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Abstract
Migraine is a recurrent chronic neurovascular disease and the most common
primary headache type in clinical practice. Once it occurs, it severely impacts
patients’quality of life and work capacity, and is listed by the World Health
Organization as one of the most disabling diseases. In recent years, researchers
have found that the prevalence of patent foramen ovale (PFO) in migraine pa-
tients is significantly higher than in the general population, and some migraine
patients who undergo PFO closure surgery experience significant improvement
in migraine symptoms. This article reviews the correlation between interven-
tional closure therapy for PFO and migraine.
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Abstract
Migraine is a recurrent chronic neurovascular disorder and the most common
type of primary headache encountered clinically. Once manifested, it seriously
impairs patients’quality of life and working capacity, and has been designated by
the World Health Organization as one of the most disabling diseases. In recent
years, researchers have discovered that the prevalence of patent foramen ovale
(PFO) is significantly higher in migraine patients than in the general population,
and that migraine symptoms in some patients improve markedly following PFO
closure. This article reviews the correlation between interventional closure and
migraine with PFO.
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Migraine is a common disease in clinical practice, with symptoms that can man-
ifest as unilateral or bilateral pulsating headaches, often accompanied by nau-
sea, vomiting, photophobia, and phonophobia. The pathogenesis of migraine
remains unclear, and may be related to genetic, endocrine-metabolic, environ-
mental, and psychological factors. It is precisely this unclear etiology that lim-
its effective treatment of migraine. According to a 2012 epidemiological survey
of primary headaches in mainland China, the prevalence of migraine among
Chinese adults was 9.3%, with 38.0%, 23.1%, and 47.9% of patients experienc-
ing moderate, severe impacts on life, and requiring effective medical treatment,
respectively [1]. Given China’s large population base and high incidence of
migraine, a considerable portion of the Chinese population is suffering from
migraine. Recent clinical practice has found that the prevalence of PFO is sig-
nificantly higher in migraine patients than in the general population, and that
migraine symptoms can be significantly improved after PFO closure. This ar-
ticle will review the correlation and complications of interventional closure for
PFO with migraine, based on relevant literature reports.

1. Anatomical Characteristics of the Foramen Ovale
During embryonic cardiac development, the atrium exists as a single cham-
ber. The primitive single atrium is divided into left and right atria through
the formation and fusion of two septa (the septum primum and septum secun-
dum). Beginning in the fourth week of gestation, a thin membrane composed of
epithelial cells, collagen fibers, and myocardial tissue develops in the posterior-
superior portion of the atrium, known as the septum primum. It grows from
the roof of the primitive atrium toward the endocardial cushion. During the
growth of the septum primum, its superior portion is gradually absorbed, form-
ing a new channel between the left and right atria called the foramen secundum.
On the other hand, on the right side of the septum primum and closely adja-
cent to it, a membrane grows posteriorly and inferiorly toward the entrance of
the superior vena cava. This membrane is called the septum secundum, which
gradually grows and partially overlaps the foramen secundum, forming an in-
complete septum with an oval window called the fossa ovalis. In this region,
the left and right atria are separated only by the thin membrane of the septum
primum. A small gap exists at the superior margin of the fossa ovalis, allowing
oxygen-rich blood from the fetal right atrium to enter the left atrium through
this gap and the foramen secundum. This channel is called the foramen ovale [2].
This anatomical structure enables oxygenated blood from the placental inferior
vena cava to pass through this channel into the arterial circulation, bypassing
the non-respiring fetal lungs and delivering oxygenated blood to the brain and
other organs, which is crucial for fetal development.

After birth, fetal pulmonary respiration allows oxygen to enter the alveoli, lead-
ing to the opening of pulmonary arterioles and decreased resistance in the right
atrium and pulmonary artery. Meanwhile, increased blood return from the pul-
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monary veins to the left atrium leads to elevated left atrial pressure. Through
one or both of these mechanisms, left atrial pressure exceeds right atrial pres-
sure, causing the thin membrane of the septum primum to cover the foramen
ovale under atrial pressure and undergo fibrous adhesion with the atrial muscle,
resulting in closure [2,3]. Approximately 75% of individuals complete this clo-
sure within the first two years of life, while the remaining 25% develop a slit-like
defect during the closure process, similar to a tunnel, which is known as PFO.

