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Transcatheter patent foramen ovale (PFO) closure is a safe and effective treatment for secondary
prevention after a PFO-associated stroke as demonstrated in multiple large randomized clinical
trials. However, these trials excluded a significant proportion of patients who could have benefited
from percutaneous PFO closure due to coexisting potential confounders such as additional
thromboembolic risk factors, namely thrombophilia. Since scarce and conflicting data existed on
such patients, current clinical management guidelines on patients with PFO mainly recommended Received: May 24, 2022

Revised: September 4, 2022
Accepted: September 5, 2022

against PFO closure in patients with thrombophilia and failed to provide any recommendation on
the type and duration of antithrombotic treatment after transcatheter PFO closure. In the past 2
years, there has been new evidence supporting transcatheter PFO closure as a clinically meaningful
alternative (vs. medical treatment) in this high-risk group of patients, along with additional data
supporting the important role of systematic screening for thrombophilia in PFO-associated
cerebrovascular events. This review article provides an updated overview of the incidence, clinical
characteristics and outcomes of PFO closure in patients with thrombophilia, also commenting on
the most appropriate medical treatment after PFO closure and future perspectives in the field.
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Introduction

Transcatheter patent foramen ovale (PFO) closure is a safe and
effective treatment for secondary prevention after a PFO-asso-
ciated stroke.' This has been extensively demonstrated in large
randomized clinical trials which excluded a significant propor-
tion of patients who could have benefited from percutaneous
PFO closure due to coexisting potential confounders such as
additional thromboembolic risk factors, namely thrombophilia.
The prevalence of thrombophilia in the general population
ranges between 0.1% and 20%,”* and the prevalence of PFO

from 20% to 34%." Interestingly, the prevalence of both condi-
tions is higher in stroke patients compared to the general pop-
ulation, and both have been associated with a higher risk of
cerebrovascular events.” Due to scarce and inconsistent clinical
evidence,” and to the exclusion of patients with thrombophilia
from most PFO closure randomized clinical trials, current
guidelines regarding the management of PFO-stroke patients
failed to make strong recommendations on transcatheter clo-
sure in such patients along with the lack of indication for
thrombophilia screening in this setting.”®

In the past 2 years, there has been new evidence supporting
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transcatheter PFO closure as a clinically meaningful alternative
(vs. medical treatment) in this high-risk group of patients,’"
along with additional data supporting the important role of
systematic screening for thrombophilia in PFO-associated cere-
brovascular events. This review article provides an updated
overview of the incidence, clinical characteristics and out-
comes of PFO closure in patients with thrombophilia, also
commenting on the most appropriate antithrombotic treat-
ment after PFO closure and future perspectives in the field.

Current definition of thrombophilia

Thrombophilia is defined as an abnormality of the coagulation
or fibrinolytic system that results in a hypercoagulable state
(HCS) increasing the risk of venous or arterial intravascular

thrombus and thromboembolic events.**'*"

Thrombophilia types and classification

The predisposition for intravascular thrombus may arise from
heritable genetic mutations (inherited thrombophilias) or ac-
quired factors (acquired thrombophilias, like trauma, surgery,
malignancy, autoimmune diseases, etc.), which would lead to a
hypercoagulability state due to an excess or hyperfunction of a
procoagulant factor or a deficiency of an anticoagulant moi-
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ety. Inherited thrombophilia carries a life-long higher risk of
thromboembolic events. On the other hand, some acquired
thrombopbhilias are transient and can be treated (e.g., hyperho-
mocysteinemia without mutation of methylenetetrahydrofo-
late reductase [MTHFR] gene when treating vitamin B defi-
ciencies) but others continue to carry a life-long risk of throm-
boembolic events (e.g., antiphospholipid syndrome).®> Some
types of thrombophilias have been shown to cause venous
thromboembolic events only (e.g., factor V Leiden, protein C
deficiency, etc.) whereas others can cause mixed (arterial, ve-
nous) thromboembolic events, (e.g., antiphospholipid syndrome
or mutation of the MTHFR gene).’

