TCD: transcranial Doppler;
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Supplementary Table 7. Summary of meta-analyses on closure vs. medical therapy trials.

Study Design of | N of N of N of Stroke, TIA; | Stroke, TIA Stroke

the study | study RCT observation | all cause
(patients) | (patient | al studies death
s) (patients)

Turc, 2018 [74] Pairwise, | 6 (3560) | 6(3560) | - - - PFO closure
study reduced
level incidence of

stroke

(RR 0.36;
95%CI: 0.17-
0.79)

Wang, 2018 [313] | Pairwise, | 6 (3560) | 6 (3560) | - PFO closure PFO closure PFO closure
study reduced reduced reduced
level incidence of incidence of incidence of

stroke and TIA | stroke stroke

and all cause (2.0% versus (HR 0.4;
death 4.5%, OR 95%CI:0.19-
(HR 0.60: 0.41, 95%CI: 0.88)
95%CI:0.42- 0.19-0.90

0.85)

Saber, 2018 [337] | NMA, 6 (3497) | 5(3497) | - PFO closure
study reduced
level incidence of

stroke

(RR 0.30;
95%CI: 0.17-
0.49)

Tsivgoulis, 2018 NMA, 6 (3497) 5(3497) | - PFO closure

[338] study reduced
level incidence of

stroke

(RR 0.42;
95%CI: 0.20-
0.91)

Lattanzi, 2018 Pairwise, | 5 (3440) 5(3440) | - PFO closure

[339] study reduced
level incidence of

stroke

(RR 0.43;
95%CI: 0.21-
0.90)

Smer, 2018 [340] | Pairwise, | 5(3440) | 5(3440) | - PFO closure
study reduced
level incidence of

stroke

(RR 0.48;
95%CI: 0.27-
0.87)
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Shah, 2018 [277] | Pairwise, | 4 (3216) | 4(3216) PFO closure
study decreased the
level AR for
*[Closure recurrent
I trial was stroke by 3.2%
excluded (RD, -0.032;
because 95%CI: -0.05
using to
Starflex] -0.014)

compared
with medical
therapy

De Rosa, 2018 Pairwise, | 4 (3216) | 4(3216) PFO closure

[122] study reduced the
level risk for the
*[ main outcome
Closure I of stroke or
trial was TIA
excluded (RD: -0.029
because 95%CI:
using —0.050 to
Starflex] —0.007])

Abdelaziz, 2018 Pairwise, | 5(3440) | 5(3440) PFO closure

[341] study reduced
level incidence of

stroke

(RR 0.43;
95%CI: 0.19-
0.91)

Ahmad, 2018 Pairwise, | 5(3440) | 5(3440) PFO closure

[342] study reduced
level incidence of

stroke

(RR 0.32
95%CTI: 0.13-
0.82)

Reinthaler, 2018 Pairwise, | 5 (3440) 5 (3440) PFO closure

[343] study reduced
level incidence of

stroke

(RR 0.32
95%CTI: 0.13-
0.80)

Anantha- Pairwise, | 5(3440) | 5(3440) - PFO closure

Narayanan, 2018 study reduced

[314] level incidence of

stroke

(RR 0.59
95%CT: 0.40-
0.87)

Palaiodimos, 2018 | Pairwise, | 5(3440) | 5(3440) - PFO closure

[315] study reduced
level incidence of

stroke

(HR 0.29
95%CI: 0.02-
0.56)
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Chen, 2018 [316]

Pairwise,
study
level

19 (6301)

5 (3440)

14 (2861)

PFO closure
reduced
incidence of
stroke

(HR 0.38
95%CI: 0.24-
0.60)

Darmoch, 2018
[317]

Pairwise,
study
level

5 (3440)

5 (3440)

PFO closure
reduced
incidence of
stroke

(HR 0.42
95%CI:0.20-
0.91)

Alushi, 2018 [318]

Pairwise,
study
level

5 (3440)

5 (3440)

PFO closure
reduced the
composite of
stroke, TIA,
all cause death
and peripheral
embolism
(HR 0.52;
95%CI: 0.36-
0.77)

PFO closure
reduced
incidence of
stroke

(HR 0.39
95%CI: 0.19-
0.83)

Ando, 2018 [278]

Pairwise,
study
level

5 (3440)

5 (3440)

PFO closure
did not reduce
the risk of
transient
ischaemia
attack

(RR 0.78;
95%CI:0.53-
1.15)

PFO closure
reduced the
risk

of recurrent str
oke

(RR 0.42;
95%CI:0.20-
0.91)

Hakeem, 2018
[78]

Pairwise,
study
level

5 (3440)

5 (3440)

The
cumulative
incidence of
recurrent
stroke was
2.02% in the
PFO closure
arm and 4.4%
in the medical
therapy group
(RR 0.42;
95%CI:0.20-
0.91).
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Ntiatos, 2018
[170]

Pairwise,
study
level

5(3627)

5(3627)

PFO closure
reduce
ischaemic
stroke
recurrence
(0.53 vs 1.1
per 100
patient-years;
OR: 0.43;
95%CI: 0.21-
0.90)

Abo Salem, 2018
[90]

Pairwise,
study
level

5(3627)

5(3627)

PFO closure
reduced
stroke:

2.0% vs. 4.2%
RR 0.48;
95%CI: 0.3-
0.7

Zhang, 2018
[171]

Pairwise,
study
level

20 (6921)

5(3627)

5(3294)

PFO closure
was associated
with a
significantly
lower
incidence of
the composite
outcome of
1schaemic
stroke, TIA, or
all-cause death
(OR: 0.57;
95%CI: 0.38-
0.85

PFO is
associated
with lower
incidence of
stroke

(OR: 0.39;
95%CI:0.24-
0.63)

Schulze, 2018
[276]

Pairwise,
study
level

5 (3440)

5 (3440)

PFO closure
reduced the
combination of
recurrent
stroke + TIA
(OR 0.53,
95%CI: 0.36-
0.80)

PFO closure
significantly
reduced
recurrent
stroke

(OR: 041,
95%CI: 0.19-
0.90]

Kheiri, 2018 [79]

Pairwise,
study
level

5 (3440)

5 (3440)

Pooled
analysis
showed a
statistically
significant
reduction in
the rate of
recurrent
stroke with
PFO closure in
comparison to
medical
therapy (OR
0.41;

95%CI: 0.19-
0.90)
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Stortecky, 2015 Network, | 4(2963) | 4(2963) | - NA NA Superiority of
[282] study Amplatzer for
level stroke
RR (0.39;
95%CI:0.17—
0.84) No
difference for
Starflex
(RR 1.01;
95%CI:0.44-
2.41)
Bin Riaz, 2013 Pairwise, | 3 (2303) 3(2303) | - Superiority of | NA NA
[319] study PFO closure at
level per protocol
(HR: 0.64,
95%CI: 0.41-
0.98) and not
at intention to
treat analysis
(HR: 0.66,
95%CI:0.43-
1.01)
Capodanno, 2014 | Pairwise, | 14 (4634) | 3(2303) | 11 (2331) NA NA No difference
[280] study for RCTs and
level for
observational
studies with
adjustement
(HR 0.62;
95%CI:0.34-
1.11)
Superiority of
RCTs with
Amplatzer
Occluder
(HR 0.44,
95%CI: 0.20-
0.95)
Li, 2015 [320] Pairwise, | 3 (2303) 3 (2303) | - NA NA No difference
study (RR 0.73, also for
level 95%CI:0.45- Amplatzer
1.17) occluder. (only
intention to
treat)
(RR 0.61,
95%CI:0.29-
1.27)
Hakeem, 2013 Pairwise, | 3(2303) | 3(2303) | - No difference | NA No difference
[321] study (RR 0.7; (RR 0.66;
level 95%CI: 0.48— 95%CI:0.35—
1.06) 1.24)
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Kent, 2013 [322] Pairwise, | 3 (2303) 3(2303) | - No difference | NA Superiority of
patient at intention to PFO closure at
level treat analysis, intention to

superiority of treat, at as-
PCO closure at treated and
as-treated, after
persisting adjustement.
aftger (HR: 0.58;
adjustment. 95%CI: 0.34-
(HR: 0.68 0.99)
95%CI:0.46-

1.00)

Khan, 2013 [279] | Pairwise, |3 3 - NA No difference
study at intention to
level treat analysis

(OR 0.67;
95%CI:0.44-
1.0)
superiority of
PFO closure
at as protocol
(OR 0.62;
95%CI: 0.40-
0.95) and as
treated (OR
0.61;
95%CI:0.40-
0.95)

Kitsios, 2012 Pairwise, | 9 (8916) 1(909) | 8(8007) NA Superiority of

[115] study PFO closure
level (HR 0.19;

95%CI: 0.07—
0.54)

Kwong, 2013 Pairwise, | 3(2303) | 3(2303) | - No difference

[323] study (OR:0.65;
level 95%CI:0.36—

1.20)

Rengifo- Moreno, | Pairwise, | 3(2303) | 3 (2303) | - No difference | Superiority of

2013 [324] study at ITT analysis | PFO closure at
level (HR:0.67; ITT (HR:0.60;

95%CI:0.44— | 95%CT:0.36-
1.00) 0.98)

Nagaraja, 2014 Pairwise, | 3(2303) | 3(2303) | - NA No difference | No difference

[325] study (OR: 0.654;
level 95%CI:0.3-

61.19)
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Ntaios, 2013 [172]

Pairwise,
study
level

3(2303)

3(2303)

NA

NA

No difference
overall

(OR: 0.64,
95%CI:0.37—
1.1).
Superiority for
Amplatzer
device (OR:
0.46:
95%CI:0.21-
0.9) (ITT
analysis) but
not
STARFLEX
(OR: 0.93;
95%CI:0.45—
2.11)

Pandit, 2014 [326]

Pairwise,
study
level

3(2303)

3(2303)

NA

NA

No difference.
Superiority for
Amplatzer
device (ITT
analysis)
(HR:0.44;
95%CI:0.21-
0.9)

Pickett, 2013
[273]

Pairwise,
study
level

3(2303)

3(2303)

No difference
(HR 0.67;
95%CI:0.44—
1.01)

No difference

No difference.
Superiority for
Amplatzer
device (ITT
analysis)
(HR:0.44;
95%CI:0.21—
0.95)

Pineda, 2013 [327]

Pairwise,
study
level

No difference.
Superiority for
PFO closure
only at as-
treated
analysis
(OR:0.70;
95%CI:0.47—
1.0)

No difference
(OR 5 0.65;
95%CI:0.36—
1.20)

Udell, 2014 [283]

Pairwise,
study
level

NA

No difference
(RR:0.73;
95%CI:0.50-
1.0)




Wolfrum, 2014 Pairwise, | 14 (2303) | 3 (2303) | 11 (2032) NA NA No difference
[328] study for RCTS
level (HR 0.58;
95%CI:0.33-
0.99),
superiority of
PFO closure
for
observational
studies
(RR 0.66;
95%CI:0.37-
1.19)
Agarwal, 2012 Pairwise, | 48 - 48 (10327) NA Superiority of | NA
[113] study (10327) PFO closure
level (pooling
univariate
analysis)
(RR:0.25;

95%CI:0.11-
0.58]

RR: relative risk; AR: absolute risk; OR: odds ratio; ITT: intention-to-treat; HR: hazard ratio; RD: risk
difference; CI: confidence interval;
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Supplementary Table 8. Observational studies comparing PFO closure with medical therapy

Study Type | Nof | Follow Control PE Follow ORE ERE Overall ITT PP | PFO closure PFO
pts up up (PFOvs. | (PFOvs. results vs. APL closure vs.
(mo) (yrs) medical | medical AC
therapy) | therapy)
Thanopoulos, P 92 24 antiplatelet 2 NA Superiority | NA NA | Superiority of | NA
2006 [329] of PFO PFO closure
closure at at univariate
univariate analysis
analysis
Harrer, 2006 P 124 52 ASA 2.1 NA No No difference
[330] difference at
at multivariate
multivariate analysis
analysis
Paciaroni, 2011 | P 238 24 antiplatelet 2 No No difference
[331] difference at
at multivariate
multivariate analysis for
analysis for stroke/TIA
stroke/TIA and for stroke
and for
stroke
Casaubon, R 121 70 medical 5.8 No
2006 [332] therapy difference
at
multivariate
analysis
Lee, 2010 [290] | R 181 48 Surgical 3.5 Aspirin Aspirin
Pfo increased increased
Closure vs. risk of risk of
medical recurrence recurrence at
therapy at multivariate
multivariate analysis
analysis
Mirzada, 2015 P 314 60 medical 6.8 NA No
[333] therapy difference
at
multivariate
analysis
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Pezzini, 2016
[334]

521

100

medical
therapy

Stroke,
TIA

8.3

NA

No
difference
at
multivariate
analysis

No difference
at
multivariate
analysis

No
difference at
multivariate
analysis

Wahl, 2016
[133]

308

180

medical
therapy

Stroke,
TIA

15

Superiority
of PFO
closure at
multivariate
analysis

Weimar, 2009
[335]

899

28

medical
therapy

No
difference
at
multivariate
analysis

Schuchlenz,
2005 [252]

280

medical
therapy

Stroke,
TIA

Superiority
of PFO
closure at
multivariate
analysis

Superiority of
PFO closure
at
multivariate
analysis

Superiority
of PFO
closure at
multivariate
analysis

Windecker,
2004 [336]

308

48

medical
therapy

Stroke,
TIA

Superiority
of PFO
closure at
multivariate
analysis

PTS: patients; APL: antiplatelet drugs; AC: anticoagulant drugs; P: prospective: R: retrospective ; PP: per-protocol: ITT: itention-to-treat; ORE:
observed rate of events; ERE: expected rate of events; PE: primary endpoint; TIA: transitory ischemic attack
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Supplementary Table 9. RCTs comparing percutaneous closure and medical therapy.

Study N of Follow- Comparison | Primary endpoint | Follow-up | Median Observed rate Expected rate
patients | up for sample | follow up of events of events
(months) size (years) (Closure vs. (Closure vs.
calculation medical medical
(years) therapy) therapy)

CLOSURE | 909 48 medical Stroke/tia and death | 2 2 5.5% vs. 6.8% 3.0% vs.6.0%
I, 2012 [51] therapy from neurologica

causes
PC TRIAL, |414 48 medical Death, stroke, TIA, | 4.5 4.1 3.4% vs. 5.2% 4.5% vs. 13.5%
2013 [132] therapy peripheral

embolims
RESPECT, | 980 84 medical Stroke,TIA, death | 2* 5.9 1.9% vs. 3.3%* | 1.05% vs. 4.3%*
2012, 2017 therapy
[28,112]
REDUCE, 664 38 medical Stroke or imaging- | 2 3.2 1.4% vs. 5.4% 3.6% Vs. 8%
2017 [26] therapy confirmed TIA at

24 months post-

randomisation
CLOSE, 473 64 medical Fatal or non-fatal 3 54 0% vs.6.2% 5.3%vs. 10.5%
2017 [27] therapy stroke
DEFENSE- | 120 24 medical Stroke, vascular 2 2.8 0% vs. 12.9% 4% vs. 15%
PFO, 2018 therapy death and TIA
[29]

* These data refer to 2-year follow-up on which sample size computation was performed.
TIA: transient ischaemic attack
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Supplementary Table 10. Qualitative and quantitative assessment of the evidence.

cryptogenic stroke or TIA and a PFO

Percutaneous closure of PFO compared to medical therapy for secondary prevention of stroke or systemic solid embolisation in pts with

Certainty assessment Summary of findings

No. of Risk [ Inconsisten | Indirectne | Imprecisio | Publicatio | Overall | Study event rates Relativ | Anticipated absolute
participant | of cy ss n n bias certaint | (%) e effect | effects
s bias y of 95%
(studies) evidenc | With | With CI) Risk | Risk
Follow-up e medic | percutaneo with difference
al us closure medic | with
therap | of PFO al percutaneo
y therap | us closure
y of PFO
RCT
3,441 seriou | not serious | serious ¢ serious ° all dPO | 85/161 | 46/1829 HR Study population
(7 RCTs) g abe plausible O 2 (2.5%) 0.38
residual LOw | (5:3%) (0.18 to | 33 per 1.000
confoundin 0.80) | 32 fewer per 1.000
g would (43 fewer to 10 fewer)
reduce the
demonstrat
ed effect
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COHORT STUDIES

2,481

(8
observation
al studies)

seriou
g fe

not serious

not serious

serious "

all
plausible
residual
confoundin
g would
suggest
spurious
effect,
while no
effect was
observed

®O0O

VERY
LOW

CASE-CONTROL STUDIES CI: Confidence interval; HR:

Hazard Ratio

902

3
observational
studies)

very

1

serious

not serious

not
serious

serious "

all plausible
residual
confounding
would
suggest
spurious
effect, while
no effect
was
observed

®O00O
VERY
LOW
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Explanations

a. 7 available randomised trials have limitations: a) Different definitions of key terms (e.g., cryptogenic stroke. b) There may have been a significant
patient self-selection bias, whereby patients with a higher risk of recurrent stroke may opt out of clinical trials, and thus are not represented in this
trial. This is reflected in the fact that the inclusion of patients was very slow, especially in the CLOSURE, PC and RESPECT, and the number of
patients included was significantly lower than the number of patients treated with PFO occlusion in the respective centers. This means that patients
with an expected high risk of stroke recurrence were treated outside the study. And just these patients were the most likely to show a difference in the
treatment procedures. In particular, the CLOSURE I study shows considerable weaknesses. In CLOSURE I are potential bias that have influenced the
study: a) The trial was underpowered to detect small differences in the event rates. b) Patient selecti

b. 2/7 studies likely enrolled patients with misdiagnosed Atrial Fibrillation

c. 4/7 studies enrolled patients with TIA and used TIA as main outcome measure, instead of stroke

d. 6/7 studies with heterogeneity of drug treatments according to the physician preference

e. wide confidence intervals in CLOSURE, PC and RESPECT studies and lower than expected incidence of outcomes for 7/7 studies

f. high or unclear risk of blinding and of follow-up assessment

g. half of studies with high risk of incomplete reporting

h. most of studies without sample size calculation

i. high risk of unclear risk of blinding and of allocation concealment
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Supplementary Table 11. Qualitative assessment of the evidence on the comparison between antiplatelet versus OAC therapies

Quality assessment

Ne of Risk Inconsistency | Indirectness | Imprecision | Publication | Overall
participants | of bias bias quality
(studies) of
follow-up evidence
OUTCOME: STROKE

361 Serious | Not serious Not serious | Serious ° None 1000
(20 b VERY
observational LOW
studies)

OUTCOME: MAJOR BLEEDING

1436 Serious { Not serious Not serious | Serious ¢ None OO0
(14 VERY
observational LOW
studies) ¢

54

Explanations

a. 1 RCT on ASA vs. OAT, 3 studies with multivariate
adjustement and 16 observational studies.

b. Due to large number of studies without randomisation or
multivariate adjustement (16/20)

c. 1 RTC, 13 studies without multivariate adjustement

d. Only one RCT



Supplementary Table 12. Quality of evidence grades.

