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VIEW AND REVIEW

Endovascular closure of patent foramen ovale:
a critical appraisal of published trials

Fechamento endovascular do forame oval patente: analise critica dos estudos publicados
Charles ANDRE'?

ABSTRACT

Thetreatment of cryptogenic stroke patients with a patent foramen ovale (PFO) is controversial. A critical review of these studies is presented.
Methods: A description of all trials comparing medical and endovascular treatment with closing devices is given. Additional pertinent
studies are discussed to help construct a rational basis for treatment decisions. Results: Initial negative trials evaluating PFO closure were
followed by positive studies published in 2017 and 2018. All trials evaluated young patients (up to 60 years). Methodological problems are
presentin all trials including their open label construction. Most positive trials developed strategies to increase the percentage of patients
with interatrial septal aneurysms or hypermobility and large right-to-left shunts. Even in these positive trials, large numbers of patients
need to be treated to avoid one stroke. Atrial fibrillation occurred in 2-6% and other adverse effects related to the procedure and to the
devices occurred in a substantial number of patients. Incomplete occlusion of the PFO is also frequent. Anticoagulant treatment has not
been adequately studied as a therapeutic option. Conclusion: Young patients with cryptogenic strokes seem to benefit from endovascular
closure of a PFO in the presence of a large right-to-left shunt or an associated atrial septum aneurysm. For most other patients, a highly-
individualized decision must be made, taking into account the low risk of recurrence in patients with a cryptogenic stroke attributable to a
PFO, the high numbers needed to treat and the risks related to the procedure.
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RESUMO

O tratamento de pacientes com infarto cerebral criptogénico e forame oval patente (FOP) é controverso. Uma revisao critica destes estudos
é apresentada. Métodos: Sao descritos em detalhes os estudos comparando tratamento médico com o uso de préteses de oclusao do FOP
apos infarto cerebral. Discutem-se outros estudos pertinentes para ajudar na tomada racional de decisoes terapéuticas individualizadas.
Resultados: Estudos iniciais avaliando fechamento endovascular com préteses foram negativos, porém seguidos de outros estudos
com resultados positivos em 2017 e 2018. Somente pacientes até 60 anos foram estudados. Os estudos apresentam varios problemas
metodologicos, incluindo sua natureza aberta. A maioria dos estudos positivos desenvolveu estratégias para aumentar o percentual de
pacientes com risco aumentado de recorréncia, especificamente grandes shunts direita-esquerda e aneurismas/hipermobilidade do septo
interatrial. Mesmo estes estudos positivos revelaram um alto NNT (nGmero de pacientes tratados para evitar um evento de desfecho).
Fibrilacao atrial ocorreu em 2-6 % dos pacientes tratados. Outras complicacoes relacionadas ao procedimento e as endopréteses e ainda
fechamento incompleto do FOP foram também frequentes. Anticoagulantes poderiam constituir estratégia alternativa de tratamento
clinico, mas nao foram adequadamente estudados. Conclusao: Pacientes jovens com infartos criptogénicos parecem beneficiar-se de
oclusao endovascular do FOP na presenga de grandes shunts e principalmente aneurismas ou hipermobilidade de septo interatrial. Para
a maioria dos outros pacientes, uma decisao altamente individualizada deve ser tomada, considerando o baixo risco de recorréncia dos
infartos atribuiveis ao FOP, 0 ato NNT e os riscos inerentes ao procedimento.

Palavras-chave: Forame oval; patente; terapéutica; dispositivo para oclusao septal; Acidente vascular cerebral, prevencéo e controle.

The best treatment for most stroke patients in whom a
patent foramen ovale (PFO) is found remains undefined.
Recent clinical trials support the use of sealing endopros-
theses to reduce stroke recurrence rates in patients with no
other definable causes and with a large right-to-left shunt
(RLS), atrial septum aneurysm (ASA) or hypermobility of the

interatrial septum. New data generated by these studies have
also led to an epidemic of systematic reviews and meta-anal-
yses on the subject. In this article, previous negative trials and
the most recent and positive trials leading to renewed inter-
est in PFO closure are reviewed. A discussion to help guide
rational therapeutic decisions follows.
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WHY PFO BECAME RELEVANT

Tissue oxygenation in fetal life depends entirely on oxy-
gen-rich blood flow from the placenta. An ample interatrial
communication allows the oxygenated blood to bypass the
immature and useless pulmonary circulation. The gradual
development of the interatrial septum guarantees the future
closure of this physiological shunt'?(Figure).

