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ABSTRACT

Background: Recent reports showing the favorable role of pdteaimen ovale (PFO) closure
in patients with cryptogenic stroke have raisedissae of selecting optimal candidates.
Objectives: We evaluated whether the benefits of PFO closunébeadetermined based on the
morphologic characteristics of the PFO, as evatubtetransesophageal echocardiography.
Methods: Patients with cryptogenic stroke and high-risk R#De divided between a
transcatheter PFO closure and a medication-onlypgrdigh-risk PFO included PFO with atrial
septal aneurysm, hypermobility (phasic septal estoarinto either atriure10 mm), or PFO size
(maximum separation of the septum primum from #eiadump2 mm. The primary endpoint
was a composite of stroke, vascular death, or Thadysis in Myocardial Infarction (TIMI)-
defined major bleeding during 2 years of follow-up.

Results: From September 2011 until October 2017, 120 patignean age, 51.8 years)
underwent randomization. PFO size, frequency ofsdemeurysm (13.3% vs. 8.3%, p=0.56),
and hypermobility (45.0% vs. 46.7%, p>0.99) werilsir between groups. All PFO closures
were successful. The primary endpoint occurredusketly in the medication-only group (6/60
patients; 2-year event rate 12.9% [log-rank p=0;02-3ear rate of ischemic stroke 10.5%
[p=0.023]). The events in the medication-only grauguded ischemic stroke (n=5), cerebral
hemorrhage (n=1), TIMI-defined major bleeding (n=&)d transient ischemic attack (n=1).
Non-fatal procedural complications included devetept of atrial fibrillation (n=2), pericardial
effusion (n=1) and pseudoaneurysm (n=1).

Conclusions: PFO closure in patients with high-risk PFO chanasties resulted in a lower rate
of the primary endpoint as well as stroke recureenc

Trial Registration: DEFENSE-PFO ClinicalTrials.gov. Identifier NCTO1 5383

CONDENSED ABSTRACT: Patients with cryptogenic stroke and high-risk Ri#&e

randomly assigned to a combined PFO closure ordacatgon-only group. High-risk PFO was
defined as PFO with atrial septal aneurysm, hypeéiriity (septal excursioe10 mm), or PFO

size (maximum separation of the septum primum fileensecundun22 mm on transesophageal
echocardiography. Transcatheter closure was su’otessall patients without fatal

complications with a significantly lower rate oktprimary endpoint as well as stroke recurrence
for up to 2 years. Our study suggests that thefliefd°FO closure may be determined based on
the morphologic characteristics of the PFO.

Key words: cryptogenic stroke; patent foramen ovale; echoogrdphy

ABBREVIATIONS

PFO = patent foramen ovale

TEE = transesophageal echocardiography
TIMI = thrombolysis in myocardial infarction



Introduction

The potential association between patent foramated¥®FO) and cryptogenic stroke
has been a controversial issue for several de¢adts). After the successful clinical
introduction of a safe transcatheter closure tephithis challenging issue has become an open
and rapidly evolving question regarding the clihizanefit of closing a PFO after a cryptogenic
stroke. We have witnessed publication of articléh the opposite results in the past 5 years (13-
18). Along with the Food and Drug Administratiorpagval of the Amplatzer PFO Occluder, the
current consensus is that the key to appropriateEeeise is a comprehensive assessment to
select the optimal candidates for the procedumelferate and systematic evaluation by both a
neurologist and a cardiologist has been recommetwdexiclude small-vessel disease, an
intracardiac embolic source, a stroke associatéd mwajor intracranial and extracranial vascular
pathologies, and a hypercoagulable status. Thisoapp mainly focuses on finding exclusionary
factors for the application of a stringent defmitiof cryptogenic stroke. Although PFO shows a
variable degree of shunt amount and is reportéve a cumulative risk of stroke with atrial
septal aneurysm, it remains elusive whether therpiail benefit gained from device closure of a
PFO can also be determined on the basis of thehulmgic characteristics of the PFO. In our
previous study, we observed that the anatomic featof the atrial septal abnormalities
associated with PFO, as evaluated by transesophedescardiography (TEE), were quite
diverse and that high-risk PFO as defined by TEHifigs, including PFO size, the presence of
an atrial septal aneurysm, or hypermobility, wasfuisn predicting stroke recurrence (19).
Considering the high prevalence of PFO in the gdrmmapulation and in patients with
cryptogenic stroke, transcatheter device closundimed to patients with cryptogenic stroke and