Grade Definition

High We are very confident that the true effect lies close to that of the estimate of
the effect.

Moderate We are moderately confident in the effect estimate: The true effect is likely to
be close to the estimate of the effect, but there is a possibility that it is
substantially different

Low Our confidence in the effect estimate is limited: The true effect may be
substantially different from the estimate of the effect.

Very Low We have very little confidence in the effect estimate: The true effect is likely
to be substantially different from the estimate of effect
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Supplementary Figure legends

Supplementary Figure 1. Comparison of the rate of PFO detection in studies using TOE or autopsy.

Top: TOE studies yielded a significantly lower prevalence of PFO 13% (95% CI: 8%-18%) as compared to
autopsy studies 25% (95% CI: 20%-29%), p=0.004.

Bottom: Results of the single studies [179—203]. For details see the text in Supplementary Appendix 4.

Supplementary Figure 2. Meta-analysis of diagnostic accuracy studies comparing c-TCD vs. c-TOE.

A. Forest plot for sensitivity and specificity. As compared with c-TOE, c-TCD yielded a sensitivity of 0.94
(0.92-0.95) and a specificity 0.92 (0.91-0.93). The inconsistency estimates were 67% for sensitivity and
73% for specificity.

B. At receiver operating characteristics (ROC) curve analysis, the AUC was 0.97.

Supplementary Figure 3. Meta-analysis of diagnostic accuracy studies comparing c-TTE vs. c-TOE.

A. Forest plot for sensitivity and specificity. As compared with c-TOE, ¢-TTE yielded a sensitivity 0.88
(0.86-0.89) and a specificity of 0.82 (0.78-0.84). The inconsistency estimates were 78% for sensitivity and
83% for specificity.

B. At ROC curve analysis, the AUC was 0.91.

Supplementary Figure 4. Outcomes in patients undergoing percutaneous closure or medical therapy.

A. Forest plot for the risk of stroke recurrence in overall RCTs

B. Forest plot for the risk of stroke recurrence in RCTs with a high prevalence of high-risk PFO patients vs.
those in which patients were unselected for PFO features

C. Forest plot for the risk of TIA recurrence

D. Forest plot for the risk of Death

Supplementary Figure 5. Sub-group analysis according to PFO features.

Overall, in this subgroup of patients selected only on the PFO characteristics [atrial septal aneurism,
moderate-to-severe shunt (i.e. "relevant shunt"), PFO size >2 mm, atrial septal hypermobility],
percutaneous closure yielded a lower risk reduction than observed in Panel A (OR 0.54 vs. 0.38),
suggesting that additional risk resides in other clinical and/or anatomical parameters.

In patients with high-risk PFO characteristics, PFO closure yielded a statistically significant lower risk of
stroke as compared to medical therapy. Moderate heterogeneity was still present in this high-risk subgroup,
suggesting different roles of the considered PFO features in different patients.

In patients with low-risk PFO characteristics, PFO closure did not yield statistically significant differences
as compared to medical therapy. No heterogeneity was found across the subgroups of different studies.

Supplementary Figure 6. PRISMA flow chart for the review of studies on the predictors of stroke in
patients with cryptogenic stroke and a PFO.

Supplementary Figure 7. Forest plot for the risk of stroke recurrence in studies comparing OAC with
antiplatelet therapy for cryptogenic solid systemic embolism.

Supplementary Figure 8. Forest plot for the risk of major bleedings in studies comparing OAC with
antiplatelet therapy for cryptogenic cerebral or systemic embolism.

Supplementary Figure 9. Risk of atrial fibrillation in studies comparing PFO closure with medical therapy
for cryptogenic cerebral or systemic embolism.

A. Forest plot for the risk of atrial fibrillation

B. Forest plot for the risk of atrial fibrillation in the first 45 days after the procedure

C. Forest plot for the risk of atrial fibrillation beyond 45 days after the procedure

Supplementary Figure 10. Forest plot for the risk of atrial fibrillation according to the type of device used
for PFO closure in studies comparing PFO closure with medical therapy for cryptogenic cerebral or
systemic embolism.
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Supplementary Figure 11. L'Abbé plots for the risk of TIA and stroke after PFO closure according to the
length of dual antiplatelet therapy.

A. TIA (B=-8.10; 95% CI: -10.11 to 0.45; p=0.98)

B. Stroke (=0.061; 95% CI: -0.14 to 0.25; p=0.57)

Supplementary Figure 12. Risk of stroke recurrence in patients undergoing OAC or antiplatelet therapy in
studies comparing PFO closure with medical therapy for cryptogenic cerebral or systemic embolism.

A. Forest plot for the risk of recurrent stroke in patients undergoing antiplatelet therapy or percutaneous
closure

B. Forest plot for the risk of recurrent stroke in patients undergoing OAC or percutaneous closure
(excluding CLOSE trial data)

C. Forest plot for the risk of recurrent stroke in patients undergoing OAC or percutaneous closure
(including CLOSE trial published data)

Supplementary Figure 13. Risk of stroke recurrence according to the type of index event in studies
comparing PFO closure with medical therapy for cryptogenic cerebral or systemic embolism.

Supplementary Figure 14. Risk of stroke recurrence according to the type of device used for PFO closure
in studies comparing PFO closure with medical therapy for cryptogenic cerebral or systemic embolism.
Supplementry Figure 15. PRISMA flow chart for the review of studies on the RoPE score.
Supplementary Figure 16. PRISMA flow chart for the review of RCTs comparing inseartable cardiac

monitors with intermittent recordings to diagnose atrial fibrillation in patients with PFO-associated left
circulation thromboembolism

Supplementary Figure 17. PRISMA flow chart for the review of RCTs comparing PFO closure with
medical therapy.

Supplementary Figure 18. PRISMA flow chart for the review of studies comparing OAC with antiplatelet

therapy for secondary prevention of stroke, TIA or systemic solid embolism in patients with previous
cryptogenic left embolism.

Supplementary Figure 19. PRISMA flow chart for the review of studies investigating the accuracy of PFO
diagnostic tests.

Supplementary Figure 20. PRISMA flow chart for the review of studies investigating the accuracy of PFO
diagnostic tests.

Supplementary Figure 21. Simplified scheme of the interacting network of processes underlying clinical
manifestations associated with PFO.
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Supplementary Figures

Supplementary Figure 1.

ANATOMIC STUDIES e —

TOE STUDIES s s

0% 10% 20% 30% 40%
C-TOE STUDIES AUTOPSY STUDIES
Year ‘ Hearts ‘ PFO (%) Year Hearts PFO (%)
1988 | 40 2.5 1897 399 26
1989 | so | 12 1900 306 32
1989 | 64 | 27 | 1918 1809 29
o585 | a4z | 5L | 1931 4083 25
1991 | s0 | 26 1934 500 17
991 | so | 8 | 1948 492 23
1991 | 150 | 20 | 1972 144 35
991 | 79 | 17 1979 64 31
1991 | 63 | 32 1984 965 27
1995 | 1000 | 9.2 1994 500 15
1999 | 581 | 256 | 2015 103 13.6
2003 | 135 | 53 | TOTAL 9365 25

2006 939 | 156
2013 | 20 | 10
TOTAL | 2025 | 12
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Supplementary Figure 4.
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Supplementary Figure S.
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Supplementary Figure 7.

Study or Subgroup log[Odds Ratio]

Odds Ratio

SE_Weight IV, Random, 95% CI

Odds

Ratio

IV, Random, 95% CI

1.1.1 Randomized comparison

CLOSE 1, 2017

Subtotal (95% CI)

Heterogeneity. Not applicable

Testfor overall effect Z=132(P=019)

-0.091

1.1.2 Adjusted observational comparison

Cerrato etal, 2006 -0.075
Cujec etal, 1999 -0.459
Schuchlenz et al, 2005 -0.361

Subtotal (95% CI)

0.069

0.031
0.112
0.041

4.5%
4.5%

65.0%
3.0%
5.6%
14.7%

0.91 [0.80, 1.04]
0.91 [0.80, 1.05]

0.93 [0.87, 0.99]
0.63 [0.51, 0.79)
0.70 [0.64, 0.76]
0.75 [0.59, 0.95]

Heterogeneity: Tau®= 0.04, Chi*= 36.92, df= 2 (P < 0.00001); F= 95%

Test for overall effect £= 2.34 (P = 0.02)

1.1.3 Not adjusted observational comparison

Bougousslavsky et al,1996 -0.076
Casaubon et al, 2007 -0.165
CLOSURE, 2012 0.018
Hanna et al, 1994 0.072
Harrer et al, 2006 -0.461
Hausmann et al, 1995 -0.246
Homma et al, 2002 0.066
Lee etal, 2010 -0.896
Mas et al, 1995 -0.698
Mas et al, 2001 -0.004
Mazzucco et al, 2012 0.673
Paciaroni et al, 2011 0.412
PC trial, 2012 -0.656
RESPECT, 2012 -0.164
Serena et al, 2008 -0.067
Windecker et al, 2004 -0.397

Subtotal (95% CI)

0.025
0.057
0.006
0.075
0.073
0.098
007
0.096
0.129
0.004
0.064
0.045
0.078
0.019
0.0155
0.0587

6.2%
5.0%
6.5%
4.3%
4.4%
3.5%
6.3%
3.5%
26%
6.5%
4.7%
55%
4.2%
6.3%
6.4%

4.9%
80.8%

0.93 [0.88, 0.97]
0.85 [0.76, 0.95]
1.02[1.01,1.03]
1.07 [0.93, 1.24]
0.63 [0.55, 0.73]
0.78 [0.65, 0.95]
1.07 [1.03,1.10]
0.41 [0.34, 0.49]
0.50 [0.39, 0.64]
1.00 [0.99, 1.00]
1.96[1.73,2.22)
1.51 [1.38, 1.64]
0.52 [0.45, 0.60]
0.85 (0.82, 0.88)
0.94 [0.91, 0.96]

0.67 [0.60, 0.76]
0.90 [0.85, 0.95]

Heterogeneity: Tau®= 0.01; Chi*=606.17, df= 15 (P < 0.00001); F= 98%

Testfor overall effect: Z= 3.81 (P = 0.0001)

Total (95% CI)

100.0%

0.88 [0.83, 0.92]

Heterogeneity: Tau®= 0.01, Chi*= 703.60, df=19 (P < 0.00001); F=97%

Test for overall effect Z= 4.98 (P =< 0.00001)

Testfor subaroup diferences: Chi*= 212, df= 2 (P=0.35), F=56%

64

¢

0.2

0.5
OAC

2
ANTIPLATELET



Supplementary Figure 8.
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Supplementary Figure 9.

A PFO closure Medical therapy Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI

CLOSE, 2017 11 238 2 235 126% 5.65[1.24, 25.75]

CLOSURE |, 2012 23 447 3 462 19.8% 8.30[2.47, 27 .84) —
DEFEMNSE-PFO, 18 2 B0 o (11] 31% 517[0.24,110.01] >
PC trial, 2012 6 204 2 210 11.2% 3.15[0.63,15.80] —
REDUCE, 2017 29 441 1 223 7.3% 1563[2.11,115.48] >
RESPECT, 2017 22 4489 9 481  46.0% 2.42[1.10,5.31] ——
Total (95% CI) 1889 1671 100.0% 4.15[2.42,T.13] gl
Total events 93 17

Heterogeneity: Tau®= 0.01; Chi*=5.05,df=5 (P=0.41); F=1% =D T U=1 - 1=c| “m%
Test for overall effect Z= 515 (P < 0.00001) ' Medical therapy PFO closure

B PFO closure Medical therapy Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI

CLOSE, 2017 10 238 2 235 21.2% 511 [1.11, 23.58] —
CLOSUREI, 2012 14 447 3 462 31.6% 4.85[1.41,17.33) —a—
DEFENSE-PF0,18 1 60 0 60 4.8% 3.05[0.12, 76.39]

PC trial, 2012 6 204 2 210 191% 3.15[0.63, 15.80] — =
REDUCE, 2017 24 441 1 223 12.3% 12.78[1.72,95.07]

RESPECT, 2017 B 499 1 481 11.0% 5.84 [0.70, 48.70)]
Total (95% CI) 1889 1671 100.0%  5.11[2.53,10.34] g
Total events 61 9

Heterogeneity: Tau®= 0.00; Chi®=1.26, df= 5 (P=0.94); F= 0% :u o1 0:1 1’0 mo’
Test for overall effect. Z= 4.54 (P = 0.00001) ’ Medical therapy PFO closure

C PFO closure Medical therapy Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI

CLOSE, 2017 3 238 2 235 11.2% 1.49[0.25, 8.98]

CLOSURE, 2012 6 447 3 462 18.7% 2.08[0.52, 8.37] —r
DEFENSE-PF0,18 1 60 0 60 3.5% 3.05[0.12,76.39]

PC trial, 2012 1 204 2 210 6.2% 0.51 [0.05, 5.69]

REDUCE, 2017 12 441 1 223 8.6% 6.21 [0.80, 48.086]

RESPECT, 2017 15 489 9 481 51.8% 1.63[0.70,3.75] —

Total (95% CI) 1889 1671 100.0% 1.80 [0.99, 3.28] *

Total events 38 17

Heterogeneity: Tau®= 0.00; Chi*= 2.70,df= 5 (P =0.75), F= 0% :UB1 011 t 1[!0:

Test for overall effect Z=1.91 (P = 0.08)
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Supplementary Figure 10.

PFO closure Medical therapy QOdds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight |V, Random, 95% CI IV, Random, 95% CI
1.3.1 Amplatzer
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Test for overall effect: Z= 2.76 (P = 0.0086)

1.3.2 Starflex
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Heterogeneity: Not applicahle
Test for overall effect: Z= 3.43 (P = 0.0006)

1.3.3 Gore SO

REDUCE, 2017 29 441
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Total events 29

Heterogeneity: Not applicable
Test for overall effect: 2= 2.69 (P = 0.007)

1.3.4 Mixed
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Heterogeneity: Not applicable
Test for overall effect: Z= 2.24 (P = 0.03)
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Supplementary Figure 11.
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Supplementary Figure 12.

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
CLOSE, 17 1] 238 14 235 B9% 0.03[0.00, 0.54] *
CLOSURE I, 12 15 286 16 252 334% 0.82[0.40, 1.69] — .
REDUCE, 17 B 441 12 223 27.0% 0.24 [0.09, 0.68] — &
RESPECT, 17 10 367 23 360 326% 0.41[0.19, 0.88] —
Total (95% CI) 1332 1070 100.0% 0.38 [0.17, 0.84] il
Total events 31 65
Heterogeneity: Tau®= 0.37, Chi*= 7.49, df= 3 (P = 0.06); F=60% 50 01 051 1*0 1I3ID=
Test for overall effect: Z=2.38 (P =0.02) PFOclosure  Antiplatelet
Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl IV, Random, 95% CI
CLOSURE L 12 1 25 8 111 225% 0.54 [0.06, 4.50] o
RESPECT, 17 8 132 5 121 77.45% 1.50[0.48, 4.71] -
Total (95% CI) 157 232 100.0% 1.19[0.43, 3.26] =
Total events 9 13
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl IV, Random, 95% CI
CLOSE, 17 0 238 3 187 16.3% 0.111[0.01,2.15] * o
CLOSURE |, 12 1 25 8 111 275% 0.54 [0.06, 4.50] =
RESPECT, 12 8 132 5 121 56.2% 1.50[0.48, 4.71] —+i—
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Supplementary Figure 13.

