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Objective: To investigate the influence of patent foramen ovale (PFO) on the clinical features of migraine without aura (MoA).
Methods: We consecutively enrolled 390 MoA patients and compared the frequency of headache, episode duration, and the Visual
Analogue Scale (VAS), Headache Impact Test 6 (HIT-6), and European Health Interview Survey-Quality of Life 8-item index
(EUROHIS-QOLSY) scores of patients with and without PFO, those with the mild right-to-left shunt (RLS) and moderate to large
RLS, and those with permanent RLS and latent RLS using a nonparametric Mann—Whitney U-test. In addition, we analyzed the
clinical features of migraine in 39 MoA patients before and after PFO closure treatment using the paired Wilcoxon test.

Results: The prevalence of PFO in the 390 MoA patients was 44.4%. Patients with PFO had significantly higher frequency of
headaches, VAS scores, HIT-6 scores, and incidence of white matter lesions than those without PFO (all p< 0.05). Patients with
moderate to large RLS had significantly higher VAS scores than those with mild RLS (p = 0.002). Additionally, 39 MoA patients
underwent PFO closure, which remarkably decreased their frequency of headache, episode duration, VAS scores, and HIT-6 scores,
and increased their EUROHIS-QOLS scores.

Conclusion: The migraine features in MoA patients could be influenced by PFO, especially in patients with moderate to large shunt,
in whom PFO closure improved the symptoms.
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Introduction
Migraine is a ubiquitous, prevalent, chronic neuro-vascular disorder characterized by headache attacks. It severely affects
people’s health and quality of life and is a leading cause of disability worldwide in people younger than 50, especially in
women.' There are over 1 billion migraine cases worldwide.”* In China, a 1-year prevalence of migraine was up to 9%
and was the cause of 331 years lived with disability (YLDs) per 100,000 people per year amounting to 5.5 million
YLDs.* Moreover, inadequate awareness of migraine and clinically improper treatment, especially in underdeveloped
regions, lead to chronic migraine, drug abuse and addiction, as well as medication overuse headache,® thereby
augmenting public health burdens. Unfortunately, the pathophysiology of migraine remains incompletely elucidated.
Migraine can be classified into two subtypes: migraine with aura (MA) and migraine without aura (MoA). Recent
evidence suggests a correlation between the presence of patent foramen ovale (PFO) and MA.” PFO is present in 20% to
25% of the general population,® but the prevalence of PFO in patients with MA is more than twice as high as that in the
general population.®'® More importantly, MA patients with moderate or large PFO have significantly higher frequencies
of headaches, Headache Impact Test (HIT-6) scores, and migraine disability assessment scores (MIDAS) than those with
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mild PFO or without PFO."" The frequency and duration of headaches can effectively be reduced, and the quality of life
can be improved after PFO closure treatment.'? Overall, these findings suggest that the presence of PFO is an underlying
factor in the pathogenesis of MA.

Clinically, approximately 75% of migraineursareMoA."* However, the correlation between PFO and MoA receives
insufficient attention. The clinical features of MoA patients with and without PFO have not been systematically analyzed.
The efficacy of PFO closure for patients with MoA remains debatable to date. Here, to comprehensively investigate the
influence of PFO on MoA, we consecutively enrolled 390 MoA patients and analyzed the migraine characteristics under
different statuses of PFO. In addition, we analyzed the efficacy of PFO closure in 39 patients with MoA.

Materials and Methods

Participants and Ethics Statement

MoA patients who visited the outpatient clinic of the Department of Neurology of the Affiliated First Hospital of
Wenzhou Medical University between April 2018 and January 2021 were consecutively enrolled in this study. MoA was
diagnosed according to the third edition beta of the International Classification of Headache Disorders (ICHD-III-beta).'*
Figure 1 displays the flow diagram of MoA patients’ enrollment. The exclusion criteria were: (1) Under 18 years old; (2)
Patients who were unable to perform the Valsalva Maneuver; (3) Severe cerebral arterial stenosis; (4) Unavailability of
brain magnetic resonance imaging (MRI) or contrast transthoracic echocardiography (cTTE) examination results; (5)
right-to-left shunt (RLS) due to other causes.

