
T
he correlation between patent foramen ovale
(PFO) and migraine is well established. The co-
existence of the two conditions may be expected,
given the relatively high prevalence of each.
Roughly 11 percent of the adult population expe-

riences migraines, and 25 percent of the general population
are estimated to have a PFO. However, many of the details of
the relationship between migraine and PFO—particularly
whether a causal link exists—are unclear. 

There has recently been much interest in the prospect of
surgical closure of PFO as a means of reducing migraine fre-
quency and/or severity, especially for patients unresponsive to
medical therapy. Despite promising results in retrospective
studies, controversy exists over which patients are appropriate
candidates for PFO closure and whether the likely outcome
justifies the inherent risks of surgery. This article will review
the data on the association between PFO and migraine, and
will discuss how to weigh the pros and cons of surgical closure.

PFO Characteristics in Migraine Patients
The foramen ovale is a vestigial remnant of fetal circulation.
In the fetus, this opening between the right and left atria
allows the flow of blood oxygenated by the placenta to bypass
the lungs. Following birth, a layer of tissue covers the foramen
ovale; however, in approximately 25 percent of the popula-
tion, an increase in pulmonary pressure allows transient open-
ing, or patency, of the foramen. It is also possible, though less
common, for the foramen to remain open even at rest.

Because PFO has been associated with cryptogenic
ischemic stroke in young adults, it is of particular concern in
young women, for whom migraine with aura is a risk factor
for ischemic stroke. Furthermore, PFO is more common in
migraine with aura (MA) patients than in the general popula-
tion, with a prevalence of 47 percent, as detected by trans-
esophageal echocardiography, vs. 17 percent for controls.1 In

the same study, patients with MA had larger right-to-left
shunts than controls, and large shunts were present in 27 per-
cent of MA patients vs. three percent in controls.

A right-to-left shunt is significantly more common in
migraine with aura patients than in those with migraine with-
out aura. A study by Del Sette using transcranial doppler
(TCD) ultrasound estimated its prevalence at 41 percent in
this patient population vs. 16 percent in normal controls.2 This
prevalence is significantly higher than that found in normal
controls and similar to that found in young patients with focal
ischemic deficits. Comparable results were found in other
TCD studies of right-to-left shunts in MA patients.3,4

A number of theories have been proposed to explain the
mechanism of association between PFO and MA. A genetic
linkage between the two conditions was proposed by
Wilmshurst et al. in a study that found a significant right-to-
left shunt and migraine with aura in 71 percent of first-degree
relatives of patients with MA.5 It is also possible that PFO may
enable humoral factors (e.g., serotonin) or activated platelets
from the systemic circulation to bypass the pulmonary circula-
tion, reach the brain and trigger a migraine attack. In addition
to vasoactive substances, passage of microemboli through a
PFO may trigger cortical spreading depression—an event
thought to initiate migraine attacks. This theory is undermined
somewhat by the comparative lack of association between PFO
and atrial fibrillation, a known cause of paradoxical emboli.
Further evidence for the association between PFO and MA
comes from the observation that some migraineurs demon-
strate T-2 signal hyperintensities in the cerebral white matter as
well as  cerebellar infarcts on MRI, that may be due to passage
of microemboli through a right-to-left shunt.6,7 Platelet activa-
tion is thought to be another possible mechanism for the
increase in MA among PFO patients, as it is often found in
migraine, and some drugs that have antiplatelet properties are
known to decrease the frequency of MA attacks.
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Shunt size can predict the occurrence of migraine and
stroke. In a study of 420 patients with a diagnosed right-to-
left shunt (with or without stroke), patients with migraine had
larger R-L shunts than non-migraine patients.8 The largest
shunts were observed in patients with both migraine and
stroke, leading the authors to conclude that right-to-left
shunting may be causally related to migraine and to the
increased stroke risk of migraine. In a study of 200 divers who
experienced decompression illness, a right-to-left shunt was
present in 60 percent of cases. Prevalence of migraine without
aura was not related to the presence of R-L shunt or to shunt
size. By contrast, migraine with aura was found in 42 percent
of subjects with large shunts.9

Combining the results of the studies mentioned above, we
can summarize that PFO is about twice as common in
migraine with aura compared with non-migraineurs, and
migraine with aura is  4-6 times more common than expected
in patients with PFO. There is no significantly increased
prevalence of PFO in migraine without aura. The connection
between PFO and MA is stronger in patients with large left-
to-right shunts; those with smaller shunts do not seem to be
at elevated risk for migraine with aura. However, a majority of
PFO patients do not experience migraine with aura, so PFO
cannot be considered a primary cause of MA. Rather, a subset
of MA patients appear to be affected. Given the likelihood of
a connection between PFO and migraine with aura, and the
risk of stroke in young migraineurs, MA patients with fre-
quent attacks unresponsive to medical therapy, those with his-
tory of cerebrovascular disease, and those interested in under-
water diving are candidates for imaging studies that would
identify PFO.

Benefits of PFO Closure
Several studies have suggested a clinical benefit from PFO clo-
sure in migraine patients. A few are summarized below:

In a retrospective study of 275 patients who had undergone
PFO closure from 1998 to 2002, 215 of the original subjects
were recruited in 2003 and asked to recall the characteristics
and frequency of their headaches for one year prior to and one
year since closure.10 All patients had been placed on clopidogrel
for one month and ASA for six months following closure. In the
year prior to closure, 48 patients (22 percent) experienced
migraine (37 with aura and 11 without) and 23 patients expe-
rienced headaches of another type. After closure, headache
attack frequency decreased by 50 percent (p=0.001) in the
migraine with aura patients and 67 percent (p=0.006) in the
migraine without aura patients. Three of the eight patients who
did not improve had residual shunts following the procedure.

