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ARTICLE INFO ABSTRACT

Keywords: Background: The potential correlation between patent foramen ovale (PFO) and migraine has been previously
Migraine reported, but whether PFO closure plays a role in reducing migraine burden has not reached an agreement.
g;tgnt foramen ovale closure Method: We searched PubMed, Embase, China National Knowledge Infrastructure (CNKI), Wanfang Database,

VIP Science Technology Periodical Database and China Biology Medicine Database (CBM) through September
30, 2021 to identify associations between PFO closure and outcome of migraine burden. The control groups
consisted of drug treatment or sham procedure.

Result: Three randomized clinical trials (RCT) and 9 case-control studies were eligible for inclusion (1754 par-
ticipants), of which 7 reported nonrecurrence of migraine, 4 reported reduced migraine-frequency and migraine-
days, and 5 reported HIT-6 score and 4 reported MIDAS score. The mean (SD) age of participants was 40.68
(3.81) years and 1340 (76.39%) were women. PFO closure was significantly associated with a reduced risk of
migraine-recurrence by 4.47 (95% CI, 2.94-6.80; I = 12%), frequency of migraine by 0.35 (95% CI, 0.17-0.53;
2 = 0%) and monthly migraine days by 0.28 (95% CI, 0.10-0.46), and decreased score of HIT-6 (SMD 1.23, 95 %
CI 0.52-1.95, 12 = 93%).

Conclusion: Transcatheter PFO closure is significantly associated with burden reduction of migraine headache.

Right-to-left shunt

1. Introduction The results of the three main randomized clinical trials (RCT)

showed that PFO closure not yet could cure migraine completely, but the

Migraine is one of the most prevalent neurological disorders with a
one-year prevalence among adults ranged from 6.0% to 14.3% in East
Asia, leading to an impaired quality of life and substantial financial cost
[1]. Approximately one-third of migraineurs are preceded by aura, the
most common visual symptoms, that is a brief episode of neurological
dysfunction [2]. Patent foramen ovale (PFO) is a common congenital
defect of the heart, causing an interatrial slit-like channel [3]. Several
studies have shown that migraine has a close relationship with right-to-
left shunt, notably in migraine with aura patients [4-6]. It has been
suggested that various factors increasing neuronal excitability are
possible mechanisms for this association, including paradoxical emboli,
vasoactive substances and neurotransmitters and so on [7-9].

frequency of attacks and monthly headache-days could be reduced
[10-12]. The effects of transcatheter PFO closure on migraine, there-
fore, are controversial. Because existing studies are limited by the sta-
tistical power with the small sample size of the available datasets and the
findings are inconsistent, we performed a systematic review and meta-
analysis to detect the impact of PFO closure on migraine.

2. Methods
2.1. Search strategy

This review was prospectively registered on PROSPERO, CRD

* Corresponding authors at: Department of Cardiology, Weifang People’s Hospital, Weifang Medical University, No. 151 Guangwen Street, Kuiwen District,
Weifang, China (J. Wang), Beijing Tiantan Hospital, Capital Medical University, China National Clinical Research Center for Neurological Diseases, No. 119 South 4th

Ring West Road, Beijing, PR China (J. Xu).

E-mail addresses: 13953670058@163.com (J. Wang), neurojun@126.com (J. Xu).

1 Contributed equally to this work.

https://doi.org/10.1016/j.ijcha.2022.100992

Received 29 December 2021; Received in revised form 30 January 2022; Accepted 2 March 2022
2352-9067/© 2022 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:13953670058@163.com
mailto:neurojun@126.com
www.sciencedirect.com/science/journal/23529067
https://www.sciencedirect.com/journal/ijc-heart-and-vasculature
https://doi.org/10.1016/j.ijcha.2022.100992
https://doi.org/10.1016/j.ijcha.2022.100992
https://doi.org/10.1016/j.ijcha.2022.100992
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijcha.2022.100992&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

Y.-L. Wang et al.

42021282676, in accordance with Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines.

2.2. Selection criteria

We searched PubMed, Embase and China National Knowledge
Infrastructure (CNKI), Wanfang Database, VIP Science Technology Pe-
riodical Database and China Biology Medicine Database (CBM) for ar-
ticles published from databases inception until September 30, 2021. The

o,

search terms included “patent foramen ovale”, “transcatheter closure”,
“right-to-left shunting”, “migraine” and “headache”. The search strate-
gies were designed to identify published reports of clinical trials and
case-control studies to evaluate the long-term impact of PFO closure on
migraine. According to the eligibility criteria, two researchers (LW and
ZW) independently screened the titles and abstracts and then full-text
articles against the inclusion and exclusion criteria. Disagreements
were resolved by discussion or consultation with a third author (YZ).