Additionally, 39 patients with MoA who underwent percutaneous PFO closure from August 2019 to February 2022
were included in the study. The inclusion criteria were in accordance with the management strategy of PFO recom-
mended by experts, China.'> All patients with MoAexhibited PFO with moderate or large RLS. The percutaneous PFO
closure was performed by experienced physicians, and the closure effect was assessed by cTTE immediately after
procedure and was re-evaluated after a 6-month follow-up. All of these patients received anti-platelet therapy within 6
months after PFO closure. Besides, either their use of other migraine medications remained similar pre- and post-PFO
closure, or they used no other migraine medications after PFO closure.

Our study was conducted to the ethical guidelines of the 1975 Declaration of Helsinki and was approved by the Ethics
Committee of the First Affiliated Hospital of Wenzhou Medical University (No. KY2021-R064). Informed consent was
obtained from participants or their legal representatives.

A total of 452 MoA patients were recruited from the First
Affiliated Hospital of Wenzhou Medical University between
April 2018 and January 2021

Excluded MoA patients (n=62):

Under 18 years old (n=13);

Having severe cerebral artery stenosis (n=14);
Having severe cardiopulmonary dysfunction (n=4);
No to examination of brain MRI or ¢TTE (n=22);
Having intracranial mass lesion (n=2);

Having right-to-left shunt due to other causes (n=7).

A 4

Enrolled MoA patients (n=390)
® without PFO (n=217);
® with PFO (n=173).

Figure | Flow diagram of participant enroliment.
Abbreviations: PFO, patent foramen ovale; MoA, Migraine without Aura; MRI, Magnetic Resonance Imaging; cTTE, contrast transthoracic echocardiography.
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Identification of PFO

The diagnosis of PFO was based on ¢cTTE. The PFO was graded according to the number of bubbles in the middle
cerebral artery detected by contrast transcranial Doppler (¢cTCD): microemboli (MBs) < 10 (mild shunt); 10 < MBs < 25
(moderate shunt); MBs > 25 or curtain (large shunt). Patients with shunt observable by ¢TTE during rest were classified
as having permanent RLS, while those with a shunt only observable during the Valsalva Maneuver were classified as
having latent RLS.

The Definition of WMLs

To determine the presence of white matter lesions (WMLs), all patients underwent MRI examination including T1- and
T2-weighted sequences, FLAIR and DWI sequences. WMLs were defined as lesions in the deep or subcortical white
matters with hyper-intense focal lesions on FLAIR sequences and iso- or hypo-intense on T1-weighted sequences.

Collection of Clinical Data
We collected the demographic data and migraine characteristics (features of headache, family history, age of onset,
headache frequency, duration of disease, and episode duration) of all patients. To evaluate headache intensity, degree of
disability, and quality of life, all patients completed the Visual Analogue Scale (VAS), Headache Impact Test 6 (HIT-6),
and European Health Interview Survey-Quality of Life 8-item index (EUROHIS-QOLS) questionnaires. Other clinical
data (eg, MRI, cTTE, or ¢TCD results) were collected from medical records.

The above clinical data were also collected from the 39 patients with MoA who underwent percutaneous PFO closure
treatment, both before and after closure. Additionally, a detailed medication history was recorded prior to and following
the closure.

Statistical Analysis

All statistical analyses were performed using SPSS version 24.0 (SPSS Inc., Chicago, IL, USA). Categorical variables
were expressed as frequencies and percentages. For continuous variables, we calculated the median and interquartile
range (IQR) or range. We compared the continuous variables of the different groups using the nonparametric Mann—
Whitney U-test. We compared categorical variables using the y* test or the Fisher exact test. Finally, we compared the
clinical parameters of patients with MoA before and after PFO closure using the paired Wilcoxon test. The p value was
adjusted based on the false discovery rate for the multiple comparisons. Differences were considered statistically
significant when two-sided p< 0.05.

