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INTRODUCTION

In Poland, around 90 000 people suffer
a stroke every year [1]. Despite advances in
treatment, the mortality rate from ischemic
stroke remains high — about 26.4% after five
years and as high as 39.2% after ten years of
observation [2]. In addition, the presence of
a patent foramen ovale (PFO) triples the risk of
another stroke [3]. Finally, a direct correlation
between the maximum separation of the
primary and secondary septal leaflets and
the volume of ischemic lesions in the central
nervous system was established [4]. This
study aimed to evaluate the effectiveness of
percutaneous PFO closure for the prevention
of stroke recurrence.

METHODS
The study was conducted between December
2017 and April 2019 in the Central University
Hospital of the Medical University of Lodz, Po-
land.The study group included 53 consecutive
patients who underwent percutaneous PFO
closure and met one of the following criteria:
1) history of ischemic stroke with focal symp-
toms, 2) history of transient ischemic attack,
or 3) ischemic lesions in the central nervous
system disclosed on imaging modalities such
as computed tomography and/or magnetic
resonance imaging. The aforementioned
criteria were defined based on the expert
consensus of the Polish Cardiac Society [5].
All patients were referred to the Heart Team,
including a neurologist, who scrutinized each
individual'’s situation and potential benefits of
being qualified for the procedure. If a mech-
anism other than suspected paradoxical
embolization could be found for the stroke
or ischemic lesions, patients were excluded.
After the PFO closure procedure, postproce-
dural echocardiographic follow-up was per-
formed twice (after 6 weeks and 3 months).

A retrospective analysis of medical records
and phone visits was performed. The median
follow-up was 22 months (interquartile range
17-27), and the primary outcome was the
occurrence of stroke. The obtained results
were compared to the estimated risk of stroke
based on the Essen Stroke Risk Score (ESRS),
which is the tool recommended by the Polish
Neurological Society [6]. The characteristics of
the population also included an assessment
using the Risk of Paradoxical Embolism (RoPE)
score and the Modified Rankin Scale [6].

Statistical analysis

Statistical analysis was performed using IBM
SPSS and Statistica 13. Continuous data with
normal distribution were presented as means
and standard deviations, otherwise (non-nor-
mal) as medians and ranges. Categorical data
were given as numbers and percentages. To
compare the observed incidence of stroke
with the estimated risk of stroke recurrence
using the ESRS, a one-sample Wilcoxon test
was used. A P-value below 0.05 was consid-
ered significant for all comparisons. The study
was approved by the local ethics committee.

RESULTS AND DISCUSSION

The mean age of the entire cohort was 53 (13)
years, and 40% of the cohort were male.Imag-
ing studies revealed cerebral ischemic lesions
in 20 patients (38%), and 33 patients (62%)
had a history of previous stroke or transient
ischemic attack. The median RoPE score in the
studied population was 6 (4-8) points.

In the group of patients with a clinically
symptomatic stroke, the median time to
the day of percutaneous PFO closure was
98 (64-192) days. As for comorbidities, we
most often observed hypertension (33; 62%)
and diabetes (33; 62%); additionally, half of the
patients were obese (27; 51%). The complete
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Table 1. Characteristics of the patient population (n = 53)

Sex
Women 32 (60%)
Men 21 (40%)
Age, years 53(13)
Risk of Paradoxical Embolism (RoPE) score 6 (4-8)
Modified Rankin Scale (mRS)
Rankin 0-2 points 52 (98%)
Rankin 3-5 points 1 (2%)
Ischemic lesions on CT/MR 20 (38%)
History of ischemic stroke/TIA 33 (62%)
Time from stroke onset to procedure, days 98 (64-192)
Obesity (BMI >30 kg/m?) 27 (51%)
Atrial fibrillation 10 (19%)
Paroxysmal atrial fibrillation 6 (11%)
Persistent atrial fibrillation 4 (8%)
Permanent atrial fibrillation 0 (0%)
Venous thromboembolic disease 8 (15%)
Oral contraception 6 (11%)
Active smoking 9 (17%)
Chronic heart failure (EF <55%) 4 (8%)
Hypertension 33 (62%)
Diabetes 33 (62%)
Chronic coronary syndrome 10 (19%)
Hypercholesterolemia 15 (28%)
Essen Stroke Risk Score, % 3.3(29-4.7)
Procedure time, min 30 (25-40)
Length of hospital stay, days 3(1)
Follow-up, months 22(17-27)

Values are presented as means (standard deviations), medians (interquartile ranges)
or numbers (%)

Abbreviations: BMI, body mass index; CT, computed tomography; EF, ejection
fraction; MR, magnetic resonance; TIA, transient ischemic attack

characteristics of the analyzed population are presented
in Table 1.

