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Abstract

Background: Patent foramen ovale (PFO) closure is recommended for secondary prevention of cryptogenic stroke.
However, data on long-term results are limited. We aimed to evaluate safety and efficacy of transcatheter PFO closure
and predict neurologic recurrence.

Methods: Data from patients undergoing PFO closure between 2010 and 2015 were collected to assess the combined
endpoint of transient ischemic attack (TIA), stroke, or death from stroke at short- and long-term follow-up.

Results: 330 patients were included, mean age was 49 (£12) years, and 55.5% were male. Before PFO closure, 86%
experienced a stroke and 19% multiple neurological events. Procedure-related complications occurred in 2.4% of
patients. Over a median follow-up of 10years, the combined endpoint occurred in 3.6%, with a recurrence rate of 0.38
per 100 patient-years. Freedom from the combined endpoint at 5 and 10years was 97.5% and 96.2%, respectively. New-
onset atrial fibrillation was detected in 3%. The Risk of Paradoxical Embolism (RoPE) score (adjHR: 0.68; p =0.032), the
PFO-Associated Stroke Causal Likelihood (PASCAL) classification system (adjHR: 0.37; p =0.042), and a history of prior
neurological events (adjHR: 9.94; p <0.001) were independent predictors of future recurrent neurologic events. Age,
sex, and cardiovascular risk factors did not influence outcomes.

Conclusion: In this real-world cohort, transcatheter PFO closure was associated with low long-term recurrence of
neurologic events, especially cryptogenic strokes. The RoPE score, the PASCAL score, and history of previous neuro-
logical events were predictive of recurrent events. This study supports the safety and efficacy of PFO closure for second-
ary prevention of cryptogenic strokes, and underscores the importance of patient selection.
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Introduction
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relationship.? The dominant mechanism involves venous
thrombi passing through the PFO (right-to-left shunt),
resulting in paradoxical emboli.* For secondary preven-
tion of PFO-associated strokes, device closure was found
to be superior to medical therapy alone.>® Therefore, cur-
rent guidelines recommend PFO device closure additional
to long-term antiplatelet therapy alone in patients with
cryptogenic stroke aged 18-65years.”! However, abso-
lute risks of stroke recurrence remain very low for some
patients with medical therapy, and device closure has
associated risks and adverse effects.!! Risk reduction for
recurrent stroke with device closure varies across groups
classified by their probabilities that the stroke was caus-
ally related to the PFO. Application of classification sys-
tems has therefore been introduced to guide individualized
decision-making.!>'* Nevertheless, long-term outcome
after PFO closure aside from randomized controlled trials
(RCTs) has yet only been documented a few times.!>!3
The aim of this study was to assess real-world short- and
long-term outcomes and to identify predictors of recurrent
neurologic events in patients undergoing transcatheter
PFO closure.

Method
Study design

In this retrospective single-center cohort study, we reviewed
patient data from all public hospitals in Vienna to obtain
short- and long-term outcomes after transcatheter PFO clo-
sure. The initial data compilation and recruitment of
patients were centered around records from the Cardiology
Department at the University Hospital Vienna. This led to
the establishment of a clinical registry of patients who had
undergone transcatheter PFO closure between 2010 and
2015.

Patient selection

Inclusion criteria for this study mandated that patients
underwent successful PFO closure as a secondary pre-
vention to a neurological event, such as transient
ischemic attack (TIA), ischemic stroke, or cryptogenic
stroke/embolic stroke of undetermined source (ESUS).
Exclusion from the study involved all patients with PFO
closure for non-neurological reasons (peripheral throm-
boembolism or decompression sickness), and patients
with unsuccessful PFO closure. Patients were referred
by neurologists, after other causes of stroke had been
fully investigated. Diagnostic tests to determine the
causative mechanism of stroke included brain imaging,
thrombophilia screening, and Holter monitoring. The
presence of a PFO was confirmed by transesophageal
echocardiogram (TEE) with bubble test including
Valsalva maneuver.

