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in Cardiology Does Patent Foramen

Ovale Promote
Cryptogenic Stroke and
Migraine Headache?

ryptogenic stroke is a diagnosis of exclusion. These are strokes that occur
in people who are usually less than 55 years old, without an identifiable
cause. Our sensitivity to these events has been heightened because of the

new definitions of a transient ischemic attack. Transient ischemic attack (TIA) is a
clinical diagnosis of a neurologic deficit without MRI abnormalities: if there is an
MRI abnormality, whether or not that person is symptomatic, it is now defined as
a stroke. With these new definitions, and the sensitivity of MRI, we are seeing
more cryptogenic strokes.

It has been hypothesized that many cryptogenic strokes are caused by small em-
boli that travel from the legs to the right atrium; during straining (such as a Valsal-
va maneuver) these emboli can go across a PFO into the left atrium and then travel
to the brain, producing a stroke. The problem is that these are very small emboli,
approximately 1 to 3 mm, and we can’t actually show these small emboli crossing
from right to left. However, large emboli have been observed by echocardiography
to be trapped in the PFO. So the diagnosis of cryptogenic stroke is a diagnosis of
exclusion that is impossible to verify.

What is the scope of the problem? Of the 700,000 strokes per year in the United
States, 80% of them are ischemic, and 20% of those are defined as cryptogenic.
The prevalence of PFO among this cryptogenic stroke population is about 40% to
50%; in the general population, it’s only about 20%. Current estimates are that
somewhere between 30,000 and 60,000 strokes per year in the U.S. are caused by
paradoxical embolism through a PFO.

There are some other fascinating associations: scuba divers with PFOs are more
susceptible to decompression illness. Platypnea-orthodeoxia is a condition of de-
saturation that occurs when you’re standing up but not when you’re lying down;
these patients are quite symptomatic, with arterial saturations in the low 80s. They
also frequently have PFOs; if you close the PFO, the arterial desaturation is allevi-
ated.

Fat emboli during orthopedic surgery or air emboli during neurosurgery may
also travel through the venous system. If you don’t have a PFO, the fat or the air is
trapped in the lungs and doesn’t cause much of a problem unless it’s massive; but if
you have a PFO, then the embolus can go from right to left atrium up to the brain,
with devastating neurologic consequences.

Treatment Options for Cryptogenic Stroke and PFO
There are several treatment alternatives for cryptogenic stroke (Table I). Warfarin
has been used for years, but it is uncertain that this reduces the risk of events, which
is still 2% to 8% per year. Antiplatelet therapy appears to be of equivalent value to
warfarin. The WARS trial looked at over 2,000 patients with stroke of uncertain
origin (atrial fibrillation and high-grade carotid stenosis were excluded); the recur-
rence rate was quite high—8% per year—but not all of these patients had PFOs.
There was a substudy of 630 patients in WARS who were evaluated by transesoph-
ageal echocardiography; PFO was significantly more common in patients with
cryptogenic stroke. In a subset analysis, they separated patients into those who had
a PFO from those patients who did not have a PFO, and then segregated them 
according to age. Remember, cryptogenic stroke is usually defined as occurring in
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patients less than 55 years of age; above age 55, strokes
are generally felt to be more likely due to atherosclero-
sis. Interestingly, though, in the lowest age group (<55),
the incidence of recurrent stroke or death tended to be
lower in patients with a PFO, and it was about equal
in the 55 to 65 age range. But above age 65 into the
80s, patients were 3 times more likely to have a stroke
or death if a PFO was present, even accounting for
other risk factors usually associated with atherosclero-
sis. As you get older, you probably have more venous
emboli and your right atrial pressure goes up, raising
the risk of PFO-mediated embolic events to the point
where, in the elderly, that risk may be just as impor-
tant as underlying atherosclerotic disease. These are all
observational data at present, but the concept is fasci-
nating and needs to be tested. Perhaps all elderly pa-
tients with stroke should be getting their PFOs closed
in addition to getting their carotid arteries cleaned out.