In a similar retrospective analysis of 162 subjects who under-
went PFO closure for presumed paradoxical cerebral embolism,

57 patients (35 percent) suffered from migraine headaches prior
to closure (39 with aura and 18 without).11 Follow-up data were
available for 50 of these 57 patients. At a mean follow up of 37
weeks, subjects reported fewer migraine attacks per month (6.8
± 9.6 prior to closure vs. 1.4 ± 3.4 after closure, p<0.001). Of
the 50 patients, complete migraine relief was reported by 28,
significant reduction by seven, and 15 experienced minimal or
no relief. Another study examined 89 adult patients who under-
went transcatheter PFO closure.12 Before the procedure,
migraine was present in 42 percent of patients. At three months
after the procedure, this had disappeared in 75 percent of
migraine with aura patients and in 31 percent of those without
aura. Of the remaining 15 patients, 40 percent reported signif-
icant improvement of migraines that persisted for the 12-month
mean length of follow-up.

A recently-published case-control study compared 23
stroke patients with migraine and  27 migraine patients with-
out cerebrovascular disease who underwent PFO closure to 27
patients with migraine and PFO who were followed up med-
ically (control group).13 All patients had relatively large shunts.
Patients retrospectively reported the frequency, duration and
intensity of migraine attacks in the six months prior to clo-
sure, then kept a headache diary for 12 months after the pro-
cedure. Forty-three percent of stroke patients and 30 percent
of non-stroke patients reported migraine freedom after sur-
gery. Significant improvement in migraine severity was noted
in an additional 52 percent of stroke patients and 52 percent
of non-stroke patients, as well as 15 percent of controls. This
study found no difference in response to PFO closure between
patients with migraine with aura and those with migraine
without aura. 

In a study of 17 migraine patients who underwent PFO
closure for paradoxical cerebral embolism,14 the score for
migraine severity (a composite of frequency, duration and
intensity) was 6.75 in migraine with aura patients and was 6
in migraine without aura patients. After closure, the score
dropped to 2.5 in MA patients and to 4.2 in migraine with-
out aura patients at the six-month follow-up visit. Overall,
five of 17 patients no longer complained of migraine, 10 were
substantially improved, and two were unchanged at six
months. Migraine aura disappeared in six of eight patients. 

Despite some positive results discussed above, there are a
number of limitations to the above studies. The studies were
clinic (not population) based, causing selection bias. Many
included patients who had a PFO and stroke or decompres-
sion illness. These patients are not representative of the gener-
al migraine patient population. All patients received
antiplatelet drugs after closure, usually clopidogrel plus
aspirin, which may have a prophylactic effect on migraine fre-
quency. The duration of follow-up, ranging from three to 12
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months in most studies, is too brief to draw conclusions about
the lifetime history of migraine. Finally, most studies were ret-
rospective; as such, recall bias influences the accuracy of data
on migraine attack frequency and severity.

A concern for patients who are candidates for PFO closure
are the risks inherent in the procedure. In a multicenter study
of percutaneous PFO closure in 272 consecutive patients
(mean age = 51 ± 14.2 years, 52.9 percent males), the implan-
tation procedure resulted in an initial complete shunt closure
rate of 74.3 percent with a periprocedural complication rate of
6.6 percent (see Table 1).15

The first prospective, randomized double-blind study of
PFO closure on migraine with aura, called the MIST study,
enrolled 147 patients, 60 percent of whom had a left-to-right
shunt. Patients were required to have had migraine with aura
at least five days per month for at least one year, to have a
moderate-to-large PFO, and to be refractory to two types of
migraine medication. Patients with prior stroke/TIA and
those who had overused pain medications were excluded.
Seventy-four patients underwent surgical closure of their PFO
and the other 73 received a surgical sham procedure. All
patients were given ASA and clopidogrel for three months fol-
lowing the procedure. 

The study failed to reach its primary endpoint: complete
cessation of migraine in at least 40 percent of subjects.
However, secondary endpoints of reduction in headache bur-
den and 50 percent reduction in headache days were more
promising. Patients who underwent PFO closure experienced
a 37 percent reduction in headache burden, those who
received the sham procedure had a 17 percent reduction in
headache burden, and 42 percent of closure patients and 23
percent in the sham group achieved a 50 percent reduction in
headache days. Serious adverse events that occurred in the clo-
sure group included cardiac tamponade, pericardial effusion,
retroperitoneal bleed, atrial fibrillation and chest pain in one
patient each. 

To Close or Not to Close?
Although PFO closure may result in improvements in
migraine frequency and severity in some patients, there is not
sufficient evidence for its efficacy to support the routine use of
this procedure for migraine. A responsive sub-group of
patients may exist, but the predictive clinical features remain
unclear. Future studies may identify the patients who will ben-
efit the most  from this procedure . Until then, PFO closure
should not be recommended as a treatment option for
migraine patients outside of clinical trial protocols.  PN

0.7% ............................transient ischemic attack
1.1% ............................stroke
0.7% ............................implant causing valvular incompetence
0.7% ............................PFO became atrial septal defect
1.4% ............................device migration requiring surgical or percutaneous removal
2.2% ............................transient arrhythmia that spontaneously resolved or required medical treatment
6.6%...........................Total Complications

Source: Alameddine F, et al. Transcatheter patent foramen ovale closure for secondary prevention of paradoxical embolic events: Acute results from the FORECAST registry. Catheter
Cardiovasc Interv 2004;62:512-516.

Table 1. Peri-Procedural Complication Rate of Percutaneous PFO Closure
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