characteristic PFO morphology associated with adrigtroke recurrence rate would be a more



appropriate approach to enhance the benefits of¢ké<Dre. To test the hypothesis, this
multicenter, randomized, open-label trial was penied.
M ethods
Sudy Design

The DEFENSE-PFO trial was an investigator-initiatediticenter, randomized, open-
label, superiority trial that compared combinedahs@atheter PFO closure and medical therapy
alone in patients with cryptogenic stroke and higk-PFO. The trial was conducted at 2 sites in
South Korea from June 2011 through October 201&.tfial was approved by the institutional
review board at each participating site, and dilepés provided written informed consent.
Investigators affiliated with Asan Medical Cent8eoul, South Korea, were responsible for the
management and monitoring of the data. The authmrsh for the completeness and accuracy of
the data and analyses and for the fidelity of tiz to the protocol.
Patient Selection

Patients were eligible for the trial if they hadischemic stroke within the previous 6
months with no identifiable cause other than a higkh PFO with right-to-left shunting. An
ischemic stroke was defined as an acute focal fegicodeficit, presumably due to ischemia,
that either resulted in clinical symptoms lastidghdurs or more or was associated with
evidence of relevant infarction on magnetic reseeamaging of the brain. For a stringent
definition of cryptogenic stroke, a standardizedlaation was performed to rule out other
identifiable mechanisms of stroke, such as largemaatherosclerotic disease, an established
cardioembolic source, small-vessel occlusive dsgagpercoagulable disorder requiring
anticoagulation, or arterial dissection. To asséssther large-artery atherosclerotic disease was

a potential source of stroke, imaging of the in@acl arteries, cervical arteries, and aortic arch



was performed in all patients by means of compzsertomography angiography, magnetic
resonance angiography, or ultrasonography; patieitiisat least 50% stenosis of a major vessel
or with occlusion of a major vessel were excludednfthe trial. Patients were also excluded if
they had had a stroke as a result of small-vesstlisive disease, which was defined as the
presence of a small, deep infarction (<1.5 cm amditer) or a typical clinical lacunar syndrome.
Holter monitoring or prolonged monitoring of therdiac rhythm was performed to rule out
paroxysmal atrial fibrillation.

A standardized TEE protocol (19) was used to agbkessmorphologic characteristics of
the atrial septum and right-to-left shunting throwghigh-risk PFO with agitated saline while the
patient was at rest or while a Valsalva maneuves meang performed. As described previously
(19), a high-risk PFO included a PFO with an asgtal aneurysm (protrusion of the dilated
segment of the septum at least 15 mm beyond tle¢ sewface of the atrial septum),
hypermobility (phasic septal excursion into eitagrum=10 mm), or PFO size (maximum
separation of the septum primum from the secundummgl the Valsalva maneuvex? mm on
TEE (Figure 1). Patients with a history of myocatdnfarction or unstable angina, history of
intracranial bleeding, pre-existing neurologicaaiders, left ventricular systolic dysfunction
with aneurysm or akinesia, contraindications tapdatelet therapy, or an underlying malignancy
were excluded.