Prevalence and thromboembolic risk of different
thrombophilias

The prevalence of a specific type of thrombophilia in the gen-
eral population varies greatly in the literature, ranging from
0.1% to 20% depending on different factors, such as defini-
tion, tests used for diagnosis, use of confirmatory tests, ete.??
The reported increased risk of thromboembolic events in
thrombophilia patients has been highly variable, ranging from
0.3- to 100-fold, varying according to several factors such as
the type of thrombophilia, carrier status (homozygous vs. het-
erozygous), reversibility, and the number of thrombophilia dis-

Thrombophilia screening in patients with a PFO-related thromboembolic event

Prevalence in Risk for thromboembolic event  Confirmatory test ~ Supporting evidence in
general population (%) in general population required™ PFO patients

Venous hypercoagulability

Factor V Leiden" 4-10* 5-10-fold (heterozygous)* No 1425

50-100-fold (homozygous)*

Prothrombin G2010A mutation 1-5* 3-5-fold (heterozygous)* No 14161825

Protein C deficiency’ 0.2-05" 6.5-8-fold" Yes 19-2224

Protein S deficiency’ 0.7* 1.6-11.5-fold" Yes 101719-2224

Antithrombin 11l deficiency® 017 5-8.1-fold* Yes 192

Increased factor VIl activity" 4.4 0.3-1.8-fold’ Yes 1020

Elevated lipoprotein (a) 20* 1.6-2.2-fold”® Yes &
Mixed hypercoagulability

Methylenetetrahydrofolate reductase (MTHFR) 1’ 3-fold* No 1019222425

mutation™""
Antiphospholipid syndrome™ 1-5* 0.6-10-fold” Yes 10192528

The timing for screening depends on the type of test and the timing of the clinical event. For genetic mutations, the test can be performed at any time, but for
functional or antibody tests, these should be ideally performed 1 to 2 months after the thrombotic clinical event to avoid false results in the initial test.

PFO, patent foramen ovale.

*Recommended timing for a confirmatory test is 3 months; ‘In the context of a positive protein C resistance test; *Can be inherited or acquired. Acquired
common causes can be malignancy, liver disease, warfarin or vitamin K deficiency, among others; Can be inherited or acquired. Acquired common causes can
be liver disease, nephrotic syndrome, among others; "In the context of a decreased protein S function; “Can be inherited or acquired. Acquired causes are
pregnancy, malignancies, infection and inflammation; *In the context of hyperhomocysteinemia; "'Can be acquired, hyperhomocysteinemia (without MTHFR
mutation), which is also prothrombotic; common causes can be vitamin B6, B12, and folate deficiencies as well as renal failure, among others; **Acquired.
Must have at least 1 test positive (anticardiolipin antibodies, anti-beta2 GP | antibodies and/or lupus anticoagulant).
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orders.” The classification, prevalence, and estimated risk,
alongside their inherited or acquired forms for the types of
thrombophilias related to a PFO-associated stroke and their
supporting evidence are shown in Table 1.2

Role of patent foramen ovale in
systemic thromboembolism

Prevalence of patent foramen ovale and its
association with systemic embolic events

The presence of a PFO has been shown to be a common finding
in the general population, with a prevalence between 20% and
349%.* PFO is detected more frequently in young adults with an
ischemic stroke of undetermined etiology (54% to 56%) com-
pared to non-stroke controls (10% to 18%)."* A meta-analysis
including 23 case-control studies in patients younger than 55
years showed a strong association between the presence of a
PFO and cryptogenic stroke, the nowadays referred as "PFO-as-
sociated stroke,"'® compared to stroke of known etiology (odds
ratio [OR], 5.1; 95% confidence interval [Cl], 3.3 to 7.8)."°

Pathophysiology of systemic thromboembolism in
patients with PFO

Two mechanisms have been proposed to explain the role PFO
in systemic embolism: (1) paradoxical embolism, which implies
the passage of a right-sided venous thrombus to the left circu-
lation through the PFO, specially during transient or persistent
elevations on right-heart pressures which would allow to the
passage of blood (or thrombus) from the right atrium to the
left atrium, and (2) in situ PFO thrombus formation, which can
lead to embolization to the left circulation.*” Both mecha-
nisms can be enhanced in the setting of thrombophilia, which
may increase by several times the risk of thrombus formation
in the venous system or in the PFO. Both circumstances have
been studied and further characterized, leading to the identifi-
cation of high-risk features for PFO including a large PFO
(maximum separation of the septum primum from the secun-
dum >2 mm), long tunnel (>10 mm), atrial septal aneurysm
(hypermobility of the septum with >10 mm excursion), strongly
positive bubble study, and prominent Eustachian valve.* The
co-existence of a prothrombotic steady state such as thrombo-
philia with a PFO, particularly in the presence of high-risk ana-
tomical features, would potentially increase the risk of system-
ic thromboembolic events.