Results

Clinical Characteristics of the Enrolled MoA Patients

As shown in Table 1, 390 MoA patients (288 females and 102 males) were enrolled. The median age was 43 years (IQR,
35-49 years). The median age at onsetofMoAwas 31 years (IQR, 23-38.5 years). The median duration of MoA was 10
years (IQR, 5-16.5 years). The median frequency of headaches was 2.5 times/month (IQR, 1-4 times/month). The
median episode duration was 24 h (IQR, 624 h). The median VAS, HIT-6, and EUROHIS-QOL 8 scores were 7 (6-8),
62 (56-68), and 30 (25-33), respectively. The incidence of white matter lesions (WML) was 29% (113/390). A total of
173 patients had PFO (PFO+), and 217 patients did not (PFO-).

The Differences in the Migraine Clinical Features Between MoA Patients with PFO and
Those without PFO

To investigate the association between PFO and MoA, we compared the clinical features of PFO+ and PFO— patients. As
shown in Table 1, the frequencies of headaches were 2.5 times/month (IQR, 1.5-4.5 times/month) in the PFO+ group and
2 times/month (IQR, 1-4 times/month) in the PFO— group (p = 0.001). The VAS and HIT-6 scores were higher in the
PFO+ group than in the PFO— group (both p< 0.001)]. The incidence of WML was 37.6% (65/173) in the PFO+ group
and 22.1% (48/217) in the PFO— group (p = 0.0008). The other clinical features were similar (all p> 0.05).
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Table | Demographic and Clinical Characteristics of 390 MoA Patients

Variables All Cases (n=390) Data for Patients (n) with:
PFO(+)(n=173) | PFO(-)(n=217)
Demographic characteristics p-value
Female, n(%) 288 (73.8%) 135 (78%) 153 (70.5%) 0.093
Age (median[IQR]), yrs 43(35—49) 43(34-49) 44(36-51) 0.18
Family history, n(%) 227 (58.8%)" 100 (58.1%)" 127 (59.3%)" 0.8l
Hypertension, n(%) 32 (8.2%) 9 (5.2%) 23 (10.6%) 0.064
Diabetes, n(%) 7 (1.8%) 3 (1.7%) 4 (1.8%) |
Hyperlipidemia, n(%) 36 (9.2%) 17 (9.8%) 19 (8.8%) 0.72
Clinical characteristics Adjustp-value
Age of onset (median[IQR]), yrs 31(23-38.5)* 30(23-37)° 31(24-40) 0.24
Duration of disease (median[IQR]), yrs 10(5-16.5)° 10(5-20)¢ 10(5-15) 0.52
Frequency (median[IQR]), times/month 2.5(1-4)¢ 2.5(1.5-4.5) 2(1-4)2 0.002
Episode duration (median[IQR]), hours/time 24(6-24)" 20(6-24)' 24(5.5-24)’ 0.86
VAS Score (median[IQR]) 7(6-8)¢ 7(6-8)' 6(5-8)™ <0.001
EUROHIS-QOL 8 Score (median[IQR]) 30(25-33)" 29(26-32)° 30(25-33.75)° 0.5
HIT-6 Score (median[IQR]) 62(56-68)1 65(60-70)" 61(54-65)° <0.001
WMLs, n(%) 113 (29%) 65 (37.6%) 48 (22.1%) 0.002

Notes: *The number of all cases was 389 because | case was unknown; "The number of all cases was 172 because | case was unknown; “The number
of all cases was 389 because | case was unknown; “The number of all cases was 172 because | case was unknown, The number of all cases was 386
because 4 case was unknown; The number of all cases was 172 because | case was unknown; 8The number of all cases was 214 because 3 case was
unknown; "The number of all cases was 385 because 5 case was unknown; ‘The number of all cases was 172 because | case was unknown; ‘The
number of all cases was 213 because 4 case was unknown; “The number of all cases was 374 because |6 case was unknown; "The number of all cases
was 168 because 5 case was unknown; "The number of all cases was 208 because 9 case was unknown; "The number of all cases was 374 because 16
case was unknown; °The number of all cases was |68 because 5 case was unknown; PThe number of all cases was 208 because 9 case was unknown;
9The number of all cases was 374 because 16 case was unknown; "The number of all cases was 168 because 5 case was unknown; *The number of all
cases was 208 because 9 case was unknown;"The number of all cases was 386 because 4 case was unknown; “The number of all cases was 172
because | case was unknown; *The number of all cases was 214 because 3 case was unknown.