Randomization and Treatments

After morphologic assessment of PFO and the adjateal septum, eligible patients
were randomly assigned in a 1:1 ratio, using deetceveb-based software, to receive either
transcatheter PFO closure (Amplatzer PFO Occli&tedude Medical, St. Paul, Minnesota) or

medical therapy alone. Randomization was not figdtaccording to participating center or



morphologic characteristics of PFO. Treatments vadrainistered in an open-label fashion and
were started as soon as possible. PFO closureeavisped by experienced interventional
cardiologists using a device approved by the FombRrug Administration (Amplatzer PFO
Occluder, St. Jude). All patients received eitheipdatelet therapy or anticoagulation chosen by
the local investigator. Patients who underwent RESure were generally recommended to start
a dual antiplatelet regimen (aspirin 100 mg/dayopidogrel 75 mg/day) for at least 6 months
after the procedure. However, the local investigatattending neurologists could choose to
continue either antiplatelet therapy or anticoatjtebased on the individual risk to benefit ratio.
Antiplatelet therapy included aspirin, aspirin ptlispidogrel at a dose of 75 mg/day, or aspirin
plus cilostazol at a dose of 200 mg/day. Warfaras wsed to maintain the target international
normalized ratio of 2.0 to 3.0. Clinical data wesgularly recorded by the local investigator
during regular clinic visits (1, 3, 6, 12, and 24nths). Follow-up MRI was recommended 6
months after randomization in both groups to diagnasymptomatic ischemic stroke.
Satistical Analysis

On the basis of the results from a previous std@y, (e assumed the event rate at 24
months would be 4% in the PFO closure group and ite medication-only group. It was
estimated that 99 patients in each group were nketedgetect this difference with a statistical
power of 80%. Expecting that approximately 10%haf patients would not return for follow-up,
the total sample size was estimated to be 210mat{@05 patients per group) with a 2-sided
alpha level of 0.05.

During the course of the current trial, which deéty had a lower-than-expected rate of
patient recruitment, other trials of PFO closugoréed a beneficial effect of PFO closure over

medical therapy alone (16-18). Among them, the CEQ®&estigators used similar selection



criteria of morphologic features of the atrial sgptand PFO as in our study (17); they selected a
PFO with an associated atrial septal aneurysnrge liateratrial shunt (the appearance of more
than 30 microbubbles in the left atrium within 3diac cycles after opacification of the right
atrium). They demonstrated that the rate of strekerrence was lower among those assigned to
PFO closure combined with antiplatelet therapy thisnong those assigned to antiplatelet
therapy alone (hazard ratio, 0.03; 95% confidenterval, 0 to 0.26; P<0.001). On the basis of
this information and without knowledge of the eveates in the study group in the current trial,
the investigators agreed to consider cessationrofleent for the patients’ safety and to consult
the institutional review board. Early terminatioittee trial was approved by the board, and the
steering committee decided to stop enroliment inédaber, 2017 and pursue follow-up of all
patients.

The primary endpoint was a composite of strokegwias death, or Thrombolysis in
Myocardial Infarction (TIMI)-defined major bleedirdyring 2 years of follow-up. The analysis
was performed in the intention-to-treat cohort, athincluded all patients who were randomly
assigned to a treatment. An additional analysispeafrmed in the per-protocol cohort, which
included patients who received the randomly assigreatment, adhered to the protocol-
mandated medical treatment until the end of tta, teind did not have a major protocol violation.
In addition to the composite of clinical eventsdbas the primary endpoint, the secondary
endpoint included asymptomatic ischemic strokeadloi-up MRI, which was recommended to
be performed 6 months after the randomization. iBalcurves were estimated by means of the
Kaplan-Meier method and were compared by the |og-tast.

Results

Patients



From September 2011 until October 2017, 450 patieere diagnosed having
cryptogenic stroke with PFO, and the frequencyiglfiisk PFO was 38.9% (n=175). Fifty
patients declined to participate in the trial, &itiad at least 1 exclusion criterion. Finally, 60
patients (mean age 51.8 years) were randomly exdraileach group (Figure 2). The baseline
characteristics of both groups are summarized nteTh, and these show no significant
difference between the groups in terms of age,rsexlical history, qualifying event, modified
Rankin scale at discharge (a measure of disability) the anatomic characteristics of PFO and
the atrial septum as evaluated by TEE.

