American Heart Journal Plus: Cardiology Research and Practice 21 (2022) 100199

Contents lists available at ScienceDirect

American Heart Journal Plus:
Cardiology Research and Practice

journal homepage: www.sciencedirect.com/journal/
ELSEVIER american-heart-journal-plus-cardiology-research-and-practice L

Research paper ' 1)
Sex differences in baseline profiles and short-term outcomes in patients

undergoing closure of patent foramen ovale™

Areeba Asghar®, Ada C. Stefanescu Schmidt b, Yeva Sahakyan ¢, Eric M. Horlick °,
Lusine Abrahamyan %"

2 Faculty of Health Sciences, McMaster University, Hamilton, Ontario, Canada

b Toronto Congenital Cardiac Centre for Adults, Peter Munk Cardiac Centre, UHN, Toronto, Ontario, Canada

¢ Toronto Health Economics and Technology Assessment (THETA) Collaborative, Toronto General Hospital Research Institute, University Health Network (UHN),
Toronto, Ontario, Canada

4 Toronto General Hospital Research Institute, UHN, Toronto, Ontario, Canada

¢ Institute of Health Policy, Management and Evaluation, University of Toronto, Toronto, Ontario, Canada

ARTICLE INFO ABSTRACT

Keywords: Objectives: Although sex differences have been emphasized in stroke and congenital heart disease, there has been
Patent foramen ovale limited investigation into their role in patent foramen ovale (PFO) closure for secondary prevention of stroke. We
PFO aimed to explore differences by sex in baseline profiles, procedural characteristics, and short-term outcomes of
Transcatheter PFO closure . .

Sex patients undergoing transcatheter PFO closure.

Methods: Data of adult patients undergoing transcatheter PFO closure at the Toronto General Hospital from 1997
to 2017 was retrospectively analyzed. Baseline information included demographic characteristics, medical his-
tory, diagnostic, and procedural information, and periprocedural complications. Post-closure outcomes were
captured at index hospitalization and during the first follow-up.

Results: From 1031 patients in the cohort sample, 80.7 % underwent closure for cryptogenic stroke and 44.7 % (n
= 461) were females. We observed significant sex-related differences in baseline characteristics; females were
younger, less likely to have a history of smoking, and less likely to have several cardiovascular risk factors at
baseline (p < 0.05). The median time to first follow-up was 89 days for both groups. Recurrent stroke was
observed in 0.1 % and TIA observed in 0.4 % of in the ‘cryptogenic stroke/TIA’ group; in the ‘other indications’
group, 1.4 % stroke and no TIA were reported. No significant differences were present between sexes.
Conclusions: There were no differences in procedural and short-term outcomes between males and females un-
dergoing transcatheter PFO closure, but significant baseline differences in risk factors were identified. There is a
critical need for long-term, systematic studies to understand sex and gender differences in the PFO population.

Congenital heart disease

1. Introduction secondary prevention of stroke. In fact, key guidelines on the manage-

ment of PFO do not comment on sex specific considerations in charac-

In 2014, the American Heart Association and the American Stroke
Association released a joint statement to emphasize differences in stroke
risk profiles between sexes, highlighting the need for sex-specific
research to reduce the gap in care between males and females [1].
There has been increasing evidence suggesting sex and gender differ-
ences in disease severity, management, and mortality of patients with
congenital heart disease [2-4]. Very few studies, however, have inves-
tigated the role of sex in patent foramen ovale (PFO) closure for the

teristics or outcomes of patients [5-8].

The foramen ovale is a flap-like opening that allows fetal blood to
bypass pulmonary circulation; it closes naturally upon birth. A PFO is
the remnant of this opening into adulthood, occurring in approximately
20-34 % of the population [9]. A majority of individuals in this popu-
lation are asymptomatic, but some may present with cryptogenic stroke
(i.e. stroke of unknown origin) or transient ischemic attack (TIA), with
40 % of cryptogenic stroke patients under the age of 55 years found to
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have a PFO [10]. Gupta et al. reported that the prevalence of PFO did not
differ significantly among males and females with cryptogenic stroke or
TIA (32.4 % vs 28.15 %; p = 0.15) [11]. In contrast, Nedeltechev et al.
reported that among patients with cryptogenic stroke or TIA, males had
a higher prevalence of PFO than females (38 % versus 28 %, p < 0.05)
[12].

