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Abstract
Objective: To evaluate the frequency of patent foramen ovale (PFO) in children with migraine and to
assess its association with clinical characteristics, heart rate, and electroencephalography (EEG)
findings. This prospective study included children aged 5-18 years diagnosed with migraine according to
the International Classification of Headache Disorders criteria, and a control group of age-and sex-
matched healthy children. Transthoracic echocardiography was performed to determine the presence of
PFO. Electroencephalography was conducted in the migraine group. Clinical and laboratory data were
compared between migraine patients with and without PFO. PFO was detected in 15 of 71 children with
migraine (21.1%) compared with 2 of 71 control subjects (2.8%), demonstrating a significantly higher
prevalence in the migraine group (p<0.003). The migraine patients with PFO had a significantly higher
mean resting heart rate than those without PFO (p<0.001), although all values were within age-
appropriate physiological limits. EEG evaluation was performed in 59 migraine patients and revealed
epileptiform abnormalities in 9 patients (15.3%). The frequency of pathological EEG findings did not
differ significantly between migraine patients with and without PFO (p<0.261). None of the patients had
clinical epilepsy, and cranial MRI findings were normal in all cases. Children with migraine exhibit a
higher prevalence of patent foramen ovale compared with healthy peers. Notably, migraine patients with
PFO showed higher resting heart rates than those without PFO, suggesting potential involvement of
autonomic regulation. The lack of association between PFO and EEG abnormalities indicates that the
migraine–PFO relationship in childhood is most likely indirect and multifactorial. These findings indicate
the need for larger studies on neurocardiac interactions in patients with migraine and PFO.

Introduction
Migraine is known to be a common neurological disease usually characterized in children by a bilateral,
recurrent, severe, compressive, throbbing headache. Although these attacks are often accompanied by
photophobia and phonophobia, sensory disorders such as nausea and vomiting may also be seen and
this can seriously affect the quality of life of the individual [1–3]. As migraine in childhood represents
one of the primary types of headache most frequently seen in the paediatric population, it is an
important public health problem. The prevalence of migraine in children and adolescents, most of which
are migraine without aura, has been reported at rates varying between 4% and 11%, depending on age
and demographic factors [4].

Patent foramen ovale (PFO) is known to be a common congenital cardiac anomaly characterized by a
permanent opening between the right and left atriums. Although this opening typically closes a short
time after birth, it remains open throughout life in approximately 25% of the general population, and
studies have drawn attention to the relationship with different diseases, primarily migraine. Many studies
in the literature have suggested that individuals with PFO have a higher prevalence of migraine attacks
than those without PFO [5–9]. From the filtering effect of pulmonary circulation because of shunt from
right to left in the presence of PFO, microembolic particles and vasoactive substances can escape and
reach systemic circulation and cerebral circulation, and it has been suggested that this can trigger
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neurovascular processes such as cortical spreading depression which contribute to migraine
pathogenesis [10]. The aim of this study was to contribute to the literature about the effects of PFO on
migraine in children by investigating PFO frequency in paediatric patients with migraine.

Methods

Study Design
This prospctive study included patients aged 5–18 years who were diagnosed with migraine in the
Paediatric Neurology Polyclinic of Dicle University Medical Faculty Hospital between 1 September 2023
and 1 September 2024. The diagnosis of migraine was made as a result of a detailed clinical evaluation
performed by a paediatric neurology specialist, based on the International Classification of Headache
Disorders, 3rd edition (ICHD-3) diagnostic criteria published by the International Headache Society (IHS)
[11]. A detailed neurological examination was performed to discount secondary headache causes with
the application of neuro-imaging and additional tests.

To evaluate the presence of PFO in the children diagnosed with migraine, 12-channel surface
electrocardiography (ECG) was performed and evaluated by a paediatric cardiology specialist.
Transthoracic echocardiography (TTE) performed by a paediatric cardiology specialist was evaluated for
the presence of PFO. Contrast echocardiography was not routinely applied, but was only used in cases
where it was seen to be clinically necessary.