Intervention and Medications

Among the 60 patients in the combined PFO closwap 7 declined the intervention.
One single device (Amplatzer PFO Occluder, St. Ju@es used for PFO closure, and successful
closure was achieved in all patients. One day #fieprocedure, transthoracic echocardiography
was repeated to check the amount of the remnant,séwd this revealed minimal or no (<10
microbubbles) residual shunt in all but 4 patieRtdlow-up echocardiography was performed in
1 patient with severe residual shunt 2 months,lated this showed disappearance of the residual
shunt.

Temporal changes of the medications prescribeldr2tgroups are summarized in Table
2. Dual antiplatelet therapy was the most freqyectibsen medication in both groups at 30 days
after randomization, and this trend continued f@ta12 months in the medication-only group.
However, in the combined PFO closure group, siagliplatelet therapy became the most
frequent strategy after 6 months, and 17% (8/4f)md medication after the PFO closure. At
the beginning, warfarin was prescribed in 25% efphtients in the medication-only group, and

anticoagulation continued in more than 20% untihdénhths after the randomization. Thus,



anticoagulation was more frequently used in theicagidn-only group 6 months after the
randomization.
Outcomes in the PFO Closure Group versus the Medi cation-only Group

The median duration of follow-up was 2.8 yearsdiiquiartile range, 0.9 — 4.1 years) in
both groups (2.8 [0.9-4.2] years in the PFO cloguoep vs. 2.8 [0.9-4.1] years in the
medication-only group). Major procedural complioas occurred in 2 patients in the combined
PFO closure group; these included development m¢grelial effusion (n=1) and
pseudoaneurysm at the puncture site (n=1). Atibaillation developed in 1 patient 1 day after
the procedure and in the other one during followtnphe intention-to-treat cohort, no event of
the primary endpoint occurred in the combined PESQure group, whereas the primary
endpoint occurred in 6 of 60 patients in the megoaonly group (2-year event rate 12.9%; 95%
confidence interval [Cl], 3.2-22.6; standard efsd), and the Kaplan-Meier curves showed a
significant difference (log-rank P = 0.01Gentral Illustration). The events that occurred in the
medication-only group included ischemic stroke (n<g&rebral hemorrhage (n=1), TIMI-
defined major bleeding (n=2), and transient iscleeatiack (n=1)Table 3). Major bleeding
included one patient who developed spontaneousceitebral hemorrhage during warfarin
medication and another who showed hemorrhagicfoemation of acute ischemic stroke during
dual antiplatelet therapy. Other ischemic strokesuaed with dual antiplatelet therapy in 2
patients, single antiplatelet therapy in 1, andfarar in 1. Atrial septal aneurysm or
hypermobility was present in 4 among 5 patientwetcurrent stroke, and 3 patients showed
new lesions in the vascular territory differentifréhe initial lesion. The Kaplan-Meier 2-year
cumulative estimate of the probability of strokesvil®.5 % in the medication-only group (95%

Cl, 1.68-19.32; standard error 4.5;P=0.023 whenpaoed with the PFO closure group), which



suggests that the number of patients needed tiottreaoid 1 stroke at 2 years would be 10.

Seven patients randomized to the combined PFO r@agoup did not undergo the
device closure, and 4 patients in the medicatidg-group underwent device closure during
follow-up. Thus, a total of 109 patients were aaflié for the per-protocol analysis. None in the
11 patients who changed treatment arms after raizétion experienced the primary endpoint.
The per-protocol analysis showed that the primagneoccurred only in the medication-only
group, and the event-free survival rates were Bggmitly different (log-rank p=0.016, Online
Figure 1).

Follow-up magnetic resonance imaging was performé@ patients at a median of 6
months in both groups. The incidence of silentrbmfarction was not different between the
groups (8.8% [3/34] in the PFO closure group vs4%8[7/38] in the medication-only group,
p=0.24) (Table 3).