Data sources

After obtaining approval from the local ethics committee
(Ethics Committee of the Medical University of Vienna,
EK# 1108/2022), a systematic approach was employed for
gathering the data. The patient records from the University
Hospital Vienna were accessed through the hospital data-
base. In addition, an analysis of data from all hospitals in
Vienna was conducted and the Austrian death registry was
utilized to identify all patients who had passed away since
the procedure. The data collection included a step for
anonymization, thereby minimizing the risk of patient data
disclosure. Patient consent was not required.

Clinical definitions

Clinical definitions included that a PFO had to be con-
firmed with a clear sighting of contrast agent in the left
atrium using TEE.! PFO shunt was classified as large if
more than 20 bubbles were visible or if a left-to-right shunt
was clearly identifiable without the need for a Valsalva
maneuver.'* Septum abnormalities were reported, and atrial
septal aneurysm (ASA) was defined as 10 mm of excursion
from midline.'* A TIA was defined as a short episode of
neurological dysfunction without the presence of acute
infarction on neurological imaging.2’ Stroke was described
as the death of cells of the brain, or retinal cells due to
ischemia, as confirmed by neuropathological, neuroimag-
ing, or clinical evidence of permanent damage.?! Stroke
was then subcategorized according to the TOAST classifi-
cation,?? and definitions of cryptogenic stroke were adapted
to the concept of ESUS.?

Procedural description

Transcatheter closure procedures were conducted from
2010 to 2015 with the use of either the 25 mm Amplatzer
PFO Occluder (Abbott, Chicago, IL, USA), the 25mm
Gore Helex Occluder (W. L. Gore & Associates, Inc.,
Newark, DE, USA), the Premere PFO occluder (St Jude
Medical), the Solysafe septal occluder (Swissimplant AG,
Solothurn, Switzerland), or the Nit-Occlud PFO (PFM
medical, Cologne, Germany). All transcatheter occlusions
were performed under analgesia with fluoroscopy; TEE
was used adjunctively in selected cases. The correct vascu-
lar sheath size and its corresponding delivery system were
selected based on the specific device used. The septum
was crossed with a 5.2-French Multipurpose A (Cordis,
Miami Lakes, FL, USA) and a normal J-wire. If the opera-
tor failed to cross the PFO, the septum was imaged with
angiography in biplane anterior posterior and left anterior
oblique projection. The device was inserted again in
biplane projections, and transthoracic echocardiogram
(TTE) was used to ensure a stable position before releas-
ing the device. Finally, right atrial angiogram was
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performed after releasing the device to assess for leaks and
to ensure a stable position. After device implantation,
patients received antithrombotic therapy with Aspirin for
six months, with further prescription upon subsequent neu-
rological assessment if deemed necessary.

Outcome measures and follow-up

Using the hospital database, we collected patients’ baseline
information and data on PFO morphology. We obtained
information about the frequency of neurological events
leading to the PFO closure and prespecified data about
known comorbidities, including hypertension and diabetes
to calculate the Risk of Paradoxical Embolism (RoPE)
score in all patients.!? The PFO morphology and absence or
presence of ASA were combined with the value of the
ROoPE score to define probability of PFO-Associated Stroke
Causal Likelihood (PASCAL) classification system.'* After
PFO closure the follow-up consisted of a short-term fol-
low-up, with information from the patients’ visit at the out-
patient clinic 1, 3, and 12months after the procedure.
Long-term follow-up included data from all outpatient
clinic visits or hospitalizations and a death registry extract
from Statistics Austria up to 10 May 2023.

We collected information on procedure-related adverse
events that occurred during the procedure or hospitaliza-
tion, as well as adverse events reported within follow-up.
Also, it was documented which patients received antithrom-
botic therapy beyond 1 year post-procedure. Through tar-
geted data analysis we searched both for TIA, stroke, or
death from stroke as well as the composite outcome of TIA,
stroke, and death from stroke. All patients that reached the
combined outcome were analyzed by a board-certified neu-
rologist. This involved reviewing the neurological imaging
findings and categorizing the events according to the
TOAST classification.??