Echocardiography evaluations were performed independently of clinical data by two experienced
paediatric cardiology specialists to decrease observer-dependent differences, and in cases with a
difference of opinion, a consensus was reached. The echocardiographic examinations were made
according to the American Echocardiography Society and paediatric echocardiography guidelines [12].
During the examination, the parasternal long and short axes, apical four chamber, and especially the
subcostal four chamber windows were used. In the interatrial septum evaluation, the fossa ovalis region
was examined in detail with high resolution two-dimensional imaging. The presence of PFO was
evaluated based on the echocardiographic findings below:

Observation of a thin flap-like septal structure at the level of the fossa ovalis

On colour Doppler examination, visualisation of temporary and phasic current passage from the
interatrial septum

The current is from right to left or biphasic at rest or with provocation

A control group was formed of children of similar age and gender to the patient group, who were not
diagnosed with migraine. Echocardiography and ECG examinations were made of all the control group
subjects and the findings were compared with those of the patient group.

Study Inclusion Criteria

Page 3/14



1. A diagnosis of migraine according to the ICHD classification for headache diagnosis between 1
September 2023 and 1 September 2024,

2. Age between 5 and 18 years,
3. Acceptance of participation in the study provided by the patient and parents,
4. No other disease determined which could cause the symptoms.

Study Exclusion Criteria

1. Diagnosis other than migraine or the presence of clinical neurological findings suggesting
secondary headache,

2. Age younger than 5 years or older than 18 years,
3. Unwillingness to participate in the study of the patient or parents.

Approval for the study was granted by the Clinical Research Ethics Committee of Dicle University
(protocol no: 345, dated:13.09.2023). All the study procedures were in compliance with the Helsinki
Declaration.

Statistical Analysis
Data obtained in the study were analyzed statistically using SPSS vn. 24.0 software (SPSS Inc., Chicago,
IL, USA). Conformity of numerical variables to normal distribution was assessed with the Kolmogorov-
Smirnov test. Continuous variables were stated as mean ± standard deviation (SD) values when normal
distribution was seen and as median, minimum-maximum values when distribution was not normal.
Categorical variables were stated as number (n) and percentage (%). In the comparisons of two groups
of continuous variables, the Student’s t-test or the Mann Whitney U-test was used. The Chi-square test
was applied in the comparisons of categorical data. To determine correlations between measured
variables, the Pearson correlation test was applied to variables with normal distribution and Spearman
correlation analysis to variables not showing normal distribution, and correlation coefficients were
calculated. A value of p < 0.05 was accepted as the level of statistical signficance.

Results
Evaluations were made of the patient group of 71 children diagnosed with migraine (Group 1) and the
control group of 71 children not diagnosed with migraine (Group 2). The patient group comprised 39
(55%) females and 32 (45%) males with a mean age of 13.23 ± 3.08 years (range, 6–17 years) and the
control group comprised 30 (42%) females and 41 (58%) males with a mean age of 11.87 ± 3.47 years.
There was no statistically significant difference between the groups in respect of age and gender (p = 
0.131, p = 0.156). The anthropometric measurements of all the study participants, the systolic and
diastolic blood pressure values, transcutaneous oxygen saturation and heart beats per minute are shown
in Table 1.
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Table 1
The anthropometric, blood pressure, heart rate and oxygen saturation

values of the patients with migraine (n:71)

