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Abstract
AIM
To test the potential association between atrial septal 
aneurysm (ASA) and migraine in patent foramen ovale 
(PFO) closure patients through an observational, single-
center, case-controlled study.

METHODS
We studied a total of 450 migraineurs who had right-
to-left shunts and underwent PFO closure in a retro
spective single-center non-randomized registry from 
February 2012 to October 2016 on the condition that 
they were aged 18-45 years old. Migraine was diag
nosed according to the International Classification of 
Headache Disorders, 3rd edition and evaluated using 
the Headache Impact Test-6 (HIT-6). All patients un
derwent preoperative transesophageal echocardio
graphy, contrast transthoracic echocardiography, and 
computed tomography or magnetic resonance imaging 
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examinations, with subsequent fluoroscopy-guided 
PFO closure. Based on whether they have ASA or not, 
the patients were divided into two groups: A (PFO 
with ASA, n  = 80) and B (PFO without ASA, n  = 370). 
Baseline characteristics and procedural and follow-up 
data were reviewed. 

RESULTS
Compared to group B, group A had an increased fre
quency of ischemic lesions (11.3% vs  6.2%, P  = 0.038) 
and migraine with aura (32.5% vs  21.1%, P  = 0.040). 
The PFO size was significantly larger in group A (P  = 
0.007). There was no significant difference in HIT-6 
scores between the two groups before and at the one-
year follow-up after the PFO closure [61 (9) vs  63 (9), 
P  = 0.227; 36 (13) vs  36 (10), P  = 0.706].

CONCLUSION
Despite its small sample size, our study suggests that 
the prevalence of ASA in PFO with migraine patients is 
associated with ischemic stroke, larger PFO size, and 
migraine with aura. 

Key words: Patent foramen ovale; Migraine; Atrial septal 
aneurysm; Contrast transthoracic echocardiography; 
Right-to-left shunt; Transesophageal echocardiography

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The aim of this study was to test the potential 
association between atrial septal aneurysm (ASA) 
and migraine in patent foramen ovale (PFO) closure 
patients. A total of 450 migraineurs who had right-to-
left shunts and underwent PFO closure on the condition 
that they were aged 18-45 years old were observed. 
Compared to the PFO without ASA patients, the PFO 
with ASA patients had an increased frequency of 
ischemic lesions and migraine with aura. The PFO size 
was significantly larger in PFO with ASA patients. There 
was no significant difference in Headache Impact Test-6 
scores between the two groups before and at the one-
year follow-up after the procedure. 

He L, Cheng GS, Du YJ, Zhang YS. Clinical relevance of atrial 
septal aneurysm and patent foramen ovale with migraine. World 
J Clin Cases 2018; 6(15): 916-921  Available from: URL: http://
www.wjgnet.com/2307-8960/full/v6/i15/916.htm  DOI: http://
dx.doi.org/10.12998/wjcc.v6.i15.916

INTRODUCTION
Migraine is common, with an estimated prevalence of 
8%-12% in the general population (18% of women 
and 6% of men), and has been acknowledged as 
one of the most important causes of disability bur
dens[1]. Patent foramen ovale (PFO) is a remnant of 
the fetal anatomy with a slit-like interatrial opening 
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that is present in approximately 27% of the general 
population[2]. Although not all migraineurs have a PFO, 
and not all PFO patients have migraine, interestingly, 
PFO is more prevalent in migraineurs (approximately 
48% in migraineurs with aura, 23% in in migraineurs 
without aura, and only 20% in controls)[3]. The path
ophysiological mechanisms between PFO and migraine 
remain entirely unknown. Anecdotally, the closure of a 
PFO for nonmigraine indications has been shown to ame
liorate pre-existing migraine in numerous retrospective 
series published after 2000[4-8]. Therefore, the hypo
thesis of the right-to-left shunts (RLS) of chemical or 
physical triggers for migraine has been proposed.

Atrial septal aneurysm (ASA) is redundant septal 
primum tissue with excessive mobility of the fossa 
ovalis. The prevalence of ASA is approximately 2%-3% 
in the general population. An ASA increases the like
lihood of the presence of a PFO, whereas the incidence 
of ASA in PFO patients is significantly higher than 
that of the general population[9]. With the continuous 
deeper study of PFO, ASA has been identified as an 
independent risk factor for cryptogenic stroke in PFO 
patients[10,11]. Patients with migraine appear to be at risk 
for silent stroke, which might be related to the presence 
of a PFO. However, the association of ASA and migraine 
in PFO patients remains unknown.