Percutaneous ASD and PFO Closure
We now have options for percutaneous closure of in-
teratrial communications, such as the CardioSEAL
device and the Amplatzer device. Placing one of these
involves advancing a catheter across the interatrial sep-
tum and deploying the device, which springs out and
then is detached. The procedure takes about 30 to 45
minutes, does not require general anesthesia, and can
even be done without transesophageal echo, using in-
tracardiac echo. It’s an outpatient procedure, and pa-
tients go home within a few hours. The CardioSEAL
device itself is made of Dacron with embedded metal
springs. The true “seal” is actually a biologic seal, with
scar tissue that forms over the device. The mechanical
force of the springs just approximates the tissues; the
body’s healing process does the rest, to achieve com-
plete closure.

In the last 4 years, we’ve done 141 procedures (Ta-
ble II), including atrial septal defect (ASD) closures
and about 100 PFOs. All 141 devices were successful-
ly implanted. One had a shunt around it, probably

from a tear; and there was 1 case of pericardial effu-
sion. There was 1 residual shunt among the ASDs, and
there were some minor bleeding complications. We
did have one CardioSEAL device that had significant
thrombus, and we subsequently explanted that device.
Last year, in the Journal of the American College of Car-
diology, we reported a higher incidence of thrombus
on the CardioSEAL, and we’ve stopped using that de-
vice and use the Amplatzer now exclusively. Impor-
tantly, in our series of 100 patients with PFO closure,
we’ve had no recurrence of stroke or transient isch-
emic attack over the 4 years that we’ve been following
these cases. Currently, there are 2 ongoing random-
ized trials that will attempt to test whether device 
closure of patent foramen ovale is preferable to con-
tinuous medical therapy to prevent recurrent stroke
from paradoxical embolism.

Migraine
Approximately 12% of the population, or 27 million
people in the United States alone, have migraine
headaches (Table III). Migraine is 3 times as common
in women as in men. The incidence of PFO in pa-
tients with migraine is about 50% if migraine is ac-
companied by visual aura, versus 20% in the general
population. Migraine with aura seems to be different
from migraine without aura. Migraine patients with-
out aura are no different from the general population
in regard to the incidence of PFO.

If we look at it another way, the incidence of mi-
graine with aura is about 50% in cryptogenic stroke
patients who have a PFO, instead of the 12% found
in the general population. Small observational studies
have showed that if the PFO is closed, the migraines
are suppressed in about 70% of those patients. We
also know that migraine sufferers have an increased
risk of abnormal MRIs; in 1 study from Denmark,
there was a 13-fold higher incidence of MRI lesions
in patients with migraine. We also know that the pre-
vious view of the pathophysiology of migraine head-
aches—intense vasospasm followed by vasodilation
and headache (Table IV)—is incorrect and that our

TABLE I. Treatment Alternatives

Antithrombotic Therapy

Warfarin 
• Provides incomplete protection, with annual risk of

recurrence 2%–8%, depending on anatomic features
• Risk of hemorrhagic complications

Antiplatelet therapy probably of equal value to warfarin

Surgical Closure

Closure offers nearly complete protection

Low risk, but most patients want to avoid surgery

Percutaneous Device Closure

Unproven, but appears to be as effective as surgery

TABLE II. Results at UCLA: 2001–2004

• 141 patients: 104 PFO, 37 ASD

• PFO closure: all successful
1 new fenestration shunt
1 pericardial effusion, possible nickel allergy 

• ASD: 2 with insufficient rim ⇒ surgery 
1 residual small shunt

• 2 groin bleeding complications
1 device explanted with thrombus

• No recurrence of stroke/TIA in 4 years
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concept needs to be adjusted (Table V). A recent arti-
cle in the Journal of the American Medical Association
described migraine as a progressive brain disease, with
a 5 times higher incidence of posterior circulation in-
farcts.

There are 2 recent articles in the Journal of the Amer-
ican College of Cardiology, from our group at UCLA

and Mark Reisman’s group in Seattle, both showing
that in the patients who had an ASD or PFO closed
because of cryptogenic stroke, the incidence of mi-
graine headaches was significantly reduced. In our
data, migraine was present in 37 out of 89 responders;
24 had aura. Of those patients with aura, 18 of 24 had
no more recurrent headache after PFO or ASD clo-
sure. Zero. In the patients who did not have complete
resolution of their migraine episodes, there was still a
significant improvement in the symptoms.