  Mean ± SD Min-max

Age (years) 13.23 ± 3.08 6.00–17

Body weight (kg) 45.69 ± 13.37 20–83

Height (cm) 152.85 ± 15.04 115–182

Body Mass Index (kg/m2) 19.20 ± 3.55 11.84–28.89

Systolic blood pressure (mmHg) 113.24 ± 7.69 90–125

Diastolic blood pressure (mmHg) 69.96 ± 6.50 60–85

Heart rate (beats/min) 85.11 ± 11.38 60–112

Oxygen saturation (%) 95.82 ± 1.17 94–98

In the examinations of the laboratory data of the patients the mean serum Vitamin B12 level was
determined to be 250.39 ± 191.14 (14.33–1278.00) pg/mL, mean serum ferritin level 24.11 ± 18.41
(2.84–117.40) ng/mL, mean serum folate level 8.87 ± 2.97 (3.40-18.05) ng/mL, mean thyroid stimulating
hormone (TSH) level 2.18 ± 1.65 (0.50–13.40) µIU/mL, mean thyroxin (T4) level 0.97 ± 0.18 (0.62–1.66)
µg/dL, and mean serum Vitamin D level 15.06 ± 9.03 (3.55–57.82) ng/mL.

Of the 71 patients in Group 1, 70 were diagnosed with migraine without aura, and 1 with aura. Cranial
magnetic resonance imaging (MRI) was performed on all 71 patients in Group 1, and
electroencephalographic (EEG) evaluation was made of 59. The cranial MRI findings of all the patients
were evaluated as normal. Of the 59 patients who underwent EEG examination, the EEG findings were
determined to be normal in 50 (84.75%) and showed epileptiform activity in 9 (15.25%). No clinical
epilepsy was determined in any of the patients with epileptiform EEG findings (Table 2).

Table 2
Cranial MRI and EEG results of the migraine patients.

  n %

MRI Normal 71 100

EEG Normal EEG 50 84.7

Pathological EEG (epileptiform) 9 15.2

MRI: Magnetic resonance imaging, EEG: Electroencephalography

The ECG findings of all the children in both groups were evaluated as normal. In the echocardiographic
examination, 55 (77.5%) patients in Group 1, and 68 (95.8%) control group subjects in Group 2 were
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evaluated as normal, and PFO was determined in 15 (21.1%) patients in Group 1 and in 2 (2.8%) children
in Group 2. A secundum atrial septal defect (ASD) was determined in one case in each group. The
frequency of PFO was determined to be statistically signiificantly higher in the patient group with
migraine (p = 0.003).

The patients with migraine in Group 1 were separated into two sub-groups as those with PFO (Group 1a)
and those without PFO (Group 1b). The mean heart rate was determined to be 93.93 ± 11.62 bpm in
Group 1a and 82.87 ± 10.23 bpm in Group 1b. The difference was found to be statistically significant (p < 
0.001). Other examination and laboratory data showed no significant differences between Groups 1a
and 1b (Table 3).
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Table 3
Comparisons of the physical examination and laboratory data of the migraine patients determined with

PFO (Group 1a) and without PFO (Group 1b)