After birth, there is a natural tendency for spontaneous
closure of the foramen ovale. This process is completed in
50% of two-year-old infants and in 65% of persons by the
age of 20**. One quarter (26%) of adult individuals, how-
ever, still have a detectable passage of blood between the
two atria®*. Other anatomical variants of potential clinical
importance are less frequent. Atrial septum aneurysms or
interatrial septum hypermobility (e.g., displacement of the
septum 15 mm or more during the cardiac cycle) are pres-
ent in 2-10% of individuals with a PFO. The Eustachian
valve of the inferior vena cava (which can help drive blood
to the left atrium through a PFO) and atrial Chiari networks
(which may rarely cause entrapment of atrial catheters) are
even rarer variants®.

A PFO is entirely asymptomatic in most individuals,
but may be important in specific settings. Closure of a PFO
may be needed in professional divers and in medical con-
ditions such as orthostatic dyspnea/cyanosis syndrome®®.
Its significance in patients with migraine has been amply
studied”. A PFO is also occasionally found in patients with
systemic embolism.

Ischemic stroke constitutes the most frequent condition
in which PFO closure is considered. In this setting, a PFO is
a common finding, detected in approximately 42% (21-63%)
of patients with cryptogenic and non-cryptogenic cerebral
infarcts. A PFO is more frequently found in patients with
cryptogenic stroke than in those with a defined cause, how-
ever, with an odds ratio (OR) of 6 (95% confidence interval
(CI), 3.72-9.68) in patients up to 55 years of age®. The preva-
lence of ASA is also increased, especially in individuals with
PFO. The OR in older patients was found to be more heteroge-
neous but is also increased - 2.26 (95%CI, 0.96-5.31)%. A more
recent epidemiological registry including 439 patients over
60 years (mean age 70) confirms a persistent association in
older patients — OR 2.06 (95%CI, 1.32-3.23) and also indicates
an increased risk in the presence of a large RLS’.

Patent foramen ovale may be associated with cerebral
infarcts by diverse mechanisms, including paradoxical embo-
lism, arrhythmias and local stasis and thrombosis. The most
frequent mechanism is paradoxical (venous-arterial) embo-
lism. This may cause 4-5% of all cerebral infarcts'. Detached
clots from the venous system are usually trapped in the pul-
monary circulation but can reach the systemic arterial system
via PFO or other RLS, such as pulmonary fistulas. Thrombi
usually form in the lower limbs but can also be found in pelvic
veins. Twenty percent or more of patients with an acute cryp-
togenic cerebral infarct exhibit either deep vein thrombosis
in thelegs and pelvis or potentially-significant anatomic vari-
ants favoring its development, such as the May Turner com-
pression of the iliac vein by the iliac artery''% Pelvic venous

Foramen
Ovale

» Septum Primum

» Septum Secundum

Figure. Development of the interatrial septum during fetal life'. (A) Initial formation of the septum primum (SP, in red color)
directed to the endocardial cushions; the ostium primum (OP) allows ample communication between the atria. (B) Fusion of the SP
with the endocardial cushions. (C) Another septum, the septum secundum (SS, in blue color, right-sided to the SP) begins to form.
A second orifice, the ostium secundum (0S) develops in the superior portion of the SP. The SS gradually covers the SP. (D) Lateral
view and (E) frontal view of the interatrial wall and the foramen ovale.
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thrombi are also more frequently found in cryptogenic stroke
patients with a PFO™. However, the absence of a clear source
of emboli does not exclude a paradoxical embolism, as small
clots could easily pass through a moderate RLS and still
cause the occlusion of important cerebral arteries.

Supraventricular arrhythmias such as atrial fibrillation
(AF) and supraventricular tachycardia may cause strokes by
themselves. Patients with a PFO and ASA are at higher risk
for their development'*'*. Associated conditions such as
sleep apnea may contribute to this risk because of autonomic
instability related to repeated episodes of hypoxia and adren-
ergic surges''. The relative equalization of pressures in the
right and left atria during sleep favors local thrombus forma-
tion in patients with sleep apnea and PFO. The same mech-
anism can develop in individuals with chronic lung disease
and cor pulmonale".

A relationship between stroke and PFO should always be
considered in the presence of favoring factors such as sleep
apnea, cancer or other causes of thrombophilia. Patent fora-
men ovale is also more frequently found - and the severity of
the related strokes increased - in strokes occurring the post-
operative period'®". In addition, a number of clinical findings
are more frequent in patients with PFO than in other individ-
uals with cryptogenic strokes (Table 1)"”. Obviously, although
heuristically helpful, all these findings may also be present
in patients without a PFO and do not constitute proof of a
causal relationship.