MATERIALS AND METHODS
Study population
In a retrospective single-center non-randomized re
gistry from February 2012 to October 2016, we enro
lled 450 patients diagnosed with migraine who had 
RLS and underwent transcatheter PFO closure at the 
First Affiliated Hospital of Xi’an Jiaotong University on 
the condition that they were aged 18-45 years old. 
All patients underwent preoperative contrast trans
thoracic echocardiography (cTTE), transesophageal 
echocardiography (TEE), and computed tomography 
(CT) or magnetic resonance imaging (MRI) examina
tions, with subsequent fluoroscopy-guided PFO closure. 
According to the International Classification of Headache 
Disorders 3rd edition, migraine was diagnosed by two 
neurologists[12], and evaluated by Headache Impact 
Test-6 (HIT-6) scores. 

The patients gave their informed written consent to 
the procedures. The local ethics committee approved 
this study. Based on whether they had an ASA or not, 
the patients were divided into two groups: A (PFO 
with ASA, n = 80) and B (PFO without ASA, n = 370). 
Baseline characteristics and procedural and follow-up 
data were reviewed.

Echocardiography
All patients had a diagnostic cTTE and TEE study 
performed prior to the procedure. An ultrasound system 
with a 2-4 MHz transducer was used to perform cTTE 
and a 4-7 MHz transducer was used to perform TEE. 
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As reported by Agmon et al[9], an ASA was defined if 
the excursion of the septum primum into the left/right 
atriums exceeded 10 mm or the total excursion distance 
was more than 15 mm. The apical four-chamber view 
was generally selected when performing cTTE. The 
presence of RLS was identified when micro-bubbles 
were seen in the left atrium within the first three cardiac 
cycles after contrast appearance in the right atrium 
during normal respiration or the Valsalva maneuver. The 
severity of the RLS was semi-quantified into a four-level 
scale[13].

PFO closure
The procedure was performed under 2% lidocaine local 
anesthesia. All the operations were performed by the 
same interventional cardiologist and first assistant. 
The right femoral vein was accessed and intravenous 
heparin (80-100 IU/kg) was administered. The device 
implantation was guided only by fluoroscopy. The de
vice size was determined according to the surgeon’s 
preference. The Amplatzer PFO occluder (St. Jude 
Medical, Golden Valley, MN, United States) and the 
Cardi-O-Fix PFO occluder (Starway Medical Technology 
Inc., Beijing) were used during the study period. The 
occluder type included 18/18 mm, 18/25 mm, 30/30 
mm, and 25/35 mm. 

Follow-up
After the procedure, low-molecular-weight heparin 
(10 U/kg·h) was administered for 48 h. Aspirin 100 
mg/d for 6 mo and clopidogrel 50-75 mg/d for 3 mo 
were administered to all patients following device 
implantation. All patients were followed at 1, 3, 6, 
and 12 mo post-procedure and yearly thereafter. The 
HIT-6 score was recorded to evaluate the severity of 
migraine. Transthoracic echocardiography (TTE) was 
performed to confirm early residual shunting and device 
embolization within 24 h following the procedure. cTTE 
was performed at 3 mo after the procedure to observe 
residual RLS. If there was no residual RLS, cTTE was not 
required in future follow-up examinations. If the RLS 
remained, cTTE was performed at 180-d follow-up after 
the procedure. All patients were followed after device 
implantation through questionnaires made by phone 
calls or office visits. For patients with symptoms of 
palpitation, Holter monitoring was performed to confirm 
the presence or absence of atrial fibrillation. Follow-up 
was completed in Oct 2017.

Statistical analysis
Data analyses were performed using SPSS version 24.0 
(Statistical Package for Social Sciences, version 24.0, for 
Windows, SPSS, Chicago, IL, United States). Summary 
statistics for normally distributed quantitative variables 
are expressed as the mean ± SD. Differences in means 
for continuous variables were compared using Student’s 
t-test. For non-normally distributed variables, we used 
the median and interquartile range (IQR). Differences 
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in medians for non-normally distributed variables were 
compared using a Mann-Whitney U test. Categorical 
data are summarized as ratios and percentages. Chi-
square tests or Fisher’s exact tests were used for two-
group comparisons. A P-value < 0.05 was considered 
statistically significant.