  ECHO n Mean + SD P*

BMI (kg/cm2) Group 1b 55 19.35 ± 3.66 0.354

Group1a 15 18.38 ± 3.11

Oxygen saturation (%) Group 1b 55 95.69 ± 1.06 0.190

Group1a 15 96.13 ± 1.40

SBP (mmHg) Group 1b 55 113.31 ± 7.69 0.732

Group1a 15 112.53 ± 7.99

DBP (mmHg) Group 1b 55 70.22 ± 6.91 0.418

Group1a 15 68.67 ± 4.86

Heart rate (beats/min) Group 1b 55 82.87 ± 10,23 < 0.001*

Group1a 15 93.93 ± 11.62

Vitamin B12 (pg/mL) Group 1b 55 245.04 ± 200.59 0.563

Group1a 15 277.73 ± 160.04

Ferritin (ng/mL) Group 1b 55 25.24 ± 20.29 0.278

Group1a 15 19.35 ± 8,51

Folate (ng/mL) Group 1b 54 8.69 ± 2.97 0.249

Group1a 15 9.70 ± 2.93

TSH (µIU/mL) Group 1b 54 2.02 ± 0.97 0.417

Group1a 15 2.70 ± 3.09

T4 (µg/dL) Group 1b 54 0.96 ± 0.18 0.539

Group1a 15 0,99 ± 0.18

Vitamin D (ng/mL) Group 1b 51 14.08 ± 6.56 0.284

Group1a 13 18.88 ± 15.13

n: number of patients, SD: Standard deviation, BMI: body mass index, kg/cm²: kilogram/centimetres
squared, SBP: Systolic blood pressure, DBP: Dyastolic blood pressure, TSH: Thyroid Stimulating
Hormone, T4: Thyroxin, ECHO: Echocardiography, PFO: Patent Foramen Ovale.

*comparisons between groups were performed with the Student’s t-test. A value of p < 0.05 was
accepted as statistically significant.
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In the comparisons of other data between Group 1a and Group 1b, the female/male ratio was
determined to be 6/9 in Group 1a and 32/33 in Group 1b (p = 0.210). The pathological EEG/normal EEG
ratio was 3/9 in Group 1a and 6/41 in Group 1b (p = 0.261). No statistically significant difference was
determined between the two groups in respect of gender distribution (p = 0.210) and EEG findings (p = 
0.261).

Discussion
Migraine is a headache type that seriously affects daily life. Management and treatment are difficult, so
the importance of comorbidities is increased. Patent foramen ovale (PFO) is a frequently seen
congenital heart disease known to be associated with cerebrovascular events. Although many adult
studies have been conducted about the relationship between the presence of PFO and migraine, very few
studies have evaluated this relationship in children [7, 9, 13].

The vast majority of studies in literature that have evaluated the relationship between migraine and PFO
have reported that female gender was more frequent in the group with migraine and PFO together [7,
14–16]. However, a significant proportion of those studies were of the adult population. Although the
majority of the paediatric patients in the current study were female, no statistically significant difference
was determined between males and females. The predominance of female gender in the current study
was consistent with findings in the literature.

The frequency of PFO in the current study patients with migraine was determined to be higher than in the
control subjects without migraine. Przemyslaw W. et al. [15] screened 816 adult patients in respect of
ischaemic cerebrovascular event or transitory ischaemic attack, and PFO was determined in 224, of
which 55% were also found to have migraine symptoms. Dalla et al. [17] reported PFO frequency of
61.9% in patients with migraine with aura, 16.2% in those with migraine without aura, and 36.8% in the
group with cluster headache. The reason for the low number of cases of migraine with aura in the
current study was thought to be that parents in our region are not aware of aura and therefore do not
take their children to hospital at the time of an attack. In another study by Fu et al. [18], the PFO
frequency was investigated in 170 migraine patients (85 with aura, 85 without aura) and a healthy control
group of 85 subjects. Although no significant difference was determined in PFO frequency between the
migraine groups with and without aura (p = 0.427), both groups were determined to have PFO at a
statistically significantly higher rate than the control group (p = 0.002). There are few studies in the
literature that have directly examined the relationship between PFO and migraine in children, and most of
those studies have been conducted on small samples. Moreover, in a few studies there has been found
to be no statistically significant relationship or there has been seen to be insufficient evidence
supporting the relationship. This demonstrates that the evidence of a relationship between migraine and
PFO is limited and inconsistent.

While the relationship between PFO and migraine in children is much more evident with the presence of
aura, the PFO prevalence in migraine cases without aura has not shown a significant difference when

Page 8/14



compared with the general population [16, 9]. McCandless RT et al. [16] investigated PFO in 109 children
with migraine in the 6–18 years age range, and determined PFO prevalence of 35% in these children. PFO
was found to be as high as 50% in children with migraine with aura and this rate was significantly
different from that of the general population, but the prevalence was found to be similar in cases without
aura. In another study of 32 children with migraine, Cho DY et al. [9] reported that although PFO
prevalence was higher in the migraine group, no statistically significant difference was seen between the
overall migraine group and the control group (46.9% vs. 25.8%, p = 0.084). The PFO prevalence was
found to be significantly higher only in the migraine with aura sub-group.

