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Abstract

Aims: Closure of patent foramen ovale following presumed paradoxical embolic stroke remains controver-
sial. The answer to the question as to whether cardiovascular risk factors (CVRF) impact on the recurrence of
stroke in patients who have undergone PFO closure remains elusive so far. We aimed to investigate the poten-
tial impact of CVRF on the long-term rate of stroke/TIA recurrence in patients treated with an occluder fol-
lowing presumed paradoxical embolic stroke.

Methods and results: 443 patients (mean age: 50.0+12.6 yrs, female: 206 [46.5%]) undergoing percutane-
ous PFO closure after presumed paradoxical embolic stroke were followed for a median time of 43.0 [inter-
quartile range: 20.0-86.0] months. During the follow-up period a total of 22 (5.0%) strokes/TIAs and 17
(3.8%) deaths were observed. Cox regression analysis identified hypertension, age and the Essen stroke risk
score as predictors of recurrent stroke/TIA.

Conclusions: This study shows that, in patients with a prior presumed paradoxical embolic stroke, the risk
for recurrent stroke/TIA after PFO closure is firmly linked to the presence of CVRF.
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Introduction

Percutaneous closure of patent foramen ovale (PFO) as a measure
of secondary prevention in patients suffering from presumed para-
doxical embolic stroke remains controversial. Until recently, most
of the data showing a benefit of percutaneous PFO closure in
patients suffering from presumed paradoxical embolic stroke were
derived from uncontrolled and/or retrospective studies'. The mul-
ticentre randomised controlled CLOSURE I trial has now shed new
light on the discussion. In this study, 909 patients who were younger
than 60 years and had presumed paradoxical embolic stroke or tran-
sient ischaemic attack (TTA) were randomised to receive best medi-
cal therapy alone or percutaneous PFO closure in addition to best
medical therapy®. No difference in the primary composite endpoint
(two-year incidence of stroke or TIA, all-cause mortality for the
first 30 days, and neurological mortality at 31 days to two years)
and the rates of stroke or TIA was found between the two patient
groups®. Although there are some limitations to this study such as
the short follow-up time, these will be addressed by other ongoing
randomised trials. Importantly, a subgroup of the included patients
had readily identifiable cardiovascular risk factors (CVRF) even
though a vascular read-out of these risk factors such as atheroscle-
rosis might not be obvious. However, this subgroup might benefit
to a lesser extent from percutaneous PFO closure. Therefore, the
role of CVREF in the context of cryptogenic stroke and percutaneous
PFO closure needs to be elucidated further. In the present study, we
aimed to identify the predictors for recurrent stroke/TIA with
emphasis on CVRF in a cohort of patients who underwent percuta-
neous PFO closure as a secondary preventive measure following

a cerebrovascular event without an identifiable conventional cause.

Methods

PATIENTS

From our institutional registry, 663 patients underwent percutane-
ous closure of PFO or atrial septum defects between July 1996 and
May 2008. Of these, 443 patients had percutaneous PFO closure
following a stroke/TIA without identifiable cause and these patients
were included in the present study. These patients were considered
eligible for percutaneous PFO closure when the following criteria
were met: clinically or radiologically confirmed cerebrovascular
event, presence of PFO with proof of right-to-left shunt, percutane-
ous PFO closure was technically feasible and absence of a throm-
boembolic source in the left heart chambers and valves, ascending
aorta, aortic arch and the carotid system or history of atrial flut-
ter/fibrillation. Patients on vitamin K antagonists for PFO/ASA
with additional clinical indications for vitamin K antagonist treat-
ment were considered unsuitable for percutaneous device closure.
Patients with overt atherosclerosis were also excluded from the
treatment in contrast to those patients with CVRF but no evidence
of overt atherosclerosis. Following PFO closure, patients were rec-
ommended to take aspirin (ASS) and clopidogrel for three months
followed by ASS alone for at least three further months. Thereafter,
the decision for further antiplatelet or anticoagulant treatment was
left to the discretion of the referring physician.

Stroke following PFO closure

FOLLOW-UP AND ENDPOINTS

Follow-up was performed using a structured telephone interview
with the patient or the patient’s general practitioner in order to iden-
tify any recurrent cerebrovascular event or death. Stroke/TIA was
defined as a transient (<24 hr) or persistent neurological deficit, for
which the patient was treated as an in-patient.