Acute treatment of stroke patients should not differ
significantly in those with or without PFO. Intravenous
thrombolysis and mechanical embolectomy should be con-
sidered whenever appropriate. Secondary preventive strat-
egies include antiplatelet drugs, anticoagulants, and occlu-
sion of the PFO either by surgery” or, much more frequently,
catheter-guided septal occlusion. Antiplatelet drugs, more
commonly aspirin, were the usual drugs used in the medi-
cal arms (and in the intervention groups) of both negative
and positive trials evaluating occlusion devices (see ahead).
This is justified as these drugs may also lower the risk of
recurrent stroke and severe cardiovascular events related

Table 1. Clinical clues of paradoxical embolism™. Although
these findings are more frequent in cryptogenic stroke
patients with a detectable patent foramen ovale (PFO), they
also can be found in individuals without this anatomic variant.

Clinical finding (ggl;O% '\(156?';? p-value
oot tespveraus OIS 10 4 oong
Valsalva maneuver preceding onset 15 6 0.042
Recent prolonged travel 12 3 0.018
Waking up with deficit 15 4 0.009
History of migraine 30 17 0.042
Shortness of breath at onset 15 7 0.093

(Number of patients in each group)

to other undetected causes and atherosclerosis. In addition,
they have a lower risk of hemorrhagic complications than
anticoagulants. The antiplatelet regimen should be accom-
panied by an extensive evaluation and control of associated
vascular risk factors such as hypertension, smoking and
hyperlipidemia. Anticoagulants, almost exclusively war-
farin, were optional in some trials, but the relatively low
number of treated patients generally hampered any definite
conclusion about their potential benefits®. A meta-analysis
suggested that warfarin could be more efficient than anti-
platelet drugs, reducing the risk of recurrent strokes by one
quarter®. Recently, a subgroup analysis of the NAVIGATE
ESUS trial also found a non-significant decrease in risk - HR
0.54 (95%CI, 0.22-1.36) — in PFO patients treated with riva-
roxaban, compared with aspirin®. Other direct oral antico-
agulants such as dabigatran (RESPECT ESUS) and apixaban
(ATTICUS; ARCADIA) are being tested in trials of embolic
stroke of unknown source (ESUS)*. In the recently pub-
lished RE-SPECT ESUS trial, there was no significant reduc-
tion of recurrent strokes in patients treated with dabigatran
as compared to low-dose aspirin*. There were significantly
more clinically relevant but non-major bleeding events in
the dabigatran group. No beneficial effects of anticoagula-
tion were seen in 680 patients with PFO (circa 13% of the
patients). The use of DOACs has also been described in case
reports and will probably increase in clinical practice®?.

TRIALS ON SEPTAL OCCLUSION

Nonsurgical septal occlusion of septal defects was first
tested in the 1970's decade®. A plethora of options exist, but
they all share a basic mechanism involving radioscopic cath-
eter guidance of two connected expandable discs to seal the
interatrial communication from both sides.

In the decade since 2010, six prospective open tri-
als comparing medical treatment and prosthetic sealing
of PFO in young patients (up to 60 years) with cryptogenic
stroke have been published. A long-term follow-up study of
patients included in one of the first trials has also appeared
in 2017. In all of these trials, patients submitted to endovas-
cular treatment routinely received antiplatelet drugs (mostly
low-dose aspirin) after a variable period (from a few days to
three months) of double antiplatelet therapy with aspirin and
a thienopyridine (usually clopidogrel).

Negative trials

Closure 1 (2012)#%28

This trial was conducted in the USA and Canada compar-
ing the STARFlex occlusion device (NMT Medical, Boston,
USA) with a medical arm involving treatment with aspirin,
warfarin or both (decision at the discretion of the principal
investigator at each site). Patients could be included up to six
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months after stroke and were followed up for two years. More
than one third of the patients had an associated ASA (inter-
atrial mobility of > 10 mm) and more than half had a moder-
ate (10-25 microbubbles) or large RLS. The intervention was
unsuccessful in 11.6% of the patients, and incomplete clos-
ing — assessed by planned transesophageal echocardiography
(TEE) at six months - occurred in 13.9%. Only a few recur-
rent strokes occurred in both the endovascular and medical
groups — 11 and 12 events, respectively (Table 2).