Abbreviations: n, number; yrs, years; IQR, interquartile range; PFO, patent foramen ovale; HIT-6, Headache Impact test; VAS, Visual Analogue Scale;
EUROHIS-QOLS, European Health Interview Survey-Quality of Life 8; WMLs, white matter lesions.

The VAS Scores Were Higher in MoA Patients with Moderate to Large RLS Than

Those with Mild RLS

Among the 173 MoA patients with PFO, 133 had undergone a cTCD examination. Based on the cTCD results, we graded
the RLS and found 96 patients with mild shunt, 11 patients with moderate shunt, and 26 patients with large shunt. Next,
we compared the clinical features of the patients with mild RLS and moderate to large RLS. As shown in Table 2, the
VAS scores were significantly higher in patients with moderate to large RLS [8 (IQR, 7-9)] than in patients with mild
RLS [7 (IQR, 6-8), p = 0.002]. The frequency of headache, episode duration, HIT-6 score, EUROHIS-QOL 8 score, and
the incidence of WML were not different (all p> 0.05).

The Migraine Clinical Features Were No Difference Between Permanent and Latent
RLS

We compared the clinical features of the 130 patients with permanent RLS and 43 patients with latent RLS among the
173 PFO+ patients. As shown in Table 3, the median age of patients with latent RLS was 41.5 years (IQR, 33—47 years),
and that of patients with permanent RLS was 47 years (IQR, 39-51 years) (p= 0.014). The other clinical features, namely
headache frequency, episode duration, VAS score, HIT-6 score, EUROHIS-QOLS score, and the incidence of WML,
were similar (all p> 0.05).

Improvement of the Clinical Features of Migraine in MoA Patients After PFO Closure
To further investigate the relationship between MoA and PFO, we observed the effects of PFO closure in 39 patients with
MoA. Among them, 7 had moderate RLS and 32 had large RLS. The median follow-up time was 20 months (range, 7-48
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Table 2 Demographic and Clinical Characteristics in Different RLS Among 133 MoA Patients with PFO

Variables Small RLS Moderate to Large RLS

(n=96) (n=37)
Demographic characteristics p-value
Female, n(%) 74(77.1) 29(78.4) 0.8l
Age (median[IQRY]), yrs 44(35-49) 42(34-49) 0.53
Family history, n(%) 51(53.7)° 27(73.0) 0.05
Hypertension, n(%) 6(6.3) 0(0) 0.19
Diabetes, n(%) 3(3.1) 0(0) 0.56
Hyperlipidemia, n(%) 10(10.4) 5(13.5) 0.76
Clinical characteristics Adjustp-value
Age of onset (median[IQR]), yrs 31(24-41)° 29(23-38) 0.8
Duration of disease (median[IQR]), yrs 10(5-10)° 10(4-20) 0.59
Frequency (median[IQR]), times/month 2.5(1.5-4.5)¢ 3(2-5) 0.68
Episode duration (median[IQR]), hours/time 24(6-24)° 18(5-24) 0.8
VAS Score (median[IQR]) 7(6-8)" 8(7-9) 0.016
EUROHIS-QOL 8 Score (median[IQR]) 30(26-32)8 30(25.5-34) 0.67
HIT-6 Score (median[IQR]) 65(59-70)' 67(61.5-70) 0.54
WMLs, n(%) 39(40.6) 13(35.1) 0.79

Notes: *The number of all cases was 95 because | case was unknown;®The number of all cases was 95 because | case was unknown;
“The number of all cases was 95 because | case was unknown; “The number of all cases was 95 because | case was unknown; The
number of all cases was 95 because | case was unknown; ‘The number of all cases was 93 because 3 cases was unknown; £The
number of all cases was 93 because 3 cases was unknown; "The number of all cases was 93 because 3 cases was unknown.
Abbreviations; n, number; yrs, years; IQR, interquartile range; HIT-6, Headache Impact test; VAS, Visual Analogue Scale; EUROHIS-
QOLS, European Health Interview Survey-Quality of Life 8;WMLs, white matter lesions.