https://doi.org/10.5853/j0s.2022.01697
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Thrombophilia in patients with patent
foramen ovale

Patients with inherited or acquired thrombophilia represent a
unique challenge in the setting of stroke and PFO. The combi-
nation of a hypercoagulability state and a PFO is not uncom-
mon in clinical practice, with studies on patients with PFO
showing a thrombophilia prevalence ranging from 5% to
319%."""** This large variability highlights the importance of
systematic screening for thrombophilia in patients with PFO
since the proper use of screening in this high-risk population
can lead to the accurate identification of patients with an even
higher risk for a systemic thromboembolic event. In a me-
ta-analysis of thrombophilia in the setting of PFO showed an
increased risk of stroke in patients with PTG20210A mutation
and PFO compared to controls (OR, 3.85; 95% Cl, 2.22 to 6.66)
and to patients with cryptogenic stroke without PFO (OR, 2.31;
95% Cl, 1.20 to 4.43).%° This was recently shown in a survival
analysis of patients with PFO-related cerebrovascular events
where a higher incidence of recurrent events (composite of
stroke or transient ischemic attack [TIA]) was observed in pa-
tients with thrombophilia (15.7% vs. 8.3%; hazard ratio [HR],
1.85: 95% Cl, 1.09 to 3.16; P=0.024).% In thrombophilia with a
predominant increased risk of arterial thrombosis, the effect of
PFO closure on recurrent events would be uncertain since clos-
ing the shunt may not be associated with any significant im-
pact on paradoxical embolism. However, the in situ thrombus
formation (at the level of the PFO) may remain a possible cause.

First evidence for PFO closure in patients with
thrombophilia

The first report on transcatheter PFO closure in patients with
thrombophilia was reported in 2004 by Giardini et al.’ The
study included 72 consecutive patients, and 20 patients (28%)
were diagnosed with at least one hypercoagulability finding
after a systematic screening for thrombophilia. As shown in
Table 2,°*°*" PFO closure has been associated with a 99% suc-
cess rate along with a very low rate of periprocedural compli-
cations, and a very low incidence of recurrent events at 2-year
follow-up, with no differences between patients with and
without thrombophilia. Interestingly, patients with thrombo-
philia had also a higher rate of recurrent events before PFO
closure compared to those without thrombophilia (P<0.0001),
despite a similar follow-up and regardless of shunt severity,
presence of an atrial septal aneurysm, and cardiovascular risk
factors (Figure 1).
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Current guideline recommendations on
PFO closure

The most recent clinical management guidelines in patients
with PFO from the European Society of Cardiology (ESC)” and
the American Academy of Neurology (AAN)® barely addressed
the management of patients with thrombophilia, and guideline
recommendations stated that the role of thrombophilia on a
PFO-related clinical event cannot be generalized and that tran-
scatheter PFO closure and routine thrombophilia screening
methods are not generally warranted due to the "previous con-
flicting" clinical evidence. This has led to a large lack of screen-
ing for thrombophilia in stroke-PFO patients, recently reported
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by a multinational survey showing that 68% of cardiologists
failed to perform a systematic screening for thrombophilia in
this setting.”’ Current guideline recommendations are summa-
rized in Table 3.

Current screening recommendations for
thrombophilia in PFO patients

The ESC position statement recommendations on routine labo-
ratory tests for prothrombotic states (thrombophilia testing)
stated that these tests are not generally warranted to guide
the need for permanent oral anticoagulation (OAC),” whereas
the AAN statement is that in patients being considered for PFO
closure, clinicians should perform hypercoagulable studies that

Transcatheter PFO closure after a PFO-related cerebrovascular event in patients with thrombophilia: safety, efficacy, and long-term clinical outcomes