Discussion

In this trial of PFO closure in a selected groupatients who had experienced a recent
cryptogenic ischemic stroke and had high-risk PE@ndd as PFO with an associated atrial
septal aneurysm, hypermobility, or large size rtte of the primary endpoint, including
recurrent ischemic stroke, was significantly lowth closure of the PFO plus medical therapy
than with medical therapy alone. This trial showrat 10 patients would need to be treated to
avoid 1 stroke at 2 years.

The initial 3 randomized trials, published 4-5 geago, did not show the superiority of
PFO closure over medical therapy alone for secgnpiavention in patients with cryptogenic
stroke and PFO (13-15). However, in a pooled amabfsindividual participant data from the 3

trials, the rates of recurrent stroke were sigaifity lower in patients who underwent PFO

10



closure than in those who received medical theedqye (20). Last year, we witnessed the
dramatic conversion from a negative to a positivdook with respect to PFO closure (16-18).
New trials with positive findings have a differesttidy design in terms of medications and
follow-up duration. Although warfarin was includedall old trials with negative findings, only
antiplatelet therapy was the comparator in the ®EBUCE trial (16). In the RESPECT trial,
follow-up duration was the only parameter assodiatgh the opposite results (2.1 versus 5.9
years) (14,18). The potential role of risk stratifion based on the morphologic characteristics of
PFO and the associated anatomic features of tlaeedjatrial septum has remained elusive.
Atrial septal aneurysm characterized by its hypdaititg has been reported to be an independent
risk factor for recurrent stroke in patients with@® (19, 21), and subgroup analysis of the
previous trial with negative results showed thaDRFfosure was beneficial in patients with atrial
septal aneurysm or substantial shunt size (15).

Our study is different from 2 of the trials withvfarable conclusions for PFO device
closure, in which the anatomic features of theabseptum or PFO were not considered at all,
and all patients with cryptogenic stroke presumaltigbuted to PFO were included (16, 18).
The only trial with stringent entry criteria simileo ours is the CLOSE trial (17), which required
that patients have a large interatrial right-ta-#funt (more than 30 microbubbles in the left
atrium within 3 cardiac cycles after opacificatiminthe right atrium) or an atrial septal aneurysm
(a septum primum excursion greater than 10 mm) Bw¢ CLOSE trial and our trial showed no
occurrence of stroke in patients who underwent Blé8ure, suggesting that the beneficial effect
of percutaneous device closure of PFO can be magdrby adding the morphologic
characteristics of PFO, as evaluated by TEE, te#hection criteria for the procedure. Thus, in

addition to the systematic and standardized evalu&br the exclusion of many clinical
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conditions needed to consider a stroke to be cggrtic, morphologic evaluation to diagnose
positive characteristics of PFO should be incorfgaras an additional stringent criterion to
enhance the benefit from PFO closure.

Selection of the appropriate medical treatmenpédrents with cryptogenic stroke and
PFO still remains an unresolved and challenginggis®ur retrospective study (19) and a
previous systemic review (22) suggested that aagiatant therapy may be superior to
antiplatelet therapy for the prevention of stro&eurrence in patients with PFO. However, the
comparison of oral anticoagulants to antiplatefgtraas has not been adequately addressed, even
in the recently published clinical trial (17). #interesting to see that differences in medication
might be a contributing factor that can explain¢batradictory results on the beneficial effect of
PFO closure in the previous clinical trials thatlirded all eligible patients with stroke and PFO,
without any selection criteria based on shunt sizenatomic characteristics of the atrial septum
such as septal aneurysm. In the previous trials megative results (13-15), warfarin was
included in the medication-only group, whereashm itecently published trial with positive
results favoring PFO closure (16), the investigatocluded antiplatelet therapy only and did not
include warfarin in the medication-only arm. In @tudy, warfarin was allowed to be included
in the medication-only group based on the attendegologist’s discretion, and 25% of the
patients in the medication-only group continuedeteive warfarin up to 1 year after the
randomization. In the CLOSE trial (17), which ing&d high-risk patients with PFO similar to
our trial, antiplatelet therapy only was used vgtsitive results. We believe that the difference
in medication between our study and the CLOSE fuidher supports the powerful beneficial
effect of device closure of PFO in patients withptogenic stroke and a high-risk PFO.

