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Abstract

Migraine is a headache disorder, typically characterized by unilateral headache (with
or without aura) of pulsating quality, which is associated with nausea, phonophobia and
photophobia. The patent foramen ovale (PFO) is a remnant of the fetal circulation. Multiple
studies suggest that migraine is more prevalent in subjects with PFO and vice versa,
suggesting that PFO and migraine may be risk factors for each other.

Case report. We present a 33-year-old female patient with unilateral hemicranial
headache, mostly on the right side, pain in the right eye, nausea, vomiting, photo and
phonophobia, with previous visual difficulties with the ipsilateral eye. The complaints usually
lasted 2-3 days and were associated mostly with the menstrual cycle. There were also
occasional bouts of dizziness. Ophthalmological and otorhinolaryngological nature of these
complaints was excluded with additional investigations. In addition, nuclear magnetic
resonance (NMR) of the brain, color Doppler duplex sonography (CDDS) of carotid and
vertebral arteries were performed, all with normal findings. On transcranial color Doppler
sonography with Bubble test, a positive finding was obtained for a Grade 4 right-left shunt
and the patient was referred for cardiology assessment and evaluation. The patient was
diagnosed with migraine with aura (visual) and PFO.

Conclusion. Results from epidemiological studies examining the relationship
between PFO and migraine are mixed at best. It is unclear if there is a causal relationship or
simply a co-existence of these two conditions. More research of PFO in migraine is clearly
needed before we can consider changing our views on the aforementioned conclusions.
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Introduction
Migraine is a widespread neurological disorder. Migraine is a common, recurrent and
often disabling headache disorder, typically characterized by unilateral headache (with or
without aura) of pulsating quality, which is associated with nausea, phonophobia and
photophobia. The diagnosis of migraine is made based on criteria laid down in the
International Classification of Headache Disorders (ICHD-2) organized by the International
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Headache Society!*l. Migraine, one of the most common conditions of primary headache,
often occurs in people aged 20-64 years old, with a high disability rate and heavy disease
burdenl?. According to the 2013 Global Burden of Disease survey from the World Health
Organization (WHO), migraine was the 3" most common disease and ranked 6th in causing
major disability in humans, which was calculated based on the number of years of life lost to
disability®l,

The patent foramen ovale (PFO) is a remnant of the fetal circulation. In utero, the
foramen ovale serves as a conduit for right-to-left shunting of oxygenated blood from the
placenta into the systemic circulation. At birth, as the pulmonary circulation establishes, the
increasing left atrial pressure causes functional closure of the foramen ovale. The anatomical
closure of the atrial septum primum and septum secundum usually occurs by 1 year of age. If,
however, it is not closed after three years of age, it is termed as patent foramen ovale (PFO).
When there is incomplete closure of the flap-like opening between the septum primum and
septum secundum, a patent foramen ovale (PFO) ensues.

There is debate within the cardiology and neurology communities as to whether there
is a causal relationship between PFO and migraine.

PFO accounts for 95% of all right-to-left shuntstl. One possible mechanism which
implicates a role for the right-to-left shunt in the development of migraine is that subclinical
emboli and metabolites from the venous system bypass the pulmonary circulation via the
PFO, thus entering the systemic circulation and resulting in irritation of the trigeminal nerve
and brain vasculature, which in turn triggers migraine. One such metabolite is serotonin
which is normally metabolized by the pulmonary monoamine oxidase enzyme. In the
presence of a PFO, serotonin is shunted away from the lungs and is postulated to trigger
migraine®. Platelet activation and aggregation has been shown to be increased in patients
with migrainef®. Serotonin is released from aggregating platelets. Furthermore, a small
double-blind crossover study has shown that aspirin, an anti-platelet drug which might be
expected to reduce the formation of platelet-fibrin complexes and thus improve migraine, has
a statistically significant prophylactic effect in migrainel”). Transient hypoxemia due to
paradoxical shunting of blood through the PFO causes microinfarcts in the brain, leading to
irritation and a tendency for migraine - any etiology that predisposes to hypoxia or
thrombosis may be a factor.

Various etiologies that predispose to hypoxia or thrombosis in the presence of a PFO
may predispose to migraine by promoting subclinical ischemia and paradoxical
embolism®l. Resting and stress hypoxemia related to left-to-right shunting (paradoxical
embolism) across a PFO has been demonstrated in the absence of pulmonary embolism.
Moreover, a tiny embolus in the systemic circulation can pass through the PFO and directly
into the arterial system. These “paradoxical embolisms”, which lead to tiny brain infarctions,
triggering low perfusion or cortical spreading depression, may cause a migraine attack® and
could be the most probable pathophysiological mechanism on how PFO could lead to a
migraine attack.