Statistical analysis

Characteristics were described with absolute numbers (n)
and relative frequencies (%), mean and standard deviation
(SD) were calculated for metric variables. Comparisons
between groups were assessed through chi-square test or
Fisher exact test for categorical variables, for continuous
variables Student’s #-test was used. Adverse events and out-
comes were disclosed as counts, percentage, and rates per
100 person-years. Event-free periods derived from out-
comes were analyzed using the Kaplan—Meier curves. To
minimize competing risks in Kaplan—-Meier estimation,
deaths of other cause were censored at the time of death but
recorded and shown in the results.

The study further investigated whether sex, age, known
risk factors, or lower RoPE score and PASCAL classifica-
tion system were associated with a higher risk of recurrent
events. To estimate their impact, univariate and multivariate

Cox proportional hazards models were used to calculate
hazard ratios (HR) with 95% confidence intervals (CI) and
p-values. Adjustment for age, sex, BMI, hypertension,
hyperlipidemia, diabetes, smoking, and a history of more
than one neurological event before PFO closure was con-
ducted in the Cox proportional hazards model to address
potential confounding effects and evaluate independent
influence of variables on hazard rates. Statistical signifi-
cance was defined by p-values below 0.05. For statistical
analysis, IBM SPSS Statistics 29 (IBM SPSS, Armonk, NY,
USA) and GraphPad Prism version 10.1.1 (GraphPad
Software, Boston, MA, USA) were used.

Results

A total of 355 patients underwent percutaneous PFO clo-
sure between 2010 and 2015 (Figure 1). Of these, 13
patients were excluded because PFO closure was performed
for non-neurological reasons, such as decompression sick-
ness or peripheral arterial embolism. In six patients, a PFO
was no longer detectable on TEE, and one attempt to close
the PFO was unsuccessful. In addition, five patients had to
be excluded due to missing data. After excluding individu-
als who did not meet the criteria, the study comprised 330
patients who underwent successful transcatheter PFO clo-
sure and were included in long-term follow-up.

Baseline characteristics

Mean age at the time of PFO closure was 49 years (SD = 12),
with 72 patients (21.8%) being over the age of 60 years, and
183 (55.5%) being male (Table 1). The index event was a
stroke in 283 patients (85.5%), and TIA was the referral
diagnosis in 47 patients (14.2%). A total of 63 patients
(19.1%) had more than one neurological event prior to
device closure. A history of migraine was reported in 40
patients (12.1%). Cardiovascular risk factors, such as arte-
rial hypertension was present in 117 patients (35.5%),
hyperlipidemia in 132 patients (40.0%), 20 patients (6.1%)
were being treated for diabetes mellitus, and 95 patients
(28.8%) were current or former smokers. The mean RoPE
score was calculated to be 6.5 (*1.8), with 171 patients
(51.8%) having a RoPE score of 7 or higher. A total of 147
patients (44.5%) presented with large-shunt PFO before
closure, and 74 patients (22.4%) with an ASA. According
to the PASCAL classification system, 85 patients (25.8%)
had a probable, 188 patients (57.0%) a possible, and 57
patients (17.3%) an unlikely PFO-related stroke. Most
patients (77.0%) received an Amplatzer PFO Occluder, fol-
lowed by 13.6% receiving a Gore Helex PFO device.

Adverse events

Adverse events that occurred during the procedure or within
the follow-up are summarized in Table 2. Procedure-related
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Figure I. Patient selection. Selection of patients undergoing catheter based PFO closure between 2010 and 2015.