The inclusion criteria allowed individuals with classi-
cal lacunar infarcts and transient ischemic attacks (TIA)
to be included, and a large percentage of patients had
hypertension (34% and 28% of the patients in the closure
and medical treatment groups, respectively), and hyperlip-
idemia (47% and 41%). A follow-up study disclosed a high
prevalence of alternative conditions favoring atheroscle-
rosis in patients with recurrent strokes - high body mass
index, diabetes, hypertension, ischemic heart disease —
and of AF (detected in 13.5% vs. 3.6% of patients with no
further events)?2%%,

PC Trial (2013)%

This trial was conducted in many European countries
and in Canada, Brazil and Australia and compared treat-
ment with the Amplatzer prosthesis (St. Jude Medical,
Minnesota, USA) and medical therapy (choice at the discre-
tion of the treating physician) with either antiplatelet drugs

or warfarin (used in 30.5% of the patients at discharge).
Most patients treated with antiplatelet drugs received aspi-
rin (77%), and a thienopyridine was given to all the others
and to a few receiving double antiplatelet therapy. Patients
could be included up to six months after a complete stroke
(around 80% of inclusions), a TIA with a corresponding
ischemic lesion in neuroimaging studies, or a peripheral
embolism (less than 3%). The initial TEE disclosed a large
RLS (more than 20 microbubbles) in more than 20% of
the patients, and an ASA in more than 20% of the patients
(slight imbalances between groups). After a mean follow-up
of4.1years, recurrent strokes occurred in one patient receiv-
ing the occlusion device and in five patients of the medical
arm (HR 0.20, 95%CI 0.02-1.72, p = 0.14).

It took 10 years to complete the patient inclusion in the
PC Trial. There was a high prevalence of smoking, hyperten-
sion, and hyperlipidemia (circa 25% each), and a large num-
ber of patients exited the study or were lost to follow-up
(17.6%). Twenty-eight patients in the medical group crossed
over to receive an occlusion device - six in the first month
and 22 subsequently. In addition, more than 10% of these
patients received no antithrombotic therapy for long peri-
ods during the trial®. The procedure was unsuccessful in
4.1% of the patients and incomplete occlusion (moderate
to large residual shunts) occurred in 4.1% more patients.
Adverse effects attributed to the procedure included one
patient with transient AF and two patients with groin

Table 2. Negative trials on patent foramen ovale closure published in 2012 and 20132285132 A Methods and main findings. B.

Possible reasons for the negative results in each trial.

A. Methods and main findings

Study (N) Follow-up (in years)

Events

Medical arm Primary Endpoint Haze_lrd p-value
Prosthesis Age Prosthesis x medical ratio
Closure 1 2 Aspirin Stroke 23x 29
-909 (18-60vy) Warfarin TIA (Cerebral infarct 12 x 13) 0.78 0.37
STARflex Both Death*
PC Trial 4.1 Aspirin Death 7x11
-414 (<60y) Anticoagulants Stroke (Cerebral infarct 1 x 5)
Amplatzer TIA oien e
Peripheral
embolism
Respect (980) 2.1 di@ysrﬁi)(;!rr]ni)le Fatal stroke 9x16
Amplatzer (18-60) Clopidogrel Stroke (Cerebral infarct 9 x 16) 0.49 0.08
Warfarin Death

B. Possible reasons for negative results

Closure 1

High percentage of unsuccessful closing; atherosclerosis and other causes; inclusion of patients with lacunar

infarcts; TIA as an endpoint; short follow-up

PC Trial
Respect
All Studies

Atherosclerosis; TIA as an endpoint; exits from study, crossover between groups; losses during follow-up
Delay to endovascular treatment; losses during follow-up; short follow-up

Late inclusion in all (up to six months); few outcome events; no selection of high-risk patients

TIA: transient ischemic attack; *Early death (first 30 days) or death from neurological causes (up to two years).
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hematomas. Additional patients with AF (in total six in the
device group vs. two in the medical arm) and acute myocar-
dial infarcts (two vs. one) were described.

Respect (2013)%

This trial was conducted in the USA and Canada, and
compared the Amplatzer septal occlusion device (St. Jude
Medical, Minnesota, USA) with antiplatelet or warfarin
treatment in patients included up to six months after the
index stroke. Recurrent strokes occurred in nine patients in
the occlusion group and in 16 patients in the medical arm.
Although the primary endpoint was negative, there was some
heterogeneity of the treatment effect. Closure seemed more
beneficial in patients with cortical infarcts, more indicative
of embolic origin, large RLS or ASA; and when the compar-
ison was restricted to patients receiving antiplatelet drugs.
In addition, three infarcts in the Amplatzer group occurred
before the planned endovascular procedure. Analyses accord-
ing to time-to-stroke recurrence or restricted to patients who
actually received the prosthesis also indicated benefit from
the procedure.