Table 3 Demographic and Clinical Characteristics in Different PFO Status Among 173 MoA

Patients with PFO

Variables

Latent (n=130)

Permanent (n=43)

Demographic characteristics
Female, n(%)

Age (median[IQR]), yrs

Family history, n(%)

Hypertension, n(%)

Diabetes, n(%)

Hyperlipidemia, n(%)

Clinical characteristics

Age of onset (median[IQR]), yrs
Duration of disease (median[IQR]), yrs
Episode duration (median[IQR]), hours/time
Frequency (median[IQR]), times/month
VAS Score (median[IQR])
EUROHIS-QOLS8 Score (median[IQR])
HIT-6 Score (median[IQR])

WMLs, n(%)

106(81.5)

41.5(3347)

80(61.5)*
6(4.6)
1(0.8)
10(7.7)

29(22-36)°
10(5-20)
24(9.5-24)°

2.5(1.5-4.5)¢

7(6-8)°
29(26-32)f

65 (60-70)¢
47/130(36.2%)

29(67.4)
47(39-51)
20(46.5)
3(7.0)
24.7)
7(16.3)

31(26-40)
10(6-20)
18(4-24)
3(1-8)
8(7-8)
27(25-32)
66(59-70)
18/43(41.9%)

p-value
0.059
0.014
0.11
0.69
0.15
0.14
Adjustp-value
0.41

|

|

|

|

|

0.99
0.94

Notes: *The number of all cases was 129 because | case was unknown;®The number of all cases was 129 because | case was
unknown; “The number of all cases was 129 because | case was unknown; 9The number of all cases was 129 because | case
was unknown; *The number of all cases was 126 because 4 cases was unknown; ‘The number of all cases was 126 because 4
cases was unknown; 8The number of all cases was 126 because 4 cases was unknown.
Abbreviations: IQR, interquartile range; HIT-6, Headache Impact test; VAS, Visual Analogue Scale; EUROHIS-QOLS,
European Health Interview Survey-Quality of Life 8; WMLs, white matter lesions.

months). Besides anti-platelet medication, 16 patients used no medication after PFO closure, while 23 patients had

similar migraine medication uses pre- and post-PFO closure. Complete PFO closure, assessed by cTTE, was achieved in

38 patients; the remaining patient had minimal residual shunt. Table 4 displays the demographic and clinical data of the
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Table 4 Demographic and Clinical Characteristics of 39 Patients
with MoA for PFO Closure

Variables Patients with MoA (n=39)
Female, n(%) 25(64.1)

Age (median[IQR]), yrs 42(33-49)

Family history, n(%) 20(51.2)

Hypertension, n(%) 4(10.3)

Diabetes, n(%) 1(2.6)

Hyperlipidemia, n(%) 11(28.2)

Age of onset (median[IQR]), yrs 25(19-31)

Duration of disease (median[IQR]), yrs | 12(6-22)

Abbreviations: n, number; yrs, years; IQR, interquartile range.

39 patients. Next, we analyzed the migraine features before and after PFO closure (Figure 2A). After PFO closure,
headache frequency decreased from 4.5 times/month (IQR, 2.5-10 times/month) to 1.5 times/month (IQR, 0.42—4 times/
month) (p< 0.0001). The episode duration decreased from 24 h (IQR, 12-36 h) to 12 h (IQR, 4-24 h) (p< 0.0001). The
PFO closure also significantly decreased the VAS score [Before: 7.5 (IQR, 6-8) vs after: 4.5 (IQR, 3—6)] and HIT-6 score
[before: 66 (IQR, 59-69) vs after: 50 (IQR, 42-58)] (both p< 0.0001). Finally, PFO closure remarkably increased the
EUROHIS-QOLS score from 26 (IQR, 20-30) to 30 (IQR, 28-34) (p< 0.0001).