Recent randomized controlled trials (RCTs) have demonstrated that
in cryptogenic stroke patients, transcatheter PFO closure significantly
reduces the risk of recurrent stroke in comparison to medical therapy
alone [13]. As such, current US, Canadian, and European guidelines on
PFO management recommend closure for patients between the ages of
18 to 60 who have a confirmed diagnosis of non-lacunar embolic
ischemic stroke or TIA attributable to their PFO [5-7]. Recent meta-
analyses, evaluating pooled results from RCTs however, report that
PFO closure is superior to medical therapy in reducing the risk of
recurrent stroke in males but not in females [14-16]. This further em-
phasizes the need for investigating sex-specific outcomes after PFO
closure. The aim of this study was to assess differences in baseline
profiles, procedural characteristics, and short-term outcomes by sex in
patients undergoing transcatheter PFO closure in a large academic
centre in Canada.

2. Methods
2.1. Study design and population

We performed a retrospective cohort study including adult patients
(>18 years old) undergoing transcatheter PFO closure at the Toronto
General Hospital (Toronto, Ontario, Canada) between 1997 and 2017.
All patients included in a clinical registry, created using a detailed chart
abstraction, were included in the current analysis. The study protocol
was reviewed and approved by the ethics board of the University Health
Network.

2.2. Data sources and data elements

A structured data form and data dictionary were used to abstract data
from paper and electronic medical records by trained research
personnel. Patient baseline characteristics included demographics,
medical history (e.g., symptoms, comorbidities), current medications,
and diagnostic testing data. Any abnormalities in Protein C, Protein S,
antithrombin III, anticardiolipin ab (antibodies), lupus anticoagulant,
Factor V Leiden, and prothrombin mutation testing were used to
establish thrombophilia diagnosis. We also extracted information on
procedural characteristics and periprocedural complications like major
vascular complications, arrythmia, pericardial effusion, device emboli-
zation, stroke, sepsis, cardiac reinterventions, and acute kidney in-
fections Procedural success was defined as successful device
implantation and discharge with device in place. Post-closure outcomes
included recurrent stroke, atrial fibrillation, and other complications
such as migraines, chest pain, and palpitations at the first follow-up visit.

2.3. Procedural information

Patients underwent a transesophageal echocardiogram (TEE) as part
of a source of embolism study at the discretion of the referring physician
to confirm the presence of the PFO prior to the procedure. Transcatheter
PFO closure was performed under conscious sedation with local anaes-
thesia, and under fluoroscopic guidance as needed, and has been
described in detail in previous literature [17].

2.4. Statistical analysis
R software version 4.0.2 was used to conduct all statistical analyses

[18]. Considering the inherent differences in patients referred for PFO
closure for prevention of recurrent cryptogenic stroke or TIA from those
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referred for other reasons (e.g., decompression sickness, platypnea-
—orthodeoxia syndrome), all outcomes were presented separately for
each subgroup. Continuous data were described using means and stan-
dard deviations (SD) and categorical data were described using fre-
quencies and percentages. Baseline characteristics, procedural
characteristics, and follow-up outcomes were compared between sexes
using the Student's t-test for continuous data and y2 or Fischer's exact test
for categorical data. Among patients with available data on symptoms at
baseline and at follow-up, changes in symptoms (i.e., resolved, newly
developed, remained non-symptomatic or remained symptomatic) were
assessed using x? or Fischer's exact test. A p-value less than or equal to
0.05 was considered significant.