PFO closure Medical therapy Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI

Odds Ratio
IV, Random, 95% CI

1.3.1 Cryptogenic stroke

CLOSE, 17 0 238 14 235 6.4% 0.03 [0.00, 0.54] ¢
DEFENSE-PFO, 18 0 60 5 60 6.1% 0.08[0.00,1.54] *
RESPECT, 17 18 499 28 481 26.5% 0.61 [0.33,1.11]
Subtotal (95% CI) 797 776 39.0% 0.18 [0.02, 1.29]
Total events 18 47

Heterogeneity: Tau®=1.98, Chi*=5.46,df= 2 (P=0.07), F=63%
Test for overall effect. Z=1.71 (P = 0.09)

1.3.2 Cryptogenic stroke and TIA

CLOSURE I, 12 12 447 13 462 23.9% 0.95[0.43, 2.11])
REDUCE, 17 6 441 12 223 211% 0.24 [0.09, 0.66)
Subtotal (95% Cl) 888 685 45.0% 0.50 [0.13, 1.90]
Total events 18 25

Heterogeneity: Tau®= 0.73; Chi*= 4,44 df=1 (P=0.04), F=77%
Test for overall effect: Z=1.02 (P=0.31)

1.3.3 Cryptogenic stroke, TIA and peripheral embolism

-‘-

— -

—

PC trial, 12 1 204 5 210 9.6% 0.20[0.02,1.74)

Subtotal (95% CI) 204 210 9.6% 0.20 [0.02, 1.74] -—.‘-—
Total events 1 5

Heterogeneity: Not applicable

Test for overall effect. Z=1.45(P=0.15)

1.3.4 Mixed

CLOSE, 17 0 238 14 235 6.4% 0.03[0.00,0.54] ¢

Subtotal (95% CI) 238 235  6.4% 0.03 [0.00, 0.54] EEEEE—

Total events 0 14

Heterogeneity: Not applicable

Testfor overall effect. Z=2.39 (P=0.02)

Total (95% CI) 2127 1906 100.0% 0.30 [0.14, 0.68] i
Total events 37 91

Heterogeneity: Tau®= 0.54; Chi*=14.29, df=6 (P = 0.03); F=58% 50.01 0f1 ; 150 1005

Test for overall effect: Z= 2.91 (P = 0.004)
Test for subgroup differences: Chi*= 3.20, df= 3 (P=0.36), F=6.3%
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Supplementary Figure 14.

PFO closure Medical therapy Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 Amplatzer
DEFENSE-PFO, 18 0 B0 5 B0 56% 0.08 [0.00,1.54] +
PC trial, 2012 1 204 5 210 91% 0.20 [0.02,1.74]
RESPECT, 2012 18 499 28 481 30.3% 0.61[0.33,1.11] —
Subtotal (95% Cl) 763 751 45.0% 0.42 [0.17,1.07] -*—
Total events 19 38
Heterogeneity: Tau®=0.21; Chi*=2.49, df=2 (P = 0.29); F= 20%
Test for overall effect Z=1.81 (F=0.07)
1.3.2 Starflex
CLOSURE, 2012 12 447 13 462 265% 0.95([0.43, 2.11] :
Subtotal (95% CI) 447 462 26.5% 0.95[0.43, 2.11]
Total events 12 13
Heterogeneity: Mot applicable
Testfor overall effect Z=012 (P=0.91)
1.3.3 Gore SO
REDUCE, 2017 5] 441 12 223 227% 0.24 [0.09, 0.66] —
Subtotal (95% CI) 441 223 22.7% 0.24 [0.09, 0.66] R
Total events B 12
Heterogeneity: Not applicable
Test for overall effect. Z= 2.79 (P = 0.005)
1.3.4 Mixed
CLOSE, 2017 0 238 14 235 5.9% 0.03[0.00,0.54] ¢
Subtotal (95% Cl) 238 235 5.9% 0.03 [0.00, 0.54] -——
Total evenis 0 14
Heterogeneity: Not applicable
Testfor overall effect Z= 239 (P=0.02)
Total (95% CI) 1889 1671 100.0% 0.38 [0.18, 0.80] -‘-
Total events 37 77
Heterogeneity: Tau®= 0.38; Chi*=10.70, df= 5 (P = 0.0B); = 53% Iu o1 041 1%0 700
Testfor overall effect Z= 255 (P=0.01) ' F;FO closure Medical therapy

Testfor subaroup differences: Chi*= 8.26, df=3 (P=0.04), F=63.7%

71




Supplementary Figure 15.

PRISMA 2009 Flow Diagram
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Supplementary Figure 16.

¥ PRISMA 2009 Flow Diagram
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Supplementary Figure 17.

PRISMA 2009 Flow Diagram
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Supplementary Figure 18.

' PRISMA 2009 Flow Diagram
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Supplementary Figure 19.
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Supplementary Figure 20.

PRISMA 2009 Flow Diagram
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oot I3

Thrombogenesis

\
Medical
= Y
(o) <o

78



REFERENCES

1. Pristipino C, Bedogni F, Cremonesi A. Patent foramen ovale and cryptogenic stroke. N Engl J Med.
2013;369:89-90.

2. Meier B, Jiini P. Patent Foramen Ovale and Cryptogenic Stroke. N Engl J Med. 2013;369:88-93.

3. Carroll JD, Saver JL, Steering Committee of the RESPECT Investigators. Patent foramen ovale and
cryptogenic stroke. N Engl J Med. 2013;369:91-2.

4. Auffray C, Chen Z, Hood L. Systems medicine: the future of medical genomics and healthcare.
Genome Med. 2009;1:2.

5. Auffray C, Sagner M, Abdelhak S, Adcock I, Agusti A, Amaral M, Antonarakis S, Arena R, Argoul
F, Balling R, Laszlo-Barabasi A, Beckmann J, Bjartell A, Blomberg N, Bourgeron T, Boutron B,
Brahmachari S, Bréchot C, Brightling C, Cascante M, Cesario A, Charron D, Chen S-J, Chen Z, Chung F,
Clément K, Conesa A, Cozzone A, de Jong M, Deleuze J-F, Demotes J, di Meglio A, Djukanovic R,
Dogrusoz U, Epel E, Fischer A, Gelemanovic A, Goble C, Gojobori T, Goldman M, Goossens H, Gros F,
Guo Y-K, Hainaut P, Harrison D, Hoffmann H, Hood L, Hunter P, Jacob Y, Kitano H, Klingmiiller U,
Knoppers B, Kolch W, Koopmans M, Lancet D, Laville M, Lehn J-M, Lévi F, Lisistsa A, Lotteau V,
Magnan A, Mayosi B, Metspalu A, Moreau Y, N’Dow J, Nicod L, Noble D, Manuela Nogueira M, Norrby-
Teglund A, Nottale L, Openshaw P, Oztiirk M, Palkonen S, Parodi S, Pellet J, Polasek O, Price N, Pristipino
C, Radstake T, Raes M, Roca J, Rozman D, Sabatier P, Sasson S, Schmeck B, Serageldin I, Simonds A,
Soares B, Sterk P, Superti-Furga G, Supple D, Tegner J, Uhlen M, van der Werf S, Villoslada P, Vinciguerra
M, Volpert V, Webb S, Wouters E, Sanz F, Nobrega F. Viva Europa, a Land of Excellence in Research and
Innovation for Health and Wellbeing. Prog Prev Med. 2017;2:e006.

6. Bejot Y, Daubail B, Giroud M. Epidemiology of stroke and transient ischemic attacks: Current
knowledge and perspectives. Rev Neurol (Paris). 2016;172:59—68.

7. Sacco RL, Ellenberg JH, Mohr JP, Tatemichi TK, Hier DB, Price TR, Wolf PA. Infarcts of
undetermined cause: The NINCDS stroke data bank. Ann Neurol. 1989;25:382-90.

8. Grau AJ, Weimar C, Buggle F, Heinrich A, Goertler M, Neumaier S, Glahn J, Brandt T, Hacke W,
Diener H-C. Risk Factors, Outcome, and Treatment in Subtypes of Ischemic Stroke: The German Stroke
Data Bank. Stroke. 2001;32:2559-66.

9. Lechat P, Mas JL, Lascault G, Loron P, Theard M, Klimczac M, Drobinski G, Thomas D,
Grosgogeat Y. Prevalence of patent foramen ovale in patients with stroke. N Engl J Med. 1988;318:1148-52.
10. Webster M, Chancellor A, Smith H, Swift D, Sharpe D, Bass N, Glasgow G. Patent foramen ovale in
young stroke patients. Lancet. 1988;2:11-2.

11. Cabanes L, Mas JL, Cohen A, Amarenco P, Cabanes PA, Oubary P, Chedru F, Guérin F, Bousser
MG, de Recondo J. Atrial septal aneurysm and patent foramen ovale as risk factors for cryptogenic stroke in
patients less than 55 years of age. A study using transesophageal echocardiography. Stroke. 1993;24:1865—
73.

12. Overell JR, Bone I, Lees KR. Interatrial septal abnormalities and stroke: a meta-analysis of case-
control studies. Neurology. 2000;55:1172-9.

13. Handke M, Harloff A, Bode C, Geibel A. Patent foramen ovale and cryptogenic stroke: A matter of
age? Semin Thromb Hemost. 2009;35:505—14.

14. Serensen HT, Horvath-Puho E, Pedersen L, Baron JA, Prandoni P. Venous thromboembolism and
subsequent hospitalisation due to acute arterial cardiovascular events: a 20-year cohort study. Lancet
(London, England). 2007;370:1773-9.

15. Cramer SC, Rordorf G, Maki JH, Kramer LA, Grotta JC, Burgin WS, Hinchey JA, Benesch C, Furie
KL, Lutsep HL, Kelly E, Longstreth WT. Increased pelvic vein thrombi in cryptogenic stroke: results of the
Paradoxical Emboli from Large Veins in Ischemic Stroke (PELVIS) study. Stroke. 2004;35:46-50.

16. Pell AC, Hughes D, Keating J, Christie J, Busuttil A, Sutherland GR. Brief report: fulminating fat
embolism syndrome caused by paradoxical embolism through a patent foramen ovale. N Engl J Med.
1993,329:926-9.

17. Schreiter SW, Phillips JH. Thromboembolus traversing a patent foramen ovale: resolution with
anticoagulation. ] Am Soc Echocardiogr. n.d.;7:659—62.

18. Clergeau MR, Hamon M, Morello R, Saloux E, Viader F, Hamon M. Silent Cerebral Infarcts in
Patients With Pulmonary Embolism and a Patent Foramen Ovale A Prospective Diffusion-Weighted MRI
Study. Stroke. 2009;40:3758—62.

79



19. Desimone C V., Desimone DC, Hagler DJ, Friedman PA, Asirvatham SJ. Cardioembolic stroke in
patients with patent foramen ovale and implanted cardiac leads. PACE - Pacing Clin Electrophysiol.
2013;36:50-4.

20. Brianti V, Pattacini C, Rastelli G, Pini M. Paradoxical embolism and thrombus trapped in patent
foramen ovale in an old woman: a case report. Intern Emerg Med. 2009;4:517-8.

21. Hargreaves M, Maloney D, Gribbin B, Westaby S. Impending paradoxical embolism: a case report
and literature review. Eur Heart J. 1994;15:1284-5.

22. Maier LS, Teucher N, Dorge H, Konstantinides S. Large emboli on their way through the heart - first
live demonstration of large paradoxical embolisms through a patent foramen ovale. Eur J Echocardiogr.
2007;8:158-60.

23. Najem B, Lefrancq E, Unger P. Images in cardiovascular medicine. Thrombus trapped in patent
foramen ovale and bilateral pulmonary embolism: a one-stop shop ultrasound diagnosis. Circulation.
2008;118:e154-5.

24, Nelson CW, Snow FR, Barnett M, McRoy L, Wechsler AS, Nixon J V. Impending paradoxical
embolism: echocardiographic diagnosis of an intracardiac thrombus crossing a patent foramen ovale. Am
Heart J. 1991;122:859-62.

25. Ofori CS, Moore LC, Hepler G. Massive cerebral infarction caused by paradoxical embolism:
detection by transesophageal echocardiography. J Am Soc Echocardiogr. n.d.;8:563-6.

26. Sendergaard L, Kasner SE, Rhodes JF, Andersen G, Iversen HK, Nielsen-Kudsk JE, Settergren M,
Sjostrand C, Roine RO, Hildick-Smith D, Spence JD, Thomassen L. Patent Foramen Ovale Closure or
Antiplatelet Therapy for Cryptogenic Stroke. N Engl J Med. 2017;377:1033-42.

217. Mas J-L, Derumeaux G, Guillon B, Massardier E, Hosseini H, Mechtouff L, Arquizan C, Béjot Y,
Vuillier F, Detante O, Guidoux C, Canaple S, Vaduva C, Dequatre-Ponchelle N, Sibon I, Garnier P, Ferrier
A, Timsit S, Robinet-Borgomano E, Sablot D, Lacour J-C, Zuber M, Favrole P, Pinel J-F, Apoil M, Reiner
P, Lefebvre C, Guérin P, Piot C, Rossi R, Dubois-Randé J-L, Eicher J-C, Meneveau N, Lusson J-R, Bertrand
B, Schleich J-M, Godart F, Thambo J-B, Leborgne L, Michel P, Pierard L, Turc G, Barthelet M, Charles-
Nelson A, Weimar C, Moulin T, Juliard J-M, Chatellier G. Patent Foramen Ovale Closure or
Anticoagulation vs. Antiplatelets after Stroke. N Engl J Med. 2017;377:1011-21.

28. Saver JL, Carroll JD, Thaler DE, Smalling RW, MacDonald LA, Marks DS, Tirschwell DL. Long-
Term Outcomes of Patent Foramen Ovale Closure or Medical Therapy after Stroke. N Engl J Med.
2017;377:1022-32.

29. Lee PH, Song JK, Kim JS, Heo R, Lee S, Kim DH, Song JM, Kang DH, Kwon SU, Kang

DW, Lee D, Kwon HS, Yun SC, Sun BJ, Park JH, Lee JH, Jeong HS, Song HJ, Kim J,

Park SJ. Cryptogenic Stroke and High-Risk Patent Foramen Ovale: The DEFENSE-PFO

Trial. ] Am Coll Cardiol. 2018;71:2335-2342.

30. Dao CN, Tobis JM. PFO and paradoxical embolism producing events other than stroke. Catheter
Cardiovasc Interv. 2011;77:903-9.

31. Pristipino C, Anzola GP, Ballerini L, Bartorelli A, Cecconi M, Chessa M, Donti A, Gaspardone A,
Neri G, Onorato E, Palareti G, Rakar S, Rigatelli G, Santoro G, Toni D, Ussia GP, Violini R. Management of
patients with patent foramen ovale and cryptogenic stroke: A collaborative, multidisciplinary, position paper.
Catheter Cardiovasc Interv. 2013;82:1-14.

32. Adams HP, Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon DL, Marsh EE. Classification of
subtype of acute ischemic stroke: Definitions for use in a multicenter clinical trial. Stroke. 1993;24:35-41.
33. Amarenco P, Bogousslavsky J, Caplan LR, Donnan GA, Hennerici MG. New approach to stroke
subtyping: the A-S-C-O (phenotypic) classification of stroke. Cerebrovasc Dis. 2009;27:502-8.

34, Ay H, Benner T, Arsava EM, Furie KL, Singhal AB, Jensen MB, Ayata C, Towfighi A, Smith EE,
Chong JY, Koroshetz WJ, Sorensen AG. A computerized algorithm for etiologic classification of ischemic
stroke: the Causative Classification of Stroke System. Stroke. 2007;38:2979—84.

35. Hart RG, Diener HC, Coutts SB, Easton JD, Granger CB, O’Donnell MJ, Sacco RL, Connolly SJ.
Embolic strokes of undetermined source: The case for a new clinical construct. Lancet Neurol. 2014;13:429—
38.

36. Basch E. Patient-Reported Outcomes — Harnessing Patients’ Voices to Improve Clinical Care. N
Engl J Med. 2017;376:105-8.

37. Engebretsen E, Heggen K, Wieringa S, Greenhalgh T. Uncertainty and objectivity in clinical
decision making: a clinical case in emergency medicine. Med Heal Care Philos. 2016;19:595-603.

80



38. Greenhalgh T, Chowdhury M, Wood GW. Story-based scales: Development and validation of
questionnaires to measure subjective health status and cultural adherence in British Bangladeshis with
diabetes. Psychol Heal Med. 2006;11:432—48.

39. Tallman K, Janisse T, Frankel RM, Sung SH, Krupat E, Hsu JT. Communication practices of
physicians with high patient-satisfaction ratings. Perm J. 2007;11:19-29.

40. Stacey D, Légaré F, Lewis K, Barry MJ, Bennett CL, Eden KB, Holmes-Rovner M,
Llewellyn-Thomas H, Lyddiatt A, Thomson R, Trevena L. Decision aids for people

facing health treatment or screening decisions. Cochrane Database Syst Rev. 2017;4:CD001431.

41. Charon R. Narrative medicine: A Model for Empathy, Reflection, Profession & Trust. JAMA.
2001;286:1897-902.

42. Greenhalgh T. Narrative based medicine: narrative based medicine in an evidence based world.
BMIJ. 1999;318:323-5.
43, Schattner A, Bronstein A, Jellin N. Information and shared decision-making are top patients’

priorities. BMC Health Serv Res. 2006;6:21.

44, Droste DW, Kriete JU, Stypmann J, Castrucci M, Wichter T, Tietje R, Weltermann B, Young P,
Ringelstein EB. Contrast transcranial Doppler ultrasound in the detection of right-to-left shunts: comparison
of different procedures and different contrast agents. Stroke. 1999;30:1827-32.

45. Mojadidi MK, Bogush N, Caceres JD, Msaouel P, Tobis JM. Diagnostic accuracy of transesophageal
echocardiogram for the detection of patent foramen ovale: A meta-analysis. Echocardiography.
2014;31:752-8.

46. Rodrigues AC, Picard MH, Carbone A, Arruda AL, Flores T, Klohn J, Furtado M, Lira-Filho EB,
Cerri GG, Andrade JL. Importance of adequately performed valsalva maneuver to detect patent foramen
ovale during transesophageal echocardiography. J Am Soc Echocardiogr. 2013;26:1337—43.

47. Johansson MC, Eriksson P, Guron CW, Dellborg M. Pitfalls in diagnosing PFO: Characteristics of
false-negative contrast injections during transesophageal echocardiography in patients with patent foramen
ovales. J] Am Soc Echocardiogr. 2010;23:1136—42.