There were major differences in dropout rates between
patients receiving the prosthesis or not (9.2% vs. 17.2%), which
the authors tried to compensate for statistically. There were
at least 22 complications related to the procedure including
two cases of pericardial tamponade, two cases of intracardiac
thrombus formation (one in the prosthesis itself) and a single
case each of pulmonary embolism and cardiac perforation.
A control TEE done after six months detected an incomplete
closure — defined as 10 or more microbubbles in the first
three seconds after saline infusion - in 6.5% of the patients
in the occlusion group.

All three trials showed a non-significant positive trend
but could not prove benefit of the invasive treatment. The tri-
als have important methodological differences and a number
of reasons may explain the negative results including short
follow-up (not in the PC Trial), inclusion of patients with
lacunar infarcts, TIA or with probable atherosclerosis, high
rates of unsuccessful closure, crossover between groups, exit,
and dropout. They also share some problems, however. These
include very slow randomization, late randomization and
inclusion - up to six months after the index strokes — and
the absence of inclusion criteria to increase the number of
high-risk patients with ESUS, large shunts or associated ASA.
This may have resulted in the lower-than-expected number
of endpoint events in all trials, which reduced their power to
show differential effects of the procedure.

Positive trials

Long-term follow-up results from an early trial and two
new studies published in 2017 have led to a renewed interest
in PFO closure. An additional smaller trial published in 2018
strengthened the impression of a positive impact of the pro-
cedure (Table 3).

Respect Extended (2017)%

After a longer follow-up period of 5.9 years, the authors
found a significant reduction of cerebral infarcts in patients
receiving a closure device. Secondary analyses again indi-
cated a differential and positive effect in patients with ASA,
large RLS and cortical infarcts. There was areduction of recur-
rent strokes with an undetermined mechanism (as defined
by either TOAST or ASCOD criteria) but not of those with
other defined mechanisms. Slightly different numbers of
adverse effects were reported including additional single
cases of AF, pulmonary embolism and obligatory repeated
intervention. Venous thromboembolism was more common
in invasively-treated patients - e.g., HR for pulmonary embo-
lism 3.48 (95%Cl, 0.98-12.34; p = 0.04). In the group of patients
submitted to occlusion, the risk was especially high in those
with previous episodes of venous thromboembolism.

Results from this exploratory analysis should be inter-
preted with caution for many reasons including its post ioc
nature and the persistently high and unbalanced rates of loss
to follow-up (33.3% and 20.8% in the medical and interven-
tion arms respectively).

Reduce — Gore (2017)%

This study was conducted in the USA, Canada, UK and
Nordic countries, and randomized patients (2:1) to invasive
treatment with two types of prosthesis (initially Helex and
later Cardioform; Gore and Associates Inc., Delaware, USA)
or to medical treatment with antiplatelet drugs - various
regimens at the discretion of the local investigators. Patients
were included up to six months after the index stroke, with
the exclusion of those with small deep infarcts. Hypertension
was present in 26% of the patients and a previous stroke or
TIA in 13% (slight imbalance between groups). A moderate
shunt (defined as 6-25 microbubbles - 40.5%) or large shunt
(more that 25 microbubbles - 40.5%) was present in most
patients. There was no interaction between shunt size and
the treatment effect.

No actual attempt to proceed with the intervention
occurred in 6.3% of the patients randomized to the procedure.
Incomplete closing was present in 24.4% after 12 months.
Bleeding episodes - defined as severe or not by local inves-
tigators — occurred frequently (double antiplatelet therapy
obligatory for only three days) and there were some cases of
device dislodgement and cardiac thrombus formation. Atrial
fibrillation developed in 6.6% of patients after the interven-
tion, and additional single cases of cardiac tamponade and
aortic dissection occurred.

This study had many important flaws. Researchers from
the sponsoring company were directly involved in the con-
ception and statistical planning, and analysis of the trial.
The primary endpoint was changed during the study to
include a co-primary endpoint (infarcts detected in MRI)
as “other trials of PFO closure reported lower-than-expected
risks of stroke in medically-treated patients” In addition, a
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Table 3. Positive trials on patent foramen ovale closure? 4% A Methods and main findings. B. Closure devices used, definitions
of high-risk patients, number needed to treat to prevent one endpoint event, selected endpoints including strokes in medical
groups, adverse effects related to the procedure and closure device, and incomplete closure.