3. Results
3.1. Baseline characteristics

The study sample included 1031 patients, 570 of whom were males
(55.3 %). The number of procedures through the study period did not
differ significantly by sex (p = 0.168, Fig. 1). Indication for closure was
cryptogenic stroke/TIA in 833 (80.8 %) patients and other reasons in
198 (19.2 %) patients. The mean age of patients within this sample was
46.8 years (SD = 12.4), with a mean age of 45.7 years (SD = 13.1) in
females and 47.7 (SD = 11.7) years in males (p = 0.023). On presen-
tation, females had a higher prevalence of migraines (39.2 vs 24.4 %, p
< 0.001), and palpitations (17.3 vs 9.7 %, p < 0.05). Males were more
likely to present with a history of past and current smoking (39.0 vs.
26.3 %, p < 0.001). Right ventricular dilation was also more common
among males than females (11.6 % vs. 6.3 %, p = 0.020). Table 1 pre-
sents baseline characteristics in the ‘stroke/TIA indication’ sample.

Table A (in Supplemental Material) present baseline characteristics
in the ‘other indication’ group. The mean age of this sample was 55.8
(SD = 17.8) and the most common indication for closure included
platypnea-orthodeoxia syndrome (POS) or desaturation in 23.7 % fol-
lowed by permanent pacemaker in 19.2 % of patients. Vascular risk
factors were not significantly different between sexes with the exception
of CAD, which was present in 33.6 % of males in comparison to 19.8 % of
females (p = 0.043).

Parameters from right heart catheterization are reported in the
Supplemental material, Table B. In the ‘stroke/TIA indication’ group,
males had a higher cardiac output than females (p < 0.001). In patients
with PFO closure for other indications, females had lower pulmonary
artery, pulmonary capillary wedge, mean left atrial pressures and lower
cardiac output than males (p < 0.05). Males were significantly more
likely to be on statins than females (Table C, Supplemental material).

3.2. Procedural characteristics and outcomes

The procedure was successful in 99.9 % of ‘stroke/TIA indication’
patients. In a 64-year-old female patient, the PFO closure device
embolized right after deployment; it was surgically retrieved, and the
PFO was closed with a patch in the operation room. Procedural success
was 100 % in the ‘other indications’ group. Procedural characteristics
and outcomes are summarized in Table 2.

3.3. In-hospital outcomes

No differences were observed in in-hospital outcomes by sex
(Table 3). In the ‘Stroke/TIA indication’ group, 10.1 % of patients had a
hospital stay greater than one day. There were no in-hospital deaths or
stroke events reported in this indication group; one instance of in-
hospital complication was reported. The patient had major access
bleeding, which was resolved, and the patient attended the first follow-
up visit.

One in-hospital death was reported in the ‘other indications’ group.
A 56-year-old male was transferred from another centre with multiple
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Fig. 1. PFO closure over the years by sex (all patients, n = 1031).

comorbidities, had successful closure of his PFO, but passed away five
days later due to his severe health conditions. There were also 2 cases
(1.0 %) of other in-hospital complications, including myocardial
infarction and shock (Table 3).

3.4. Follow-up data

From 1031 patients, 910 (88.3 %) had their first follow-up visit at the
hospital outpatient clinic (Table 4). The median time to follow-up for the
‘stroke/TIA indication’ group was 89 days [interquartile range (IQR) =
62.0-126.0]. Among these patients, 1 (0.1 %) was reported to have a
recurrent stroke and 3 (0.4 %) reported to have a recurrent TIA; no
differences by sex were observed. One instance of device thrombosis was
reported in a female patient who received the Cardioseal closure device.
After closure, migraines remained at a higher proportion in females (p <
0.05). Reports of newly developed palpitations were higher than
resolved cases after the procedure (7.1 % resolved vs 17.1 % newly
developed) whereas migraine was reported as resolved in a higher
proportion of patients (22.0 % resolved vs 4.5 % newly developed);
there were no differences by sex in changes of symptoms. Supplemental
Table D1 reports changes in the presence of symptoms from baseline to
follow-up in both sexes.