48. Pepi M, Evangelista A, Nihoyannopoulos P, Flachskampf FA, Athanassopoulos G, Colonna P,
Habib G, Ringelstein EB, Sicari R, Zamorano JL, Sitges M, Caso P, European Association of
Echocardiography. Recommendations for echocardiography use in the diagnosis and management of cardiac
sources of embolism: European Association of Echocardiography (EAE) (a registered branch of the ESC).
Eur J Echocardiogr. 2010;11:461-76.

49, Zamorano JL, Badano LP, Bruce C, Chan K-L, Goncalves A, Hahn RT, Keane MG, La Canna G,
Monaghan MJ, Nihoyannopoulos P, Silvestry FE, Vanoverschelde J-L, Gillam LD, Vahanian A, Di Bello V,
Buck T. EAE/ASE recommendations for the use of echocardiography in new transcatheter interventions for
valvular heart disease. Eur Heart J. 2011;32:2189-214.

50. European Stroke Organisation (ESO) Executive Committee, ESO Writing Committee. Guidelines for
Management of Ischaemic Stroke and Transient Ischaemic Attack 2008. Cerebrovasc Dis. 2008;25:457-507.
51. Furlan AJ, Reisman M, Massaro J, Mauri L, Adams H, Albers GW, Felberg R, Herrmann H, Kar S,
Landzberg M, Raizner A, Wechsler L. Closure or medical therapy for cryptogenic stroke with patent
foramen ovale. N Engl J Med. 2012;366:991-9.

52. Ho JK, Nakahara S, Shivkumar K, Mahajan A. Live three-dimensional transesophageal
echocardiographic imaging of novel multielectrode ablation catheters. Hear Rhythm. 2010;7:570-1.

53. Min JK, Spencer KT, Furlong KT, DeCara JM, Sugeng L, Ward RP, Lang RM. Clinical features of
complications from transesophageal echocardiography: A single-center case series of 10,000 consecutive
examinations. ] Am Soc Echocardiogr. 2005;18:925-9.

54. Mojadidi MK, Roberts SC, Winoker JS, Romero J, Goodman-Meza D, Gevorgyan R, Tobis JM.
Accuracy of transcranial Doppler for the diagnosis of intracardiac right-to-left shunt: A bivariate meta-
analysis of prospective studies. JACC Cardiovasc Imaging. 2014;7:236-50.

55. Katsanos AH, Psaltopoulou T, Sergentanis TN, Frogoudaki A, Vrettou A-R, Ikonomidis I,
Paraskevaidis I, Parissis J, Bogiatzi C, Zompola C, Ellul J, Triantafyllou N, Voumvourakis K, Kyritsis AP,
Giannopoulos S, Alexandrov AW, Alexandrov A V., Tsivgoulis G. Transcranial Doppler versus
transthoracic echocardiography for the detection of patent foramen ovale in patients with cryptogenic
cerebral ischemia: A systematic review and diagnostic test accuracy meta-analysis. Ann Neurol.
2016;79:625-35.

56. Alsheikh-Ali AA, Thaler DE, Kent DM. Patent foramen ovale in cryptogenic stroke: Incidental or
pathogenic? Stroke. 2009;40:2349-55.

81



57. Germonpre P, Hastir F, Dendale P, Marroni A, Nguyen AF, Balestra C. Evidence for increasing
patency of the foramen ovale in divers. Am J Cardiol. 2005;95:912-5.

58. Mazzucco S, Li L, Binney L, Rothwell PM, Oxford Vascular Study Phenotyped Cohort. Prevalence
of patent foramen ovale in cryptogenic transient ischaemic attack and non-disabling stroke at older ages: a
population-based study, systematic review, and meta-analysis. Lancet Neurol. 2018;17:609-17.

59. Kent DM, Ruthazer R, Weimar C, Mas JL, Serena J, Homma S, Di Angelantonio E, Di Tullio MR,
Lutz JS, Elkind MS V, Griffith J, Jaigobin C, Mattle HP, Michel P, Mono ML, Nedeltchev K, Papetti F,
Thaler DE. An index to identify stroke-related vs incidental patent foramen ovale in cryptogenic stroke.
Neurology. 2013;81:619-25.

60. Gerraty RP, Parsons MW, Barber AA, Darby DG, Desmond PM, Tress BM, Davis SM. Examining
the lacunar hypothesis with diffusion and perfusion magnetic resonance imaging. Stroke. 2002;33:2019-24.
61. Feurer R, Sadikovic S, Esposito L, Schwarze J, Bockelbrink A, Hemmer B, Sander D, Poppert H.
Lesion patterns in patients with cryptogenic stroke with and without right-to-left-shunt. Eur J Neurol.
2009;16:1077-82.

62. Wessels T, Rottger C, Jauss M, Kaps M, Traupe H, Stolz E. Identification of embolic stroke patterns
by diffusion-weighted MRI in clinically defined lacunar stroke syndromes. Stroke. 2005;36:757-61.

63. Papa M, Gaspardone A, Fracasso G, Ajello S, Gioffré G, lamele M, lani C, Margonato A.
Usefulness of Transcatheter Patent Foramen Ovale Closure in Migraineurs With Moderate to Large Right-to-
Left Shunt and Instrumental Evidence of Cerebrovascular Damage. Am J Cardiol. 2009;104:434-9.

64. Steiner MM, Di Tullio MR, Rundek T, Gan R, Chen X, Liguori C, Brainin M, Homma S, Sacco RL.
Patent Foramen Ovale Size and Embolic Brain Imaging Findings Among Patients With Ischemic Stroke.
Stroke. 1998;29:944-8.

65. Kim BJ, Sohn H, Sun BJ, Song JK, Kang DW, Kim JS, Kwon SU. Imaging characteristics of
ischemic strokes related to patent foramen ovale. Stroke. 2013;44:3350-6.

66. Thaler DE, Ruthazer R, Di Angelantonio E, Di Tullio MR, Donovan JS, Elkind MS V, Griffith J,
Homma S, Jaigobin C, Mas J-L, Mattle HP, Michel P, Mono M-L, Nedeltchev K, Papetti F, Serena J,
Weimar C, Kent DM. Neuroimaging findings in cryptogenic stroke patients with and without patent foramen
ovale. Stroke. 2013;44:675-80.

67. Huang YY, Shao B, Ni X Da, Li JC. Differential lesion patterns on T2-weighted magnetic resonance
imaging and fluid-attenuated inversion recovery sequences in cryptogenic stroke patients with patent
foramen ovale. J Stroke Cerebrovasc Dis. 2014;23:1690-5.

68. Boutet C, Rouffiange-Leclair L, Garnier P, Quenet S, Delsart D, Varvat J, Epinat M, Schneider F,
Antoine JC, Mismetti P, Barral FG. Brain magnetic resonance imaging findings in cryptogenic stroke
patients under 60 years with patent foramen ovale. Eur J Radiol. 2014;83:824-8.

69. Jauss M, Wessels T, Trittmacher S, Allendorfer J, Kaps M. Embolic lesion pattern in stroke patients
with patent foramen ovale compared with patients lacking an embolic source. Stroke. 2006;37:2159-61.

70. Kent DM, Dahabreh 1J, Ruthazer R, Furlan AJ, Reisman M, Carroll JD, Saver JL, Smalling RW,
Juni P, Mattle HP, Meier B, Thaler DE. Device Closure of Patent Foramen Ovale after Stroke: Pooled
Analysis of Completed Randomized Trials. J Am Coll Cardiol. 2016;67.

71. Cabanes L, Coste J, Derumeaux G, Jeanrenaud X, Lamy C, Zuber M, Mas JL. Interobserver and
intraobserver variability in detection of patent foramen ovale and atrial septal aneurysm with transesophageal
echocardiography. ] Am Soc Echocardiogr. 2002;15:441-6.

72. Mas JL, Arquizan C, Lamy C, Zuber M, Cabanes L, Derumeaux G, Coste J. Recurrent
cerebrovascular events associated with patent foramen ovale, atrial septal aneurysm, or both. N Engl J Med.
2001;345:1740-6.

73. Handke M, Harloff A, Olschewski M, Hetzel A, Geibel A. Patent foramen ovale and cryptogenic
stroke in older patients. N Engl J Med. 2007;357:2262-8.

74. Turc G, Calvet D, Guérin P, Sroussi M, Chatellier G, Mas J, CLOSE Investigators. Closure,
Anticoagulation, or Antiplatelet Therapy for Cryptogenic Stroke With Patent Foramen Ovale: Systematic
Review of Randomized Trials, Sequential Meta-Analysis, and New Insights From the CLOSE Study. J Am
Heart Assoc. 2018;7:¢008356.

75. Schuchlenz HW, Saurer G, Weihs W, Rehak P. Persisting eustachian valve in adults: relation to
patent foramen ovale and cerebrovascular events. J] Am Soc Echocardiogr. 2004;17:231-3.

76. Goel SS, Tuzcu EM, Shishehbor MH, de Oliveira EI, Borek PP, Krasuski RA, Rodriguez LL,
Kapadia SR. Morphology of the Patent Foramen Ovale in Asymptomatic Versus Symptomatic (Stroke or
Transient Ischemic Attack) Patients. Am J Cardiol. 2009;103:124-9.

82



77. Jung J-M, Lee J-Y, Kim H-J, Do Y, Kwon SU, Kim JS, Song J-K, Kang D-W. Patent foramen ovale
and infarct volume in cryptogenic stroke. J Stroke Cerebrovasc Dis. 2013;22:1399-404.

78. Hakeem A, Cilingiroglu M, Katramados A, Dean Boudoulas K, Iliescu C, Gundogdu B,
Marmagkiolis K. Transcatheter closure of patent foramen ovale for secondary prevention of ischemic stroke:
Quantitative synthesis of pooled randomized trial data. Catheter Cardiovasc Interv. 2018; doi:
10.1002/ccd.27487.

79. Kheiri B, Abdalla A, Osman M, Ahmed S, Hassan M, Bachuwa G. Patent foramen ovale closure
versus medical therapy after cryptogenic stroke: An updated meta-analysis of all randomized clinical trials.
Cardiol J. 2018; doi: 10.5603/CJ.a2018.0016.

80. Lapergue B, Decroix JP, Evrard S, Wang A, Bendetowicz D, Offroy MA, Graveleau P, Russel S,
Ramdane N, Mellot F, Scherrer A, Bourdain F. Diagnostic yield of venous thrombosis and pulmonary
embolism by combined CT venography and pulmonary angiography in patients with cryptogenic stroke and
patent foramen ovale. Eur Neurol. 2015;74:69-72.

81. Ozcan Ozdemir A, Tamayo A, Munoz C, Dias B, David Spence J. Cryptogenic stroke and patent
foramen ovale: Clinical clues to paradoxical embolism. J Neurol Sci. 2008;275:121-7.

82. Ranoux D, Cohen A, Cabanes L, Amarenco P, Bousser MG, Mas JL. Patent foramen ovale: is stroke
due to paradoxical embolism? Stroke. 1993;24:31-4.

83. Liberman AL, Daruwalla VJ, Collins JD, Maas MB, Botelho MPF, Ayache JB, Carr J, Ruff I,
Bernstein RA, Alberts MJ, Prabhakaran S. Diagnostic yield of pelvic magnetic resonance venography in
patients with cryptogenic stroke and patent foramen ovale. Stroke. 2014;45:2324-9,

84. Ozdemir O, Beletsky V, Hachinski V, Spence JD. Cerebrovascular events on awakening, patent
foramen ovale and obstructive sleep apnea syndrome. J Neurol Sci. 2008;268:193—4.

85. Lamy C, Giannesini C, Zuber M, Arquizan C, Meder JF, Trystram D, Coste J, Mas JL. Clinical and
imaging findings in cryptogenic stroke patients with and without patent foramen ovale: the PFO-ASA Study.
Atrial Septal Aneurysm. Stroke. 2002;33:706—11.

86. Morris JG, Singh S, Fisher M. Testing for inherited thrombophilias in arterial stroke: can it cause
more harm than good? Stroke. 2010;41:2985-90.

87. Pezzini A, Grassi M, Del Zotto E, Giossi A, Volonghi I, Costa P, Grau A, Magoni M, Padovani A,
Lichy C. Do common prothrombotic mutations influence the risk of cerebral ischaemia in patients with
patent foramen ovale? - Systematic review and meta-analysis. Thromb Haemost. 2009;101:813-7.

88. Favaretto E, Sartori M, Conti E, Legnani C, Palareti G. G1691A factor v and G20210A FII
mutations, acute ischemic stroke of unknown cause, and patent foramen ovale. Thromb Res. 2012;130:720—
4.

89. Rajamani K, Chaturvedi S, Jin Z, Homma S, Brey RL, Tilley BC, Sacco RL, Thompson JLP, Mohr
JP, Levine SR. Patent foramen ovale, cardiac valve thickening, and antiphospholipid antibodies as risk
factors for subsequent vascular events: The PICSS-APASS study. Stroke. 2009;40:2337—42.

90. Abo-Salem E, Chaitman B, Helmy T, Boakye EA, Alkhawam H, Lim M. Patent foramen ovale
closure versus medical therapy in cases with cryptogenic stroke, meta-analysis of randomized controlled
trials. J Neurol. 2018;265:578-85.

91. Almekhlafi MA, Wilton SB, Rabi DM, Ghali WA, Lorenzetti DL, Hill MD. Recurrent cerebral
ischemia in medically treated patent foramen ovale: A meta-analysis. Neurology. 2009;73:89-97.

92. Dahabreh 1J, Kent DM. Index event bias as an explanation for the paradoxes of recurrence risk
research. Jama. 2011;305:822-3.

93. Mono M-L, Geister L, Galimanis A, Jung S, Praz F, Arnold M, Fischer U, Wolff S, Findling O,
Windecker S, Wahl A, Meier B, Mattle HP, Nedeltchev K. Patent foramen ovale may be causal for the first
stroke but unrelated to subsequent ischemic events. Stroke. 2011;42:2891-5.

94. Elmariah S, Furlan AJ, Reisman M, Burke D, Vardi M, Wimmer NJ, Ling S, Chen X, Kent DM,
Massaro J MLCII. Predictors of recurrent events in patients with cryptogenic stroke and patent foramen
ovale within the CLOSURE 1 trial. JACC Cardiovasc Interv. 2014;7:913-20.

95. Katsanos AH, Spence JD, Bogiatzi C, Parissis J, Giannopoulos S, Frogoudaki A, Safouris A,
Voumvourakis K, Tsivgoulis G. Recurrent stroke and patent foramen ovale: a systematic review and meta-
analysis. Stroke. 2014;45:3352-9.

96. Wessler BS, Thaler DE, Ruthazer R, Weimar C, Di Tullio MR, Elkind MS V, Homma S, Lutz IS,
Mas JL, Mattle HP, Meier B, Nedeltchev K, Papetti F, Di Angelantonio E, Reisman M, Serena J, Kent DM.
Transesophageal echocardiography in cryptogenic stroke and patent foramen ovale: Analysis of putative
high-risk features from the risk of paradoxical embolism database. Circ Cardiovasc Imaging. 2014;7:125-31.

83



97. Thaler DE, Ruthazer R, Weimar C, Mas JL, Serena J, Di Angelantonio E, Papetti F, Homma S,
Mattle HP, Nedeltchev K, Mono ML, Jaigobin C, Michel P, Elkind MS V, Di Tullio MR, Lutz JS, Griffith J,
Kent DM. Recurrent stroke predictors differ in medically treated patients with pathogenic vs other PFOs.
Neurology. 2014;83:221-6.

98. Kim YD, Song D, Nam HS, Lee K, Yoo J, Hong GR, Lee HS, Nam CM, Heo JH. D-dimer for
prediction of long-term outcome in cryptogenic stroke patients with patent foramen ovale. Thromb Haemost.
2015;114:614-22.

99. Christensen LM, Krieger DW, Hgjberg S, Pedersen OD, Karlsen FM, Jacobsen MD, Worck R,
Nielsen H, Agidius K, Jeppesen LL, Rosenbaum S, Marstrand J, Christensen H. Paroxysmal atrial
fibrillation occurs often in cryptogenic ischaemic stroke. Final results from the SURPRISE study. Eur J
Neurol. 2014;21:884-9.

100.  Ziegler PD, Rogers JD, Ferreira SW, Nichols AJ, Sarkar S, Koehler JL, Warman EN, Richards M.
Real-world experience with insertable cardiac monitors to find atrial fibrillation in cryptogenic stroke.
Cerebrovasc Dis. 2015;40:175-81.

101.  Cotter PE, Martin MPJ, Ring L, Warburton EA, Belham M, Pugh PJ. Incidence of atrial fibrillation
detected by implantable loop recorders in unexplained stroke. Neurology. 2013;80:1546-50.

102.  Sanna T, Diener H-C, Passman RS, Di Lazzaro V, Bernstein R a, Morillo C a, Rymer MM, Thijs V,
Rogers T, Beckers F, Lindborg K, Brachmann J, CRYSTAL AF Investigators. Cryptogenic stroke and
underlying atrial fibrillation. N Engl J Med. 2014;370:2478-86.

103.  Albers GW, Bernstein RA, Brachmann J, Camm J, Easton JD, Fromm P, Goto S, Granger CB,
Hohnloser SH, Hylek E, Jaffer AK, Krieger DW, Passman R, Pines JM, Reed SD, Rothwell PM, Kowey PR.
Heart rhythm monitoring strategies for cryptogenic stroke: 2015 diagnostics and monitoring stroke focus
group report. ] Am Heart Assoc. 2015;5:€002944..