Implanted devices &

Study Study design® Study population  PFO closure indication PFOC success rate Clinical follow-up Remarks
Giardini et al. Prospective, 72 PFO patients >1 Documented Cardioseal STARFLEX" Median FU: No thrombus on the
(2004)° comparative, screened: stroke (51%) or TIA  Amplatzer PFO 19 months device at 6-months
non-randomized 20 patients (28%) (49%) of unknown  occluder” Primary endpoint: FU TOE. Before
PFOc in patients with  with thrombophilia  origin 99% recurrence of TIA or  closure, patients
vs. without No cancer patients stroke, 4% of overall ~ with thrombophilia
thrombophilia were included population without  had a higher rate of
differences among recurrent events
groups that patients
without it.
Kar et al. (2017)”" Retrospective analysis 861 PFO patients Stroke or TIA (70.7%) Amplatzer PFO Median FU: None of the GORE”
PFOc in patients with  screened: Migraine (20.4%) occluder” 43 months Helex (33 implants)
reversible or 142 (16.5%) with Peripheral embolism  Amplatzer Cribriform One patient (1.4%) in  developed thrombus
irreversible any kind of (3.4%) occluder” the irreversible formation.
thrombophilias thrombophilia Right ventricular GORE’ Helex thrombopbhilia group
46.9% underwent enlargement (1.4%) 100% had a recurrent
PFOc Desaturation (0.7%) stroke after PFOc.
2.7% had canceras  Combination (3.4%)
thrombotic state
Liu et al. (2020)° Prospective, 591 Patients screened: Stroke (81%) or Not specified Median FU:
comparative, non- 134 patients (22.7%)  TIA (19%) 100% 54 months
randomized with thrombophilia: Primary endpoint:
PFOc vs. MT in - 88 to PFOc recurrence of TIA or
patients with PFO - 46 to MT stroke, PFOc
and thrombophilia  No cancer patients 6 patients (6.7%) vs.
were included MT 15 patients
(33.3%) (HR, 0.23;
95% Cl, 0.09-0.61;
P=0.003)
Ben-Assa etal.  Retrospective, 800 PFO patients Stroke (69.9%) Amplatzer PFO Median FU: 1.3% Recurrent stroke
(2021)"° comparative screened: TIA (14.6%) occluder” 41 months rate in the
PFOc in patients with 239 patients (29.9%) Multiple Cardioseal STARFLEX" Primary endpoint: thrombophilic
vs. without with thrombophilia.  cerebrovascular GORE’ recurrence of TIA or  group. Included high
thrombophilia Cancer was not events (10%) 99.2% stroke, levels of lipoprotein

considered a
thrombotic stat nor
an exclusion
criterion

Hypoxemia (0.8%)

Peripheral embolism
(2.9%)

Migraine (1.7%)

thrombophilia group
3.4% vs. 2.5% in
the group without it
(P=0.35)

(a) as
hypercoagulable
state (32.6% of this
cohort).

PFO, patent foramen ovale; PFOc, patent foramen ovale closure; TIA, transient ischemic stroke; FU, follow-up; TOE, transesophageal echocardiogram; MT,
medical therapy; HR, hazard ratio; Cl, confidence interval.

*Every study performed a systematic screening for thrombophilia.
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would be considered a plausible high-risk stroke mechanism
leading to a change in management such as requiring lifelong
anticoagulation.’

Current transcatheter PFO closure
recommendations in patients with thrombophilia
According to ESC guidelines, in the setting of hypercoagulabili-
ty, deep vein thrombosis and/or pulmonary embolism, PFO clo-
sure may be considered when there is a need for temporary
OAC or a high risk of recurrence despite permanent OAC, par-
ticularly in pulmonary embolism cases, where PFO was report-
ed to be an independent predictor of new brain lesions at fol-
low-up despite optimal OAC.” The AAN statement on patients
who would otherwise be considered good candidates for PFO

P<0.0001

25

Freedom from recurrent
cerebral ischemic event (%)

25 50 75 100 125 150
Time (mo)

-= Thrombophilia -+ No thrombophilia

Recurrent cerebral ischemic events before transcatheter patent
foramen ovale (PFO) closure in patients with or without thrombophilia.
Event-free rate and 95% confidence intervals (dashed lines) of recurrent
cerebral ischemia before percutaneous PFO closure in patients who did
(squares) and those who did not have an associated thrombophilia (trian-
gles). Reproduced from Giardini et al..’ with permission from Elsevier.
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closure but require long-term anticoagulation because of sus-
pected or proven hypercoagulability (defined as thrombophilia,
unprovoked deep venous thrombosis, or unprovoked pulmonary
embolism), is that clinicians should counsel the patient that
the efficacy of PFO closure in addition to anticoagulation can-
not be confirmed or refuted.’

New evidence on the management of
thrombophilia patients with a PFO-
associated event

Since the publications of the last ESC and AAN guidelines,
there has been new evidence of high clinical relevance regard-
ing thrombophilia screening and most importantly, to the indi-
cation of transcatheter PFO closure in this high-risk population,
including new evidence suggesting a role of PFO closure in pri-
mary prevention. This new evidence may help to clarify some
controversial results from historical data and would support a
new approach for the management of these patients.