In the current study, PFO frequency was determined to be 21.1% in the migraine group and 2.8% in the
control group. When it is considered that PFO frequency has been reported to be 20–25% in the general
population in literature, the low rate determined in the control group seems to be noteworthy. However,
the PFO prevalence reported in community-based autopsy studies and the prevalence determined in
clinical studies using transthoracic echocardiography (TTE) are known not to overlap. Small shunts from
right to left that emerge only with provocation in asymptomatic individuals may be difficult to determine
with TTE. The children forming the control group in the current study were selected from clinically
healthy individuals with no cardiac or neurological symptoms, but this raises the possibility that some
small, clinically silent PFOs could have been overlooked. Therefore, the low frequency of PFO determined
in the control group could be due to the predominant nature of clinically significant PFO emerging from
the diagnostic method used rather than a methodological error of the study.

There are conflicting results in the literature on the subject of the efficacy of PFO closure in adults with
migraine and PFO together. Mas et al. [14] determined migraine in 30.6% of 473 adult patients with PFO.
In the patients determined with PFO in that study, no difference was found between closure of PFO with
a transcatheter device and follow-up with medical treatment in terms of cessation of migraine attacks,
migraine-related disability status, and the frequency of use of migraine preventative drugs during follow
up. In another study of adult patients with stroke or TIA-related migraine, a statistically significant
decrease in the frequency of migraine attacks and the use of migraine preventative drugs was
experienced by patients during a 12-month follow up after PFO closure [15]. Although transcatheter PFO
closure interventions have been reported for migraine in adults, there is insufficient evidence supporting
this approach in children. The lack of paediatric randomised studies and that adult data cannot be
generalised to children are significant limitations. The current paediatric guidelines do not recommend
PFO closure in migraine cases with no history of cryptogenic stroke or systemic emboli. Therefore, PFO
closure was not performed on any patient in the current study.

EEG findings of an epileptiform nature were determined in 15.25% of the current study paediatric
patients diagnosed with migraine. This rate is consistent with previous paediatric studies that have
indicated a clinical and pathophysiological overlap between migraine and epilepsy. Both migraine and
epilepsy are neurological diseases with a paroxysmal course, which share common mechanisms such
as cortical neuronal over-stimulation and ion channel dysfunctions [19, 20]. The prevalence of
epileptiform EEG findings in children with migraine has been reported to be 5%-25% in the literature, and
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it has been emphasized that the vast majority of these findings do not progress to clinical epilepsy [21–
23]. In the current study, a diagnosis of clinical epilepsy was not made for any patient determined with
epileptiform EEG findings, suggesting that these EEG abnormalities could be subclinical and non-
specific. The fact that no significant relationship was determined between the presence of PFO and EEG
findings in this study supports the view that EEG abnormalities are associated with central neurological
mechanisms rather than cardiac shunt. Consequently, epileptiform EEG findings determined in children
with migraine should be evaluated not so much as a reflection of clinical epilepsy but as a sign of the
neurophysiological overlap between migraine and epilepsy.