104.  Choe WC, Passman RS, Brachmann J, Morillo CA, Sanna T, Bernstein RA, Di Lazzaro V, Diener
HC, Rymer MM, Beckers F, Koehler J, Ziegler PD. A Comparison of Atrial Fibrillation Monitoring
Strategies After Cryptogenic Stroke (from the Cryptogenic Stroke and Underlying AF Trial). Am J Cardiol.
2015;116:890-3.

105. Kernan W, Ovbiagele B, Black H, Bravata D, Chimowitz M, Ezekowitz M, Fang M, Fisher M, Furie
K, Heck D, Johnston S, Kasner S, Kittner S, Mitchell P, Rich M, Richardson D, Schwamm L, Wilson J.
Guidelines for the prevention of stroke in patients with stroke and transient ischemic attack: a guideline for
healthcare professionals from the American Heart Association/American Stroke Association. Stroke.
2014;45:2160.

106.  Wagdi P. Incidence and predictors of atrial fibrillation following transcatheter closure of interatrial
septal communications using contemporary devices. Clin Res Cardiol. 2010;99:507—10.

107.  Spies C, Khandelwal A, Timmermanns I, Schrider R. Incidence of atrial fibrillation following
transcatheter closure of atrial septal defects in adults. Am J Cardiol. 2008;102:902—-6.

108.  Kiblawi FM, Sommer RJ, Levchuck SG. Transcatheter closure of patent foramen ovale in older
adults. Catheter Cardiovasc Interv. 2006;68:136-42.

109. Burow A, Schwerzmann M, Wallmann D, Tanner H, Sakata T, Windecker S, Meier B, Delacretaz E.
Atrial fibrillation following device closure of patent foramen ovale. Cardiology. 2008;111:47-50.

110.  Staubach S, Steinberg DH, Zimmermann W, Wawra N, Wilson N, Wunderlich N, Sievert H. New
onset atrial fibrillation after patent foramen ovale closure. Catheter Cardiovasc Interv. 2009;74:889-95.

111.  Bronzetti G, D’Angelo C, Donti A, Salomone L, Giardini A, Maria Picchio F, Boriani G. Role of
atrial fibrillation after transcatheter closure of patent foramen ovale in patients with or without cryptogenic
stroke. Int J Cardiol. 2011;146:17-21.

112.  Carroll JD, Saver JL, Thaler DE, Smalling RW, Berry S, MacDonald LA, Marks DS, Tirschwell DL.
Closure of Patent Foramen Ovale versus Medical Therapy after Cryptogenic Stroke. N Engl J Med.
2013;368:1092-100.

113.  Agarwal S, Bajaj NS, Kumbhani DJ, Tuzcu EM, Kapadia SR. Meta-analysis of transcatheter closure
versus medical therapy for patent foramen ovale in prevention of recurrent neurological events after
presumed paradoxical embolism. JACC Cardiovasc Interv. 2012;5:777-89.

114.  Orgera MA, O’Malley PG, Taylor AJ. Secondary prevention of cerebral ischemia in patent foramen
ovale: systematic review and meta-analysis. South Med J. 2001;94:699—703.

115. Kitsios GD, Dahabreh 1J, Dabrh AMA, Thaler DE, Kent DM. Patent foramen ovale closure and
medical treatments for secondary stroke prevention: A systematic review of observational and randomized
evidence. Stroke. 2012;43:422-31.

84



116.  Patti G, Pelliccia F, Gaudio C, Greco C. Meta-analysis of net long-term benefit of different
therapeutic strategies in patients with cryptogenic stroke and patent foramen ovale. Am J Cardiol.
2015;115:837-43.

117.  Sandercock PA, Gibson LM, Liu M. Anticoagulants for preventing recurrence

following presumed non-cardioembolic ischaemic stroke or transient ischaemic

attack. Cochrane Database Syst Rev. 2009;CD000248.

118.  Sardar P, Chatterjee S, Wu WC, Lichstein E, Ghosh J, Aikat S, Mukherjee D. New oral
anticoagulants are not superior to warfarin in secondary prevention of stroke or transient ischemic attacks,
but lower the risk of intracranial bleeding: insights from a meta-analysis and indirect treatment comparisons.
PLoS One. 2013;8:¢77694.

119.  van Es N, Coppens M, Schulman S, Middeldorp S, Buller HR. Direct oral anticoagulants compared
with vitamin K antagonists for acute venous thromboembolism: evidence from phase 3 trials. Blood.
2014;124:1968-75.

120.  Bridges ND, Hellenbrand W, Latson L, Filiano J, Newburger JW, Lock JE. Transcatheter closure of
patent foramen ovale after presumed paradoxical embolism. Circulation. 1992;86:1902-8.

121.  Meier B. Patent foramen ovale and closure technique with the amplatzer occluder. Scientifica
(Cairo). 2014;2014:129196.

122. De Rosa S, Sievert H, Sabatino J, Polimeni A, Sorrentino S, Indolfi C. Percutaneous Closure Versus
Medical Treatment in Stroke Patients With Patent Foramen Ovale: A Systematic Review and Meta-analysis.
Ann Intern Med. 2018;168:343-50.

123.  Matsumura K, Gevorgyan R, Mangels D, Masoomi R, Mojadidi MK, Tobis J. Comparison of
residual shunt rates in five devices used to treat patent foramen ovale. Catheter Cardiovasc Interv.
2014;84:455-63.

124.  Caputi L, Butera G, Anzola GP, Carminati M, Carriero MR, Chessa M, Onorato E, Rigatelli G,
Sangiorgi G, Santoro G, Spadoni I, Ussia GP, Vigna C, Zanchetta M, Parati E. Residual shunt after patent
foramen ovale closure: Preliminary results from italian patent foramen ovale survey. J Stroke Cerebrovasc
Dis. 2013;22:e219-26.

125. Hornung M, Bertog SC, Franke J, Id D, Taaffe M, Wunderlich N, Vaskelyte L, Hofmann I, Sievert
H. Long-term results of a randomized trial comparing three different devices for percutaneous closure of a
patent foramen ovale. Eur Heart J. 2013;34:3362-9.

126.  Taaffe M, Fischer E, Baranowski A, Majunke N, Heinisch C, Leetz M, Hein R, Bayard Y, Biischeck
F, Reschke M, Hoffmann I, Wunderlich N, Wilson N, Sievert H. Comparison of three patent foramen ovale
closure devices in a randomized trial (Amplatzer versus CardioSEAL-STARflex versus Helex occluder). Am
J Cardiol. 2008;101:1353-8.

127.  Saguner AM, Wahl A, Praz F, de Marchi SF, Mattle HP, Cook S, Windecker S, Meier B. Figulla
PFO occluder versus Amplatzer PFO occluder for percutaneous closure of patent foramen ovale. Catheter
Cardiovasc Interv. 2011;77:709-14.

128.  Thaman R, Faganello G, Gimeno JR, Szantho G V, Nelson M, Curtis S, Martin RP, Turner MS.
Efficacy of percutaneous closure of patent foramen ovale: comparison among three commonly used
occluders. Heart. 2011;97:394-9.

129.  Musto C, Cifarelli A, Fiorilli R, De Felice F, Parma A, Pandolfi C, Confessore P, Bernardi L, Violini
R. Gore helex septal occluder for percutaneous closure of patent foramen ovale associated with atrial septal
aneurysm: Short-and mid-term clinical and echocardiographic outcomes. J Invasive Cardiol. 2012;24:510-4.
130.  von Bardeleben RS, Richter C, Otto J, Himmrich L, Schnabel R, Kampmann C, Rupprecht H-J,
Marx J, Hommel G, Miinzel T, Horstick G. Long term follow up after percutaneous closure of PFO in 357
patients with paradoxical embolism: Difference in occlusion systems and influence of atrial septum
aneurysm. Int J Cardiol. 2009;134:33-41.

131.  Carroll JID, Saver JL, Thaler DE, Smalling RW, Berry S, MacDonald LA, Marks DS, Tirschwell DL.
Closure of patent foramen ovale versus medical therapy after cryptogenic stroke. N Engl J Med.
2013;368:1092-100.

132. Meier B, Kalesan B, Mattle HP, Khattab A a, Hildick-Smith D, Dudek D, Andersen G, Ibrahim R,
Schuler G, Walton AS, Wahl A, Windecker S, Jiini P. Percutaneous closure of patent foramen ovale in
cryptogenic embolism. PC trial. N Engl J Med. 2013;368:1083-91.

133. Wahl A, Jini P, Mono ML, Kalesan B, Praz F, Geister L, Rédber L, Nedeltchev K, Mattle HP,
Windecker S, Meier B. Long-term propensity score-matched comparison of percutaneous closure of patent
foramen ovale with medical treatment after paradoxical embolism. Circulation. 2012;125:803—12.

85



134.  Piccolo R, Franzone A, Siontis GCM, Stortecky S, Pilgrim T, Meier B, Windecker S. Patent foramen
ovale closure vs. medical therapy for recurrent stroke prevention: Evolution of treatment effect during
follow-up. Int J Cardiol. 2018;255:29-31.

135. Abaci A, Unlu S, Alsancak Y, Kaya U, Sezenoz B. Short and long term complications of device
closure of atrial septal defect and patent foramen ovale: Meta-analysis of 28,142 patients from 203 studies.
Catheter Cardiovasc Interv. 2013;82:1123-38.

136.  Wahl A, Tai T, Praz F, Schwerzmann M, Seiler C, Nedeltchev K, Windecker S, Mattle HP, Meier B.
Late Results After Percutaneous Closure of Patent Foramen Ovale for Secondary Prevention of Paradoxical
Embolism Using the Amplatzer PFO Occluder Without Intraprocedural Echocardiography. Effect of Device
Size. JACC Cardiovasc Interv. 2009;2:116-23.

137.  Jarral OA, Saso S, Vecht JA, Harling L, Rao C, Ahmed K, Gatzoulis MA, Malik IS, Athanasiou T.
Does patent foramen ovale closure have an anti-arrhythmic effect? A meta-analysis. Int J Cardiol.
2011;153:4-9.

138.  Marchese N, Pacilli MA, Inchingolo V, Fanelli R, Loperfido F, Vigna C. Residual shunt after
percutaneous closure of patent foramen ovale with amplatzer occluder devices - influence of anatomic
features: a transcranial doppler and intracardiac echocardiography study. Eurolntervention. 2013;9:382-8.
139.  Cheli M, Canepa M, Brunelli C, Bezante GP, Favorini S, Rollando D, Sivori G, Viani E, Finocchi C,
Balbi M. Recurrent and residual shunts after patent foramen ovale closure: Results from a long-term
transcranial doppler study. J Interv Cardiol. 2015;28:600-8.

140.  Davies A, Ekmejian A, Collins N, Bhagwandeen R. Multidisciplinary Assessment in Optimising
Results of Percutaneous Patent Foramen Ovale Closure. Hear Lung Circ. 2016; 26:246-250.

141.  Cifarelli A, Musto C, Parma A, Pandolfi C, Pucci E, Fiorilli R, De Felice F, Nazzaro MS, Violini R.
Long-term outcome of transcatheter patent foramen ovale closure in patients with paradoxical embolism. Int
J Cardiol. 2010;141:304-10.

142.  Ussia GP, Cammalleri V, Mule M, Scarabelli M, Barbanti M, Scardaci F, Mangiafico S, Imme S,
Capodanno D, Tamburino C. Percutaneous closure of patent foramen ovale with a bioabsorbable occluder
device: single-centre experience. Catheter Cardiovasc Interv. 2009;74:607—14.

143.  Anzola GP, Morandi E, Casilli F, Onorato E. Does transcatheter closure of patent foramen ovale
really ‘shut the door?” A prospective study with transcranial Doppler. Stroke. 2004;35:2140—4.

144.  Balbi M, Casalino L, Gnecco G, Bezante GP, Pongiglione G, Marasini M, Del Sette M, Barsotti A.
Percutaneous closure of patent foramen ovale in patients with presumed paradoxical embolism:
periprocedural results and midterm risk of recurrent neurologic events. Am Heart J. 2008;156:356—60.

145.  de Cillis E, Acquaviva T, Basile DP, Cipriani F, Bortone AS. Recurrence of cryptogenic stroke or
TIA in patients with patent foramen ovale successfully treated by using different kind of percutaneous
occluder devices: five-year follow-up. Minerva Cardioangiol. 2010;58:425-31.

146.  Donti A, Giardini A, Salomone L, Formigari R, Picchio FM. Transcatheter patent foramen ovale
closure using the Premere PFO occlusion system. Catheter Cardiovasc Interv. 2006;68:736—40.

147.  Orzan F, Liboni W, Bonzano A, Molinari F, Ribezzo M, Rebaudengo N, Grippi G, Negri E. Follow-
up of residual shunt after patent foramen ovale closure. Acta Neurol Scand. 2010;122:257-61.

148.  Shah AH, Osten M, Benson L, Alnasser S, Bach Y, Vishwanath R, Van De Bruaene A, Shulman H,
Navaranjan J, Khan R, Horlick E. Incidence and Outcomes of Positive Bubble Contrast Study Results After
Transcatheter Closure of a Patent Foramen Ovale. JACC Cardiovasc Interv. 2018;1:1095-1104.

149.  Schwerzmann M, Windecker S, Wahl A, Nedeltchev K, Mattle HP, Seiler C, Meier B. Implantation
of a second closure device in patients with residual shunt after percutaneous closure of patent foramen ovale.
Catheter Cardiovasc Interv. 2004;63:490-5.

150.  Meier B. Iatrogenic atrial septal defect, erosion of the septum primum after device closure of a patent
foramen ovale as a new medical entity. Catheter Cardiovasc Interv. 2006;68:165-8.

151.  Diaz T, Cubeddu RJ, Rengifo-Moreno PA, Cruz-Gonzalez I, Solis-Martin J, Buonanno FS, Inglessis
I, Palacios IF. Management of residual shunts after initial percutaneous patent foramen ovale closure: A
single center experience with immediate and long-term follow-up. Catheter Cardiovasc Interv. 2010;76:145—
50.

152.  Butera G, Sarabia JF, Saracino A, Chessa M, Piazza L., Carminati M. Residual shunting after
percutaneous PFO closure: How to manage and how to close. Catheter Cardiovasc Interv. 2013;82:950-8.
153.  Rovera C, Biasco L, Orzan F, Belli R, Omede¢ P, Gaita F. Percutaneous implantation of a second
device in patients with residual right-to-left shunt after patent foramen ovale closure. J Interv Cardiol.
2014;27:548-54.

86



154.  Nietlispach F, Meier B. Percutaneous closure of patent foramen ovale: an underutilized prevention?
Eur Heart J. 2015:2023-8.

155. Rajani R, Lee L, Sohal M, Khawaja MZ, Hildick-Smith D. Redo patent foramen ovale closure for
persistent residual right-to-left shunting. Eurolntervention. 2011;6:735-9.

156.  Susuri N, Obeid S, Ulmi M, Siontis GC, Wahl A, Windecker S, Nietlispach F, Meier B, Praz F.
Second Transcatheter Closure for Residual Shunt Following Percutaneous Closure of Patent Foramen Ovale.
Eurolntervention. 2017;20:858-866.

157. Lo TTH, Jarral OA, Shipolini AR, McCormack DJ. Should a patent foramen ovale found
incidentally during isolated coronary surgery be closed? Interact Cardiovasc Thorac Surg. 2011;12.

158.  Saitoh H, Kubota H, Takeshita M, Mizuno A, Suzuki M. Right atrial myxoma with right to left shunt
and coronary artery disease. Jpn Circ J. 1994;58:76-9.

159. Kearon C, Akl EA, Ornelas J, Blaivas A, Jimenez D, Bounameaux H, Huisman M, King CS, Morris
TA, Sood N, Stevens SM, Vintch JRE, Wells P, Woller SC, Moores L. Antithrombotic therapy for VTE
disease: CHEST guideline and expert panel report. Chest. 2016;149:315-52.

160.  Vindi§ D, Hutyra M, Saniak D, Kral M, Cechakova E, Littnerova S, Adam T, Pregek J, Hudec S,
Je¢menova M, Taborsky M. Patent Foramen Ovale and the Risk of Cerebral Infarcts in Acute Pulmonary
Embolism—A Prospective Observational Study. J Stroke Cerebrovasc Dis. 2018;27:357-64.

161.  Kyrle PA, Rosendaal FR, Eichinger S. Risk assessment for recurrent venous thrombosis. Lancet.
2010;376:2032-9.

162.  Middeldorp S. Inherited thrombophilia: a double-edged sword. Hematol Am Soc Hematol Educ
Progr. 2016;2016:1-9.

163.  Calkins H, Kuck KH, Cappato R, Brugada J, Camm AJ, Chen SA, Crijns HJ, Damiano RJ Jr, Davies
DW, DiMarco J, Edgerton J, Ellenbogen K, Ezekowitz MD, Haines DE, Haissaguerre M, Hindricks G,
Iesaka Y, Jackman W, Jalife J, Jais P, Kalman J, Keane D, Kim YH, Kirchhof P, Klein G, Kottkamp H,
Kumagai K, Lindsay BD, Mansour M, Marchlinski FE, McCarthy PM, Mont JL, Morady F, Nademanee K,
Nakagawa H, Natale A, Nattel S, Packer DL, Pappone C, Prystowsky E, Raviele A, Reddy V, Ruskin JN,
Shemin RJ, Tsao HM, Wilber D. 2012 HRS/EHRA/ECAS Expert Consensus Statement on Catheter and
Surgical Ablation of Atrial Fibrillation: recommendations for patient selection, procedural techniques,
patient management and follow-up, definitions, endpoints, and research trial design. Europace. 2012;14:528—
606.

164.  Dahal K, Chapagain B, Maharjan R, Farah HW, Nazeer A, Lootens RJ, Rosenfeld A. Prolonged
Cardiac Monitoring to Detect Atrial Fibrillation after Cryptogenic Stroke or Transient Ischemic Attack: A
Meta-Analysis of Randomized Controlled Trials. Ann Noninvasive Electrocardiol. 2015:1-7.