New evidence on screening for thrombophilia in
PFO patients

The screening for thrombophilia in the overall cryptogenic
stroke population, including a small proportion of patients with
PFO, has been recently evaluated by Omran et al.”’
thors evaluated the ability of genetic and serological testing to

These au-

diagnose clinically relevant thrombophilia in young adults with
ischemic stroke. They performed a retrospective study on young
patients diagnosed with acute ischemic stroke at a compre-
hensive stroke center with laboratory testing for thrombophilia.
The primary outcome was a positive thrombophilia screening
test. The secondary outcome was a change in clinical manage-

Summary of recommendations of current clinical management guidelines on PFO-related stroke focused on patients with thrombophilia

European Society of Cardiology (ESC)

American Academy of Neurology (AAN)

Screening for thrombophilia in patients being considered for PFO closure

The role of thrombophilia cannot be generalized. Routine laboratory tests for

prothrombotic states (thrombophilia testing) are not warranted to indicate
permanent OAC.

In patients being considered for PFO closure, clinicians should perform

hypercoagulable studies that would be considered a plausible high-risk
stroke mechanism that would lead to a change in management such as
requiring lifelong anticoagulation (e.g., persistent moderate- or high-titer
antiphospholipid antibodies in a younger patient with cryptogenic stroke).

Transcatheter PFO closure in patients with thrombophilia

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.

In patients who would otherwise be considered good candidates for PFO

closure but require long-term anticoagulation because of suspected or
proven hypercoagulability (defined thrombophilia, unprovoked deep venous
thrombosis, or unprovoked pulmonary embolism), clinicians should counsel
the patient that the efficacy of PFO closure in addition to anticoagulation
cannot be confirmed or refuted.

Adapted from Pristipino et al.” with permission from Oxford University Press and adapted from Messé et al..’ with permission from Wolters Kluwer Health, Inc.

PFO, patent foramen ovale; OAC, oral anticoagulation.
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ment based on thrombophilia testing results using logistic re-
gression to assess prespecified risk factors (age, sex, prior ve-
nous thromboembolism, family history of stroke, stroke sub-
type, and presence of PFO) for changes in prescription of anti-
coagulation or PFO closure. Among 196 young ischemic stroke
patients, including 40 patients with PFQO, at least one positive
thrombophilia test was identified in 85 patients (43%), 17
(28%) of which had also a PFO. Of those patients with a posi-
tive thrombophilia test, 16 (8%) had a resultant change in the
management including the initiation of anticoagulation in 10
(639%) and PFO closure in six (37%). The most common throm-
bophilia screening test leading to a change in the treatment
was the detection of antiphospholipid antibodies, which were
present in 20 patients (10% of the total cohort).

Lim et al."* performed a prospective study on patients who
had a stroke/TIA in the setting of PFO and/or interatrial septal
aneurysm (IASA) and excluded all other potential causes/con-
ditions related to the cerebrovascular event. A comprehensive
arterial and venous thrombophilia screening was performed to
determine the risk of recurrent TIA, stroke or cardiovascular
death in patients with a PFO using a modern 'goal-directed’
secondary prevention treatment, including active management
of other vascular risk factors, with or without PFO closure. A
total of 83 patients were included with a median follow-up of
about 4 years. Forty-seven patients (56.6%) had an isolated
PFO, 32 (38.6%) a PFO+IASA, and four (4.8%) an IASA alone.
Twenty-six patients (31.3%) had at least one coagulation ab-
normality detected on the initial thrombophilia screening, with
18 patients (21.7%) exhibiting more than one abnormality. The
most important abnormalities which lead to treatment chang-
es in 11 patients (13.3%) were primary anti-phospholipid syn-
drome (n=3, 3.6%), protein S deficiency (n=2, 2.4%), and hy-
perhomocysteinemia (n=6/72 screened, 8.3%). At long-term
follow-up, seven patients (8.5%) had recurrent TIA (n=6) or
ischemic stroke (n=1) in association with a PFO (n=5), or
PFO+IASA (n=2). Of the five patients (6.0%) who had recurrent
TIAs in association with an isolated PFO, four had potential
‘competing mechanisms' for their recurrent TIAs: one (1.2%)
had a vertebral artery dissection, two (2.4%) had anti-phos-
pholipid syndrome, and one (1.2%) was non-compliant with
secondary preventive therapy. This led to an ‘annualized inci-
dence’ of recurrent TIA or stroke of 2.1%/year in the entire co-
hort, and 0.6%/year in patients in whom no other etiology was
identified for their recurrent events other than the presence of
a PFO/IASA. Four patients (4.8%) had PFO closure at 2, 12, 13,
and 36 months after symptom onset. Two had protein S defi-
ciency, but neither had recurrent TIA or stroke before or after
PFO closure. The other two patients who underwent PFO clo-
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sure had no identifiable thrombophilia. Overall, these data fa-
cilitated optimized secondary prevention treatment with
changes in the treatment in 13% of the studied population
and in 61% of the individuals who had an underlying throm-
bophilia. Taking together past and new evidence on types of
thrombophilia and ideal protocolization for proper screening,
Table 1 summarizes the ideal method and timing for thrombo-
philia screening with its corresponding supporting evidence fo-
cused in PFO patients.