The median time to follow-up for the ‘other indications’ group was
88.5 days [IQR = 58.3-124.0]. There were 2 (1.4 %) instances of post-
closure stroke and no reported TIA. Within this group, 3 (2.2 %) in-
stances of device thrombosis were reported where 2 patients received
the Amplatzer PFO device and 1 patient received STARflex, with no
difference by sex. Although there was a higher prevalence of migraine in
females after closure (24.6 % versus 5.4 %, p < 0.05), there were no sex
differences in change in symptoms from baseline to follow-up (Table D2,
Supplemental material). Again, reports of newly developed palpitations
were more frequent than palpitation resolution (9.7 % resolved vs. 10.4
% newly developed). As expected, the symptom profiles were quite
different between indication criteria.

4. Discussion

In this large retrospective study of 1031 patients who underwent PFO
closure at a single centre, we found significant differences in several
baseline characteristics between males and females, but no differences
in procedural and short-term follow-up outcomes. Our study population

was similar to other large PFO closure populations in age and sex dis-
tribution. The percent of females in our sample was 45 %, a proportion
that falls within the range of 38-54 % reported in PFO RCTs that
compared transcatheter closure against medical therapy [19-24].

The stark absence of literature commenting on sex differences in
patients undergoing PFO closure is surprising, especially considering
that significant sex differences in stroke and congenital heart disease
have been well-established. To our knowledge, this is the first study to
assess sex differences in baseline profiles and outcomes of PFO patients
who underwent transcatheter closure.

4.1. Patient profiles

In our cohort, the mean age of males undergoing transcatheter PFO
closure was significantly higher than females. Additionally, atheroscle-
rotic risk factors, including diabetes, dyslipidemia and history of
smoking were reported more frequently in males. A higher proportion of
male smokers was also consistent with the 2021 Canadian National
Tobacco and Nicotine Survey [25].

At baseline, a significantly higher proportion of males in our ‘Stroke/
TIA indication’ sample were prescribed angiotensin-converting enzyme
inhibitors or angiotensin II receptor blockers which aligns with our
finding of significantly increased hypertension in males within this
population. Statins were also prescribed more frequently to males, both
at baseline and at the first follow-up, in line with the significantly higher
proportion of dyslipidemia in males. Our findings differ from those re-
ported by Nedeltechev et al., the only study to our knowledge that
compared PFO patient population by sex. The authors reported no sex
difference in baseline comorbidities, including hypertension, diabetes,
smoking and coronary artery disease. The population of their study,
however, may not be representative of the general closure population;
among 167 included patients with PFO and cryptogenic stroke, only
35.9 % were females and only 23 % received PFO closure [12].

