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ABSTRACT: The relationship between patent foramen ovale and
migraine headache is a topic surrounded by much controversy. We
present the case of a 45-year-old woman who underwent successful
percutaneous mitral balloon valvuloplasty for rheumatic mitral valve
stenosis, but had an immediate postprocedural course complicated by
refractory migraine headaches. Interestingly, resolution of her
headaches coincided with the spontaneous closure of the interatrial
communication created during valvuloplasty. This suggests interatrial
flow as an important trigger for migraine headaches in this patient.
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Migraine headache is a debilitating clinical disorder that sig-
nificantly impacts quality of life, and exerts a tremendous eco-
nomic cost in terms of work-days lost. Though the therapeutic
options for migraines have grown over the last two decades, a
large population of chronic migrane sufferers continues to utilize
emergency services at a significant cost to society.1-4

Though the precise etiology of migraine headaches has not
been elucidated, the association of patent foramen ovale (PFO)
closure and the cessation of migraines was first described by
Wilmshurst and colleagues as an incidental finding while exam-
ining the effect of closure of cardiac right-to-left shunts to pre-
vent recurrence of decompression illness.5 Several studies before
and after this report have suggested an increased prevalence of
PFO in patients with migraine headaches.6 Subsequent studies
have further delineated that the largest association with PFO is
in patients who have migraine with aura, as these patients appear
twice as likely to have a PFO present when compared to a con-
trol group.  Migraine patients without aura have PFO prevalence
equal to controls.7,8

When percutaneous closure of PFO following stroke or tran-
sient ischemic attack first became routine, anecdotal reports were
published describing patients who experienced migraine relief fol-
lowing closure. Retrospective studies utilizing questionnaires to
assess the impact of closure on migraine supported a potential role

of PFO in the pathogenesis of refractory migraine.9,10 Based on
these promising findings, the MIST I randomized clinical trial of
percutaneous closure of PFO using the BioSTAR device (NMT
Medical, Inc) was performed. Study design was ambitious, utiliz-
ing sham closure in the non-closure group to avoid the potentially
large placebo effect of closure. Shortcomings aside, including the
presence of residual shunt in a substantial number of patients, the
study failed to reach its primary endpoint. Though a trend toward
fewer symptoms was seen with closure, resolution of migraine oc-
curred with equal frequency in both study groups.11 On the heels
of this publication, an epidemiological study from a well-studied
cohort questioned whether an association between migraine and
patent foramen ovale even existed.12 Of note, at least one large
randomized trial continues to recruit patients to study the associ-
ation utilizing a different device, and will hopefully shed greater
light on the role of PFO closure.13

Determination of causality. Microbiologist Robert Koch de-
fined a series of postulates in 1890 as a means of establishing a
causal relationship between microbes and disease.14 Since this
critical publication, Koch’s postulates have gained acceptance
as a method of determining the etiology of various disease
processes.15 Modifying these postulates to apply to PFO in the
pathogenesis of migraine, the following steps would apply:
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Figure 1. Anterior-posterior fluoroscopic view demonstrating the 28 mm
Inoue balloon across the mitral annulus (arrowheads) and inflated to 24
mm. The ‘X’ marks the site of septostomy.
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(1) The suspected characteristic (PFO) must be found more
frequently in persons with the disease under investigation (mi-
graine) than in persons without the disease.  

(2) Elimination of the characteristic under investigation
should lead to a measurable improvement in disease (closure of
PFO should result in migraine improvement).

(3) Reintroduction of the entity should lead to recurrence
of clinical disease (septostomy should be provocative in suscep-
tible patients).

The first two postulates have arguably been satisfied for PFO
and migraine headache. We describe a patient case that we be-
lieve could satisfy the remaining postulate.

Case Report. A 45-year-old woman with symptomatic rheu-
matic heart disease was referred to our hospital for consideration
of percutaneous balloon mitral valvuloplasty. Preprocedural
echocardiography showed a moderately thickened valve with
moderately restricted leaflet motion, mild calcification, and mild
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Figure 4. Saline microcavitation study performed in the apical
four-chamber echocardiographic view. Bubbles are seen in the
right atrium (RA) and right ventricle (RV), but not in the left
atrium (LA) or left ventricle (LV), suggesting that the atrial
level shunt has resolved.

Figure 3. Apical four chamber echocardiographic view with
color Doppler showing 1-2+ tricuspid regurgitation (arrow-
head), but no longer any interatrial color flow. LA = left
atrium; RA = right atrium; RV = right ventricle.

Figure 2. Apical four-chamber echocardiographic views (right
image with color Doppler; left image without color Doppler)
showing a small atrial septal defect (arrow) resulting from the
previous septostomy. Color flow demonstrates left to right shunt.
There is also 1+ tricuspid regurgitation present (arrowhead). LA
= left atrium; RA = right atrium; RV = right ventricle.
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subvalvular involvement (calculated Wilkin’s score, 8) with 1+
mitral regurgitation. The mean mitral valve gradient was 11
mm Hg with a peak gradient of 17 mm Hg and a calculated
valve area of 1.1 cm2 by planimetry. There was mild left atrial
enlargement, mild-to-moderate pulmonary hypertension (esti-
mated right ventricular systolic pressure, 50 mm Hg) and normal
biventricular size and function. A transesophageal echocardio-
gram further clarified the rheumatic involvement. There was no
left atrial appendage thrombus present and saline microcavitation
(bubble) study and color Doppler were negative for right-to-left
shunt.