A. Methods and main findings

736

Follow-up in
. ) . Events Hazard
Study (N) VI Medical arm Primary endpoint S p-value
(Age) Prosthesis x medical
3.2 Aspirin + Stroke 6x12(2:1)
REDUCE - Gore (664) Dipyridamole 0.23 0.002
(18-59) Clopidogrel Stroke on MR (MRI 22 x 20)
Close 5.3 Aspirin mainly 0x14x3
B Stroke 0.03 <0.001
-663 (16-60) Warfarin mainly (1:1:1)
RESPECT 5.9 Aspirin Fatal stroke 18x28
Extended (18-60) Warfarin Stroke (Cerebral infarct 18 x 28; 0.55 0.046
-980 Early death Cryptogenic stroke 10 x 23)
2.8 Aspirin Stroke
DEFENCE (120) (?M5B1)* Anticoagulants Vascular death 0x6 013 0.013
Severe bleeding
B. Enrichment protocols, NNT and selected endpoints
. L Strokes in medical Procedure adverse Incomplete

Study (prosthesis) High risk NNT arm offectot* closing**

?(shunt>5
REDUCE microbubbles in

81%) 12 17 (AF in 29 patients — 6.6%) 24%
(Gore) 28
Shunt (30

CLOSE microbubbles) 20 14 14 16
(many) ASA (10 mm) (8 on anticoagulant) (AF/flutterin 11)
RESPECT extended No 42 18 05 30 (327)%*
(Amplatzer)

ASA (15 mm),

hypermobility 5 2

(10 mm)
DEFENCE (Amplatzer) PFO size (2 mm 10 4
Valsalva) (hypermobility/ (AFin 2)

ASAin 4)

N: number of patients; M: mean; MRI: new visible lesions in magnetic resonance imaging; NNT: number needed to treat: number of patients that need to be
treated to avoid one endpoint event; ASA: atrial septal aneurysm; PFO: patent foramen ovale; AF: atrial fibrillation. *The age span is not described (mean age 54
and 49 years in the medical and closure groups respectively); ** Adverse effects and incomplete closure are presented either in % or N; ***Slightly different

figures in the initial and follow-up publications.

new type of closing device was substituted during the trial
without previous planning or further explanation; and the
planned final MRI at 24 months was done in only 560 of the
664 study patients.

Close (2017)*

This complex design study was held in France and
Germany and involved extra randomizations of individu-
als with a contraindication to any of the three study arms -
antiplatelet treatment (aspirin in 96%, 10% of patients with
added clopidogrel), anticoagulant treatment (warfarin in
93%) or PFO closure. Patients were randomized only if they
exhibited a large RLS (> 30 microbubbles within three car-
diac cycles after right atrium opacification) or an associated
ASA (septum primum excursion > 10 mm) in TEE. Eleven

Arg Neuropsiquiatr 2019;77(10):731-740

types of occlusion devices available in Europe were used,
with 59% of the patients treated with Amplatzer devices
(AGA Medical Corp./St. Jude Medical)*. Holter studies or
a minimum 24-hour period of external cardiac monitor-
ing was obligatory. Hypertension was less prevalent than in
other studies (circa 10%), but current smoking was highly
prevalent (29%).

The primary endpoint of recurrent stroke did not occur
in any patient in the closure group. This led to a highly sig-
nificant beneficial effect. More recurrent strokes in the anti-
platelet treatment group occurred in individuals with ASA
(9/74) than in those with large shunts but no ASA (5/161).
No formal statistical comparison between the closure and
anticoagulant treatment groups was possible. Anticoagulant
treatment was associated with a non-significant reduction



in stroke rates compared with the antiplatelet regimen: HR
0.4 (95%ClI, 0.11-1.48).

The original plan was to study 900 patients but slower
than expected randomization rates led to the early termina-
tion of inclusion after eight years. Incomplete closure (more
than 10 microbubbles in the control TEE 10 months after
the procedure) occurred in 16 patients (7%). Severe adverse
events related to the procedure or the devices included two
episodes of severe bleeding, 10 cases of AF (most with early
and permanent reversal) and additional cases of supraven-
tricular tachycardia (two patients) and atrial flutter (one
patient). No exploratory analysis according to the type of
prosthesis used was presented.