165.  Glotzer T V., Hellkamp AS, Zimmerman J, Sweeney MO, Yee R, Marinchak R, Cook J, Paraschos
A, Love J, Radoslovich G, Lee KL, Lamas GA. Atrial high rate episodes detected by pacemaker diagnostics
predict death and stroke: Report of the atrial diagnostics ancillary study of the MOde Selection Trial
(MOST). Circulation. 2003;107:1614-9.

166.  Boriani G, Glotzer T V, Santini M, West TM, De Melis M, Sepsi M, Gasparini M, Lewalter T,
Camm JA, Singer DE. Device-detected atrial fibrillation and risk for stroke: an analysis of &gt;10,000
patients from the SOS AF project (Stroke preventiOn Strategies based on Atrial Fibrillation information
from implanted devices). Eur Heart J. 2014;35:508—16.

167.  Glotzer T V., Daoud EG, Wyse DG, Singer DE, Ezekowitz MD, Hilker C, Miller C, Qi D, Ziegler
PD. The Relationship between daily atrial tachyarrhythmia burden from implantable device diagnostics and
stroke risk the trends study. Circ Arrhythmia Electrophysiol. 2009;2:474-80.

168.  Capucci A, Santini M, Padeletti L, Gulizia M, Botto G, Boriani G, Ricci R, Favale S, Zolezzi F, Di
Belardino N, Molon G, Drago F, Villani GQ, Mazzini E, Vimercati M, Grammatico A. Monitored atrial
fibrillation duration predicts arterial embolic events in patients suffering from bradycardia and atrial
fibrillation implanted with antitachycardia pacemakers. J] Am Coll Cardiol. 2005;46:1913-20.

169.  Botto GL, Padeletti L, Santini M, Capucci A, Gulizia M, Zolezzi F, Favale S, Molon G, Ricci R,
Biffi M, Russo G, Vimercati M, Corbucci G, Boriani G. Presence and duration of atrial fibrillation detected
by continuous monitoring: Crucial implications for the risk of thromboembolic events. J Cardiovasc
Electrophysiol. 2009;20:241-8.

170.  Ntaios G, Papavasileiou V, Sagris D, Makaritsis K, Vemmos K, Steiner T, Michel P. Closure of
Patent Foramen Ovale Versus Medical Therapy in Patients With Cryptogenic Stroke or Transient Ischemic
Attack: Updated Systematic Review and Meta-Analysis. Stroke. 2018;49:412-8.

87



171.  Zhang X-L, Kang L-N, Wang L, Xu B. Percutaneous closure versus medical therapy for stroke with
patent foramen Ovale: a systematic review and meta-analysis. BMC Cardiovasc Disord. 2018;18:45.

172.  Ntaios G, Papavasileiou V, Makaritsis K, Michel P. PFO closure vs. medical therapy in cryptogenic
stroke or transient ischemic attack: A systematic review and meta-analysis. Int J Cardiol. 2013;169:101-5.
173. Wilke T, Groth A, Mueller S, Pfannkuche M, Verheyen F, Linder R, Maywald U, Bauersachs R,
Breithardt G. Incidence and prevalence of atrial fibrillation: An analysis based on 8.3 million patients.
Europace. 2013;15:486-93.

174.  Chu H, Cole SR. Bivariate meta-analysis of sensitivity and specificity with sparse data: a generalized
linear mixed model approach. J Clin Epidemiol. 2006;59:1331-2.

175.  Harbord RM, Deeks JJ, Egger M, Whiting P, Sterne JAC. A unification of models for meta-analysis
of diagnostic accuracy studies. Biostatistics. 2007;8:239-51.

176.  Ross JS. Statistical Models and Patient Predictors of Readmission for Heart Failure&lt;subtitle&gt; A
Systematic Review&lt;/subtitle&gt; Arch Intern Med. 2008;168:1371.

177.  Minati G, Penna MP, Pessa E. Thermodynamical and logical openness in general systems. Syst Res
Behav Sci. 1998;15:131-45.

178. Woodruff PG, Agusti A, Roche N, Singh D, Martinez FJ. Current concepts in targeting chronic
obstructive pulmonary disease pharmacotherapy: making progress towards personalised management.
Lancet. 2015;385:1789-98.

179.  Zenker G, Erbel R, Krimer G, Mohr-Kahaly S, Drexler M, Harnoncourt K, Meyer J.
Transesophageal two-dimensional echocardiography in young patients with cerebral ischemic events. Stroke.
1988;19:345-8.

180.  Pearson A, Gomez C, Ojile M, Al E. Comparative yield of transesophageal and transthoracic
echocardiography in patients with stroke or TIA. Circulation. 1989;80:11-403.

181.  Meissner I, Whisnant JP, Khandheria BK, Spittell PC, O’Fallon WM, Pascoe RD, Enriquez-Sarano
M, Seward JB, Covalt JL, Sicks JD, Wiebers DO. Prevalence of potential risk factors for stroke assessed by
transesophageal echocardiography and carotid ultrasonography: the SPARC study. Stroke Prevention:
Assessment of Risk in a Community. Mayo Clin Proc. 1999;74:862-9.

182.  Serafini O, Misuraca G, Greco F, Bisignani G, Manes MT, Venneri N. [Prevalence of structural
abnormalities of the atrial septum and their association with recent ischemic stroke or transient ischemic
attack: echocardiographic evaluation in 18631 patients]. Ital Heart J Suppl. 2003;4:39—45.

183.  Petty GW, Khandheria BK, Meissner I, Whisnant JP, Rocca W a, Christianson TJH, Sicks JD,
O’Fallon WM, McClelland RL, Wiebers DO. Population-based study of the relationship between patent
foramen ovale and cerebrovascular ischemic events. Mayo Clin Proc Mayo Clin. 2006;81:602—38.

184.  Crump R, Shandling AH, Van Natta B, Ellestad M. Prevalence of patent foramen ovale in patients
with acute myocardial infarction and angiographically normal coronary arteries. Am J Cardiol.
2000;85:1368-70.

185. DeCoodt P, Kacenelenbogen R, Heuse D, Al. E. Detection of patent foramen ovale in stroke by
transesophageal contrast echocardiography [abstract]. Circulation. 1989:11-339.

186.  Daniel W, Angermann C, Engberding R. Transesophageal echocardiography in patients with
cerebral ischemic events and arterial embolism-a European multi-center study. Circulation. 1989;80:11-473.
187.  Konstadt SN, Louie EK, Black S, Rao TL, Scanlon P. Intraoperative detection of patent foramen
ovale by transesophageal echocardiography. Anesthesiology. 1991;74:212—6.

188.  Lee RJ, Bartzokis T, Yeoh TK, Grogin HR, Choi D, Schnittger I. Enhanced detection of intracardiac
sources of cerebral emboli by transesophageal echocardiography. Stroke. 1991;22:734-9.

189.  Siostrzonek P, Zangeneh M, Gossinger H, Lang W, Rosenmayr G, Heinz G, Stiimpflen A, Zeiler K,
Schwarz M, Mésslacher H. Comparison of transesophageal and transthoracic contrast echocardiography for
detection of a patent foramen ovale. Am J Cardiol. 1991;68:1247-9.

190.  Pearson AC, Nagelhout D, Castello R, Gomez CR, Labovitz AJ. Atrial septal aneurysm and stroke:
A transesophageal echocardiographic study. J Am Coll Cardiol. 1991;18:1223-9.

191.  Cujec B, Polasek P, Voll C, Shuaib a. Transesophageal echocardiography in the detection of
potential cardiac source of embolism in stroke patients. Stroke. 1991;22:727-33.

192.  Fisher DC, Fisher EA, Budd JH, Rosen SE, Goldman ME. The incidence of patent foramen ovale in
1,000 consecutive patients: A contrast transesophageal echocardiography study. Chest. 1995;107:1504-9.
193.  Parsons FG, Keith A. Seventh Report of the Committee of Collective Investigation of the
Anatomical Society of Great Britain and Ireland, 1896-97. J Anat Physiol. 1897;32:164-86.

88



194.  Fawcett E, Blachford J V. The Frequency of an Opening between the Right and Left Auricles at the
Seat of the Foetal Foramen Ovale. J Anat Physiol. 1900;35:67-70.

195. Kuramoto J, Kawamura A, Dembo T, Kimura T, Fukuda K, Okada Y. Prevalence of Patent Foramen
Ovale in the Japanese Population- Autopsy Study. Circ J. 2015;79:2038-42.

196.  Scammon RE, Norris EH. On the time of the postnatal obliteration of the fetal blood-passages
(foramen ovale, ductus arteriosus, ductus venosus). Anat Rec. 1918;15:165-80.

197.  Patten BM. The closure of the foramen ovale. Am J Anat. 1931;48:19-44.

198.  Seib GA. Incidence of the patent foramen ovale cordis in adult American whites and American
negroes. Am J Anat. 1934;55:511-25.

199.  WRIGHT RR, ANSON BJ, CLEVELAND HC. The vestigial valves and the interatrial foramen of
the adult human heart. Anat Rec. 1948;100:331-55.

200.  Schroeckenstein RF, Wasenda GJ, Edwards JE. Valvular competent patent foramen ovale in adults.
Minn Med. 1972;55:11-3.

201.  Sweeney LJ, Rosenquist GC. The normal anatomy of the atrial septum in the human heart. Am Heart
J. 1979;98:194-9.

202.  Hagen PT, Scholz DG, Edwards WD. Incidence and size of patent foramen ovale during the first 10
decades of life: an autopsy study of 965 normal hearts. Mayo Clin Proc. 1984;59:17-20.

203.  Penther P. [Patent foramen ovale: an anatomical study. Apropos of 500 consecutive autopsies]. Arch
Mal Coeur Vaiss. 1994;87:15-21.

204.  Droste DW, Lakemeier S, Wichter T, Stypmann J, Dittrich R, Ritter M, Moeller M, Freund M,
Ringelstein EB. Optimizing the technique of contrast transcranial Doppler ultrasound in the detection of
right-to-left shunts. Stroke. 2002;33:2211-6.

205.  Gonzalez-Alujas T, Evangelista A, Santamarina E, Rubiera M, Gémez-Bosch Z, Rodriguez-
Palomares JF, Avegliano G, Molina C, Alvarez-Sabin J, Garcia-Dorado D. Diagnosis and Quantification of
Patent Foramen Ovale. Which Is the Reference Technique? Simultaneous Study With Transcranial Doppler,
Transthoracic and Transesophageal Echocardiography. Rev Espafiola Cardiol (English Ed. 2011;64:133-9.
206. Hamann GF, Schatzer-Klotz D, Frohlig G, Strittmatter M, Jost V, Berg G, Stopp M, Schimrigk K,
Schieffer H, Schétzer-Klotz D, Frohlig G. Femoral injection of echo contrast medium may increase the
sensitivity of testing for a patent foramen ovale. Neurology. 1998;50:1423-8.

207. Heckmann JG, Niedermeier W, Brandt-Pohlmann M, Hilz MJ, Hecht M, Neundorfer B. Detection of
patent foramen ovale. Transesophageal echocardiography and transcranial Doppler sonography with
ultrasound contrast media are &quot;supplementary, not competing, diagnostic methods. Med Klin
(Munich). 1999;94:367-70.

208.  Schuchlenz HW, Weihs W, Horner S, Quehenberger F. The association between the diameter of a
patent foramen ovale and the risk of embolic cerebrovascular events. Am J Med. 2000;109:456-62.

209.  Horner S, Ni XS, Weihs W, Harb S, Augustin M, Duft M, Niederkorn K. Simultaneous bilateral
contrast transcranial doppler monitoring in patients with intracardiac and intrapulmonary shunts. J Neurol
Sci. 1997;150:49-57.

210.  Jauss M, Kaps M, Keberle M, Haberbosch W, Dorndorf W. A comparison of transesophageal
echocardiography and transcranial Doppler sonography with contrast medium for detection of patent
foramen ovale. Stroke. 1994;25:1265-7.

211.  Job FP, Ringelstein EB, Grafen Y, Flachskampf FA, Doherty C, Stockmanns A, Hanrath P.
Comparison of transcranial contrast Doppler sonography and transesophageal contrast echocardiography for
the detection of patent foramen ovale in young stroke patients. Am J Cardiol. 1994;74:381-4.

212.  Karnik R, Stollberger C, Valentin A, Winkler WB, Slany J. Detection of patent foramen ovale by
transcranial contrast Doppler ultrasound. Am J Cardiol. 1992;69:560-2.

213.  Klotzsch C, Janssen G, Berlit P. Transesophageal echocardiography and contrast-TCD in the
detection of a patent foramen ovale: experiences with 111 patients. Neurology. 1994;44:1603—6.

214.  Kobayashi K, Iguchi Y, Kimura K, Okada Y, Terasawa Y, Matsumoto N, Sakai K, Aoki J, Shibazaki
K. Contrast transcranial doppler can diagnose large patent foramen ovale. Cerebrovasc Dis. 2009;27:230—4.
215. Lao AY, Sharma VK, Tsivgoulis G, Frey JL, Malkoff MD, Navarro JC, Alexandrov A V. Detection
of right-to-left shunts: Comparison between the International Consensus and Spencer Logarithmic Scale
criteria. J Neuroimaging. 2008;18:402—6.

216.  Maffe S, Dellavesa P, Zenone F, Paino AM, Paffoni P, Perucca A, Kozel D, Signorotti F, Bielli M,
Parravicini U, Pardo NF, Cucchi L, Aymele AG, Zanetta M. Transthoracic second harmonic two- and three-
dimensional echocardiography for detection of patent foramen ovale. Eur J Echocardiogr. 2010;11:57-63.

89



217. Mangiafico S, Scandura S, Ussia GP, Privitera A, Capodanno D, Petralia A, Tamburino C.
Transesophageal echocardiography and transcranial color Doppler: independent or complementary
diagnostic tests for cardiologists in the detection of patent foramen ovale? J Cardiovasc Med (Hagerstown).
2009;10:143-8.

218.  Nemec JJ, Marwick TH, Lorig RJ, Davison MB, Chimowitz MI, Litowitz H, Salcedo EE.
Comparison of transcranial Doppler ultrasound and transesophageal contrast echocardiography in the
detection of interatrial right-to-left shunts. Am J Cardiol. 1991;68:1498-502.

219.  Nygren AT, Jogestrand T. Detection of patent foramen ovale by transcranial Doppler and carotid
duplex ultrasonography: a comparison with transoesophageal echocardiography. Clin Physiol. 1998;18:327—
30.

220.  Sastry S, MacNab A, Daly K, Ray S, McCollum C. Transcranial Doppler detection of venous-to-
arterial circulation shunts: Criteria for patent foramen ovale. J Clin Ultrasound. 2009;37:276—80.

221.  SerenaJ, Segura T, Perez-Ayuso MJ, Bassaganyas J, Molins A, Davalos A. The Need to Quantify
Right-to-Left Shunt in Acute Ischemic Stroke : A Case-Control Study. Stroke. 1998;29:1322-8.

222.  Souteyrand G, Motreff P, Lusson JR, Rodriguezz R, Geoffroy E, Dauphin C, Boire JY, Lamaison D,
Cassagnes J. Comparison of transthoracic echocardiography using second harmonic imaging, transcranial
Doppler and transesophageal echocardiography for the detection of patent foramen ovale in stroke patients.
Eur J Echocardiogr. 2006;7:147-54.

223.  Venketasubramanian N, Sacco RL, Di Tullio M, Sherman D, Homma S, Mohr JP. Vascular
distribution of paradoxical emboli by transcranial Doppler. Neurology. 1993;43:1533-5.

224.  Albert a, Miiller HR, Hetzel a. Optimized transcranial Doppler technique for the diagnosis of
cardiac right-to-left shunts. J Neuroimaging. 1997;7:159-63.

225.  Belvis R, Leta RG, Marti-Fabregas J, Cocho D, Carreras F, Pons-Lladé G, Marti-Vilalta JL. Almost
perfect concordance between simultaneous transcranial Doppler and transesophageal echocardiography in
the quantification of right-to-left shunts. J Neuroimaging. 2006;16:133-8.

226.  Blersch WK, Draganski BM, Holmer SR, Koch HJ, Schlachetzki F, Bogdahn U, Holscher T.
Transcranial duplex sonography in the detection of patent foramen ovale. Radiology. 2002;225:693-9.

227.  Caputi L, Carriero MR, Falcone C, Parati E, Piotti P, Materazzo C, Anzola GP. Transcranial Doppler
and transesophageal echocardiography: comparison of both techniques and prospective clinical relevance of
transcranial Doppler in patent foramen ovale detection. J Stroke Cerebrovasc Dis. 2009;18:343-8.

228.  Devuyst G, Despland PA, Bogousslavsky J, Jeanrenaud X. Complementarity of contrast transcranial
Doppler and contrast transesophageal echocardiography for the detection of patent foramen ovale in stroke
patients. Eur Neurol. 1997;38:21-5.

229.  Di Tullio M, Sacco RL, Venketasubramanian N, Sherman D, Mohr JP, Homma S. Comparison of
diagnostic techniques for the detection of a patent foramen ovale in stroke patients. Stroke. 1993;24:1020—4.
230.  Droste DW, Jekentaite R, Stypmann J, Grude M, Hansberg T, Ritter M, Nabavi D, Nam E-M,
Dittrich R, Wichter T, Ringelstein EB. Contrast transcranial Doppler ultrasound in the detection of right-to-
left shunts: comparison of Echovist-200 and Echovist-300, timing of the Valsalva maneuver, and general
recommendations for the performance of the test. Cerebrovasc Dis. 2002;13:235-41.