There are studies in the literature that have reported that migraine, which is a disorder characterised by
both neurological and vascular degeneration, is not a specific risk factor for cardiac arrhythmia, and
other studies have stated that there may be ECG changes in migraine patients even in the attack-free
period [24, 25]. Aygün et al. [26] reported that in addition to electrophysiological changes such as
prolonged QT during a migraine attack, there could also be sinus arrhythmia and sinus tachycardia. In
the current study, the ECG results of all the patients were evaluated as normal. However, mean heart rate
was determined to be statistically significantly higher in the children with migraine and PFO compared to
the migraine patients without PFO. Although the heart rate values of both groups were within the normal
physiological limits for age, this finding may be associated with differences in the autonomic nerve
system regulation in the combination of migraine and PFO. Migraine is a neurovascular disease which is
seen with disruption of the sympathetic-parasympathetic balance in particular, and has been previously
shown to be associated with autonomic dysfunction. The leakage of microembolic or vasoactive
substances into the systemic circulation from the filtering effect of pulmonary circulation because of the
shunt from right to left in the presence of PFO may contribute to a slight increase in heart rate which has
an effect on central autonomic regulation [27, 28]. In another study of children with migraine,
parasympathetic hyperfunction was determined with an increase in the frequency of Valsalva
manoeuvres in the patients, and there was observed to be hypofunction in the parasympathetic system
with an increase in the frequency of attacks and severity of headaches [29]. However, that pathological
arrhythmia was not determined in the current study and that the heart rate values were withinn normal
limits suggest that this finding could reflect a subclinical and compensatory autonomic response rather
than indicating a clinically significant arrhythmia. There is a need for further studies of larger patient
series and including autonomc function evaluations to clarify the mechanism of this relationship.

The serum Vitamin D, ferritin, folate, Vitamin D levels, and thyroid function tests were evaluated in the
paediatric patients with migraine in this study. No significant difference in these parameters was
determined in the comparisons made according to the presence of PFO. It has been suggested in the
literature that there could be a relationship between the frequency and severity of headaches and iron
deficiency, thyroid function tests, and low levels of Vitamin B12 and folate in individuals with migraine,
but the majority of these studies have been conducted on adult populations and the results are
inconsistent [30–32]. In the current study, Vitamin D levels were found to be relatively low in both groups,
which is frequently seen in childhood and was attributed to regional/seasonal factors. Although it has
been suggested that Vitamin D deficiency could play a role in migraine pathogenesis, it was not seen as
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a specific determinant related to PFO presence in the current study [33]. Consequently, the laboratory
parameters evaluated in this study were not determined to be explanatory biomarkers or predictive of the
presence of PFO in children with migraine. This suggests that the migraine-PFO relationship could be
associated with functional, neurovascular, and autonomic mechanisms rather than biochemical
changes.

İn conclusion, the results of ths study demonstrated a higher frequency of PFO in paediatric patients
diagnosed with migraine than in the control group. This finding contributes to the limited paediatric
literature about the migraine-PFO relationship and indicates the need for evaluation of this relationship in
childhood independently of adult data. Although the heart rate values were within the normal
physiological limits for age, they were found to be higher in the migraine patients with PFO. This finding
could be related to differences in autonomic nerve system regulation in cases with PFO and migraine
combined. The laboratory parameters in this study were evaluated as secondary variables in respect of
explaining the relationship of PFO with migraine, and it was not possible to draw any causal implications
from these data.

In conclusion, although PFO is seen more frequently in children with migraine, the current findings are
insufficient to support interventional approaches to PFO. To be able to better understand the relationship
between migraine, PFO, and the underlying neurophysiological mechanisms, there is a need for further
prospective paediatric studies with larger samples and longer follow-up periods.

Strengths and Limitations
One of the strongest aspects of this study was that it is one of a limited number of paediatric studies to
have evaluated the frequency of PFO in children with migraine compared to a healthy control group. The
important components increasing the internal validity of the study included identification of cases
according to standard clinical criteria, echocardiographic evaluation of PFO performed by experienced
paediatric cardiologists, and that the EEG findings were interpreted together with the presence of clinical
epilepsy.

However, the single-centre design of the study and the relatively limited sample size restrict the
generalisability of the results. A further limitation was that the low number of patients with migraine with
aura prevented analysis of this sub-group. The cross-sectional design did not allow a causal relationship
to be established between migraine, PFO, and EEG findings. Finally, the PFO evaluation made with TTE
could have led to small or temporary shunts from right to left being overlooked.
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