Defense-PFO Trial (2018)%

This smaller study was held in South Korea and random-
ized 120 patients to PFO occlusion with the Amplatzer device
(double antiplatelet therapy during the first six months) and
antithrombotic treatment with aspirin (clopidogrel or cilo-
stazol added in more than half) or warfarin (in 20-25% of
the patients, over the period of the trial). Inclusion criteria
included the obligatory presence of an ASA (> 15 mm sep-
tal protrusion), septal hypermobility (phasic septal excursion
> 10 mm), or a large PFO (> 2 mm separation between sep-
tum primum and secundum during the Valsalva maneuver;
mean + S.D. 3.2 + 1.1 mm). No event of the primary endpoint
occurred in the device group, and this led to a significant
beneficial effect of the invasive treatment and a relatively low
number needed to treat (NNT). Four of the five strokes that
occurred in the medical arm occurred in patients with ASA
or atrial hypermobility.

The inclusion process terminated early, after the publica-
tion of the CLOSE trial and an interim analysis. Two cases of
AF and a single case each of pericardial effusion and pseudo-
aneurysm at the puncture site occurred in patients receiving
the device. An early TEE revealed a significant residual shunt
(> 10 mm) in four of the 60 treated patients.

The six published trials on PFO closure all had an open
design. They had varied inclusion criteria, involved many
types of occlusion devices and medical therapies, and the
larger ones could not prevent a high number of losses to
follow-up. The longer follow-up of patients reported by the
RESPECT investigators and the new trials published in 2017
and 2018 found statistically significant differences favoring
PFO closure. A beneficial effect had already been suggested
by positive trends in the earlier trials.

The publication of these positive trials could reverse
the skepticism surrounding the invasive treatment of PFO
in patients with cerebral infarcts. Their results, however, do
not indicate that all stroke patients with PFO should receive
a closure device. All of them studied only young individuals
(= 60 years). Two positive trials - CLOSE and DEFENSE-PFO
- involved a better selection of cryptogenic stroke patients
and the inclusion of a larger number of high-risk patients

with ASA or large RLS. A relatively-high prevalence of high-
risk patients was also present in the CLOSURE trial — with
negative results. The REDUCE trial included a high percent-
age of patients with shunts that would not usually be consid-
ered moderate but were so classified by the authors.

Despite this better selection, the two new trials pub-
lished in 2017 and the RESPECT longer follow-up study all
disclosed a high NNT - 20-42 (Table 3B). In addition, the
number of recurrent strokes in medically-treated patients
was always small and, in fact, comparable to the number of
adverse events. Atrial fibrillation occurred in 3-7% of treated
patients. It was usually reversed without difficulty but led to
a temporary need for anticoagulation.

Septal occlusion is a relatively safe procedure. However,
vascular and cardiac complications and rare severe bleed-
ing should be expected. Late severe complications are also
reported®. Finally, although PFO closure is relatively easy, it is
frequently incomplete and the actual therapeutic value of a
partial closure is not clear.

NOW WHAT?

Patent foramen ovale occlusion may provide a definite
preventive method after a cerebral infarct. Patients some-
times mention the psychological comfort provided by this
rational idea as an additional reason to intervene. There are,
however, a number of arguments against PFO closure as a
routine therapeutic choice. These include the risks asso-
ciated with both the procedure and the occlusion devices
and the high NNT found in most positive trials. It should
also be remembered that many unapparent causes may
be the real culprits and sometimes are only evident after
extensive and repeated investigation and prolonged cardiac
rhythm monitoring®***. Electrocardiographic examina-
tions by repeated Holter monitoring or implanted devices
may detect unapparent AF after stroke, leading to earlier
oral anticoagulation®*.

The initial workout is usually not able to exclude with con-
fidence alternative causes in patients with stroke and PFO
and should not be seen as definite***. There should be special
concern in individuals over 55-60 years, with classical cardi-
ovascular risk factors or with small subcortical infarcts. Even
in patients without any obvious alternative cause, however,
the presence of a PFO suggests a pathogenic relationship but
does not prove causality. This was well documented by the
researchers who developed the risk of paradoxical embo-
lism (RoPE) score’ (Table 4). In this large study, as expected,
younger patients with cortical infarcts and no other risk
factors exhibited a higher probability of harboring a PFO
(Table 4A). The PFO attributable risk increased in direct pro-
portion. This, however, was not associated with an increas-
ing risk of recurrence. Cryptogenic stroke patients with
the highest RoPE scores — no associated factors suggesting
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Table 4. The RoPE Score“. A. Criteria and attributed points in the assessment of cryptogenic stroke patients. B. The probability of
finding a patent foramen ovale (PFO) and the PFO-attributable fraction increases with increasing RoPE scores. However, the risk
of recurrence declines in those patients with a PFO and the highest RoPE scores (more “pure” patients).