Others have also found that a RLS (right to left shunt) is correlated with a higher
frequency of multiple cortical lesions in DWI sequences, which distinguishes itself from
atrial fibrillation-related ischemic stroke that is seen occurring in the cortical-subcortical
territory*®l. In migraine patients with PFO when undergoing the Valsalva maneuver, blood
flow of the posterior circulation significantly exceeds that of the anterior circulation and the
posterior circulation is more likely to be involved*l. During the aura phase, focal areas of
hypoperfusion close to the ischemic threshold in occipital regions, which might be due to
these cerebral microinfarcts, can cause visual symptoms.
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RLS results in decreased blood oxygen saturation and hypoxia and will trigger
cortical spreading depression which can lead to migraines. On the other hand, a decrease in
cerebral oxygen saturation increases the expression of plasminogen activator-1 and results in
inhibition of fibrinolysis and thus increases the possibility of microembolization.

Genetic factors may also cause these patients to develop both diseases. About 2-fold
higher frequency of PFO is seen in migraineurs as compared to the general population,
suggesting that a genetic influence could predispose some patients to a higher risk of
developing both migraine and atrial septal abnormalities; *?hereditary associations with
migraine have been found in autosomal dominant PFOI*3], Taken together, the pathophysiological
mechanisms are complex and migraine is possibly the result of these pathways working
synergistically.

Case report

A 33-year-old patient, married, mother of one child, denies habits, food and drug
allergy. A reason for a neurological examination is a headache that is usually localized on the
right half of the head and around the right eye, but sometimes on the left half of the head.
Headache is usually preceded by visual difficulties, such as blurred vision, "seeing through
water"”, sometimes as flashes in part of the field of vision. Sometimes there is nausea, not
vomiting. During the headache, light and sounds are considered, there is a feeling of general
weakness and adynamia. Headache lasts 2-3 days, with variable response to analgesic therapy
(usually takes Tabl. Ibuprofen, Drag. Diazepam a 2mg, Tabl. Vitamin B6). These complaints
first appeared about 15 years ago, but in the last few months they have become more
frequent, almost every month, in the period before or after the end of the menstrual cycle.
Due to the accompanying visual difficulties, the patient was examined by an ophthalmologist
with performed tonometry, fundus examination, perimetry and optical coherence tomography
(OCT) - with normal findings. Among other diseases, she gives information about lower
values of serum iron, hyperplasia of the endometrium, for which she was examined by a
gynecologist. Anamnestic data that about 7 years ago she had an inflammation of the left ear
with accompanying dizziness, since then, when suddenly turning the neck, she sometimes has
short-term (a few minutes) bouts of dizziness that spontaneously subside. For vertigo and
rapid heartbeat and feeling of palpitations, she was investigated 5 years ago at the PHI UC for
Endocrinology - Skopje, and endocrinological etiology is excluded. She denies any other
comorbidity and does not use chronic therapy.

Patient denies current or previous infectious symptomatology. She contracted
COVID-19 in November 2020. She is not vaccinated with SARS-CoV-2 vaccine.

Negative family history of migraine and other diseases of neurological interest.

The neurological status of the patient was normal. As a function of etiological
resolution of the presented symptomatology, a series of follow-up investigations were carried
out according to neurological indication: laboratory analysis of blood with normal findings;
brain nuclear magnetic resonance (NMR) (standard pulse sequences and Time-Of-Flight
(TOF) series): cerebrum, cerebellum and brainstem without focal lesions. Ventricular system
and subarachnoid spaces neatly wide, free. No diffusion restriction is observed. The TOF
series is a neat display of the brain's blood vessels.

Color Doppler duplex sonography (CDDS) of carotid and vertebral arteries: right side,
common carotid artery (ACC) with regular flow and regular flow velocities, IMT=0.55 mm.
Bifurcation with normal morpho-functional characteristics. Internal carotid artery (ACI) with
regular flow and flow velocities. External carotid artery (ACE) normal morpho-functionally.
Vertebral artery with physiological anterograde flow, regular flow velocities, diameter up to
2.6 mm. Left side, ACC with neat flow and neat flow velocities, IMT=0.45 mm. Bifurcation
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with normal morpho-functional characteristics. ACI with ordered flow and flow velocities.
ACE normal morpho-functionally. Vertebral artery with physiological anterograde flow,
regular flow velocities, diameter up to 3.4 mm.

Transcranial color Doppler sonography (TCCD) for analysis of cerebral blood
vessels: right side, trans-temporal window: medial cerebral artery (ACM), M1 and M2 segment
with normal flow and flow velocities, anterior cerebral artery (ACA) with ordered flow and
velocities, posterior cerebral artery (ACP), P1 and P2 segment with normal flow and flow
velocities. Left side, trans-temporal window: ACM, M1 and M2 segment with normal flow
and flow velocities, ACA with normal flow and velocities, ACP, P1 and P2 segment with
normal flow and flow velocities.

A trans-occipital window was not realized.

Transcranial color Doppler sonography with bubble test: transtemporal approach,
about 2 micro-embolic signals were obtained in the ACM after contrast injection. With the
Valsalva maneuver, over 50 micro-embolic signals with a shower effect were obtained. The
test was positive for right-left shunt of 4" degree.