231.  Mesa D, Franco M, Suarez de Lezo J, Munoz J, Rus C, Delgado M, Ruiz M, Pan M, Romo E, Valles
F, Vinals M, Bescansa E. Prevalence of patent foramen ovale in young patients with cerebral ischemic
accident of unknown origin. Rev Esp Cardiol. 2003;56:662—8.

232. Monte I, Grasso S, Licciardi S, Badano LP. Head-to-head comparison of real-time three-dimensional
transthoracic echocardiography with transthoracic and transesophageal two-dimensional contrast
echocardiography for the detection of patent foramen ovale. Eur J Echocardiogr. 2010;11:245-9.

233.  Rahmouni HW, Keane MG, Silvestry FE, St. John Sutton MG, Ferrari VA, Scott CH, Wiegers SE.
Failure of digital echocardiography to accurately diagnose intracardiac shunts. Am Heart J. 2008;155:161-5.
234.  Belkin RN, Pollack BD, Ruggiero ML, Alas LL, Tatini U. Comparison of transesophageal and
transthoracic echocardiography with contrast and color flow Doppler in the detection of patent foramen
ovale. Am Heart J. 1994;128:520-5.

235.  De Bruijn SFTM, Agema WRP, Lammers GJ, Van Der Wall EE, Wolterbeek R, Holman ER, Bollen
ELEM, Bax JJ. Transesophageal echocardiography is superior to transthoracic echocardiography in
management of patients of any age with transient ischemic attack or stroke. Stroke. 2006;37:2531-4.

236. HaJW, Shin MS, Kang S, Pyun WB, Jang KJ, Byun KH, Rim SJ, Huh J, Lee BI, Chung N.
Enhanced detection of right-to-left shunt through patent foramen ovale by transthoracic contrast
echocardiography using harmonic imaging. Am J Cardiol. 2001;87:669—71.

90



237.  Hausmann D, Miigge A, Becht I, Daniel WG. Diagnosis of patent foramen ovale by transesophageal
echocardiography and association with cerebral and peripheral embolic events. Am J Cardiol. 1992;70:668—
72.

238.  Kiihl HP, Hoffmann R, Merx MW, Franke A, Kl6tzsch C, Lepper W, Reineke T, Noth J, Hanrath P.
Transthoracic echocardiography using second harmonic imaging: Diagnostic alternative to transesophageal
echocardiography for the detection of atrial right to left shunt in patients with cerebral embolic events. J] Am
Coll Cardiol. 1999;34:1823-30.

239.  Madala D, Zaroff JG, Hourigan L, Foster E. Harmonic Imaging Improves Sensitivity at the Expense
of Specificity in the Detection of Patent Foramen Ovale. Echocardiography. 2004;21:33-6.

240.  Steiner MM, Di Tullio MR, Rundek T, Gan R, Chen X, Liguori C, Brainin M, Homma S, Sacco RL.
Patent foramen ovale size and embolic brain imaging findings among patients with ischemic stroke. Stroke.
1998;29:944-8.

241. Bang OY, Lee J, Ryoo S, Kim J, Kim W. Patent Foramen Ovale and Stroke — Current Status. J
Stroke. 2015;17:229-37.

242.  Rigatelli G, Aggio S, Cardaioli P, Braggion G, Giordan M, Dell’avvocata F, Chinaglia M, Rigatelli
G, Roncon L, Chen JP. Left Atrial Dysfunction in Patients With Patent Foramen Ovale and Atrial Septal
Aneurysm. An Alternative Concurrent Mechanism for Arterial Embolism? JACC Cardiovasc Interv.
2009;2:655-62.

243,  Quatre JM, Henry P, Bequet D, Bussiére JL, Ollivier JP, Attuel P. [Atrial electrophysiological study
of unexplained cerebrovascular disorders]. Arch Mal Coeur Vaiss. 1991;84:949-56.

244,  Berthet K, Lavergne T, Cohen A, Guize L, Bousser MG, Le Heuzey JY, Amarenco P. Significant
association of atrial vulnerability with atrial septal abnormalities in young patients with ischemic stroke of
unknown cause. Stroke. 2000;31:398-403.

245.  Somody E, Albucher JF, Casteignau G, Prouteau N, Danielli A, Delay M, Chollet F, Puel J.
[Anomalties of the interatrial septum and latent atrial vulnerability in unexplained ischemic stroke in young
adults]. Arch Mal Coeur Vaiss. 2000;93:1495-500.

246.  Gaspardone A, Giardina A, lamele M, Gioffré G, Polzoni M, Lamberti F, Remoli R, Sgueglia GA,
Papa M, Iani C. Effect of Percutaneous Closure of Patent Foramen Ovale on Post-Procedural Arrhythmias. J
Am Coll Cardiol. 2013;62:2449-50.

247.  Toni D, Sacco RL, Brainin M, Mohr JP. Classification of ischemic stroke. In: Mohr J, Wolf P, Grotta
J, Moskowitz M, Mayberg M, Von Kumme R, editors. Stroke Pathophysiol. Diagnosis Manag. 5th ed.,
Philadelphia, PA: Elsevier Inc.; 2011, p. 293-306.

248.  Stecco A, Quagliozzi M, Soligo E, Naldi A, Cassara A, Coppo L, Rosso R, Bongo AS, Amatuzzo P,
Buemi F, Guenzi E, Carriero A. Can neuroimaging differentiate PFO and AF-related cardioembolic stroke
from the other embolic sources? Clinical-radiological correlation on a retrospective study. Radiol Medica.
2017.

249.  von Sarnowski B, Schminke U, Grittner U, Tanislav C, Bottcher T, Hennerici MG, Tatlisumak T,
Putaala J, Kaps M, Fazekas F, Enzinger C, Rolfs A, Kessler C, sifapl Investigators. Posterior versus
Anterior Circulation Stroke in Young Adults: A Comparative Study of Stroke Aetiologies and Risk Factors
in Stroke among Young Fabry Patients (sifap1l). Cerebrovasc Dis. 2017;43:152—60.

250.  Boutet C, Rouffiange-Leclair L, Garnier P, Quenet S, Delsart D, Varvat J, Epinat M, Schneider F,
Antoine J-C, Mismetti P, Barral F-G. Brain magnetic resonance imaging findings in cryptogenic stroke
patients under 60 years with patent foramen ovale. Eur J Radiol. 2014;83:824-8.

251. Homma S, Sacco RL. Patent foramen ovale and stroke. Circulation. 2005;112:1063-72.

252.  Schuchlenz HW, Weihs W, Berghold A, Lechner A, Schmidt R. Secondary prevention after
cryptogenic cerebrovascular events in patients with patent foramen ovale. Int J Cardiol. 2005;101:77-82.
253.  Homma S, Di Tullio MR, Sacco RL, Mihalatos D, Li Mandri G, Mohr JP. Characteristics of patent
foramen ovale associated with cryptogenic stroke. A biplane transesophageal echocardiographic study.
Stroke. 1994;25:582-6.

254.  Hausmann D, Miigge A, Daniel WG. Identification of patent foramen ovale permitting paradoxic
embolism. J] Am Coll Cardiol. 1995;26:1030-8.

255.  Serena J, Segura T, Perez-Ayuso MJ, Bassaganyas J, Molins A, Davalos A. The Need to Quantify
Right-to-Left Shunt in Acute Ischemic Stroke : A Case-Control Study. Stroke. 1998;29:1322-8.

256. De Castro S, Cartoni D, Fiorelli M, Rasura M, Anzini A, Zanette EM, Beccia M, Colonnese C,
Fedele F, Fieschi C, Pandian NG. Morphological and Functional Characteristics of Patent Foramen Ovale
and Their Embolic Implications. Stroke. 2000;31:2407-13.

91



257.  Kyrle PA, Eichinger S. Deep vein thrombosis. Lancet. 2005;365:1163—74.

258.  Morris JG, Singh S, Fisher M. Testing for inherited thrombophilias in arterial stroke: Can it cause
more harm than good? Stroke. 2010;41:2985-90.

259.  Wohrle J. Closure of patent foramen ovale after cryptogenic stroke. Lancet. 2006;368:350-2.

260. Kishore A, Vail A, Majid A, Dawson J, Lees KR, Tyrrell PJ, Smith CJ. Detection of Atrial
Fibrillation After Ischemic Stroke or Transient Ischemic Attack: A Systematic Review and Meta-Analysis.
Stroke. 2014;45:520-6.

261.  Gladstone DJ, Spring M, Dorian P, Panzov V, Thorpe KE, Hall J, Vaid H, O’Donnell M, Laupacis
A, Coté R, Sharma M, Blakely JA, Shuaib A, Hachinski V, Coutts SB, Sahlas DJ, Teal P, Yip S, Spence JD,
Buck B, Verreault S, Casaubon LK, Penn A, Selchen D, Jin A, Howse D, Mehdiratta M, Boyle K, Aviv R,
Kapral MK, Mamdani M, Investigators E, Coordinators. Atrial fibrillation in patients with cryptogenic
stroke. N Engl J Med. 2014;370:2467-77.

262. Jorfida M, Antolini M, Cerrato E, Caprioli MG, Castagno D, Garrone P, Budano C, Cerrato P, Gaita
F. Cryptogenic ischemic stroke and prevalence of asymptomatic atrial fibrillation: a prospective study. J
Cardiovasc Med. 2016;17:863-9.

263.  Poli S, Diedler J, Hartig F, Gotz N, Bauer A, Sachse T, Muller K, Muller I, Stimpfle F, Duckheim
M, Steeg M, Eick C, Schreieck J, Gawaz M, Ziemann U, Zuern CS. Insertable cardiac monitors after
cryptogenic stroke--a risk factor based approach to enhance the detection rate for paroxysmal atrial
fibrillation. Eur J Neurol. 2016;23:375-81.

264. Boriani G, Diemberger I, Martignani C, Biffi M, Branzi A. The epidemiological burden of atrial
fibrillation: A challenge for clinicians and health care systems. Eur Heart J. 2006;27:893—4.

265. Favilla CG, Ingala E, Jara J, Fessler E, Cucchiara B, Mess¢ SR, Mullen MT, Prasad A, Siegler J,
Hutchinson MD, Kasner SE. Predictors of Finding Occult Atrial Fibrillation after Cryptogenic Stroke.
Stroke. 2015;46:1210-5.

266. Kamel H, Lees KR, Lyden PD, Teal PA, Shuaib A, Ali M, Johnston SC. Delayed Detection of Atrial
Fibrillation after Ischemic Stroke. J Stroke Cerebrovasc Dis. 2009;18:453-7.

267. Kannel WB, Abbott RD, Savage DD, McNamara PM. Epidemiologic features of chronic atrial
fibrillation: the Framingham study. N Engl J Med. 1982;306:1018-22.

268. Krahn a D, Manfreda J, Tate RB, Mathewson F a, Cuddy TE. The natural history of atrial
fibrillation: incidence, risk factors, and prognosis in the Manitoba Follow-Up Study. Am J Med.
1995,98:476-84.

269. Tayal AH, Tian M, Kelly KM, Jones SC, Wright DG, Singh D, Jarouse J, Brillman J, Murali S,
Gupta R. Atrial fibrillation detected by mobile cardiac outpatient telemetry in cryptogenic TIA or stroke.
Neurology. 2008;71:1696-701.

270.  Binici Z, Intzilakis T, Nielsen OW, Kaber L, Sajadieh A. Excessive supraventricular ectopic activity
and increased risk of atrial fibrillation and stroke. Circulation. 2010;121:1904—11.

271.  Tsang TS, Barnes ME, Bailey KR, Leibson CL, Montgomery SC, Takemoto Y, Diamond PM, Marra
M a, Gersh BJ, Wiebers DO, Petty GW, Seward JB. Left atrial volume: important risk marker of incident
atrial fibrillation in 1655 older men and women. Mayo Clin Proc. 2001;76:467-75.

272.  Schoonderwoerd BA, Smit MD, Pen L, Van Gelder IC. New risk factors for atrial fibrillation:
Causes of ‘not-so-lone atrial fibrillation’. Europace. 2008;10:668—-73.

273.  Pickett CA, Villines TC, Ferguson MA, Hulten EA. Percutaneous closure versus medical therapy
alone for cryptogenic stroke patients with a patent foramen ovale: meta-analysis of randomized controlled
trials. Tex Heart Inst J. 2014;41:357-67.

274.  Furlan AJ, Reisman M, Massaro J, Mauri L, Adams H, Albers GW, Felberg R, Herrmann H, Kar S,
Landzberg M, Raizner A, Wechsler L, Investigators CI. Closure or medical therapy for cryptogenic stroke
with patent foramen ovale. N Engl J Med. 2012;366:991-9.

275.  Kent DM, Dahabreh 1J, Ruthazer R, Furlan AJ, Weimar C, Serena J, Meier B, Mattle HP, Di
Angelantonio E, Paciaroni M, Schuchlenz H, Homma S, Lutz JS, Thaler DE. Anticoagulant vs. antiplatelet
therapy in patients with cryptogenic stroke and patent foramen ovale: An individual participant data meta-
analysis. Eur Heart J. 2015;36.

276.  Schulze V, Lin Y, Karathanos A, Brockmeyer M, Zeus T, Polzin A, Perings S, Kelm M, Wolff G.
Patent foramen ovale closure or medical therapy for cryptogenic ischemic stroke: an updated meta-analysis
of randomized controlled trials. Clin Res Cardiol. 2018.

92



277.  Shah R, Nayyar M, Jovin IS, Rashid A, Bondy BR, Fan T-HM, Flaherty MP, Rao S V. Device
Closure Versus Medical Therapy Alone for Patent Foramen Ovale in Patients With Cryptogenic Stroke: A
Systematic Review and Meta-analysis. Ann Intern Med. 2018;168:335-42.

278.  Ando T, Holmes AA, Pahuja M, Javed A, Briasoulis A, Telila T, Takagi H, Schreiber T, Afonso L,
Grines CL, Bangalore S. Meta-Analysis Comparing Patent Foramen Ovale Closure Versus Medical Therapy
to Prevent Recurrent Cryptogenic Stroke. Am J Cardiol. 2018;121:649-55.

279. Khan AR, Bin Abdulhak AA, Sheikh MA, Khan S, Erwin PJ, Tleyjeh [, Khuder S, Eltahawy EA.
Device closure of patent foramen ovale versus medical therapy in cryptogenic stroke: A systematic review
and meta-analysis. JACC Cardiovasc Interv. 2013;6:1316-23.

280.  Capodanno D, Milazzo G, Vitale L, Di Stefano D, Di Salvo M, Grasso C, Tamburino C. Updating
the evidence on patent foramen ovale closure versus medical therapy in patients with cryptogenic stroke: a
systematic review and comprehensive meta-analysis of 2,303 patients from three randomised trials and 2,231
patients from 11 observational s. Eurolntervention. 2014;9:1342-9.

281.  Rengifo-Moreno P, Palacios IF, Junpaparp P, Witzke CF, Morris DL, Romero-Corral A. Patent
foramen ovale transcatheter closure vs. medical therapy on recurrent vascular events: a systematic review
and meta-analysis of randomized controlled trials. Eur Heart J. 2013;34:3342-52.

282.  Stortecky S, Da Costa BR, Mattle HP, Carroll J, Hornung M, Sievert H, Trelle S, Windecker S,
Meier B, Jiini P. Percutaneous closure of patent foramen ovale in patients with cryptogenic embolism: A
network meta-analysis. Eur Heart J. 2015;36:120-8.

283.  Udell JA, Opotowsky AR, Khairy P, Silversides CK, Gladstone DJ, O’Gara PT, Landzberg MJ.
Patent foramen ovale closure vs medical therapy for stroke prevention: Meta-analysis of randomized trials
andreview of heterogeneity in meta-analyses. Can J Cardiol. 2014;30:1216-24.

284.  Wilke T, Bauer S, Mueller S, Kohlmann T, Bauersachs R. Patient Preferences for Oral
Anticoagulation Therapy in Atrial Fibrillation: A Systematic Literature Review. Patient - Patient-Centered
Outcomes Res. 2017;10:17-37.

285.  Leppert MH, Poisson SN, Carroll JD, Thaler DE, Kim CH, Orjuela KD, Ho PM, Burke JF, Campbell
JD. Cost-Effectiveness of Patent Foramen Ovale Closure Versus Medical Therapy for Secondary Stroke
Prevention. Stroke. 2018;49:1443-50.

286. Tobe J, Bogiatzi C, Munoz C, Tamayo A, Spence JD. Transcranial Doppler is Complementary to
Echocardiography for Detection and Risk Stratification of Patent Foramen Ovale. Can J Cardiol.
2016;32:986.€9-986.¢16.

287. Homma S, DiTullio MR, Sacco RL, Sciacca RR, Mohr JP. Age as a determinant of adverse events in
medically treated cryptogenic stroke patients with patent foramen ovale. Stroke. 2004;35:2145-9.

288. Tanaka Y, Ueno Y, Miyamoto N, Shimada Y, Tanaka R, Hattori N, Urabe T. Patent foramen ovale
and atrial septal aneurysm can cause ischemic stroke in patients with antiphospholipid syndrome. J Neurol.
2013;260:189-96.

289.  Rigatelli G, Dell’ Avvocata F, Cardaioli P, Giordan M, Braggion G, Aggio S, Chinaglia M,
Mandapaka S, Kuruvilla J, Chen JP, Nanjundappa A. Permanent right-to-left shunt is the key factor in
managing patent foramen ovale. J] Am Coll Cardiol. 2011;58:2257-61.