STATISTICAL ANALYSIS

Categorical data are presented as frequencies and percentages and
were compared by ¥ test. Continuous variables were tested for nor-
mal distribution using the Kolmogorov-Smirnov test. All variables
were found to be normally distributed and are presented as mean
+standard deviation. The unpaired Student’s t-test was used for
comparisons between the two groups. Kaplan-Meier curves were
generated for recurrent stroke/TIA and all-cause mortality. The log-
rank test was used for the comparison of survival curves between
both patient groups. ROC curve analysis was used to identify the
best cut-off to dichotomise age for log-rank testing. Univariate Cox
regression analyses were performed in order to identify predictor(s)
of recurrent stroke/TIA and all-cause mortality. The Essen risk
score (ESRS) included the following variables and was calculated
as suggested previously: age, hypertension, diabetes mellitus, pre-
vious myocardial infarction, other cardiovascular disease, periph-
eral arterial disease, smoking, previous TIA or ischaemic stroke’.
A value of p<0.05 was considered statistically significant. All sta-
tistical analyses were performed using SPSS 15.0 (SPSS Inc.,
Chicago, IL, USA).

Results

STUDY POPULATION

Four hundred and forty-three patients were followed for a median
period of 43.0 [interquartile range: 20.0-86.0] months. The baseline
characteristics of the patients are shown in Tahle 1. Their mean age
was 50.0£12.6 years and 206 patients (46.5%) were female. The
mean Essen stroke risk score was 1.8+0.8.

CEREBROVASCULAR EVENTS AND DEATH

During the follow-up period, a total of 22 patients had a stroke/TIA
(5.0%) and 17 patients (3.8%) died. Two of the deaths were directly
caused by stroke and four were cardiovascular deaths other than
stroke. The patients who died were also more likely to have had
arecurrent cerebrovascular event following device closure. Overall,
27.3% of the patients reported palpitations and 20.5% chest dis-
comfort following device implantation (Table 2).

PREDICTION OF RECURRENT STROKE/TIA

Kaplan-Meier estimates demonstrated that recurrent stroke/TIA
was more common in patients with hypertension, those older than
50 years of age and those with an ESRS of two or more (Figure
1A-Figure 1C). These three parameters were also predictive upon
univariate Cox regression analysis with hypertension being the only
independently predictive variable on multivariate analysis (Table 3).
Further analysis including discontinuation of antiplatelet or
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Table 1. Baseline characteristics.

Table 2. Outcome and procedural data.