2. Relationship Between Patent Foramen Ovale and Mi-
graine
In clinical practice, numerous scholars have observed that patients with PFO of-
ten present with recurrent headache complaints, and the detection rate of PFO
in migraine patients is also higher than in the general population. These clinical
observations suggest a certain association between PFO and migraine. In 1998,
Del et al. [4] first described the association between right-to-left shunt (RLS),
stroke, and migraine with aura. In this study, 44 patients with migraine with
aura were compared with 73 patients under 50 years of age with focal cerebral
ischemia and 50 controls without cerebrovascular disease symptoms or migraine
history. All subjects underwent bilateral transcranial Doppler contrast exam-
ination. The results showed that 18 of 44 migraine patients (41%) had RLS,
compared with 8 of 50 controls (16%) (P<0.05). Twenty-six of 73 cerebral is-
chemia patients (35%) had RLS. The study concluded that the prevalence of
RLS in migraine with aura patients was significantly higher than in normal
controls and similar to that in young stroke patients. Schwedt et al. [5] con-
ducted a systematic review of case-control studies published up to 2008 and
concluded that migraine with aura was more common in PFO patients than in
the general population. Anzola et al. [6] compared the frequency of RLS in 113
patients with migraine with aura, 53 patients with migraine without aura, and
25 age-matched controls. PFO was present in 48% of subjects with migraine
with aura, which was statistically different from controls, but there was no dif-
ference between subjects with migraine without aura (23%) and controls (20%).
Wilmshurst et al. [7] first reported that migraine symptoms could be improved
after PFO closure. Among 37 patients undergoing PFO closure, 21 (57%) had a
history of migraine, including 16 with migraine with aura and 5 with migraine
without aura. After PFO closure, 7 of 16 patients with migraine with aura (44%)
experienced complete migraine resolution, while 8 of the remaining 9 patients
showed improvement in migraine frequency and severity. Among 5 patients
with migraine without aura, 3 (60%) experienced complete migraine resolution.
Butera et al. [8] applied meta-analysis to systematically search relevant clinical
studies from Bio Medcentral, Google Scholar, and PubMed between January
2000 and December 2008, including 522 PFO patients with migraine who un-
derwent PFO closure. Complete migraine cure was achieved in 46% (95% CI
25-67%) of patients, while 83% (95% CI 78-88%) experienced migraine relief
or significant improvement. Therefore, numerous studies have demonstrated
an association between PFO and migraine, and that PFO closure can improve
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migraine symptoms.

3. Pathophysiological Mechanisms of Migraine Induced by
Patent Foramen Ovale
To date, no unified conclusion has been reached regarding the pathophysiological
mechanisms by which PFO causes migraine. This article summarizes the main
hypotheses currently proposed for PFO-induced migraine.

3.1 Paradoxical Embolism Theory

The paradoxical embolism theory is one of the hypotheses supported by many
scholars. This theory proposes that under normal conditions with a closed fora-
men ovale, microemboli in the venous system (such as air, microthrombi, etc.)
are filtered out during passage through the pulmonary circulation. When PFO
is present, microemboli from the venous system can pass directly from the right
atrium to the left atrium through the foramen ovale, bypassing the pulmonary
circulation and entering the systemic circulation directly, thereby causing arte-
rial embolism and reduced blood supply to the corresponding arterial territories,
triggering migraine attacks. Nozari et al. [9] found that injecting microparticles
or air microemboli (similar to microemboli in veins) into the carotid arteries
of mice could trigger cortical spreading depression (CSD) without causing cere-
bral infarction. CSD can activate the trigeminal nerve conduction pathway,
leading to stimulation in pain-sensitive innervation areas and thereby triggering
migraine [10]. This animal experiment provides good support for this theory.

3.2 Vasoactive Substance Theory

In patients with PFO and migraine, right-to-left shunting within the atria allows
certain vasoactive substances in venous blood (such as serotonin, calcitonin gene-
related peptide, etc.) to bypass the pulmonary circulation and directly enter the
systemic circulation, causing sudden elevation of these vasoactive substances in
arterial blood. These substances would normally be inactivated during passage
through the pulmonary circulation and would not enter or would minimally
enter the systemic circulation. The sudden increase in vasoactive substance
levels (such as serotonin) may be an important component in triggering cortical
spreading depression, which subsequently activates pain-sensitive fibers of the
trigeminovascular system, leading to migraine attacks [11].

3.3 Transient Hypoxemia Theory

PFO-induced right-to-left shunting causes transient hypoxemia, leading to mi-
graine attacks. This theory explains that when patients with PFO suddenly
cough or perform a Valsalva maneuver, transient elevation of right atrial pres-
sure exceeds left atrial pressure, resulting in right-to-left shunting that causes
transient hypoxemia and triggers migraine attacks [12].
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3.4 Genetic Theory

Wilmshurst et al. [13] analyzed echocardiographic reports of 71 migraine pa-
tients from 20 families and found that among patients with migraine with aura
and atrial shunting, 15 of 21 first-degree relatives (71.4%) of patients with sig-
nificant RLS also had migraine with aura, compared with 3 of 14 first-degree
relatives (21.4%) of patients without significant shunting. The study demon-
strated that atrial shunting follows an autosomal dominant inheritance pattern
and has genetic correlation with migraine with aura.