As shown in Figure 2B, migraine headaches disappeared in three patients (7.7%) after PFO closure. The number of
migraine days per month decreased by more than 50% in 28 patients (71.8%), and by less than 50% in 4 patients (10.3%).

p<0.000] 10- Pp<0.0001 s p<0.0001 S0m P<0.0001 0 p<0.0001

z £

E "FE 30 o i 304

= 2 =

H % 20 Z Z w0 S 201

: 2 = Z

: g > 2 :

E 2 £ 10 204 g 11

= =)

= =

0- - - r—_—
Before After Before After Before After Before After Before After

B  Migraine days per month C Frequency of migraine per month

= Worsening
Unchanged
<50% improvement
>50% improvement

Disappearance

10.3%

15.4%
61.5%

71.8%

Figure 2 The effects of migraine headaches after PFO closure in 39 MoA patients. (A) Episode duration, frequency, VAS, HIT-6 and EUROHIS-QOL 8 scores before and
after PFO closure in 39 MoA patients; (B) The reduction of migraine days per month after PFO closure compared to before closure; (C) The reduction of frequency of
migraine per month after PFO closure compared to before closure.
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The migraine days per month remained unchanged in 2 patients (5.1%), and 2 patients (5.1%) reported a persistent
worsening of their headaches. The frequency of headaches decreased by more than 50% in 24 patients (61.5%), decreased
by less than 50% in 6 patients (15.4%), remained unchanged in 3 patients (7.7%), and increased in 3 patients (7.7%)
(Figure 2C). Overall, our results indicate that PFO closure remarkably improved migraine symptoms in MoA patients.

Discussion

The relationship between MoA and PFO is unclear so far. Previous studies showed that the prevalence of PFO among
patients with MoA was similar to that in the general population.'®™'® Dalla et al reported that 16.2% (12/74) of MoA
patients had PFO.'” Carod-Artal et al found that the prevalence of PFO among MoA patients was 33.7% (28/83).'°
Domitrz et al reported 15 patients with PFO among 60 MoA patients.'® These studies only included small patient
numbers. In the present study, we enrolled 390 patients with MoA. To minimize selection bias, we recruited patients with
MoA through consecutive enrollment. The prevalence of PFO among patients with MoA was 44.4% in our study.
Recently, a community-based cross-sectional study recruited 3741 participants. Among them, 255 had MoA, and 44.3%
of these had PFO. '* A multi-center case-control study also showed that the prevalence of RLS was 39.9% in 691 MoA
patients, which is higher than that in the general population.”® The prevalence of PFO in the two studies was consistent
with that in our study. Interestingly, these two studies also recruited patients with MoA from China, while the other
mentioned studies included patients from Poland, Italy, and Brazil. Thus, race and region should be considered as factors
affecting the prevalence of PFO.

We found that 72.2% of MoA patients with PFO had small RLS, 8.3% had moderate RLS, and 19.5% had large RLS.
Meanwhile, 7% of MA patients with PFOhave small RLS and 48% have large RLS.?' In a multi-center and large scale
study, the prevalence of large RLS in the MA and MoA groups was 32.1% and 16.5%, respectively.”” To summarize,
MOoA patients mainly have small RLS, and the prevalence of large RLS is higher in MA patients than in MoA patients.