PFO closure (2010-2015)
n=355

Clinical registry of all patients undergoing catheter based

PFO closure for non neurological reason (e.g.

decompression sickness)
n=13

no PFO detected
n=6

25

n=;

PFO closure unsuccessful
n=1

Patients excluded

No valid data found
n=5

Patients included
n=330

complications occurred in eight patients (2.4%). Of these,
four (1.2%) exhibited transient arrhythmias on electrocar-
diogram (ECG) during device implantation. Two patients
(0.6%) revealed a pericardial effusion that did not require
treatment, and one patient (0.3%) underwent coronary angi-
ography with stent implantation shortly after device implan-
tation due to ECG abnormalities unrelated to the procedure.
One patient (0.3%) presented with a pseudoaneurysm at the
puncture site that needed surgical patch repair. After device
implantation, 10 patients (3.0%) were found to have new-
onset atrial fibrillation (AF) six patients (1.8%) with parox-
ysmal AF, and four patients (1.2%) presented with permanent
AF, of whom two (0.6%) underwent electrical cardiover-
sion. The mean time to new-onset of AF was 0.5 years (IQR
5.8). Numerically, there was a higher prevalence of new-
onset AF with the Gore Helex device (6.7%) compared with
other devices (Amplatzer 2.0%). Other adverse events
reported during the follow-up included 24 patients (7.3%)
experiencing palpitations and 18 patients (5.5%) reporting a
mild feeling of pressure in the chest region.

Study endpoints

During a median follow-up of 10years (SD *3), 12
patients (3.6%) reached the combined endpoint of TIA,
stroke, or death from stroke, with a total of 15 neurological
events, corresponding to 0.47 events per 100 person-years
(Table 2). Two patients had more than one recurrent event,
of those, one patient had two recurrences with one crypto-
genic and one cardioembolic event due to AF. The other
one had three recurrences with one TIA and two subse-
quent cryptogenic strokes. After 5 and 10years the per-
centage of patients who were free of the composite

outcome was 97.5% and 96.2%, respectively. The 1-year
follow-up appointment was attended by 308 patients
(93.3%); 22 patients (6.6%) were lost to follow-up after
6 months. Figure 2 shows the Kaplan—Meier survival anal-
ysis for the occurrence of TIA, stroke, or death from stroke.
The total amount of events recorded were identified as a
stroke in 12 patients (3.6%), TIA in two patients (0.6%),
and one reported death from ischemic stroke (0.3%). Of
the strokes, six (1.8%) were identified as cryptogenic. In
the remaining patients, another source of embolism was
found, such as atherosclerosis of the large arteries (n=1),
cardioembolic due to AF (n=1), and small artery occlusion
(n=4). Table 3 shows the characteristics of patients with a
neurological recurrence compared with patients without a
neurological event during follow-up. Patients with a recur-
rence had a higher proportion of multiple previous events
(66.7% vs. 17.3%, p<0.001) and a lower mean RoPE
score (5.4 vs. 6.6, p=0.029). There was no difference
between the choice of device or medical therapy. Other
neurologic events were experienced by a subgroup of four
patients (1.2%) that did not meet the predefined criteria for
the primary outcome. In these cases, three patients (0.9%)
experienced migraine episodes, while one patient (0.3%)
experienced transient unconsciousness. Finally, death
from any cause was observed in 24 patients (7.3%) corre-
sponding to 0.76 events per 100 person-years.

Predictors of outcome

Possible predictors of the composite outcome of TIA,
stroke, or death from stroke were compared using a Cox
proportional hazards model (Table 4). Both the RoPE score
(adjHR: 0.68, 95% CI = 0.47-0.97; p=0.032) and the
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Table |. Baseline characteristics of registered patients
undergoing PFO closure for cryptogenic stroke.

Characteristics n=330

(Continued)

Table I. (Continued)

Characteristics

PASCAL: PFO-Associated Stroke Causal Likelihood; RoPE: Risk of
paradoxical embolism; SD: standard deviation; TIA: transient ischemic
attack.

Values are given as mean = SD or total number (n) and %.

2Patients with more than one TIA/stroke before closure.

PASCAL classification system (adjHR 0.37, 95% CI =
0.15-0.96; p=0.042) showed significant influence on the
rate of recurrent events. Moreover, history of prior neuro-
logic events revealed to be a strong independent predictor
of future recurrent events (adjHR: 9.94, 95% CI = 2.83—
34.91; p<<0.001). Kaplan—Meier survival analysis strati-
fied by previous number of neurologic events revealed to
be statistically significant with p <0.001 (Figure 3). We
found no significant effect ofage (»=0.526), sex (»=0.653),
arterial hypertension (p=0.368), hyperlipidemia (»p=0.741),
diabetes mellitus (p=0.300), antiplatelet therapy
(»=0.693), and new-onset AF (»p=0.218) on recurrent neu-
rological events following PFO closure. A stratification of
the outcome by type of index event (stroke vs. TIA) showed
no statistically significant difference (»p=0.937).