4. Interventional Closure Provides a New Treatment Ap-
proach for PFO with Migraine
Migraine is a chronic disease characterized by recurrent attacks, with drug ther-
apy as the mainstay of treatment [14]. Treatment strategies are divided into
preventive therapy and acute therapy based on the stable and attack phases of
migraine symptoms. The goals are: 1) during stable phases, preventive therapy
reduces attack frequency, severity, and disability risk; 2) during acute attacks,
therapy rapidly and sustainably relieves headache, reduces headache recurrence,
and restores patients’normal lives. However, clinical use of migraine medications
has revealed that a considerable proportion of patients are insensitive to drug
therapy or have medication overuse, and long-term drug therapy also causes
many side effects. These issues compel clinicians to urgently seek new treatment
methods. In recent years, studies have found that PFO closure can improve clin-
ical symptoms in patients with PFO and migraine, providing a new approach for
migraine treatment, particularly for those with refractory headaches and poor
response to medication.

Anzola et al. [15] conducted a case-control study of 50 migraine patients who
underwent PFO closure surgery and 27 migraine patients who received drug
therapy. There were no differences in basic clinical data between the two groups.
After 12 months of follow-up, 18 of 50 migraine patients (36%) who underwent
PFO closure experienced complete migraine resolution, and 39 (78%) showed
improvement in migraine symptoms. In the 27 patients who received drug
therapy, 23 (85%) had no relief or worsening of migraine symptoms. PFO
closure showed significantly greater improvement in migraine compared with
drug therapy, with no difference in efficacy between migraine with aura and
migraine without aura. Wahl [16] conducted a retrospective analysis of 150
migraine patients who underwent PFO closure, showing that 51 patients (34%)
experienced complete migraine resolution, and 72 (48%) had varying degrees
of improvement in migraine attack frequency, severity, and duration. Among
96 patients with migraine with aura who underwent PFO closure, 68 (70%)
experienced complete migraine resolution. Xing et al. [17] evaluated the safety
and efficacy of PFO closure for migraine in a Chinese population, following up
125 patients with PFO and migraine after closure and comparing HIT-6 scores
with a drug therapy group. The impact of migraine decreased by 73.6%, proving
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the effectiveness of PFO closure for migraine treatment (p<0.001).

5. Complications of Interventional PFO Closure
In the past, repair of PFO could only be performed through open-chest surgery
with cardiopulmonary bypass, which carried high surgical risk, numerous postop-
erative complications, and complex postoperative management. Most hospitals
could not perform such procedures, so few patients underwent surgery solely for
PFO. With the development of minimally invasive cardiac surgical techniques,
interventional PFO closure technology has gradually matured. China began
performing interventional PFO closure in the early 21st century, and with con-
tinuous updates of interventional devices and improving operator skills, PFO
interventional closure procedures increased significantly after 2012, along with
deepening understanding of PFO. Numerous foreign studies have confirmed the
safety of interventional PFO closure through long-term follow-up of postoper-
ative patients [18, 19]. China started performing these procedures later, and
there are currently few large-data analytical studies on complications of inter-
ventional PFO closure.

5.1 Device Thrombosis

In a meta-analysis [20] that searched Medline, Embase, and Scopus databases
from 1973 to 2012, 28,142 patients who underwent interventional closure proce-
dures (atrial septal defect closure and PFO closure) were included. The most
common complication was device thrombosis, with an incidence of 1.0% (95%
CI 0.8%-1.0%). Krumsdorf et al. [21] evaluated the incidence of thrombosis af-
ter interventional closure in 1,000 patients, showing a device thrombosis rate of
1.2%, with significant differences between different devices: AMPLATZER (0%),
HearoSEAL (7.1%), STARFlex (5.7%), and Helex (0.8%). The mechanism of
device thrombosis remains unclear. Some scholars believe it results from fibrin
deposition on the device surface or blood turbulence that enhances coagulation
function [22]. For prevention of device thrombosis, drugs targeting the thrombo-
sis pathway are used, generally antiplatelet and anticoagulant agents. However,
there are currently no unified standards for the regimen, dosage, or duration
of antiplatelet and anticoagulant drug use, which is mainly based on some bio-
logical evidence [23]. No comparative studies of different antithrombotic drug
regimens have been reported.