New evidence on transcatheter PFO closure in
patients with thrombophilia

The first contemporary effort to clarify the role of transcatheter
PFO closure among patients with thrombophilia was performed
by Hviid et al.’ In this systematic review and meta-analysis, 11
PFO closure studies (2,382 patients) were evaluated to deter-
mine the recurrence rates among patients with or without
thrombophilia who had had a PFO-related cryptogenic stroke.
A total of 670 patients with thrombophilia and a PFO-related
neurological event were identified and compared to 1,712 con-
trols without thrombophilia. After a mean follow-up of 3.5
years, there were a total of 208 recurrent events. The overall
risk of recurrent events among patients with either acquired or
inherited thrombophilia and PFO was higher compared to pa-
tients with PFO and no thrombophilia (OR, 2.41; 95% Cl, 1.44
to 4.06). Stratifying the meta-analysis according to secondary
prophylaxis resulted in a higher risk among thrombophilia pa-
tients treated by antithrombotic therapy alone (OR, 2.83; 95%
Cl, 1.41 to 5.68), while the pooled risk estimates in thrombo-
philia patients treated with PFO closure was not significant
(OR, 2.07; 95% Cl, 0.95 to 4.48). It should be highlighted that
there was a large variability across studies regarding the type
of thrombophilia abnormality tested as well as the antithrom-
botic regimens for secondary prophylaxis.

Prospective comparisons of transcatheter PFO closure in pa-
tients with or without thrombophilia were lacking until the re-
cent results from Liu et al.’ (Table 2). From January 2005 to
March 2018, 591 patients diagnosed with PFO-attributable
cryptogenic embolism were prospectively enrolled. Patients
with a history of oral contraceptive use, active cancer, and oth-
er diseases that may have effects on thrombophilia tests were
excluded. The authors routinely evaluated all previously
known- or thought to be known-PFO related thrombophilias
(protein C and S, antithrombin IlI, factor V Leiden, homocyste-
ine, the anticardiolipin antibodies, lupus anticoagulant, pro-
thrombin G20210A mutation, and factor VIII levels [when the
functional assay for protein S was decreased]) and confirmed
the results at 3 months in some pre-specified types of throm-
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bophilia. After a weekly "PFO committee” and after a complete
evaluation of each case, patients were designated to PFO clo-
sure+medical treatment or just medical treatment. After PFO
closure, patients received aspirin (81 or 325 mg/day) and/or
clopidogrel (75 mg/day) at the discretion of the operator. Pa-
tients who had thrombophilia and a single embolism were an-
ticoagulated with warfarin for 3 months with a target interna-
tional normalized ratio between 2 and 3 and then switched to
aspirin. Patients with two or more embolic events were antico-
agulated with lifelong warfarin therapy. The primary endpoint
was the long-term composite of recurrence of TIA or stroke.
After a median follow-up of 53 months, 134 patients (22.7%)
were identified with at least one thrombophilia abnormality.
The main outcome occurred in 21 patients (15.7%) among
those patients with thrombophilia and in 38 patients (8.3%)
among those without thrombophilia (HR thrombophilia vs.
without thrombophilia: 1.85; 95% Cl, 1.09 to 3.16; P=0.024).
From those patients with thrombophilia, 88 patients under-
went PFO closure with a 100% success rate, whereas 46 pa-
tients received medical therapy only. Of the 46 patients who
received medical therapy only, 31 (67.4%) received anticoagu-
lation therapy, including 14 patients who received short-term
therapy (<3 months) and 17 patients who received lifelong
therapy, and 15 patients received antiplatelet therapy. The pri-
mary endpoint occurred in six patients (6.7%) in the PFO clo-
sure group and in 15 patients (33.3%) in the medical therapy
group (HR for PFO closure vs. medical therapy: 0.23; 95% Cl,
0.09 to 0.61; P=0.003) (Figure 2). When the individual compo-
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nents of the primary endpoint were analyzed, stroke occurred
in one patient (1.1%) in the closure group and in six patients
(13.3%) in the medical therapy group (HR, 0.09; 95% Cl, 0.01
to 0.77: P=0.028), whereas TIA events occurred in five (5.6%)
and nine (20.0%) patients, respectively (HR, 0.33; 95% Cl, 0.11
to 1.00; P=0.051). These results were similar after multivariate
Cox regression analysis. The almost 3-fold higher rate of recur-
rent events among thrombophilia patients would support com-
prehensive hypercoagulability testing in patients with PFO-at-
tributable cryptogenic embolism, particularly considering the
reduction of 78% in the risk for embolic events with PFO clo-
sure among these patients, even after adjustments for possible
confounding factors (such as age, sex, traditional risk factors
[hypertension, diabetes, hypercholesterolemia, and smoking
history], and PFO anatomical characteristics [moderate to large
shunt size and ASA]). Among patients with thrombophilia from
the medical therapy group, the treatment with anticoagulation
showed a beneficial trend compared with antiplatelet therapy
(22.6% vs. 53.3%, P=0.080) in reducing recurrent events; nev-
ertheless, there was no information regarding bleeding events
among these patients or among the patients who underwent
PFO closure.