Discussion

In this retrospective cohort study involving 330 patients
after successful percutaneous PFO closure who were fol-
lowed for a median of 10years, we observed a rate of 0.38
recurrent neurologic events per 100 person-years. The pre-
dictive ability of the RoPE score and the PASCAL classifi-
cation system for estimating the risk of neurological
recurrence was demonstrated in our study. In addition, the
number of previous neurological events had the strongest
predictive power for future neurological events. Previous
described predictors such as age or comorbidities including
diabetes, hyperlipidemia, or hypertension alone had no
influence on the recurrence rate.

Current guidelines®'* are based on the results of pub-
lished RCTs demonstrating the superiority of PFO closure
over medical therapy alone in patients with cryptogenic
stroke after a median period of up to 5 years.” 72426 To our
knowledge, there only exist few publications that report
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Table 2. Long-term outcome following PFO closure.

Endpoints PFO-closure (n=330) Rates per 100 person-years

NSTEMI: Non-ST-elevation myocardial infarction; TIA: transient ischemic attack.
Values are given as total number (n) and %.

?Death by any cause, including stroke.
bValues are given as total number (n), and in % of the total of patients that received the referred device: Amplatzer n=254, Gore n=45, Premere

n=26.
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. ; . data from observational studies with longer follow-
Figure 2. Combined primary outcome of TIA, stroke, 15-18 . .
or death from stroke. Shown is the Kaplan—Meier curve ups. In tl}ls study,. we present. Comprehenswe real-
presenting the years free from recurrent neurological event world data, with a median observational time of 10 years,
after transcatheter PFO closure. All patients (n=330) are marking one of the longest follow-up periods published.
included in the analysis. TIA: transient ischemic attack. We analyzed a representative patient group with a mean
age of 49 years, falling within the range of previous stud-

O ies.>71516 Furthermore, patient baseline characteristics,

including sex and comorbidities align with reported rates

90 in other real-world cohorts.!>!® Our findings are consistent
with previous studies and thus demonstrate the safety and
801 efficacy of PFO closure in preventing neurological recur-

rence. Our study adds a detailed analysis of recurrent neu-
rological outcomes, confirms the predictability of the
RoPE score and the PASCAL classification system in
assessing the risk of recurrence, and suggests that the num-
ber of previous neurological events may play a greater role
in patient selection.

704

60-

Survival free of recurrent events (%)

50

0 E 4 6 8 10 12 14 Excellent safety of percutaneous PFO closure was

b st ek Survival years after PFO closure demonstrated, with only eight patients (2.4%) experienc-
umber at ris| . . . .

—330 322 318 312 27 152 60 ing procedure-related complications with no long-term

Table 3. Patient characteristics, stratified by occurrence of the composite outcome of TIA, stroke, and death from stroke.

No recurrent TIA, stroke, or Recurrent TIA, stroke, or

Characteristics death from stroke (n=318) death from stroke (n=12)

Age at time of closure, years = SD 49 (12) 54 (11) 0.228

Patients = 60years at time of closure, n (%) 69 (21.7) 3(25.0) 0.729

Diabetes, n (%) 18 (5.7) 2(16.7) 0.160

History of > | neurological event? n (%) 55 (17.3) 8 (66.7) <0.001

Active smoking at time of closure, n (%) 69 (21.7) 2 (16.7) 1.000

History of migraine, n (%) 38 (11.9) 2 (16.7) 0.645

Large-shunt PFO, n (%) 144 (45.3) 3 (25.0) 0.238

PASCAL classification system

Possible PFO-related stroke, n (%) 180 (56.6) 8 (66.7) 0.565
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Table 3. (Continued)

No recurrent TIA, stroke, or Recurrent TIA, stroke, or
Characteristics death from stroke (n=318) death from stroke (n=12)

DOAC: direct oral anticoagulants; PASCAL: PFO-Associated Stroke Causal Likelihood; RoPE: Risk of paradoxical embolism; TIA: transient ischemic
attack.