The physiopathology of migraine is complex and multiple factors, such as genetics and environment, play important
roles.”” The idea of the relationship between PFO and migraine is mainly based on the hypothesis that substances in the
blood, such as vasoactive chemicals or microemboli, entered the brain through the PFO (bypassing the lung), which could
induce headache attacks.”> In the present study, the frequency of headaches, VAS score, andHIT-6 score were significantly
higher in MoA patients with PFO than in those without PFO. The VAS scores were higher in patients with moderate to
large RLS than in those with mild RLS. These results were consistent with those in patients with MA.'" A propensity-
matched cross-sectional study showed that individuals who had a PFO with large shunts were 1.69 times more likely to
report experiencing MoA.'? The incidence of WMLs was significantly higher in MoA patients with PFO than in those
without PFO. Iwasaki et al had reported that the prevalence of RLS was significantly increased in the WMLs positive
patients, and was independently associated with the presence of WMLs in patients with migraine (OR=6.15, p=0.003).%*
Park et al found that migraine patients with RLS more frequently had small deep WMLs, and were identified as
independent predictors for small dWMLs.?® These results are consistent with our study. Altogether, these findings indicated
that PFO could increase the risk of MoA and influence the clinical features of MoA, especially with moderate to large
shunts, suggesting that there could be a relationship between PFO and MoA. However, it’s worth noting that PFO can also
be found in some individuals without a history of migraine, including the general population, Therefore, further investiga-
tion into the physiopathological mechanisms underlying PFO in patients with MoA is warranted.

We found that the migraine symptoms of 39 MoA patients with moderate and large RLS were remarkably reduced
after PFO closure. Among them, headaches disappeared in 3 patients, and 28 patients had a more than 50% decrease in
the number of migraine days per month. Previous studies also confirmed that percutaneous PFO closure significantly
improved clinical features in patients with MoA and MA by comparing their migraine symptoms before and after PFO
closure."*?° Even so, the efficacy of PFO closure for migraine patients remained clinically controversial up to now. Three
previous large randomized controlled trials (MIST, PRIMA and PREMIUM) have concluded on its inefficacy,>’
failed to reach the endpoints (complete cessation of migraine and > 50% reduction of the number of headache days).

as it

There are some explanations for the inefficacy. In our study, we enrolled 39 patients undergoing PFO closure were MoA
with moderate or large RLS, while the majority of subjects enrolled in the three large randomized controlled trials were
migraine with aura except PREMIUM which included subjects with migraine (with and without aura). Moreover, all
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subjects in the three trials suffered from severe and refractory migraines that were unresponsive to at least two classes of
prophylactic treatments. The achievement of significant treatment effects for these patients may be a challenge to any
form of intervention. Additionally, 38 patients achieved complete PFO closure and one patient had minimal residual
shunt in our study, while 6.2%,12%, and 18% of patients in MIST, PRIMA and PREMIUM trials have significant
residual right-to-left shunt after PFO closure, respectively. A previous study had reported that complete PFO closure can
reduce a 4-fold migraine burden.’® The residual right-to-left shunt following PFO closure in these trials may potentially
mitigate the effect of PFO closure, and may be associated with the failure to achieve the primary endpoints. Nevertheless,
the migraine days per month were decreased after treatment compared to pre-treatment. Additionally, the days of
reduction in closure group were more than those in the non-closure group in these large randomized controlled
trials.””?° Subjects with MA had a higher incidence of complete migraine cessation following PFO closure.*’ Some
patients with MoA do respond to PFO closure, and migraine attacks were significant reduced in PREMIUM trials.?®
These results are in accordance with our study. Altogether, these findings indicated that some patients with migraine
could benefit from PFO closure. In addition, there were some limitations in our study. Because only a small number of
patients with PFO closure were enrolled and this was a non-randomized trial, our results insufficiently explain the effects
of PFO closure. To better investigate the effects of PFO closure in migraineurs, large scale clinical studies with a long-
term follow-up are needed.

Conclusions

The headache frequency, incidence of WML, VAS score, and HIT-6 score in MoApatients with PFO were significantly
higher than in those without PFO. The VAS score was higher in patients with moderate to large RLS than in those with
mild RLS. PFO closure effectively reduced migraine symptoms and improved the quality of life of MoA patients with
moderate to large RLS. Overall, these findings confirm the existence of a relationship between PFO and MoA.
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