The patient underwent transthoracic echocardiographic and
fluoroscopic-guided balloon valvuloplasty (Figure 1) using a stan-
dard transseptal technique and a 28 mm Inoue Balloon (Toray In-
dustries). After valvuloplasty, the mean mitral gradient measured
by simultaneous sampling in the left atrium and left ventricle was
reduced from 9 mm Hg to 4 mm Hg, and the calculated valve area
increased from 1.2 cm2 to 1.9 cm2. The mitral regurgitation by
ventriculography remained unchanged (1+ before and after valvu-
loplasty). A shunt run at the end of the procedure showed a Qp/Qs
of 1.2:1 (no shunt was present at the beginning of the procedure).
The patient did well overnight following the procedure, and an
echocardiogram the following morning showed a mean mitral valve
gradient of 5 with a peak gradient of 9 and mild mitral regurgi-
tation. Note was made at that time of “a small atrial septal defect”
on both the apical 4-chamber and subcostal views with evidence
of left-to-right shunting by color Doppler (Figure 2). The patient
was subsequently discharged home.

During routine clinical follow-up 1 month later, a review of
systems revealed the patient was now experiencing migraine
headaches that began a few days after her discharge. She had been
seen by a neurologist, who prescribed abortive therapy to use as
needed. She reported having 3-4 headaches a week that generally
began with an aura of flashing lights and odd scents, followed by
unilateral eye and left temporal throbbing. Brain magnetic reso-
nance imaging scan and magnetic resonance angiogram were ob-
tained and showed no stroke or vascular abnormalities. On further
questioning, the patient revealed she had migraines as a child that
caused her to frequently miss school, but had eventually grown out
of them. A repeat echocardiogram was performed during her visit
and showed a persistence of atrial level shunting. Color Doppler
this time suggested bidirectional shunting and a bubble study con-
firmed right-to-left shunting.

The patient was started on a baby aspirin and asked to return
in 5 months. At the time of her follow-up, she reported that her
migraines had fully resolved. She further described a decrease in
frequency over the second to third month following septostomy
and then a rather sudden and complete resolution, “like someone
turned off a switch.” A repeat echocardiogram showed no color
Doppler flow across the septum (Figure 3) and was followed by
a negative bubble study (Figure 4). The patient has consequently
been followed yearly (now 6 years postintervention) with no mi-
graine recurrence. Subsequent echocardiography studies have re-
vealed limited restenosis of the mitral valve, and no evidence of
shunting across the septum on color Doppler imaging. 

Discussion. For years, clinicians have debated whether a
cause-and-effect relationship exists between PFO and migraine
headache. The foramen ovale is an interatrial channel, defined
inferiorly by the septum primum and superiorly by the septum
secundum. Its anatomic configuration facilitates the physiologic
right-to-left shunting of oxygen-rich placental blood during
fetal life. During birth, the increased left atrial pressure leads to
apposition of septum primum and secundum to close the fora-
men. When closure does not occur, a one-way valve-like struc-
ture remains, referred to as a PFO.16 PFO is an extremely
common clinical entity, with studies generally reporting preva-
lence between 17% and 27%.17 Most of these patients will
never experience stroke, migraine, or platypnea-orthodeoxia.
Published expert opinion suggests there is a subset of patients
with migraine in whom PFO is an integral part of the patho-
physiology. How to identify these patients, however, remains
uncertain.

Migraine headaches are a complex disorder in which a vari-
ety of biochemical, neurophysiologic, and genetic factors play
a role. It is feasible to postulate that a right-to-left shunt (via a
septal communication) could facilitate the transfer of vasoactive
chemicals including serotonin, kinins, and nitric oxide (nor-
mally inactivated by the lungs before reaching the systemic cir-
culation) to the brain and trigger neurovascular spasm and thus
migraine. Multiple studies have identified an association be-
tween PFO and migraine. One study found the prevalence of
right-to-left shunting by transcranial Doppler to be 41% in pa-
tients with migraine with aura, compared to 16% in healthy
controls.18

The relationship between PFO and migraine appears
strongest among patients with migraine with aura, while several
studies have found similar prevalence of right-to-left shunt be-
tween migraine without aura and healthy controls. However, it
remains unclear if the relationship is causal or simply a coexis-
tence of the two conditions.19 Various studies have suggested
short-term reduction in migraines following PFO closure,10,20-22

including Wilmshurst’s study, where migraine frequency was re-
duced (or completely resolved) in 18 out of 21 patients.5 A recent
study suggested long-term reduction of migraine intensity and
frequency in over 60% of patients who had at least moderate
shunts present on baseline testing.23 Despite the provocative na-
ture of these findings, the only randomized trial designed to ex-
amine PFO closure failed to demonstrate a significant benefit.11

Further randomized trials are actively enrolling, utilizing different
devices to further clarify the role of closure.

In this case report, relapse of migraines in a patient previ-
ously experiencing this condition coincided with the creation
of an atrial septal communication and resolved following spon-
taneous closure of the communication. Our report mirrors a
recent study that identified migraines in 22 of 2069 patients
(1.1%) status-post iatrogenic creation of an atrial septal com-
munication for transseptal catheter ablation of atrial fibrilla-
tion.24 It is interesting to note that 19 of the 22 patients (86%)
had complete resolution of their migraine symptoms at 1- to
2-year follow-up, as in our patient. While it is impossible to
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firmly establish cause and effect in our case, the coincidence of
these events suggests an association that may complete Koch’s
postulates linking the pathogenetic factor (PFO) and the clin-
ical disease (migraine headache).
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