Values are given as total number (n) and %.

2Patients with more than one TIA/stroke before closure.

®Antithrombotic therapy beyond | year post-closure.

Table 4. Cox proportional hazard model of predictors for the composite outcome of TIA, stroke, and death from stroke.

Possible risk factors for recurrent events Unadjusted HR (95% ClI) Adjusted HR (95% CI)

Cl: confidence interval; HR: hazard ratio; PASCAL: PFO-Associated Stroke Causal Likelihood; PFO: Patent foramen ovale; RoPE: risk of paradoxical
embolism; TIA: transient ischemic attack.

2Age at the time of closure 60years or older.

PPatients with more than one TIA/stroke before closure.

“Antiplatelet therapy treatment for longer than | year after PFO closure.
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Figure 3. Kaplan—Meier curves of the combined primary outcome for TIA, stroke, and death from stroke as a function of
the rate of previous neurological events. Shown are the Kaplan—Meier curves of the years free from the primary outcome

(TIA, stroke, and death from stroke) stratified by the number of neurologic events before closure. Significantly higher rates of
recurrent neurologic events were observed in the group with more than one event prior to closure, log-rank p <0,001. TIA:

transient ischemic attack.
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sequelae. Risk of developing AF after PFO closure is
often described and known to increase rapidly within the
first months, followed by a slow increase in the further
course.?” We detected new-onset AF in 10 patients (3.0%)
within 10years of follow-up. Previous RCTs report rates
over the entire follow-up duration of up to 5 years, leading
to elevated figures (5.4% in the REDUCE study,” 4.2% in
the CLOSE study’). Comparable data from real-world
cohorts indicated even higher rates of new-onset AF
(Kneihsl etal.' 5.6%, Oliva et al.?® 6.3%, and Abrahamyan
et al.!® 7.6%). The heterogeneity in reported rates can be
explained by incoherent standards of diagnosis,* adding
to the current underreporting of asymptomatic patients.?’
Furthermore, data on exact onset and course of AF are
limited, demonstrating the need for prospective studies,
such as the PFO-AF study,*® using implanted cardiac
monitors to detect new-onset AF following PFO closure
in a standardized manner.>°

The overall rate of the composite endpoint of TIA,
stroke, or death from stroke, which was 0.38 per 100
patient-years in our cohort, was in line with the rates
observed in RCTs, reporting rates between 0.4 and 0.58.57
Real-world long-term studies report slightly varying but
still corresponding rates of 0.34,'® 0.6,'® 1.22,'5 and 1.7
events per 100 person-years. 7 In our study a more detailed
evaluation of neurological recurrences according to the
TOAST classification?? was possible, which revealed that
out of the 12 strokes (3.6%) after PFO closure, only 6 were
of cryptogenic origin (1.8%). Given the fact that the mean
ROPE score in our cohort was 6.5, the expected rate of

recurrent ischemic neurologic events would have been 8%
per 2years with medical therapy alone, as estimated in the
corresponding publication by Kent et al.!? Therefore,
emphasizing the efficacy of PFO closure as secondary pre-
vention, especially for cryptogenic strokes.