290. LeelY, Song JK, Song JM, Kang DH, Yun SC, Kang DW, Kwon SU, Kim JS. Association Between
Anatomic Features of Atrial Septal Abnormalities Obtained by Omni-Plane Transesophageal
Echocardiography and Stroke Recurrence in Cryptogenic Stroke Patients with Patent Foramen Ovale. Am J
Cardiol. 2010;106:129-34.

291.  Force M, Massabuau P, Larrue V. Prevalence of atrial septal abnormalities in older patients with
cryptogenic ischemic stroke or transient ischemic attack. Clin Neurol Neurosurg. 2008;110:779-83.

292.  Ueno Y, Shimada Y, Tanaka R, Miyamoto N, Tanaka Y, Hattori N, Urabe T. Patent foramen ovale
with atrial septal aneurysm may contribute to white matter lesions in stroke patients. Cerebrovasc Dis.
2010;30:15-22.

293.  Cerrato P, Imperiale D, Priano L, Mangiardi L, Morello M, Marson AM, Carra F, Barberis G,
Bergamasco B. Transoesophageal echocardiography in patients without arterial and major cardiac sources of
embolism: Difference between stroke subtypes. Cerebrovasc Dis. 2002;13:174—83.

294.  Anzola GP, Zavarize P, Morandi E, Rozzini L, Parrinello G. Transcranial Doppler and risk of
recurrence in patients with stroke and patent foramen ovale. Eur J Neurol. 2003;10:129-35.

295.  Yahia AM, Shaukat A, Kirmani JF, Qureshi Al. Age is not a predictor of patent foramen ovale with
right-to-left shunt in patients with cerebral ischemic events. Echocardiography. 2004;21:517-22.

93



296.  Botto N, Spadoni I, Giusti S, Ait-Ali L, Sicari R, Andreassi MG. Prothrombotic mutations as risk
factors for cryptogenic ischemic cerebrovascular events in young subjects with patent foramen ovale. Stroke.
2007;38:2070-3.

297.  Karttunen V, Hiltunen L, Rasi V, Vahtera E, Hillbom M. Factor V Leiden and prothrombin gene
mutation may predispose to paradoxical embolism in subjects with patent foramen ovale. Blood Coagul
Fibrinolysis. 2003;14:261-8.

298.  Serena J, Marti-Fabregas J, Santamarina E, Rodriguez JJ, Perez-Ayuso MJ,

Masjuan J, Segura T, Gallego J, Davalos A; CODICIA, Right-to-Left Shunt in

Cryptogenic Stroke Study; Stroke Project of the Cerebrovascular Diseases Study

Group, Spanish Society of Neurology. Recurrent stroke and massive right-to-left

shunt: results from the prospective Spanish multicenter (CODICIA) study. Stroke. 2008;39:3131-6.

299.  Nedeltchev K, Wiedmer S, Schwerzmann M, Windecker S, Haefeli T, Meier B, Mattle HP, Arnold
M. Sex differences in cryptogenic stroke with patent foramen ovale. Am Heart J. 2008;156:461-5.

300. Onorato E, Melzi G, Casilli F, Pedon L, Rigatelli G, Carrozza A, Maiolino P, Zanchetta M, Morandi
E, Angeli S, Anzola GP. Patent foramen ovale with paradoxical embolism: Mid-term results of transcatheter
closure in 256 patients. J Interv Cardiol. 2003;16:43-50.

301. Yared K, Baggish AL, Solis J, Durst R, Passeri JJ, Palacios IF, Picard MH. Echocardiographic
Assessment of Percutaneous Patent Foramen Ovale and Atrial Septal Defect Closure Complications. Circ
Cardiovasc Imaging. 2009;2:141-9.

302. Spies C, Timmermanns I, Reissmann U, Van Essen J, Schrader R. Patent foramen ovale closure with
the intrasept occluder: Complete 6-56 months follow-up of 247 patients after presumed paradoxical
embolism. Catheter Cardiovasc Interv. 2008;71:390-5.

303. Krumsdorf U, Ostermayer S, Billinger K, Trepels T, Zadan E, Horvath K, Sievert H. Incidence and
clinical course of thrombus formation on atrial septal defect and patient foramen ovale closure devices in
1,000 consecutive patients. ] Am Coll Cardiol. 2004;43:302-9.

304. Amin Z, Hijazi ZM, Bass JL, Cheatham JP, Hellenbrand WE, Kleinman CS. Erosion of Amplatzer
septal occluder device after closure of secundum atrial septal defects: Review of registry of complications
and recommendations to minimize future risk. Catheter Cardiovasc Interv. 2004;63:496—-502.

305.  Slavin L, Tobis JM, Rangarajan K, Dao C, Krivokapich J, Liebeskind DS. Five-year experience with
percutaneous closure of patent foramen ovale. Am J Cardiol. 2007;99:1316-20.

306. Alameddine F, Block PC. Transcatheter patent foramen ovale closure for secondary prevention of
paradoxical embolic events: Acute results from the FORECAST registry. Catheter Cardiovasc Interv.
2004;62:512-6.

307. Misra M, Sadiq A, Namboodiri N, Karunakaran J. The ‘aortic rim’ recount: embolization of
interatrial septal occluder into the main pulmonary artery bifurcation after atrial septal defect closure.
Interact Cardiovasc Thorac Surg. 2007;6:384—6.

308. Beitzke A, Schuchlenz H, Gamillscheg A, Stein JI, Wendelin G. Catheter closure of the persistent
foramen ovale: mid-term results in 162 patients. J Interv Cardiol. 2001;14:223-9.

309.  Scacciatella P, Biava LM, Marra S. latrogenic erosion of the septum primum resulting in an atrial
septal defect with left-to-right shunt: A rare pitfall of patent foramen ovale percutaneous closure. Catheter
Cardiovasc Interv. 2014;84:494-6.

310.  Verma SK, Tobis JM. Explantation of patent foramen ovale closure devices: A multicenter survey.
JACC Cardiovasc Interv. 2011;4:579-85.

311.  Tobis J, Shenoda M. Percutaneous treatment of patent foramen ovale and atrial septal defects. ] Am
Coll Cardiol. 2012;60:1722-32.

312. Mahadevan VS, Horlick EM, Benson LN, McLaughlin PR. Transcatheter closure of aortic sinus to
left atrial fistula caused by erosion of amplatzer septal occluder. Catheter Cardiovasc Interv. 2006;68:749—
53.

313. Wang TKM, Wang MTM, Ruygrok P. Patent Foramen Ovale Closure Versus Medical Therapy for
Cryptogenic Stroke: Meta-Analysis of Randomised Trials. Hear Lung Circ. 2018.

314.  Anantha-Narayanan M, Anugula D, Das G. Patent foramen ovale closure reduces recurrent stroke
risk in cryptogenic stroke: A systematic review and meta-analysis of randomized controlled trials. World J
Cardiol. 2018;10:41-8.

315.  Palaiodimos L, Kokkinidis DG, Faillace RT, Foley TR, Dangas GD, Price MJ, Mastoris 1.
Percutaneous closure of patent foramen ovale vs. medical treatment for patients with history of cryptogenic

94



stroke: A systematic review and meta-analysis of randomized controlled trials. Cardiovasc Revascularization
Med. 2018. doi: 10.1016/j.carrev.2018.02.014.

316.  Chen X, Chen S-D, Dong Y, Dong Q. Patent foramen ovale closure for patients with cryptogenic
stroke: A systematic review and comprehensive meta-analysis of 5 randomized controlled trials and 14
observational studies. CNS Neurosci Ther. 2018. doi: 10.1111/cns.12980.

317. Darmoch F, Al-Khadra Y, Soud M, Fanari Z, Alraies MC. Transcatheter Closure of Patent Foramen
Ovale versus Medical Therapy after Cryptogenic Stroke: A Meta-Analysis of Randomized Controlled Trials.
Cerebrovasc Dis. 2018;45:162-9.

318.  Alushi B, Lauten A, Cassese S, Colleran R, Schiipke S, Rai H, Schunkert H, Meier B, Landmesser
U, Kastrati A. Patent foramen ovale closure versus medical therapy for prevention of recurrent cryptogenic
embolism: updated meta-analysis of randomized clinical trials. Clin Res Cardiol. 2018. doi: 10.1007/s00392-
018-1246-y.

319. Riaz I Bin, Dhoble A, Mizyed A, Hsu C-H, Husnain M, Lee JZ, Lotun K, Lee KS. Transcatheter
patent foramen ovale closure versus medical therapy for cryptogenic stroke: a meta-analysis of randomized
clinical trials. BMC Cardiovasc Disord. 2013;13:116.

320. LilJ, LiuJ, Liu M, Zhang S, Hao Z, Zhang J, Zhang C. Closure versus medical therapy for
preventing recurrent stroke in patients with patent foramen ovale and a history of cryptogenic stroke or
transient ischemic attack. Cochrane Database Syst Rev. 2015:CD009938.

321. Hakeem A, Marmagkiolis K, Hacioglu Y, Uretsky BFF, Gundogdu B, Leesar M, Bailey SR,
Cilingiroglu M. Safety and efficacy of device closure for patent foramen ovale for secondary prevention of
neurological events. Meta-analysis of randomized controlled trials. Circ Conf Am Hear Assoc. 2013;128.
322. Kitsios GD, Thaler DE, Kent DM. Potentially large yet uncertain benefits: A meta-analysis of patent
foramen ovale closure trials. Stroke. 2013;44:2640-3.

323.  Kwong JSW, Lam Y-Y, Yu C-M. Percutaneous closure of patent foramen ovale for cryptogenic
stroke: A meta-analysis of randomized controlled trials. Int J Cardiol. 2013;168:4132-8.

324.  Rengifo-Moreno P, Palacios IF, Junpaparp P, Witzke CF, Morris DL, Romero-Corral A. Patent
foramen ovale transcatheter closure vs. medical therapy on recurrent vascular events: a systematic review
and meta-analysis of randomized controlled trials. Eur Heart J. 2013;34:3342-52.

325. Nagaraja V, Eslick GD. Stroke prevention by percutaneous closure of patent foramen ovale: A meta-
analytic review. Int J Cardiol. 2014;172:524-5.

326. Pandit A, Aryal MR, Pandit AA, Jalota L, Kantharajpur S, Hakim F a, Lee HR. Amplatzer PFO
occluder device may prevent recurrent stroke in patients with patent foramen ovale and cryptogenic stroke: a
meta-analysis of randomised trials. Heart Lung Circ. 2014;23:303-8.

327. Pineda AM, Nascimento FO, Yang SC, Kirtane AJ, Sommer RJ, Beohar N. A meta-analysis of
transcatheter closure of patent foramen ovale versus medical therapy for prevention of recurrent
thromboembolic events in patients with cryptogenic cerebrovascular events. Catheter Cardiovasc Interv.
2013;975:968-75.

328.  Wolfrum M, Froehlich GM, Knapp G, Casaubon LK, Dinicolantonio JJ, Lansky AJ, Meier P. Stroke
prevention by percutaneous closure of patent foramen ovale: a systematic review and meta-analysis. Heart.
2013:1-7.

329.  Thanopoulos B (Vasilios) D, Dardas PD, Karanasios E, Mezilis N. Transcatheter closure versus
medical therapy of patent foramen ovale and cryptogenic stroke. Catheter Cardiovasc Interv. 2006;68:741-6.
330.  Harrer JU, Wessels T, Franke A, Lucas S, Berlit P, KIotzsch C. Stroke recurrence and its prevention
in patients with patent foramen ovale. Can J Neurol Sci. 2006;33:39-47.

331.  Paciaroni M, Agnelli G, Bertolini A, Pezzini A, Padovani A, Caso V, Venti M, Alberti A, Palmiero
RA, Cerrato P, Silvestrelli G, Lanari A, Previdi P, Corea F, Balducci A, Ferri R, Falcinelli F, Filippucci E,
Chiocchi P, Grandi FC, Ferigo L, Musolino R, Bersano A, Ghione I, Sacco S, Carolei A, Baldi A, Ageno W,
FORI (Foramen Ovale Registro Italiano) Investigators. Risk of Recurrent Cerebrovascular Events in Patients
with Cryptogenic Stroke or Transient Ischemic Attack and Patent Foramen Ovale: The FORI (Foramen
Ovale Registro Italiano) Study. Cerebrovasc Dis. 2011;31:109-16.

332.  Casaubon L, McLaughlin P, Webb G, Yeo E, Merker D, Jaigobin C. Recurrent stroke/TIA in
cryptogenic stroke patients with patent foramen ovale. Can J Neurol Sci. 2007;34:74—80.

333.  Mirzada N, Ladenvall P, Hansson P-O, Eriksson P, Dellborg M. Recurrent stroke in patients with
patent foramen ovale: An observational prospective study of percutaneous closure of PFO versus non-
closure. Int J Cardiol. 2015;195:293-9.

95



334.  Pezzini A, Grassi M, Lodigiani C, Patella R, Gandolfo C, Zini A, DeLodovici ML, Paciaroni M, Del
Sette M, Toriello A, Musolino R, Calabro RS, Bovi P, Adami A, Silvestrelli G, Sessa M, Cavallini A,
Marcheselli S, Marco Bonifati D, Checcarelli N, Tancredi L, Chiti A, Del Zotto E, Tomelleri G, Spalloni A,
Giorli E, Costa P, Giacalone G, Ferrazzi P, Poli L, Morotti A, Piras V, Rasura M, Simone AM, Gamba M,
Cerrato P, Zedde ML, Micieli G, Melis M, Massucco D, Guido D, De Giuli V, Bonaiti S, D’Amore C, La
Starza S, Iacoviello L, Padovani A, Italian Project on Stroke in Young Adults (IPSYS) Investigators.
Propensity Score—Based Analysis of Percutaneous Closure Versus Medical Therapy in Patients With
Cryptogenic Stroke and Patent Foramen Ovale. Circ Cardiovasc Interv. 2016;9:e003470.

335.  Weimar C, Holle DN, Benemann J, Schmid E, Schminke U, Haberl RL, Diener H-C, Goertler M,
German Stroke Study Collaboration. Current management and risk of recurrent stroke in cerebrovascular
patients with right-to-left cardiac shunt. Cerebrovasc Dis. 2009;28:349-56.

336. Windecker S, Wahl A, Nedeltchev K, Arnold M, Schwerzmann M, Seiler C, Mattle HP, Meier B.
Comparison of medical treatment with percutaneous closure of patent foramen ovale in patients with
cryptogenic stroke. ] Am Coll Cardiol. 2004;44:750-8.

337.  Saber H, Palla M, Kazemlou S, Azarpazhooh MR, Seraji-Bozorgzad N, Behrouz R. Network meta-
analysis of patent foramen ovale management strategies in cryptogenic stroke. Neurology. 2018;91:e1-7.
338.  Tsivgoulis G, Katsanos AH, Mavridis D, Frogoudaki A, Vrettou A-R, Ikonomidis I, Parissis J,
Deftereos S, Karapanayiotides T, Palaiodimou L, Filippatou A, Perren F, Hadjigeorgiou G, Alexandrov AW,
Mitsias PD, Alexandrov A V. Percutaneous patent foramen ovale closure for secondary stroke prevention.
Neurology. 2018;91:e8-18.

339. Lattanzi S, Brigo F, Cagnetti C, Di Napoli M, Silvestrini M. Patent Foramen Ovale and Cryptogenic
Stroke or Transient Ischemic Attack: To Close or Not to Close? A Systematic Review and Meta-Analysis.
Cerebrovasc Dis. 2018;45:193-203.

340. Smer A, Salih M, Mahfood Haddad T, Guddeti R, Saadi A, Saurav A, Belbase R, Ayan M, Traina
M, Alla V, Del Core M. Meta-analysis of Randomized Controlled Trials on Patent Foramen Ovale Closure
Versus Medical Therapy for Secondary Prevention of Cryptogenic Stroke. Am J Cardiol. 2018;121:1393-9.
341.  Abdelaziz HK, Saad M, Abuomara HZ, Nairooz R, Pothineni NVK, Madmani ME, Roberts DH,
Mahmud E. Long-term outcomes of patent foramen ovale closure or medical therapy after cryptogenic
stroke: A meta-analysis of randomized trials. Catheter Cardiovasc Interv. 2018.

342, Ahmad Y, Howard JP, Arnold A, Shin MS, Cook C, Petraco R, Demir O, Williams L, Iglesias JF,
Sutaria N, Malik I, Davies J, Mayet J, Francis D, Sen S. Patent foramen ovale closure vs. medical therapy for
cryptogenic stroke: a meta-analysis of randomized controlled trials. Eur Heart J. 2018;39:1638—49.

343. Reinthaler M, Ozga A-K, Sinning D, Curio J, Al-Hindwan HS, Biackemo Johansson J, Jung F,
Lendlein A, Rauch G, Landmesser U. Revival of transcatheter PFO closure: A meta-analysis of randomized
controlled trials - impact of shunt size and age. Am Heart J. 2018;201:95-102.

344.  Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, Castella M, Diener HC,
Heidbuchel H, Hendriks J, Hindricks G, Manolis AS, Oldgren J, Popescu BA, Schotten U, Van Putte B,
Vardas P, Agewall S, Camm J, Baron Esquivias G, Budts W, Carerj S, Casselman F, Coca A, De Caterina R,
Deftereos S, Dobrev D, Ferro JM, Filippatos G, Fitzsimons D, Gorenek B, Guenoun M, Hohnloser SH, Kolh
P, Lip GY, Manolis A, McMurray J, Ponikowski P, Rosenhek R, Ruschitzka F, Savelieva I, Sharma S,
Suwalski P, Tamargo JL, Taylor CJ, Van Gelder IC, Voors AA, Windecker S, Zamorano JL, Zeppenfeld K.
2016 ESC Guidelines for the management of atrial fibrillation developed in collaboration with EACTS.
Europace. 2016 Nov;18:1609-1678.

96