Finally, the most recent evidence in the field came from a
retrospective registry from Ben-Assa et al.” (Table 2), which
evaluated 800 consecutive patients undergoing PFO closure.
After an exhaustive hypercoagulability testing of all patients
with confirmatory protocols, 239 (29.9%) patients were found
to have a hypercoagulable disorder. A treatment of at least 3

T T T
45 90 135
Time since baseline (mo)
282 151 63 6
89 51 19 2
175 74 38 14
45 23 10 4

Rate of primary endpoints in patients with or without thrombopbhilia according to their treatment allocation after a patent foramen ovale (PFO)-re-
lated cerebrovascular event. Kaplan-Meier cumulative estimates demonstrate that PFO closure significantly reduced recurrent events of stroke or transient
ischemic attack compared with medical therapy in patients with thrombophilia to a greater extent than medical therapy alone. Reproduced with permission

from Liu et al.’
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months of anticoagulation following PFO closure was used in
patients with thrombophilia. Follow-up events included death,
recurrent neurological events, and the need for reintervention
for a significant residual shunt. After a median follow-up of 42
months, there were no differences in the rate of stroke or TIA
between patients with or without thrombophilia (2.5% in
non-hypercoagulable group vs. 3.4% in hypercoagulable group,
log-rank test P=0.35).

1.00 ===,
= a R S,
E PFO closure
S 0.75
ot
(=]
g
_Tg 0.50 - No PFO closure
a
o
(=]
=
= 025 -
o)
3
<
e P=0.000387
0 I T 1
1 2 3
Time (yr)
I T T 1
No PFO closure 50 34 19 13
PFO closure 86 70 41 20

Numbers at risk

Long-term outcomes of patients with or without hypercoagula-
ble state after patent foramen ovale (PFO) closure as primary prevention
strategy before a left systemic cerebrovascular event. Kaplan-Meier esti-
mates of survival free of neurological events in patients with significant
hypercoagulable state according to closure of PFO. Dash line represents pa-
tients who underwent PFO closure whereas the continuous line represents
patients who received only medical treatment. Reproduced from Buber et
al," with permission from Karger Publishers. CVA, cerebrovascular accident;
TIA, transient ischemic attack.
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Potential role of PFO closure for primary
prevention in patients with thrombophilia

Recent evidence suggested that in some high thromboembolic
risk scenarios, PFO closure may be superior to medical therapy
for primary prevention of neurological events. In a single-cen-
ter retrospective study," 511 consecutive patients with PFO but
without prior history of stroke were systematically screened for
a HCS finding, and 136 patients were maintained on lifetime
antithrombotic therapy based on the presence of a “significant
clinical manifestation” or a family history of such (history of or
presence of deep vein thrombosis, presence of collagen vascu-
lar disease, recurrent abortions, of a first-degree relative diag-
nosed with a clinically significant HCS). These patients, who
were allocated to PFO closure versus medical therapy in a
non-randomized fashion after medical team discussions (which
included the cardiology and hematology teams, who performed
individual analysis and treatment allocation based on the
agreement of both sides) were followed-up for the primary
outcome of stroke or TIA. The medical therapy allocation con-
sisted of continuing their already indicated medical treatment,
which was OAC and antiplatelet therapy in 72% and 22% of
patients, respectively. Transcatheter PFO closure was performed
in 85 (63%) patients and antithrombotic therapy was not in-
terrupted prior to or after the procedure.