The RoPE score was specifically developed to estimate
the pathologic impact of the PFO on the occurrence of
cryptogenic stroke.!?3!32 Here, we were able to confirm the
predictive power of the RoPE score with lower scores hav-
ing a higher risk of recurrent neurologic events, which may
indicate that these patients did not suffer from PFO-
associated stroke prior to closure, but had a stroke from
another cause. This highlights the importance of careful
evaluation of the likelihood of a PFO being causative for
stroke and considering all possible criteria, both clinical, as
categorized by the RoPE score, and morphological, as cat-
egorized by the PASCAL classification system.'* Moreover,
it should also be noted that PFO prevalence may vary in
different ethnic or racial groups, which may shift the cut-off
point of the RoPE score of 7 for the etiological classifica-
tion of stroke.’? It is important to highlight that morpho-
logical PFO features, such as the presence of ASA or
large-shunt PFO, did not emerge as independent predictors
of recurrent events in this cohort. Consequently, the
PASCAL classification system serves as an extension of the
RoPE score, suggesting that it does not provide additional
predictive value beyond what is already captured by the
RoPE score. However, we analyzed all factors included in
the RoPE score separately and noted that a history of mul-
tiple neurological events (>1 TIA or ischemic stroke before
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PFO closure) was the strongest predictor of subsequent
events in our cohort. A history of neurological events prior
to closure accounts for only 10% of the total RoPE score,
while age accounts for 50%.'? Our results suggest that more
importance could be attributed to previous neurological
events and that, especially in these patients, a more thor-
ough evaluation of the medical history prior to intervention
may help to identify other sources of stroke. In addition,
these patients may benefit from closer monitoring after
PFO closure, potentially including the use of implantable
loop recorders, to minimize the risk of recurrent events.
Moreover, we found that patients with recurrent events had
a lower RoPE score (mean 5.4) and were less likely to be
on antiplatelet therapy (25.0%). Therefore, maintenance of
antiplatelet therapy in patients with a low RoPE score or
multiple events before closure, might be worth consider-
ing. With emphasis on careful patient selection, as only
those with PFO-associated strokes, as represented in
higher RoPE score and higher probability according to the
PASCAL classification system, should undergo PFO
closure.

Possible predictors for neurological recurrence were
investigated. We found that age, sex, and cardiovascular
risk factors such as hypertension, diabetes, hyperlipidemia,
as well as smoking did not appear to have significant pre-
dictive power for future neurological events in our cohort.
In addition, patients with TIA as an indicative event did not
show a higher risk of neurologic recurrences. Although the
cohort was similar to other real-world studies, the results
differed, showing a significant influence of age,'>!® hyper-
lipidemia and smoking,'® or diabetes.!> We also performed
PFO closure in patients over 60years of age. This has not
been done in RCTs to minimize competing risk factors for
neurological events, which are known to increase with
age.> 7?4726 There are only a few publications investigating
PFO closure in older patients, which proved good safety
but tended to indicate increased neurologic recurrence rates
over the age of 60years.'>** In our cohort, we found no
significant age-related differences in neurologic recur-
rence. We hereby suggest that PFO closure can be safely
performed in older patients after careful selection and
exclusion of competing risk factors. However, RCTs are
still needed to prove this hypothesis.

Limitations

The limitations of this study include the retrospective char-
acter which did not allow a detailed examination of the neu-
rological events before PFO closure. Therefore, the
majority of patients were diagnosed with stroke and could
not be subcategorized according to the TOAST classifica-
tion.”?> However, this was possible for recurrent events,
whereby the effective prevention of cryptogenic strokes
could be demonstrated over a long period of time. Next,

statistical analysis of subgroups was limited due to the
small number of patients (n=12) that reached the primary
composite outcome. Hence, hazard ratios are given with
relatively large confidence intervals and the assessment of
confounding factors, such as long-term medical therapy
after PFO closure, was limited. Finally, the follow-up con-
sisted primarily of data accessible from patient records
within Vienna, which could have led to a possible underre-
porting of adverse events and neurological recurrences fol-
lowing PFO closure. In addition, patients aged 60 and older
did not undergo extended cardiac monitoring, potentially
leading to an underreporting of new-onset AF.

Conclusion

Our experience confirms the safety and efficacy of tran-
scatheter PFO closure for secondary prevention of crypto-
genic strokes. The rate of recurrent neurological events was
low, especially cryptogenic strokes. Patient selection
remains critical, with RoPE score and PASCAL classifica-
tion system confirming good predictive ability. According
to our results, more emphasis should be placed on the num-
ber of previous neurological events.
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