Studies were considered eligible if they were randomized clinical
trial (RCT), and case-control study, compared with drug treatment or
sham procedure, had at least 6 months of follow-up, published in the
English or Chinese language and assessed outcomes including migraine-
free, the monthly number of migraine attacks, the mean number of
migraine days per month, headache impact test-6 (HIT-6) scores and
migraine disability assessment survey (MIDAS) scores [13-15]. Litera-
ture review, conference abstract and case report, comment, meta-anal-
ysis and controlled before-after study were excluded.

2.3. Data extraction and study quality assessment

We extracted the following data using a standardized form: study
characteristics (first author, year of publication, country, sample size,
and duration of follow-up), baseline characteristics of participants (age,
sex), interventions (drug treatment, PFO closure and sham procedure),
outcomes and postprocedural therapy. Methodological quality was
assessed using the Newcastle-Ottawa Scale (NOS) for non-randomized
studies and the Jadad scale for randomized controlled trials (RCTSs)
[16,17]. A descriptive analysis of each study is shown in Table 1.

2.4. Statistical analysis

For dichotomous outcomes, odds ratios (ORs) and 95% CIs were
estimated for each study. For continuous outcomes, the standard mean
difference and corresponding 95% ClIs were calculated. Both fixed-
effects and random-effects model meta-analyses were performed, and
in case of substantial heterogeneity, the random-effects model was used.

Heterogeneity was tested by Chi-squared test and was quantified by
the I2 statistic, with I? values>>50% suggesting significant heterogeneity.
Statistical analyses were performed using the “Metafor” package in R
statistical software, version 4.0.3. A 2-side P < 0.05 was considered
statistically significant.

3. Results

eFigure 1 shows that 1214 potentially relevant articles are retrieved
after duplicates removal. After reviewing 77 full-text articles for eligi-
bility, three RCT, one non-randomized concurrent control-trial and eight
case-control studies meet the eligibility criteria. In total, 1754 partici-
pants were enrolled. The mean (SD) age of participants was 40.68 (3.81)
years and 414 participants were men. Table 1 shows the characteristics
of the included trials. Trials were performed in the Italy (N = 4),[18-21]
China (N = 5),[22-26] England (N = 1)[10] and America (N = 1),[12]
and a multicenter trial performed at 20 centers[11]. One trial compared
a sham procedure,[10] one trial compared a combination treatment
with drug treatment and sham procedure[12], and other ten trials
compared drug treatment.[11,18-28] Seven trials reported on complete
cessation of migraine, [10-12,18,19,21,23] four trials reported on
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frequency of migraine attack and migraine days per month, [10-12,25]
five trials reported on HIT-6 score,[10,22-25] and four trials reported on
MIDAS score[10,11,20,21].

3.1. Risk of bias

The funnel plot depicting the potential publication bias between the
complete arrest of migraine analyzed as a categorical variable and PFO
closure was shown in eFigure 2. To correct the asymmetry of the funnel
plot, two additional studies (the hollow circle) were needed. Among the
total, three articles found to be moderate quality (NOS score: 6-7; Jadad
score: 3-4) and nine were high quality (NOS score > 7; Jadad score > 4).

3.2. PFO closure and migraine-free

Seven trials reported the incidence of complete arrest of migraine.
[10-12,18,19,21,23] Compared with medical therapy or sham proced-
ure, PFO closure significantly increased the rate of migraine-free by 4.47
(95% CI, 2.94-6.80). Heterogeneity was low to moderate (I = 12%, P =
0.33), so the common-effect model was used. (Fig. 1).

3.3. PFO closure with migraine frequency and migraine days

Four trials reported on frequency of migraine attack and migraine
days per month. [10-12,25] Compared with the drug therapy group,
patients with PFO closure treatment showed a significant reduction in
monthly migraine days by 0.28 (95% CI, 0.10-0.46), with low hetero-
geneity (I = 0%, P = 0.53). And monthly migraine attacks were sta-
tistically decreased by 0.35 (95% CI, 0.17-0.53), with low heterogeneity
(12 = 0%, P = 0.61). (Fig. 2).