RESULTS
Patient characteristics
In total, 450 participants (group A: PFO with ASA, n = 
80; group B: PFO without ASA, n = 370) were included 
in the study. The baseline characteristics of the two 
groups are listed in Table 1. There were no significant 
differences regarding age, weight, gender, hypertension, 
diabetes mellitus, hyperlipidemia, history of smoking, 
or baseline HIT-6 scores between the two groups (P > 
0.05). 

Compared with group B, group A exhibited an 
increased frequency of ischemic brain lesions, as ob
served with MRI/CT (11.3% vs 6.2%, P = 0.038). 
Migraine with aura was found to be more prevalent in 
group A (32.5% vs 21.1%, P = 0.040). The PFO size 
ranged from 1.0-9.3 mm (median 2.6 mm) in group 
A and 0.7-9.3 mm (median 2.1 mm) in group B. The 
PFO size was significantly larger in patients with ASA 
compared those without (P = 0.007).

Procedural characteristics
The Amplatzer PFO occluder was used in 146 patients 
(32.4%), and the Cardi-O-Fix PFO occluder was used 
in 304 patients (67.6%). Technical success was defined 
as the delivery and release of the device and was 
achieved in all patients. Procedural success, defined 
as implantation without in-hospital serious adverse 
events, was also achieved in all patients. Procedural 
complications included two arteriovenous fistulae, two 
false aneurysms, and one inguinal hematoma. There 
were no procedure-related deaths, strokes, or transient 
ischemic attacks (TIAs).

Follow-up
The mean follow-up period was 3 (2) years. Residual 
RLS was detected by cTTE in two (2.5%) cases 180 
days after the procedure in group A, while there was 
no residual RLS detected by cTTE 180 days after the 
procedure in group B. No patients experienced TIAs 
or stroke after the procedure. Two (0.44%) cases of 
paroxysmal atrial fibrillation occurred (at 2 wk and 3 mo 
after the procedure). One reverted spontaneously to a 
sinus rhythm, and the other underwent pharmacological 
conversion to a sinus rhythm. No cases of occluder 
translocation, occlude erosion, pericardial effusion, or 
puncture site bleeding was found in our study.

We compared HIT-6 scores at different time points 
during the follow-up period after the procedure. At 3 mo 
after closure, the average HIT-6 scores were 41 (15) in 
group A and 40 (15) in group B. At 6 mo after closure, 
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the average HIT-6 scores were 38 (11) in group A and 
40 (10) in group B. At 12 mo after closure, the average 
HIT-6 scores were 36 (13) in group A and 36 (10) in 
group B; the average HIT-6 scores at baseline were 61 
(9) and 63 (9) for group A and group B, respectively 
(Figure 1). At the one-year follow-up after the PFO 
closure, there was no significant difference in HIT-6 
scores between the two groups (P = 0.706).

DISCUSSION
Since 1998, when Del Sette et al[14] found that 41% of 
a migraine group and 16% of a control group had PFO-
RLS, the relationship between migraine and PFO has 
been extensively studied. Unfortunately, the current 
literature remains discordant as to whether a link exists 
between PFO and migraine. Some observational studies 
have shown that PFO and migraine are closely related. 
For most migraine patients with a PFO, migraine can be 
greatly alleviated after PFO closure[15,16]. However, other 
studies found no association between migraine and the 
presence of a PFO[17,18].

The reasons for the inconsistent results of the above 
research might be explained in different ways. First, 
many observational studies include different types of 
migraine populations, mainly cryptogenic stroke patients 
with migraine, while other studies with the opposite 
opinion mostly exclude these patients with pathological 
PFO[19]. Second, one of the factors that is most strongly 
associated with the occurrence of a cryptogenic stroke 
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is the presence of a combination of a PFO with an ASA, 
and the incidence of migraine in these patients is also 
significantly higher[20,21]. Therefore, we hypothesized 
that the link between a PFO and migraine might be an 
ASA. 