4.2. Periprocedural outcomes

Rates of periprocedural and in-hospital adverse events were low
overall and comparable among males and females, indicating similar
effectiveness (i.e., successful closure) and safety outcomes by sex. In a
retrospective cohort study of 1887 patients with transcatheter PFO
closure for cryptogenic stroke, Merkler et al. also did not observe
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Table 1 Table 2
Patient baseline characteristics by sex — closure for ‘stroke/TIA indication’. Procedural characteristics and outcomes.
Characteristics All Males Females p-value Characteristics All Males Females p-
Patients patients value
n =833 n =463 n =370 Stroke/TIA indication n =833 n =463 n =370
Age (years), mean (SD) 46.8 47.7 45.7 0.023 Device type, n (%)
(12.4) (11.7) (13.1) Amplatzer PFO 0.301
BMI” (kg/mz), mean (SD) 27.1 (5.4) 27.4 26.8 (6.0) 0.122 25 mm 240 134 106
(4.8) (28.8) (28.9) (28.6)
Hypertension, n (%) 191 117 74 (20.0) 0.086 30 mm 7 (0.8) 3(0.6) 4(1.1)
(22.9) (25.3) 35 mm 266 143 123
Diabetes, n (%) 44 (5.3) 32 (6.9) 12 (3.2) 0.028 (31.9) (30.9) (33.2)
Smoking history, n (%) STARFlex
Current 101 59 42 (11.4) <0.001 28 mm 176 91 (19.7) 85 (23.0)
(12.1) (12.7) (21.1)
Prior 177 122 55 (14.9) 33 mm 69 (8.3) 43 (9.3) 26 (7.0)
(21.2) (26.3) Other devices 75 (9.0) 49 (10.6) 26 (7.0)
Never 555 282 273 Intracardiac echo used, n (%) 163 86 (18.6) 77 (20.8) 0.481
(66.6) (60.9) (73.8) (19.6)
Dyslipidemia, n (%) 295 184 111 0.004 Procedural success, n (%) 832 463 369 0.910
(35.4) (39.7) (30.0) (99.9) (100.0) (99.7)
CAD, n (%) 41 (4.9) 29 (6.3) 12 (3.2) 0.066 Procedural complications
Atrial fibrillation, n (%) 5(0.6) 4(0.9) 1(0.3) 0.515 Arrhythmia requiring 17 (2.0) 9(1.9) 8(2.2) 1.000
Atrial septal aneurysm®, n (%) 248 136 112 0.939 treatment, n (%)
(38.2) (37.9) (38.5) Device embolization 1(0.1) 0 (0.0) 1(0.3) 0.910
COPD/other lung disease, n (%) 22 (2.6) 13 (2.8) 9 (2.4) 0.906
Malignancy, n (%) 43 (5.2) 19 (4.1) 24 (6.5) 0.166
Thrombophilia®, n (%) 176 89 87 (28.4) 0.148
(25.6) (23.3) Characteristics All Males Females p-
Migraine, n (%) 258 113 145 <0.001 patients value
(31.0) (24.4) (39.2) Other indications n=198 n =107 n=91
Migraine w/aura, n (%) 141 62 79 (21.4) 0.003
(16.9) (13.4) Device type, n (%) 0.131
Symptoms at time of closure Amplatzer PFO
Chest pain, n (%) 77 (9.2) 36 (7.8) 41 (11.1) 0.129 25 mm 64(32.5)  40(37.4)  24(26.7)
Shortness of breath, n (%) 63(7.6)  29(6.3) 34(9.2) 0.146 30 mm 5(2:5) 219 333)
Palpitation, n (%) 109 45(9.7) 64 (17.3) 0.002 35 mm 92(46.7)  49(45.8)  43(47.8)
(13.1) STARFlex
Echocardiographic (TEE/TTE) 28 mm 14(7.1) 3(2.8) 11 (12.2)
parameters 33 mm 7 (3.6) 4(3.7) 3(3.3)
LV dilation, n (%) 8(1.2) 6 (1.7) 2(0.7) 0.455 Other devices 15 (7.6 9 (8.4) 6(6.7)
LV systolic dysfunction, n 17 (2.5) 11(2.9)  6(2.0) 0.626 Procedural success, n (%) 198 (100) 107 91 1.000
(%)" (100.0) (100.0)
RV dilation, n (%)" 30 (5.2) 24 (7.5) 6(2.3) 0.009 Intracardiac echo used, n (%) 80 (40.4) 46 (43.0) 33(36.7) 0.450
RV systolic dysfunction, n 8 (1.4) 7(2.2) 1(0.4) 0.140 Procedural complications
(%)° Arrhythmia requiring 6 (3.0) 2(1.9) 4 (4.5) 0.518
treatment, n (%)
BMI = body mass index; CAD = coronary artery disease; COPD = coronary Device embolization 0 (0.0) 0 (0.0) 0 (0.0) NA

obstructive pulmonary disease; LV = left ventricle; RV = right ventricle; TIA =
transient ischemic attack; TEE = Transesophageal echocardiogram; TTE =
transthoracic echocardiogram.

2 BMI data missing in 77 (9 %), atrial septal aneurysm in 183(22.0 %),
thrombophilia in 145 (17.4), LV dilation in 185 (22.2 %), LV systolic dysfunction
in 147 (17.6 %), RV dilation in 256 (30.7 %), and RV systolic dysfunction in 249
(29.9 %) patients. Calculations in these characteristics were performed after
excluding missing values.

differences in their composite outcome of adverse in-hospital events by
sex, with adverse events reported in 7.9 % of females and 6.2 % of males
(p = 0.15) [26]. Adverse outcomes included the occurrence of atrial
fibrillation, pneumothorax or haemothorax, cardiac tamponade, major
vascular access complications, or death; recurrent stroke and/or TIA
events were not included.