3.4. PFO closure and change in activities of daily living score

A random-effects model was selected due to the high heterogeneity
among the studies (I> = 93%, P < 0.01). HIT-6 score was significantly
decreased in the transcatheter closure patient group (SMD 1.23, 95 %CI
0.52-1.95). However, there was no statistically significant difference in
MIDAS score between both groups (SMD 0.96, 95 %CI —0.55-2.47).
(Fig. 3).

4. Discussion

Migraine, the second leading cause of disability worldwide,[29] is a
paroxysmal disease characterized by complex sensory dysfunction and
headache, and accompanied by aura in approximately one in four
migraine patients [30]. It is possible that many factors are associated
with migraine, including menstruation, emotional stress and weather
changes, poor sleep and right-to-left shunting and so on [29,31]. Be-
sides, a large cohort study found that migraine may increase risk of
ischemic stroke with an adjusted hazard ratio of 2.26 [32].

A study from part of the Northern Manhattan Study found that there
was no significant difference in the prevalence of PFO between subjects
with migraine and those without migraine, and no relationship was
demonstrated between PFO and self-reported migraine [33]. However, a
study that divided migraine into those with and without aura indicated
that PFO presence is more prevalent in migraine patients with aura than
without aura or controls [34,35]. Furthermore, several controlled
before-and-after studies proved that percutaneous closure of interatrial
septal defect could be beneficial to reduce intensity, frequency and
duration of migraine [36-39]. No residual right-to-left shunt is an
important factor in reducing the burden of migraine.

Our findings are consistent with these previous meta-analyses that
transcatheter closure can significantly improve symptoms of migraine
patients on headache duration and frequency [6,40,41]. And studies
providing HIT-6 scores and MIDAS scores were also included in our
analysis, which were not involved in previous studies; second, this is the



Table 1

Characteristics of studies included in the meta-analysis.

Authors, Country Design Participants Age,y male,% N Follow- Comparator(s) Outcomes Postprocedural therapy Grade
year up
Anzola, Italy case-control patients with migraine and 40/36  5/4, 50/ 12m drug treatment Overall migraine severity score,indicating the Aspirin 300 mg qd*6m high
2006 PFO 18.5/ 27 frequency, duration, and intensity of the attacks
14.8 and the occurrence of the aura in the prodromal
phase; The difference between baseline and
final score
Dowson, UK RCT/(MIST) patients with migraine and 44.3/ 12/11, 74/ 6m a sham Cessation of migraine headache; the Headache = Aspirin and clopidogrel high
2008 PFO 44.6 16.2/ 73 procedure Impact test (HIT-6) and the Migraine Disability =~ 75 mg qd*3m
15.1 Assessment (MIDAS) questionnaire ; incidence
of migraine during the healing phase
Vigna, Italy case-control patients with moderate/ 42/43  5/3, 53/ 6m drug treatment Frequency and severity of migraine recurrence,  (Aspirin 100 mg +
2009 severe migraine, PFO, large 9.4/ 29 >50% decrease in the number of total and clopidogrel 75 mg) moderate
right-to-left shunt, and 10.3 disabling attacks qd*3m + aspirin 100 mg
subclinical brain MRI qd*3m
lesions
Rigatelli, Italy case-control patients with migraine and 40/ 11/6, 40/ 6m, 12 drug treatment MIDAS score; reduction or abolition of None high
2010 PFO 38.9 23.9/ 46 m migraine and aura with a 4-grade scale: 100%
15 (total resolution), 50% reduction, 25%
reduction, or 0% (unchanged).
Biasco, Italy case-control patients with migraine and 46.4/ 22/17, 89/ 6m, 12 drug treatment MIDAS; the subjective perceived benefit TCD Aspirin 100 mg qd*6m high
2014 PFO 47.1 24.7/ 128 m study and clopidogrel 75 mg
13.3 qd*3m
Mattle, Twenty RCT/(PRIMA) Migraine with aura patients ~ 44.1/ 8/9, 53/ 12m drug treatment Reduction in monthly migraine days; the Acetylsalicylic acid high
2016 centries and PFO 42.7 15/17 54 change in the monthly number of migraine with ~ 75-100 mg qd*6m and
aura days; the number of patients free of clopidogrel 75 mg qd*3m
migraine attacks; MIDAS
Xing, China non-randomized severe migraineurs with a 39/ 33/33, 125/ 6m, 12 drug treatment HIT-6 scores; the degree of headache impact; Aspirin 100 mg qd*6m moderate
2016 clinical trial right-to-left shunt (RLS) 38.3 26.4/ 116 m The change score
/(EASTFORM) (grade II-1V) 28.4
Tobis, USA double-blind patients with migraine and 42.8/ 13/12, 123/ 1,36, drug treatment The responder rate for a 50% reduction from None high
2017 study/ (PREMIUM)  PFO 43.7 10.6/ 107 and12m  with a sham the monthly number of migraine attacks; a
11.2 procedure significant decrease in the mean number of
migraine days per month
Zhang, China case-control patients with migraine and 53/57, 119/ 1m,6m  drug treatment Reduction in monthly migraine days; the None high
2018 PFO 44.5/ 119 monthly number of migraine attacks
47.9
He, 2019 China retrospective study patients with migraine and 37.1/ 23/29, 91/ 1y, 5y drug treatment HIT-6 None moderate
PFO 39.2 25.3/ 101
28.7
Tian, China case-control patients with migraine and 38.5/ 20/17, 57/ ly drug treatment HIT-6 Aspirin 100 mg qd*6m high
2019 RLS 36.5 35.1/ 57
29.8
Wang, China Prospective case- patients with migraine and 39.7/ 8/3, 17/6 6m drug treatment Frequency of migraine attack; monthly Aspirin 100 mg qd*6m high
2019 control PFO 31 47.1/ migraine days; HIT-6
50
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PFO Closure Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%ClI {(common) (random)
Anzola (2006) 18 50 0 27 —:—o— 31.31 [1.80;543.71] 1.8% 2.3%
Dowson/MIST  (2008) 3 77 3 76 L 0.99 [0.19; 5.05] 12.6% 7.0%
Vigna (2009) 18 53 2 29 —r— 6.94 [1.48, 32.54] 7.4% 7.9%
Biasco (2014) 46 89 31 128 = 335 [1.87; 598] 532% 55.8%
Mattle/PRIMA  (2016) 4 40 0o 4 ——+———  10.23 [0.53;196.57] 1.9% 2.1%
Tobis/PREMIUM (2017) 10 117 1 103 . 9.53 [1.20; 75.81] 4.2% 4.4%
He (2019) 21 9 6 101 —— 475 [1.82; 12.39] 18.9% 20.4%
Common effect model 517 505 ‘ 4.47 [2.94; 6.80] 100.0% -
Random effects model <> 3.94 [2.56; 6.08] == 100.0%