A New Migraine Hypothesis
One hypothesis to explain these observations is that
migraine is due to paradoxical embolism through a
PFO. Our migraine hypothesis is a little different
from that (Table VI). We believe that there are certain
individuals who are neurophysiologically susceptible;
but migraine symptoms are initiated by chemical sub-
stances, and not primarily by embolism. People eat
chocolate or nuts, or drink red wine, and get migraine
headaches; and there is perimenstrual migraine in
women. I believe that there is some chemical that usu-
ally is cleared by the lungs in a 1st pass; however, if
you have a PFO, you can shunt this chemical directly
to the brain, which triggers the migraine headache
symptoms in susceptible individuals. Closure of the
PFO will reduce or eliminate migraine headaches,
I believe, in 75% of patients, especially those mi-
graines associated with aura. The presence of a PFO
also increases the risk of embolic TIA in that patient
population, and so you may have an abnor-mal MRI
due to small emboli going to the brain. A migraine-
associated stroke is not due to intense vasospasm, but
is actually a paradoxical embolism through the PFO.
Closing the PFO will also reduce the risk of associated
stroke. These concepts need to be tested in a multi-
center randomized clinical trial, which is currently
being proposed to the FDA.

Ultimately, PFO closure, performed percutaneously
in the catheterization laboratory, may come to play an

TABLE III. Migraine Facts

• Migraine headache affects 12% of population (F, 18%; 
M, 6%) or 27 million people in USA.

• Incidence of PFO in patients with migraine: 
48% if migraine with aura.1

23% if migraine without aura and 20% in controls

• Cryptogenic stroke with PFO:
52% had migraine with aura2

10 of 14 (71%) had suppression after closure3

• Migraine patients have 13x incidence of MRI lesions4

• PET studies show no vasodilation with migraine5

What are these observations telling us about migraine
headache?

1. Anzola GP, et al. Neurology 1999;52:1622-5.
2. Sztajzel R, et al. Cerebrovasc Dis 2002;13:102-6.
3. Wilmshurst PT, et al. Lancet 2000;356:1648-51.
4. Kruit MC, et al. JAMA 2004;291:427-34.
5. May A. Br Med Bull 2003;65:223-34.

TABLE IV. The Presumed Etiology of Migraine Headache:
Older Version

• Unknown triggers induce intense vasospasm followed by
vasodilation, producing throbbing pain.

• Treatment has been directed to prevent arterial spasm or
dilation (beta-blockers, ergot alkaloids).

• Triptans: selective 5-HT1β/1D agonists of peripheral
nociceptors. Prevent release of vasoactive peptides.

TABLE V. The Presumed Etiology of Migraine Headache:
Newer Version

• Dysfunction of hypothalamus (prodrome)

• Cortical spreading depression (aura)

• Activation and sensitization of peripheral nociceptors

• Activation and sensitization of 2nd- and 3rd-order neurons

• Cutaneous allodynia

• Brain-stem activation

• Intracranial hypersensitivity (headache)

But how does this tell us what causes a migraine, or how to
treat it?

TABLE VI. Our Migraine Hypothesis

• In susceptible people, migraine is initiated by chemical sub-
stance(s), perhaps an amino acid (chocolate, nuts) or
steroid/prostaglandin (more prevalent in women and peri-
menstrual cycle), usually cleared by lungs in first pass.  

• Presence of PFO increases the concentration of this sub-
stance to the brain. Hence increased association of PFO 
and migraine.

• PFO also increases the risk of embolic TIA or stroke in the
migraine population. This may account for abnormal MRI.
“Migraine stroke” is due to paradoxic emboli through a 
PFO, not intense vasospasm.

• Closure of PFO will reduce or eliminate migraine headaches
in 75% of cases, especially those associated with aura.



important role in reducing migraine symptoms in cer-
tain individuals (particularly those with aura), and in
reducing some of the associated risk of stroke. Ongoing
randomized studies will be testing this prospectively.
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