Stroke/TIA | No stroke Total Stroke/TIA | No stroke Total
(n=22) | (n=421) | (n=443) (n=22) | (n=421) | (n=443)
Age 54.2+10.4 | 49.8+12.7 | 50.0£12.6 | 0.11 Deaths 4(182) | 133.1) 17(38) | <0.01
Female 11 (50.0) | 195 (46.3) | 206 (46.5) | 0.74 DVT 2(9.1) 37(8.8) 39(8.8) 0.96
HTN 14 (63.6) | 128 (30.4) | 142 (32.1) |<0.01 Pulmonary embolism 2(9.1) 14(3.3) 16 (3.6) 0.16
HLP 6(27.3) | 106 (25.2) | 112(25.3) | 0.83 Previous M| 000 | 133D 1329) | 040
Diabetes 3(13.6) | 24(5.7) 27 (6.1) 0.13 dot ;
i Palpitations following 8(364) | 113268 | 121(27.3) | 033
Nicotine 5(22.7)| 79(18.8)| 84(19.0)| 0.64 implantation
Stroke in family 10 (45.5) | 178 (42.3) | 188 (42.4) | 0.77 Chest discomfort 2(9.1) 89(21.1) 91(20.5) | 0.17
BMI 25.2+5.2 | 25.8+4.4 | 25.7+4.4 | 0.56 Occluder type | Amplatzer 17(77.3) | 255(60.6) | 272(614) | 0.59
ASA 6(27.3)| 182(43.2) | 188 (42.4) | 0.14 PFO-Star 2(9.1) 46(10.9) 4.8(10.8)
Atrial fibrillation 0 (0.0) 2 (0.5) 2 (0.5) 0.75 STARFlex 1(4.5) 6 (1.4) 7(1.6)
ESRS 1 3(13.6) | 194 (46.1) | 197 (44.5) | <0.01 Premere 0(0.0) 32(1.6) 32(1.2)
2 15 (68.2) | 151 (35.9) | 166 (37.5) HELEX 1(4.5) 24 (5.7) 32(1.2)
3 2(9.1) 63 (15.0) | 65(14.7) Other 1(45) 30(7.1) 31(7.0)
4 209.1) | 1024 | 12(27) Occluder size 259+36 | 266451 | 266450 | 050
5 0(0.0) 3(0.7) 3(0.7) DVT: deep vein thrombosis; MI: myocardial infarction
OAC* 9 (40.9) | 205 (48.7) | 214 (48.3) | 0.48
ASS* 14 (77.8) | 220 (77.5) | 234 (77.5) | 0.98
Clopidogrel* 10 (44.5) | 214 (50.8) | 224 (50.6) | 0.62 Table 3. Cox regression, stroke/TIA.
ACE| 3(13.6)| 49(11.6)| 52(11.7)| 0.78 Variable | Hazardratio(C)) | p
Beta-blocker 4(18.2) | 8.6(20.4) | 90(20.3)| 0.80 AR Diabetes 2.25(0.67-7.61) 0.19
Statin 5(22.7)| 72(17.1)| 77 (17.4)| 0.50 Nicotine 0.61 (0.24-1.56) 0.30
*drug used as anticoagulant/antithrombotic agent following occluder Stroke in family 1.03 (0.45-2.39) 0.94
implantation. ACEI: angiotensin-converting enzyme inhibitor; ASA:
atrial septal aneurysm; ASS: acetylsalicylic acid; ATIl: angiotensin Il; Age LU (L Ly =005
BMI: body mass index; HLP: hyperlipoproteinaemia; HTN: Female 1.13(0.49-2.61) 0.77
hypertension; OAC: oral anticoagulation VT 0.84 (0.20-3.62) 0.82
Pulmonary embolism 2.03(0.47-8.72) 0.34
. . L Anticoagulation >6 months 0.73 (0.31-1.70) 0.46
anticoagulation therapy and other oral medications as well as pro-
. . . ASA 0.71(0.27-1.87) 0.49
cedure-related data failed to reveal any additional predictors of e LI o
recurrent stroke/TIA (Table 3). 68 (1.10-2.57) :
Device type 0.80 (0.55-1.15) 0.22
PREDICTOR OF DEATH Dev!ce size 0.99 (0.92-1.07) 0.77
On Kaplan-Meier estimates, a history of hypertension did not affect el shurﬂ VDAL 1z
survival (Figure 2A). The survival was reduced in patients who — il e UEE LY 1A
were older than 50 years of age (Figure 2B). An ESRS of more than aMnu;tI;’\;ziisnate ll Ay 001
two also did not affect mortality (Figure 2C). Age LU (et L0 LI
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Figure 1. Kaplan-Meier curves for freedom from recurrent stroke/TIA after percutaneous closure of patent foramen ovale.
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Figure 2. Kaplan-Meier curves for overall survival after percutaneous closure of patent foramen ovale.

Discussion

To our knowledge, our study involves the largest cohort of con-
secutive patients treated with percutaneous PFO closure following
presumed paradoxical embolic stroke with a long-term follow-up.
We found that in patients who underwent percutaneous PFO clo-
sure following presumed paradoxical embolic stroke the future risk
for recurrent cerebrovascular events was related to established risk
factors of atherothrombotic events including hypertension and the
ESRS.