The main findings of our study suggest that the 
prevalence of ASA and migraine in PFO patients is ass
ociated with silent stroke, severe RLS, and migraine 
with aura. The incidence of ASA in the normal popula
tion is 1%-2.2%[22] when determined by autopsy and 
1%-4.9% when determined by TEE[23].The incidence 
of ASA in cryptogenic stroke and TIAs is approximately 
7.9%, which is significantly higher than that of the 
general population[9]. In 50%-89% of patients with 
an ASA, a PFO is also seen, and the PFO size is also 
larger when accompanied by an ASA[9]. The association 
between ASA and PFO has emerged as a factor that 
can potentially increase the risk of stroke occurrence 
or relapse. Because of the unknown mechanisms 
of migraine itself, the pathogenesis of silent stroke 
in migraine patients is also in the hypothesis stage. 
Previous studies showed that the possibility of stroke 
was significantly increased in patients with PFO com
bined with ASA, while a paradoxical embolism was 
considered to be the main mechanism of stroke. Overell 
et al[11] found that the risk of stroke was 4.96 times 
higher in patients with PFO with ASA compared with the 
normal population. Compared with the control group, 
the odds ratio for stroke was 6.14 in patients younger 
than 55 years old; and in patients with a simple PFO, 
the odds ratio for stroke was 3.10; if patients had a 
PFO with an ASA, the odds ratio for stroke was as high 
as 15.59. A prospective cohort study by Mas et al[24] 
found that the possibility of recurrent stroke or TIAs in 
simple PFO patients was 6% under 300 mg/d aspirin 
condition; if an ASA was combined with a PFO, the 
incidence increased to 15.6%. After 4 years of follow-
up, the relative risk of recurrent stroke or TIA was 
5.6 in simple PFO patients and 19.2 in PFO with ASA 
patients. Therefore, an ASA can increase the possibility 
of paradoxical embolisms in PFO patients. When a PFO 
is combined with ASA, the presence of an ASA can 
lead to increased PFO channel opening frequency and 
a wider opening. In addition, the presence of an ASA 

Group A (n  = 80) Group B (n  = 370) Sig (P)

Age, yr, median (IQR) 34 (12)   34 (13) 0.968
Weight, kg, median (IQR) 60 (13)   59 (15) 0.549
Women    62 (77.5) 259 (70) 0.227
Hypertension    4 (5.0)    11 (3.0) 0.567
Diabetes mellitus      1 (1.25)      2 (0.5) 1.000
Hyperlipidemia    5 (6.3)    31 (8.4) 0.683
History of smoking    14 (17.5)      82 (22.2) 0.440
Ischemic lesions detected by CT/MRI    11 (11.3)    23 (6.2) 0.038
Migraine with aura    26 (32.5)      78 (21.1) 0.040

Table 1  Baseline characteristics, n  (%)

CT: Computed tomography; MRI: Magnetic resonance imaging; IQR: Interquartile range.

Pre-procedure         3 mo                 6 mo              12 mo

Different time points during follow-up period

65

60

55

50

45

40

35

30

H
TT

-6
 s

co
re

PFO with ASA
PFO without ASA

Figure 1  Comparison of migraine relief between two groups at different 
time points during the follow-up period. PFO: Patent foramen ovale; ASA: 
Atrial septal aneurysm; HIT-6: Headache Impact Test-6.
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can change the direction of blood flow, allowing the 
blood flow of the inferior vena cava into the PFO and 
promoting a RLS, thus resulting in cerebral ischemic 
events[25]. In this study, the prevalence of silent infarct-
like lesions in patients with migraine and an ASA was 
higher, which is also consistent with previous study 
results.

In the current study, we found that patients with 
an ASA had a larger PFO than those without an ASA. 
The grade of the RLS in patients with an ASA was 
also larger than that of patients without an ASA. The 
size of the PFO directly correlated with the degree of 
the shunt. Larger PFO sizes allowed a higher number 
of microbubbles to enter systemic circulation. Larger 
shunts might also increase the likelihood of para
doxical embolization to the brain and, hence, explain 
the statistically increased stroke risk associated with 
migraine[20].