A. Characteristics and attributed points.

Characteristic

Points

RoPE Score (0-10)

No history of hypertension
No history of diabetes

No history of stroke or TIA

Non-smoker

Cortical infarct on imaging
Age, in years

18-29

30-39

40-49

50=59

60-69

>70

Total Score (sum of all points)

1

B. Probability of finding a PFO and the PFO attributable fraction in cryptogenic stroke, and the risk of stroke recurrence in patients

with both cryptogenic stroke and PFO.

Cryptogenic stroke

Cryptogenic stroke plus

PFO
RoPE Score PFO prevalence, % PF(f)rzzELbnlﬁible Recurrizgfsn:i;( LD
0-3 23 0 20
4 BS) 38 12
5 34 34 7
6 47 62 8
7 54 72 6
8 67 84 6
9-10 73 88 2

RoPE: risk of paradoxical embolism; TIA: transient ischemic attack; PFO: patent foramen ovale.

alternative causes - in fact exhibited the lowest risk of stroke
recurrence (Table 4B). This should be considered when evalu-
ating the ideal treatment of PFO after cerebral infarct.

In parallel to negative findings, absence of criteria for
other causes of cerebral infarcts, positive evidence of the
importance of PFO should be searched for routinely. This
includes clinical and laboratory findings and the particulars
of ultrasound examinations. Genetic causes of thrombo-
philia, the use of oral hormonal contraceptives, pregnancy,
recent surgery or prolonged (more than four hours) travel,
neoplastic diseases or any previous or present evidence of
venous thromboembolism should be seen as underlying
conditions predisposing to thrombosis and hence to para-
doxical embolism. Additional clinical clues suggesting the
presence of a PFO and paradoxical embolism include stroke
occurring at high altitudes or related to diving and decom-
pression, a history of migraine, stroke onset shortly after a
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Valsalva maneuver (straining, weight lifting, sexual inter-
course, coughing etc.), during sleep (suggesting underlying
sleep apnea) or associated with dyspnea'” (Table 1).

Even more importantly, there is now clear evidence from
the positive PFO closure trials that the presence of ASA or of
a large PFO - assessed anatomically or by the degree of RLS
- increases the risk of recurrent stroke and helps predict a
better evolution after PFO closure. The risk may be partic-
ularly high in untreated patients with associated ASA%%,
The presence of ASA is also associated with a higher chance
of finding a large RLS during the passive phase of the saline
test!” and with AF during workout'!*.

Echocardiography - especially TEE - and transcranial
Doppler (TCD) are complementary in the evaluation of
PFO patients. In patients with a hemispheric infarct, for
instance, the finding of microemboli in a strictly ipsilateral
pattern during prolonged TCD monitoring at rest, is highly



suggestive of a distal origin of emboli such as unrecog-
nized internal carotid artery disease. Although TEE is
usually considered highly sensitive for the detection of
PFO, it may, in fact, miss many cases***. The efficiency of
the Valsalva maneuver can be demonstrated in TCD by
a decrease in flow velocity of the middle cerebral artery
(minimum 25%). In contrast, the maneuver is less efficient
during TEE due to routine light sedation. The degree of
RLS is more objectively evaluated by TCD monitoring dur-
ing the first 60 seconds after the infusion of agitated saline
than by TEE. In addition, the degree of RLS as estimated
by TCD may better predict the risk of recurrence in the
first year or two after an index stroke**. Patients in whom
a grade 3 (31-100 microbubbles) or higher RLS is detected
exhibit an especially high risk®.

Although the recent positive trials suggest a lower effi-
ciency of antiplatelet therapy in high-risk patients with
PFO, treatment with a double antiplatelet regimen, as pres-
ently indicated in most acute ischemic stroke patients, is
a reasonable option while the initial diagnostic workup is
completed. A single antiplatelet regimen may be substi-
tuted after many weeks if a longer period before definite
conclusions is necessary. Anticoagulant therapy should
be initiated in patients with detected paroxysmal AF dur-
ing the evaluation process or after the procedure, as it is
not contraindicated in patients receiving a closing device.
Warfarin is the drug used in almost all trials and constitutes
the usual choice, but experience with the direct oral antico-
agulants is now being reported and will probably increase
in the near future.
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other cardiac defect and leading to a clinically significant cere-
bral infarct may frequently be unapparent, evidence of venous
thromboembolism and vascular anomalies favoring it in the
lower limbs and pelvis should be routinely sought.

There are little hard data to support the choice of one or
other closure device but the Amplatzer prosthesis may be
associated with a lower frequency of unsuccessful implanta-
tion and of AF. Finally, local experience with the invasive pro-
cedure should be a prerequisite.
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