5.2 Device Erosion

Device erosion is a rare complication. During device erosion, some complications
may be sudden and life-threatening, drawing attention to this potentially fatal
complication. In 2004, Amin et al. [24] first reported device erosion, describing
28 patients with hemodynamic changes after atrial septal defect closure, with
an incidence of 0.1%. Nineteen patients (68%) developed symptoms within 72
hours after closure, 8 (29%) were diagnosed between 5 days and 8 months post-
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operatively, and 1 (3.5%) developed pericardial effusion 3 years after surgery.
Twenty-six patients (92%) experienced cardiac perforation, with locations in-
cluding the left atrial roof, right atrial roof, and aortic root. Subsequently,
Amin et al. [25], in a study evaluating all complications occurring during or
after Amplatzer PFO device closure and recommending technical measures to
reduce complications, found that two patients experienced device erosion, with
an incidence of 0.018%.

5.3 Arrhythmias

Atrial fibrillation is the most common type of arrhythmia after PFO closure,
with an incidence of 2%-5% [26]. Staubach et al. [27] followed up 1,349 patients
who underwent PFO closure and found that 53 patients (3.9%) developed new-
onset atrial fibrillation, which is higher than in the elderly population. Taaffe
et al. [28] followed up 660 patients for 30 days after closure and found that the
incidence of atrial fibrillation with Amplatzer, Helex, and STARFlex devices
was 4% (3/220), 0.9% (2/220), and 5% (8/220), respectively. The incidence of
atrial fibrillation may vary with different devices, but there is no correlation
between device size and atrial fibrillation. Currently, there are few studies on
how to manage post-closure atrial fibrillation. Some literature [29] recommends
treatment with classic anticoagulant and antiarrhythmic drugs, while catheter
ablation may be used for refractory atrial fibrillation. Additionally, there have
been reports of atrioventricular block after PFO closure [30], possibly because
the atrioventricular node is located near Koch’s triangle at the edge of the in-
teratrial septum, which may be damaged during PFO device placement, leading
to cardiac electrophysiological disturbances.

5.4 Residual Shunt

Small residual shunts are common after PFO closure, while large residual shunts
are rare. Transthoracic echocardiography commonly used in clinical practice of-
ten cannot detect residual shunts, requiring transesophageal echocardiographic
contrast examination, which is a semi-invasive procedure that patients are often
reluctant to undergo during follow-up. Clinically, transesophageal echocardio-
graphic contrast examination is typically used to evaluate residual shunts only
when patients show no relief of original symptoms or experience symptom recur-
rence [26]. This situation may lead to missed diagnosis of some patients with
residual shunts after closure. Hornung et al. [31] followed up 660 patients who
underwent PFO closure for 5 years and found that 24 patients (3.6%) developed
severe residual shunts requiring re-implantation of closure devices. The inci-
dence of severe residual shunts differed significantly among devices (P=0.0038),
with rates of 2 (0.9%), 15 (6.8%), and 7 (3.2%) for Amplatzer, Helex, and CSS
devices, respectively. Additionally, studies [22] have shown that residual shunts
after closure can cause significantly increased coagulation activity, leading to
thrombotic events. This demonstrates that residual shunt complications cannot
be ignored.

chinarxiv.org/items/chinaxiv-202309.00197 Machine Translation

https://chinarxiv.org/items/chinaxiv-202309.00197


5.5 Other Complications

Other complications reported in the literature include infective endocarditis,
device allergy, and valve injury [32-34]. In pediatric closure procedures, because
children are in a growth and development phase, there is limited research data
on whether implanted devices can be tolerated long-term as the child grows.
However, some literature has mentioned that echocardiographic and magnetic
resonance imaging studies after implantation of large devices in children [35, 36]
have shown that the distance between the device and surrounding structures
increases with age, which may reduce the risk of long-term complications.

6. Summary and Outlook
In summary, the correlation between PFO and migraine is undeniable. However,
the exact role that PFO plays in the pathogenesis of migraine remains uncertain,
as none of the existing hypotheses alone can fully convince. Numerous stud-
ies have demonstrated that interventional PFO closure is characterized by few
postoperative complications and high safety. For PFO patients with refractory
migraine and poor response to drug therapy, PFO closure can be considered an
alternative treatment option. For patients with PFO and migraine undergoing
closure, there is currently no unified standard for postoperative antithrombotic
drug regimens to prevent thrombosis, which may require further clinical prac-
tice. We believe that with deepening clinical practice, continuous development
of molecular biotechnology, ongoing updates in basic research, and improving
surgical techniques, research into the physiological and pathological mechanisms
of PFO with migraine will become more profound, and closure treatment for pa-
tients with PFO and migraine will become safer and more reliable.
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