The suggested possible causal relationship between PFO and
stroke has been proposed, given the frequently reported association
between both conditions®. First, the anecdotal finding of transient
thrombus in PFO has provided some basis to the concept of para-
doxical embolism®*!°. Second, the incidence of PFO in patients with
otherwise unexplained stroke is significantly higher as compared
to healthy individuals®. Mas et al suggested that patients with an
otherwise unexplained stroke who have a PFO in the presence of
an aneurysm of the interatrial septum (ASA) should receive further
preventive treatment in addition to ASS alone''. This was incorpo-
rated in the guidelines published, e.g., by the German Neurological
Society, which in this case recommend the prescription of warfarin
and phenprocoumon, respectively'>. The logistic issues and risks
associated with vitamin K antagonist therapy in conjunction with
the relatively low risk and technically simple percutaneous PFO
closure technique have led to an increasing interest in the use of
this technique as an alternative to vitamin K antagonist therapy.
Therefore, although the guidelines recommend PFO closure only
after recurrent otherwise unexplained stroke in patients on vitamin
K antagonists, there is major inhomogeneity in clinical practice
between different centres.

In addition, the term “cryptogenic stroke”, which is often used
to identify patients with an indication for percutaneous PFO clo-
sure, is not well defined and is misleading in more than one aspect.
The term usually refers to 30-40% of strokes with no conven-
tional cause, even after extensive workup'*'>. However, one has
to bear in mind that the specific reason for a stroke in a particu-
lar patient remains presumptive in most cases, even after identi-
fication of potential eliciting mechanisms such as atherosclerosis
or atrial fibrillation, and could also be termed as “cryptogenic”
under such circumstances. As a consequence, both are conceiva-

ble: that a patient with extensive evidence of atherosclerosis suffers

a paradoxical embolic stroke and that a patient with a PFO suf-
fers a non-embolic stroke despite the fact that an extensive workup
has failed to demonstrate evidence of atherosclerosis. Bearing in
mind this difficulty of establishing the exact cause of a stroke in
an individual patient, one potential approach to improve the iden-
tification of patients who benefit from PFO closure might be the
identification of predictors of recurrent stroke after PFO closure.
In this regard, assessment of CVRF might be of particular interest.
Along this line of thought, the CLOSURE I trial has demonstrated
that about 80% of recurrent cerebrovascular events following PFO
closure are non-cardioembolic®. Our data support these findings,
as they show that recurrent stroke after PFO closure is dependent
on general cardiovascular risk. Whereas our data do not exclude
the possibility that the initial stroke which precipitated PFO closure
was indeed caused by paradoxical embolism, the current data cer-
tainly indicate that careful patient selection for interventional PFO
closure is mandatory, especially in the presence of a high cardio-
vascular risk profile.

One other finding in our cohort merits attention: more than one
quarter of all patients (27.3%) reported new or worsened palpita-
tions following the procedure. Although the cause of palpitations
was not objectively assessed in our study, this observation raises the
question whether either 1) PFO closure favours the occurrence of -
at least transient - atrial fibrillation, or 2) “cryptogenic” atrial fibril-
lation was present in these patients prior to PFO closure. As
undiagnosed atrial fibrillation might also be a cause of stroke/TIA,
this issue deserves further consideration.

Limitations

Our study has several limitations in that it reports observational
data derived from a registry of a single centre. However, the data
comprise a large series of patients, reflect a “real-world” population
and report a long-term follow-up. Given that patients were recruited
over a time span of almost 12 years, the procedural characteristics
may have changed due to the advance in equipment technology and
skills. For example, the presence or absence of ASA was not taken
into account for the indication of PFO closure prior to 2001.
However, patients before that time only represent a small propor-
tion of patients in our study. Furthermore, our patients were not
stratified by findings in cranial computed tomography or magnetic
resonance tomography.
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Conclusion

In conclusion, this study indicates that the risk for recurrent stroke/
TIA after PFO closure is dependent on established cardiovascular
risk factors and the ESRS. Patients with suspected paradoxical
embolic stroke should be closely assessed for the presence of car-
diovascular risk factors, as some patients might be diagnosed erro-
neously with cryptogenic stroke and others may require continuation
of drugs for secondary prevention despite PFO closure.

Impact on daily practice

The present study demonstrates, in a large real-world cohort, that
the long-term risk of recurrent ischaemic events following percu-
taneous closure of foramen ovale is closely linked to established
cardiovascular risk factors. As a consequence, these risk factors
should be thoroughly assessed in patients evaluated for percuta-
neous closure of patent foramen ovale and, if present, the indica-
tion for the procedure should be critically re-evaluated.
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