Our study also found that the incidence of migraine 
with aura was higher in people with an ASA. Wilmshurst 
et al[26] studied the incidence of migraine in 200 divers 
with decompression sickness. The results showed that 
the prevalence of migraine was higher in patients with 
a larger RLS (especially in those who showed a persis
tent RLS at rest). A large RLS may induce migraine, 
especially migraine with aura. Anzola et al[27] studied 
420 cases of RLS and found that the degree of the RLS 
could predict the occurrence of migraine and that the 
degree of the RLS in migraine patients was larger than 
that of non-migraine patients.

Moreover, a recent study by Snijder et al[28] also con
firmed this finding. A plausible hypothesis for mrgraine 
is that, via the PFO, a venous to arterial passage of 
activated platelets or chemical substances may trigger 
a headache by overwhelming the filtering capacity 
of the lungs[29]. Therefore, the size of the PFO and 
the degree of the RLS through it may be the major 
determinants for whether a PFO acts as a conduit for 
paradoxical embolization. By comparing migraine relief 
after PFO closure at different time points during the 
follow-up period in patients with or without an ASA, we 
found similar mean HIT-6 scores at 3, 6, and 12 mo 
after the procedure, which were all significantly decrea
sed in comparison with the baseline values. However, 
regardless of whether patients had an ASA or not, there 
were no significant differences between the two groups. 
From the above information, we speculated that the 
PFO closure effects likely affected early judgments about 
headache relief. In our study, the incidence of a residual 
RLS was very low in both groups, which was associated 
with an accurate preoperative TEE examination. We 
speculate that the low incidence of residual shunts after 
the operation relieved migraine attacks and significantly 
reduced the HIT-6 scores.

This single-center, case-controlled study cohort, de
spite its small sample size, suggests that the prevale
nce of ASA with migraine in PFO patients is associated 
with ischemic stroke, larger PFO size, and migraine with 
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ARTICLE HIGHLIGHTS
Research background 
The relationship between patent foramen ovale (PFO) with atrial septal aneur
ysm (ASA) and migraine remains controversial. We examined this association 
through an observational, single-center, case-controlled study.

Research motivation
A PFO with ASA has been identified as a risk factor for ischemic stroke. Patients 
with migraine with aura appear to be at risk for silent brain infarction, which 
might be related to the presence of a PFO. However, the association between 
ASA and migraine in PFO closure patients has rarely been reported. Therefore, 
in addition to clarifying the relationship between PFO, ASA, and migraine, this 
study also hopes to provide guidance for the choice of migraine patients who 
can benefit more from PFO closure.

Research objectives
The research objective of this study was to test the potential association 
between ASA and migraine in PFO closure patients. Because ASA is a stru
ctural abnormality, our findings also verify the role of ASA in migraine with PFO 
patients. Further PFO and migraine studies should focus on the specific intra-
atrial structural abnormality.

Research methods
We retrospectively analyzed 450 migraineurs who had right-to-left shunts and 
underwent PFO closure from February 2012 to October 2016. The patients 
were classified into two groups according to whether they had ASA or not: the 
PFO with ASA group and the PFO without ASA group. This study is a single-
center, non-randomized, case-controlled study.

Research results
Our research found that the PFO with ASA patients had an increased frequency 
of ischemic lesions and migraine with aura. The PFO size was significantly 
larger in PFO with ASA patients. However, there was no significant difference 
in Headache Impact Test-6 scores between the PFO with ASA and without ASA 
groups before and after the PFO closure. Given its nature, the present study 
shares all of the limitations of case-controlled studies. In our study, the mean 
follow-up time was only 1 years. Although the effect of PFO closure on migraine 
usually appears within this time frame, the results may have been affected. The 
small sample size is another limitation of this study. 

Research conclusions
This single-center, case-controlled study cohort, despite its small sample 
size, suggests that the prevalence of ASA with migraine in PFO patients is 
associated with ischemic stroke, larger patent foramen ovale size, and migraine 
with aura. That is to say, the presence/absence of an ASA is associated with 
differences in baseline characteristics but not with differences in severity of 
migraine as demonstrated by the similar score results.

Research perspectives
We used the anatomical abnormality of ASA as a breakthrough point, and 
concluded that patients with ASA have a large PFO diameter and a high 
incidence of ischemic stroke and migraine with aura. According to our 
experience, the direction of the future research should focus on the anatomical 
abnormality of PFO. And we also believe that the highest level of evidence in 
clinical studies is still a multi-center, prospective, randomized controlled study.
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