All procedures (100%) resulted in successful implanta-
tion of PFO occluders with the median procedure time of
30 (25-40) minutes. The most common PFO occluder size
was 25 mm (37 patients; 70%). Neither intraprocedural nor
in-hospital complications were observed. The mean length
of hospital stay was 3 days.

After the procedure, 51 patients (96%) received dual
antiplatelet therapy (acetylsalicylic acid 75 mg/d with
clopidogrel 75 mg/d) for 3 months. In 2 patients (4%),
dual antiplatelet therapy was extended to 6 months due
to multiple septal defects.

Only 1 patient (2%) suffered from a thromboembolic
event. The patient was a 36-year-old man who had an
ischemic stroke 32 months after the PFO closure due to
protein C and protein S deficiency.

A follow-up echocardiographic examination revealed
no leak and interatrial shunt. There were no deaths or long-
term complications related to the device.

Baseline risk (before PFO closure) was assessed using
the ESRS, and the median was 3.3% (2.9%-4.7%) in the first
year after PFO closure. No strokes were recorded during the
year. The analysis showed that the observed risk of stroke

recurrence was lower than the estimated risk (0% vs. 3.3%;
P <0.001). Over the entire observation period, one patient
(2%) suffered a stroke, which was significantly lower than
the median estimated risk of stroke 7.3% (5%-8.8%) recur-
rence based on the ESRS (7.3% vs. 2.0%; P <0.001).

In conclusion, we observed a statistically significant
reduction in the incidence of recurrent strokes compared
to the estimated risk using the ESRS. These results are
consistent with data from the currently available literature.

The study group had a high score on the RoPE scale,
with the median 6 (4-8) points, which is approximately
similar to patient populations in published studies. For
example, the mean score for the population in the CLOSE
study was 7.4 (1.3) points [7].

In the results from the Gore REDUCE study with extend-
ed 5-year follow-up published in 2021, a total of 20 clinically
apparent recurrent strokes were observed — 8 (1.8%) in
the percutaneously treated group and 12 (5.4%) in the
conservatively treated group [8]. Unfortunately, long-
term follow-up did not include clinically silent ischemic
events assessed by magnetic resonance imaging. In the
CLOSE study, the 5-year cumulative risk of stroke was 0%
in the invasively treated group, while it was 4.9% in the
pharmacologically treated group [9]. In the DEFENSE-PFO
study, the occurrence of stroke was recorded only in the
pharmacologically treated group (antiplatelet therapy),
affecting a total of 6 patients (10%) [10].

Recently published results of randomized clinical tri-
als have confirmed the benefit of PFO closure compared
to pharmacological treatment in stroke prevention. The
GoreREDUCE Trial, CLOSE Trial, and RESPECT Trial [11] have
shown that the risk of stroke is lower after percutaneous
PFO closure compared to pharmacological treatment.
However, these results are controversial because they are
not blinded randomized prospective studies, especially
with regard to the comparison to anticoagulant therapy.
For patients requiring anticoagulant therapy, the benefit
of percutaneous PFO closure has not yet been confirmed
[12]. On the other hand, there are no clinical data on the
effectiveness of anticoagulant therapy in patients with PFO
after ischemic stroke [13].

The Polish Neurological Society guidelines recommend
the use of the RoPE score as a tool [6]. Recent reports also
confirm that the lower the RoPE score, the greater the
benefit to the patient of percutaneous PFO closure [14].

According to the available algorithm presented in the
European consensus, the greatest benefit of PFO closure
is expected to be achieved in patients aged 18 to 60 years
with a high probability of paradoxical embolism and recur-
rent stroke. However, it should be emphasized that qualifi-
cation for interventional treatment must be individualized
and based on a thorough evaluation of clinical data [15].

Limitations
This was a single-center retrospective study with a relatively
small number of patients and without a control group. The
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obtained results were compared to the estimated risk of
stroke recurrence.
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