The limitations of this trial included early termaiion for patient safety, resulting in an

12



underpowered study to provide the hazard ratidv@\lgh the current trial had a lower-than-
expected rate of patient recruitment, publicatibnamsecutive clinical trials favoring PFO
closure was the main reason that our research merdbeided upon early termination of this
trial; more specifically, the report of the CLOStakwith similar stringent entry criteria as ours
made our neurologists, the gate keepers of thewrustudy, concerned about potential safety
issues in maintaining this trial. In addition, bBssttrial was conducted in only 2 centers, poténtia
selection bias of the enrolled patients cannotdmeptetely excluded.
Conclusions

In conclusion, we have confirmed that the morphiglayaracteristics of PFO and the
adjacent atrial septum as evaluated by TEE arerntapodeterminants of the clinical benefit of
percutaneous device closure of PFO in patients enthtogenic stroke. In patients who had a
recent cryptogenic stroke attributed to PFO witarge PFO, atrial septal aneurysm, or
hypermobility, the rate of the primary compositelgoint as well as stroke recurrence was lower

with combined PFO closure plus medication than widdication therapy alone.
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PERSPECTIVES

Competency in M edical Knowledge: The benefit of closing a patent foramen ovale (PieD)
secondary stroke prevention in patients with crgptoc stroke can be determined based on the
morphologic characteristics of the PFO and thecadjainteratrial septum.

Competency in Patient Care: For appropriate clinical application of PFO closuret only
screening of exclusionary factors that make a staptogenic but also comprehensive
evaluation of the morphologic characteristics & BFO using transesophageal
echocardiography is necessary. PFO size and armatbranges of the adjacent interatrial septum
such as atrial septal aneurysm or hypermobiligy,ka&y components in defining high-risk PFO
associated with a higher rate of stroke recurrence.

Trandational Outlook: The potential beneficial role of different medicats (anticoagulants vs.

antiplatelet agents or traditional warfarin vs. n@wal anticoagulants) remains elusive.
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FIGURE LEGENDS

Central Illustration. Device closurefor high-risk PFO: Kaplan-Meier cumulative estimates.
Kaplan-Meier cumulative estimates of the primargipoint in the PFO closure group versus the
medication-only group. PFO: patent foramen ovale.

Figure 1. Representative transesophageal echocar diographic images showing low- (A-C)

and high-risk patent foramen ovale (PFO, D-I). Low-risk PFO is characterized by the absence
of aneurysmal changes of the interatrial septumai®) limited motion (B) and separation of
the septum primum and the secundum, resultingsmall PFO size and shunt during the
Valsalva maneuver (C). PFO associated with atejptad aneurysm (D) frequently shows
hypermobility of the septum during the Valsalva mawer, resulting in a large PFO size (E and
F). Some patients without characteristic atriakglegneurysm (G) may show exaggerated
motion of the atrial septum during the Valsalva marer, resulting in septal excursion > 10 mm
(H) and a large PFO size (I). LA, left atrium; RAght atrium

Figure 2. Flow diagram of the study population. PFO: patent foramen ovale; TEE:

transesophageal echocardiography
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Table 1. Basaline Char acteristics of the Patients