Heterogeneity: /2 = 12%, 1% < 0.0001, p = 0.33 f T T
001 01 1 10 100

Fig. 1. Associations between complete cessation of migraine and PFO closure.

A

PFO Closure Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean SD Difference SMD 95%Cl (common) (random)
Dowson/MIST (2008) 64 1.62 215 71 1.00 216 — 0.29 [-0.05; 0.63] 283%  28.3%
Mattle/PRIMA  (2016) 53 210 2.40 54 1.30 1.70 —a— 0.38 [0.00;0.77] 223%  22.3%
Tobis/PREMIUM (2017) 117 1.90 1.57 103 1.40 1.56 . 0.32 [0.05;0.58] 46.0%  46.0%
Wang (2019) 17 6.28 6.52 6 0.33 254 —!—'— 0.98 [0.00;1.97] 3.4% 3.4%
Common effect model 251 234 '0 0.35 [0.17;0.53] 100.0% -
Random effects model < 0.35 [0.17;0.53] --  100.0%
Heterogeneity: /% = 0%, ¥ < 0.0001, p = 0.61

-1 0 1
B

PFO Closure Control Standardised Mean Weight  Weight
Study Total Mean SD  Total Mean SD Difference SMD 95%Cl (common) (random)
Dowson/MIST (2008) 62 231 11.16 70 1.55 13.95 —~—{— 0.06 [-0.28; 0.40] 28.0% 28.3%
Mattle/PRIMA  (2016) 53 290 470 54 170 240 T 0.32 [-0.06; 0.70] 225%  23.0%
Tobis/PREMIUM (2017) 117 3.50 3.89 103 200 3.96 —- 0.38 [0.11; 0.65] 45.8% 44.7%
Wang (2019) 17 249 373 6 116 1.62 0.38 [-0.56; 1.32] 3.7% 4.0%
Common effect model 249 233 - 0.28 [ 0.10; 0.46] 100.0% -
Random effects model = 0.28 [ 0.09; 0.46] == 100.0%
Heterogeneity: /2 = 0%, v = 0.0018, p = 0.53

-1 -05 0 05 1
Fig. 2. Associations of PFO closure with migraine frequency (A) and migraine days (B).

A Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl (common) (random)
Dowson/MIST (2008) 57 7.00 7.7833 67 7.00 7.1221 —— ' 0.00 [-0.35; 0.35] 21.5% 21.4%
Xing/EASTFORM (2016) 125 16.30 9.0139 116 5.60 7.9310 - 1.25 [0.98; 1.53] 34.9% 21.9%
He (2019) 91 1517 11.7340 101 3.53 7.0782 - 1.21 [0.90; 1.52] 28.1% 21.7%
Tian (2019) 57 1438 3.5700 57 8.64 2.2400 ) o—— 1.91 [1.47;2.36] 13.5% 20.8%
Wang (2019) 17 21.94 7.1531 6 4.00 10.9112 +H——— 211 [0.96; 3.25] 2.0% 14.3%
Common effect model 347 347 <'> 1.08 [0.92; 1.24] 100.0% =

Random effects model Bt 1.23 [0.52; 1.95] == 100.0%
Heterogeneity: /% = 93%, ©> = 0.5855, p < 0.01 T T
3 =2 =1t 9 4 2 3

PFO Closure Control Standardised Mean Weight Weight

Study Total Mean SD Total Mean SD Difference SMD 95%Cl (common) (random)

Dowson/MIST (2008) 57 49.06 155.41 67 12.55 162.87 0.23 [-0.13;0.58] 25.9% 25.2%

Rigatelli (2010) 40 2750 6.44 46 350 767 3.34 [267,4.00] 7.4% 24.3%

Biasco (2014) 89 30.30 5262 128 19.80 44.27 0.22 [-0.05; 0.49] 44.2% 25.3%

Mattle/PRIMA (2016) 53 18.30 34.60 54 1390 29.10 0.14 [-0.24,0.52] 22.6% 25.1%

Common effect model 239 295 0.43 [0.25;0.61] 100.0% e

Random effects model
Heterogeneity: /* = 96%, ¥ = 2.3357, p < 0.01 | !

0.96 [-0.55; 2.47] == 100.0%

Fig. 3. Associations of PFO closure with change in activities of daily living score. (A: HIT-6 score; B: MIDAS score).
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meta-analysis that has included the most relevant literature so far, and
publication bias was included in the analysis. We demonstrated that PFO
occlusion could reduce headache severity, of the five studies included,
only the MIST (Migraine Intervention with STARFlex Technology) trial
reported no improvement in severity of headache was realized. The
possible reason may be the residual amount of shunt and absence of
shunt related to substantial reduction in migraine [42]. And there may
be a dose-effect relationship between residual shunt and migraine
symptoms.[42,43] Besides, due to the subjective nature of the HIT-6
questionnaire, HIT-6 scores are heavily influenced by the variability of
pain tolerance across individuals [23].

The procedure of PFO occlusion is not complicated, and the opera-
tion can be performed in less than half an hour, and the patient can be
discharged from hospital in 3-4 days. The results of this meta-analysis
suggest that the clinical indications for PFO occlusion should be strictly
selected, and that the use of foramen ovale occlusion can effectively
relieve migraine symptoms, reduce pain of patients and improve their
overall quality of life. The possible mechanisms by which patients with
PFO are prone to migraine are as follows. First, right-to-left shunt may
allow serotonin or other vasoactive substances such as neurotransmit-
ters or endothelin circumventing the lungs, instead of being metabolized
by lung monamine oxidase, and directly entering the cerebral circula-
tion [9,44]. These may lead to stimulation of trigeminal and cerebro-
vascular, because large amounts of serotonin exposed to the brain
[45,46]. Second, subclinical emboli across a PFO may be responsible for
migraine, especially for migraine with aura [7]. paradoxical emboli
generated into the occipital area, causing the visual aura and subsequent
headache [47]paradoxical emboli generated into Furthermore, oral
aspirin and clopidogrel reduced the frequency of migraine after trans-
catheter PFO closure.[48].

5. Limitation

There are several limitations of this study. First, due to the retro-
spective nature of studies, recall bias and reporting bias cannot be
entirely ruled out. The second is heterogenicity, especially in case-
control studies. Third, further subgroup stratification analysis by aura
is not conducted, because of the limited number of published studies.
And different studies have used different evaluation index, therefore
causing some clinical endpoints are only applicable to the included
studies.

6. Conclusion

The collective evidence confirmed that migraine could be effectively
improved after transcatheter PFO closure, in particular when patients
are at risk for paroxysmal embolism or visual aura. In order to testify the
prognostic values of PFO closure to improve migraine burden, more
large samples, multi-center prospective randomized controlled trial are
required.
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