At a mean follow-up of 46 months, 23 (17%) patients expe-
rienced an outcome event (16 patients, 31% of the non-PFO
closure group vs. seven patients, 8% of the PFO closure group)
(Figure 3). In a multivariate Cox proportional hazards regres-
sion analysis, PFO closure was independently associated with a
lower risk HR of stroke/TIA occurrence with a HR of 0.18 (95%
Cl, 0.03 to 0.3; P=0.001).

Medical treatment after transcatheter PFO closure for patients with thrombophilia in recent trials

Study Treatment in groups without thrombophilia  Treatment in groups with thrombophilia

Remarks

Giardini et al. (2004)°  Aspirin 100 mg/day for the first 6 months ~ Warfarin first 6 months

and ticlopidine 250 mg b.i.d. for the first
3 months

Liu et al. (2020)° Aspirin 81 or 325 mg/day and/or

Single embolic event: Warfarin for

Routine monitoring with complete blood
cell count at 30 days, 3 months, 6 months
Target INR between 2 and 3

Target INR between 2 and 3

clopidogrel 75 mg/day 3 months Choice of medical therapy in group without
Duration not specified. Two or more embolic events: Lifelong thrombophilia was left at the discretion
warfarin of the operator.

Ben-Assa et al. (2021)' Aspirin 325 mg/day or aspirin 100

Patients with non-arterial HCS+1 episode  Non-arterial HCS: antithrombin IlI, protein

mg/day+clopidogrel 75/day for 3 months, of provoked thrombotic event*: 3 months  C, or protein S deficiency, or who were

then switched to aspirin 100/day
thereafter

of warfarin and switched to aspirin 100
mg/day thereafter

Same patients but with 22 episodes of
thrombotic events OR any patient with

carriers of the factor V Leiden or
prothrombin G20210A mutation

Arterial HCS: anticardiolipin antibody, lupus
anticoagulant, or hyper-homocysteinemia

an arterial HCS: life-long warfarin
anticoagulation

PFO, patent foramen ovale; b.i.d., twice a day; INR, international normalized ratio; HCS, hypercoagulable state.
*Provoked thrombotic events: surgery, trauma, immobilization, hormonal therapy, active cancer, or other secondary causes of hypercoagulability.
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Antithrombotic treatment following
PFO closure in patients with
thrombophilia

The recommended antithrombotic treatment following tran-
scatheter PFO closure in the general population is based on the
most recent ESC clinical guidelines,7 which recommended dual
antiplatelet therapy for 1 to 6 months following the procedure
and single antiplatelet therapy for at least 5 years thereafter.
There are no specific recommendations on antithrombotic
treatment following PFO closure in patients with thrombophil-
ia. In previous studies on transcatheter PFO closure in throm-
bophilia patients, medical treatment consisted mainly of OAC,
particularly warfarin (with or without aspirin), ranging from 3
months to lifelong treatment according to the number of pre-
vious thrombotic events and/or the specific type of thrombo-
philia. An international normalized ratio between 2 and 3 was
targeted in all studies (Table 4). While waiting for definite data,
available clinical data would support a strategy of OAC with
warfarin following PFO closure, with tailored treatment dura-
tion according to the number of events and specific types of
thrombophilia. The final decision should likely be individualized
after a discussion including cardiologists and hematologists.
The role of other novel anticoagulation therapies in this popu-
lation remains unknown.

Conclusions

In conclusion, new evidence strongly suggests that stroke pa-
tients with PFO should be systematically screened for throm-
bophilia in order to identify those who are at higher risk and
may benefit from transcatheter PFO closure, alongside optimal
antithrombotic management, which remains to be determined
in such a complex population. Transcatheter PFO closure in pa-
tients with thrombophilia is as safe and effective as in patients
without thrombophilia, with very low complication rates and
comparable long-term clinical outcomes, and a low rate of re-
current neurological events. If PFO closure should be proposed
as the primary prevention of PFO-associated stroke remains to
be determined, and this should be properly addressed in pro-
spective randomized trials.
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