4.3. Follow-up outcomes

Some meta-analyses, based on past RCTs with variable follow-up
lengths, evaluated the effectiveness of PFO closure in males and fe-
males through subgroup analyses. In the meta-analysis by Agasthi et al.,
the pooled odds ratio (OR) for stroke recurrence after PFO closure was
0.32 (95 % CI = 0.14-0.73) in males but 0.84 (95 % CI = 0.47-1.51) in
females [14]. Hakeem et al. and Akobeng et al. reported similar results
[15,16]. Therefore, while RCTs showed that PFO closure is superior to

IQR = interquartile range; PFO = patent foramen ovale; TIA = transient
ischemic attack.

Table 3
In-hospital outcomes.

Outcomes All Males Females p-
patients value
Stroke/TIA indication n = 833 n = 463 n =370
Hospital stay >1 day, n (%) 84 (10.1) 49 35 (9.5) 0.675
(10.6)
In-hospital death, n (%) 0 (0.0) 0 (0.0) 0 (0.0) NA
Stroke, n (%) 0 (0.0) 0 (0.0) 0 (0.0) NA
TIA, n (%) 0 (0.0) 0 (0.0) 0 (0.0) NA
Other in-hospital 1(0.1) 0 (0.0) 1(0.3) 0.910
complications, n (%)
Other indications n=198 n =107 n=91
Hospital stay >1 day, n (%) 60 (30.3) 34 26 0.739
(31.8) (28.6)
In-hospital death, n (%) 1(0.5) 1(0.9) 0 (0.0) 1.000
Stroke, n (%) 0 (0.0) 0 (0.0) 0 (0.0) NA
TIA, n (%) 0 (0.0) 0 (0.0) 0 (0.0) NA
Other in-hospital 2(1.0) 1(0.9) 1(1.1) 1.000

complications, n (%)

TIA = transient ischemic attack.



A. Asghar et al.

Table 4
Outcomes at first follow-up.
Outcomes Sample All Males Females p-
size patients value
Stroke/TIA n =833 n =463 n =370
Indication
Time to follow-up 752 89.0 87.0 92.0 0.132
(days), median [62.0, [61.0, [66.0,
[IQR] 126.3] 123.5] 131.0]
Complications
Stroke, n (%) 757 1(0.1) 0 (0.0) 1(0.3) 0.903
TIA, n (%) 757 3(0.9) 2(0.9) 1(0.3) 1.000
Atrial fibrillation, 679 34 (5.0) 24 (6.4) 10 (3.3) 0.091
n (%)
New onset of 679 32 (4.7) 22 (5.9) 10 (3.3) 0.158
atrial fibrillation
Device-related 702 1(0.1) 0(0.0) 1(0.3) 0.911
thrombosis, n (%)
Symptoms at
follow-up
Chest pain, n (%) 631 73 (11.6) 40 (11.1) 33(12.2) 0.773
Shortness of 585 33 (5.6) 18 (5.4) 15 (6.0) 0.918
breath, n (%)
Palpitation, n (%) 665 161 80 (21.3) 81 (27.9) 0.060
(24.2)
Migraine, n (%) 558 85 (15.2) 38(12.1) 47 (19.2) 0.029
Outcomes Sample All Males Females p-
size patients value
Other indication n =198 n =107 n =091
Time to follow-up 158 88.5 88.0 90.0 0.709
(days), median [58.6, [61.0, [55.5,
(IQR) 124.0] 108.5] 134.0]
Complications
Stroke, n (%) 158 2(1.49) 11.49 1(1.5) 1.000
TIA, n (%) 158 0 (0.0) 0 (0.0) 0 (0.0) N/A
Atrial fibrillation, 133 15 (11.3) 10(14.7) 5(7.7) 0.315
n (%)
New onset of 133 8 (6.0) 5(7.4) 3 (4.6) 0.853
atrial fibrillation
Device-related 139 3(2.2) 2(2.8) 1(1.5) 1.000
thrombosis, n (%)
Symptoms at
follow-up
Chest pain, n (%) 127 15 (11.8) 6 (9.4) 9 (14.3) 0.560
Shortness of 127 27 (21.3) 12(18.8) 15(23.8) 0.631
breath, n (%)
Palpitation, n (%) 134 27 (20.1) 9 (13.2) 18 (27.3) 0.070
Migraine, n (%) 113 17 (15.0) 3(5.4) 14 (24.6) 0.010