The patient was diagnosed with migraine with aura (visual) according to the second
edition of the International Classification of Headache Disorders (ICHD-2) and PFO.
According to the positive result of the TCCD bubble test for right-left shunt of 4™ degree, the
patient was referred for cardiology assessment and evaluation. The patient was referred
to an interventional cardiologist for further diagnosis and treatment.

Discussion

The idea that migraine and PFO is correlated has only been around for a few decades,
and much of the underlying pathophysiology is still based on hypotheses.

Del™ first proposed the relationship between migraine and PFO in 1998; he found
that the incidence of PFO in migraine patients was significantly higher than that in healthy
controls. Later, a number of studies found that the incidence of PFO in migraine patients was
14.6-66.5% [*°! while the incidence in the general population was 9-27.3%[61. In turn, in the
population with PFO, the incidence of migraine was 9.13-51.7%, which was also higher than
the incidence of migraine in the general population™7),

On the other hand, the salient shortcomings of the possible pathophysiological
explanations for the PFO-migraine relationship have been expertly reviewed by Guptal®l. It
is unlikely that the passage of subclinical emboli and metabolites would stream into and
lodge at exactly the same areas of the brain to cause the typical lateralizing and often cyclical
(e.g., menstrual migraine) headaches over decades in patients, as embolic events are
characteristically unpredictable phenomena. It is also well known that most patients with
PFO are asymptomatic, while not all migraine patients have a PFOIel. PFO is present at birth
and will persist for life if it does not close spontaneously. However, migraine typically does
not start at birth, but rather in adolescence or early adult life, thus arguing against the
relevance of PFO in migraine. Furthermore, although the size of a PFO increases from the
first to the tenth decade of life, migraine attacks generally tend to subside with advancing
age. Migraine has been reported to be up to twice as common in women compared to men,
but the prevalence of PFO is similar in men and women[*°l. In addition, migraine is frequent
in young patients with ischemic stroke, but infrequent in older patients with ischemic
stroke??l, This would be against the hypothesis that PFO is a causal factor for migraine, as
the younger cohort will have relatively smaller PFO defects. Although white matter lesions
are commonly found on brain magnetic resonance imaging of migraine patients, the presence
of right-to-left shunting does not increase this lesion load in patients with migraine, arguing
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against the importance of the paradoxical embolism theory leading to microinfarcts in the
brain in patients with migrainel?3],

The frequency of PFO in the population has been reported at 15-35% in autopsy
studies, Y and appears to decrease with agel®?. In vivo studies with transesophageal
echocardiography (TOE) have reported a prevalence of PFO in the population of 24%, which
is similar to that of autopsy studies!?®l. It is obvious that PFO and migraine are common
conditions in the population. The next question is whether PFOs are found more commonly
in people who suffer from migraine which would lend support to the causal relationship
between PFO and migraine. Two Italian groups were the first to report in case—control studies
using transcranial Doppler ultrasonography (TCD) a significantly higher prevalence of PFO
in subjects with migraine with aural?+2%l,

Furthermore, a study of young cryptogenic stroke patients assessed by transoesophageal
echocardiography (TOE) demonstrated an increased prevalence of migraine in patients with
PFO compared to patients without PFO[?®l. In a meta-analysis of seven studies it was
demonstrated that the prevalence of PFO in migraineurs ranged from 40% to 72%, with an
odds ratio ranging from 1.87 to 5.88, leaving the authors to conclude that there was only low-
grade evidence supporting the association between PFO and migraine?l. A study using
modern ultrasound technology in combination with a rigorous saline contrast echocardiogram
protocol which allowed more sensitive detection of PFO found no significant association
between PFO and migraine, or between small- and moderate-size PFO and migraine. This
study did not have a large enough sample of large-size PFO to study its association with
migrainel®l. In addition, a large case—control study failed to show an association between
migraine and PFO assessed by transthoracic echocardiogram (TTE) with second harmonic
imaging and TCD?!,

Furthermore, the treatment of migraine with percutaneous closure PFO remains
controversial. Lastly, researchers should consider that the closure of PFO may carry a small
but relevant risk of serious adverse events including stroke, pericardial tamponade, atrial
fibrillation and death!®l,

However, until now, no consensus has been reached on the relationship between PFO
and migraines. Therefore, this case report aims to further investigate the association between
migraine and PFO.

In clinical practice, testing for PFO in patients with migraine, no matter the
ethnological correlation with migraine, means also prevention from possible cerebrovascular
incidents, especially in young patients, which is of huge medical significance.

Conclusion

Multiple studies suggest that migraine is more prevalent in subjects with PFO and
vice versa, suggesting that PFO and migraine may be risk factors for each other, but more
research is needed to confirm this speculation. Results from epidemiological studies
examining the relationship between PFO and migraine are mixed at best. It is unclear if there
is a causal relationship or simply a co-existence of these two conditions. Furthermore, the
treatment of migraine with percutaneous closure PFO remains controversial. Lastly,
researchers should consider that the closure of PFO may carry a small but relevant risk of
serious adverse events including stroke, pericardial tamponade, atrial fibrillation and
death®%, More research of PFO in migraine is clearly needed before we can consider
changing our views on the aforementioned conclusions.
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