PFO Closure M edication-only

Group (N=60)  Group (N =60) P-value

Age, years 49+ 15 54+ 12 0.06
Male sex, n (%) 33 (55.0) 34 (56.7) >0.99
Medical history, n (%)
Hypertension 12 (20.0) 17 (28.3) 0.39
Diabetes 6 (10.0) 8 (13.3) 0.78
Current smoker 10 (16.7) 16 (26.7) 0.27
Hypercholesterolemia 18 (30.0) 25 (41.7) 0.25
Qualifying event, n (%) 0.28
Anterior circulatory territory 28 (46.7) 34 (56.7)
Multiple territories 0 2 (3.3)
Modified Rankin scale, n (%) 0.74
Oorl 47 (78.3) 45 (75.0)
2or3 13 (21.7) 15 (25.0)

Morphologic characteristics of PFO
Shunt at rest, n (%)

No shunt 25 (41.7) 26 (43.3) 0.25

Left-to-right shunt 31 (51.7) 34 (56.7)

Right-to-left shunt 3 (5.0) 0

Bidirectional shunt 1(2.7) 0
PFO size, mm 3.2+15 3.2+x1.1 0.85
Atrial septal aneurysm, n (%) 5 (8.3) 8 (13.3) 0.56
Atrial septal hypermobility, n (%) 28 (46.7) 27 (45.0) >0.99

PFO, patent foramen ovale.

19



Table 2. Changesin Antiplatelet or Anticoagulation Therapy during Follow-up

At 30 days,

Single antiplatelet therapy
Dual antiplatelet therapy

Warfarin
At 6 months,

Single antiplatelet therapy
Dual antiplatelet therapy

Warfarin
At 12 months

Single antiplatelet therapy
Dual antiplatelet therapy

Warfarin

No antiplatelet therapy or warfarin

PFO, patent foramen ovale.

PFO Closure

Group (N = 60)

10.0% (6/60)
75.0% (45/60)
15.0% (9/60)

34.6% (18/52)
57.7% (30/52)
7.7% (4/52)

42.6% (20/47)
34.0% (16/47)
6.4% (3/47)
17.0% (8/47)

M edication-only

Group (N = 60)

16.7% (10/60)
58.3% (35/60)
25.0% (15/60)

25.0% (13/52)
51.9% (27/52)
23.1% (12/52)

37.0% (17/46)

41.3% (19/46)

21.7% (10/46)
0%

P-value

0.42
0.08
0.25

0.39
0.69
0.05

0.67

0.53

0.04
0.006
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Table 3. Clinical Outcomes

Two-year Outcome PFO Closure M edication-only
Group (N=60) Group (N=60) P-value
Primary endpoint: 0 6 (12.9%) 0.013
Secondary endpoint
Ischemic stroke 0 5 (10.5%) 0.023
Vascular death 0 0 NA
TIMI-defined major bleeding 0 2 (4.9%) 0.15
Hemorrhagic stroke 0 1 (2.5%) 0.30
Transient ischemic attack 0 1 (2.0%) 0.32
Systemic embolism 0 0 NA
New ischemic lesion on MRl  3/34 (8.8%) 7/38 (18.4%) 0.24

Event rates except new ischemic lesion on MRI hosve as Kaplan-Meier estimates (numbers

and percentage of events). MRI, magnetic resoniamaging; PFO, patent foramen ovale.
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Supplementary Online Content

Lee PH, JK Song, JS Kim et al. “Device Closure veus Medical Therapy in Patients
with Cryptogenic Stroke and High-Risk Patent Forama& Ovale: The DEFENSE-PFO

Trial”

Figure Legend

Online Figure 1. Cumulative incidence of the primary endpoint in the per-protocol and as-
treated populations. The per-protocol analysis excluded 11 patients who changed treatment
arms after randomization: thus, it included 53 patients randomized to the PFO closure group
who received PFO closure with a study device, and 56 patients randomized to medication-
only group who received medical therapy without PFO closure by any means at any time.
The as-treated analysis included all patients who were randomized and treated, and were
analyzed according to the treatment actually received, regardless of treatment assigned at

randomization. PFO: patent foramen ovale
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Online Figure 1. Cumulative incidence of the primary endpoint in theper-protocol and as-treated populations
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