IQR = interquartile range; TIA = transient ischemic attack.

medical therapy in males, they failed to prove superiority in females. In
our large sample of PFO patients, all patients underwent transcatheter
closure and only 3-month follow-up outcomes were available. In pa-
tients undergoing PFO closure for cryptogenic stroke, at 3 months,
recurrent stroke was reported in 0.1 % of the sample or in 0 % of males
and 0.3 % of females (p > 0.05); TIA was reported in 0.4 % males and
0.3 % females (p > 0.05). Similar to our study, Nedeltechev et al. did not
report sex-related differences in 3-month outcomes; however, outcomes
were not separated by treatment type (medical therapy only versus PFO
closure and medical therapy) and a direct comparison with our study
cannot be made [12].

4.4. Symptoms before and after closure

The observed differences in symptoms at baseline and at follow-up
are worth discussing. Although patient-reported symptoms can be
considered subjective, they can drive health-seeking behaviour and,
subsequently, an early or a delayed diagnosis. In our cohort, females
were more likely to report migraine at baseline and after closure, a
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finding that is consistent with migraine prevalence in the general pop-
ulation [27]. We also observed an overall trend in resolution of migraine
symptoms in all patients after PFO closure, with 22 % of patients
reporting resolution. A recently published meta-analysis, pooling indi-
vidual patient data from two independent RCTs assessing migraine
improvement after PFO closure, reported similar findings [28]. Mojadidi
et al. reported that there was a significant difference in the number of
patients reporting migraine resolution after PFO closure vs medical
therapy (p < 0.001), as well as a significant reduction in average
monthly migraine days and monthly migraine attacks (p < 0.05) [28]. In
our results, females were also significantly more likely to report palpi-
tations at baseline in comparison to males, but this difference did not
reach statistical significance at follow-up. Overall, a high proportion of
patients reported new development of palpitations after the procedure
(17.6 %) although new onset of atrial fibrillation was reported only in
4.7 % of patients. However, symptom evaluation was not conducted
systematically in our study, and further research is required to support
our findings.

4.5. Implication for research

Currently, guidelines and criteria on closure do not address sex-
related differences in profiles or outcomes of PFO patients [5-7].
Although the differences in characteristics that we observed in our
cohort did not translate into differences in adverse events in immediate
and short-term outcomes, the effect on long-term outcomes is currently
unknown. Therefore, prospective cohort studies with long-term out-
comes are needed to generate more evidence on sex-related outcomes
after PFO closure. Future studies should also explore associations be-
tween different hemodynamic data and adverse outcomes after PFO
closure.

4.6. Limitations

This study has limitations that are inherent to a retrospective design;
information was abstracted from charts and missing values were present
for several variables. In addition, symptoms were not evaluated using a
standardized approach. Our study was not able to comment on gender
differences and could only capture short-term outcomes. Significant
differences between the indications for closure groups compelled us to
separate our analyses by ‘Stroke/TIA indication’ and ‘other indications’.
As expected, rates of adverse events differed by indication due to the
inherent differences in patient comorbidity profiles; thus, we reported
results by indication group. As literature reporting outcomes on ‘other
indications’ for PFO closure is scarce, inclusion of this sample in our
study sheds light on the characteristics and outcomes of patients in this
group.

5. Conclusions

There is limited literature on sex specific PFO outcomes even though
significant differences in stroke and congenital heart disease have
consistently been reported between sexes. In our study, we observed
significant differences in baseline patient profiles by sex but no differ-
ences in periprocedural and short-term outcomes. There is a pressing
need for prospective and long-term outcome studies to continue this line
of investigation. Future studies should also address how gender in-
fluences short and long-term clinical and patient-reported outcomes of
PFO patients undergoing closure.
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