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ABSTRACT

To observe the association between migraine and patent foramen ovale (PFO) using contrast-enhanced transthoracic echocardiog-
raphy (cTTE). Eighty-five migraine with aura (MA) patients and 85 migraine without aura (MO) patients from January 2020 to
February 2022 were divided into group A and group B, respectively. Sixty-five healthy people were included in normal control
group. Difference of PFO positive rate among group A, group B, and normal control group was significant (p=0.002). Difference of
PFO related right-to-left shunt (PFO-RLS), Grade 2 shunt, and Grade 3 shunt among group A, group B, and normal control group
was significant (p=0.043 and p=0.013 respectively). PFO-RLS Grade 2 and 3 shunts may play an important role in MA patients
and MO patients, and the size of PFO-RLS shunt may be associated with migraine.
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Migraine is a recurrent throbbing headache disorder on one or
both sides.’ Patent foramen ovale (PFO) is a congenital devel-
opmental defect of the atrial septum.? Transesophageal echo-
cardiography is a "gold standard" for the diagnosis of PFO, but
it belongs to a semi-invasive test that is painful for patients
during the procedure. Contrast-enhanced transthoracic echo-
cardiography (cTTE) can be performed by imaging the right
heart with Valsalva maneuver to look for the presence of a
PFO.’ At present, there are few research reports on the use of
CTTE to evaluate the association between migraine and PFO.
So, the authors want to observe the association between
migraineand PFOusing cTTE.

This analytical study was conducted in the Affiliated Hospital of
Southwest Medical University, China, from January 2020 to
February 2022. G*Power software was used to calculate the
sample. Eighty-five migraine with aura (MA) patients were
selected as group A, and 85 migraine without aura (MO)
patients were selected as group B. Sixty-five healthy people
wereincludedinthenormal control group.
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Inclusion criteria for group A and group B those patients who
met the diagnostic criteria of MA or MO in the International Clas-
sification of Headache Disorders, 3rd edition by the Interna-
tional Headache Society (IHS) in 2013; without a history of subs-
tance abuse or prophylactic medication use; no contraindica-
tion to right heart acoustic imaging. Exclusion criteria for group
A and group B were those patients with other medical and
psychosomatic diseases, with the history of cardiovascularand
cerebrovascular diseases, and those who were unable to coop-
eratewiththe completionof cTTE.

The inclusion criteria for the normal control group were those
healthy individuals matched for age and genderin group A and
group B, with no history of MAor MO.

The aura that occurred in group A was all visual aura. cTTE was
performed in patient of group A, group B, and normal control
group. The patient was instructed to practice the standard
Vasalva maneuver before examination and lie in a 45° left
lateral position, connected with the ll-lead electrocardiograph
during the examination. The apical four-chamber view and
two-atrium view of the patient were routinely observed.
After that, the patient was instructed to perform standard
Vasalva action. After inhaling, the patient held his breath for
several seconds or coughed forcefully to increase the filling
volume of the right atrium. Afterthe conventionaltwo-dimen-
sional and colour Doppler ultrasound examination was
completed, the patient maintained the same position to estab-
lish elbow vein access (upper left extremity). Hand-vibrated
physiological sodium chloride solution (contrast agent) was
injected, and microbubble signal could be displayed and iden-
tified onthescreen.*
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PFO related right-to-left shunt (PFO-RLS) were graded that 1-10
microbubbles/frame as a small PFO-RLS shunt (Grade 1, Figure
1a), 11-30 microbubbles/frame as a medium PFO-RLS shunt
(Grade 2, Figure 1b), and >30 microbubbles/frame as a large
PFO-RLSshunt(Grade 3, Figure 1c).

Figurel-a:cTTEexaminationshowed PFO-RLS Grade 1shunt.

Figure 1-b: cTTEexaminationshowed PFO-RLS Grade2shunt

Figure1-c: cTTEexaminationshowed PFO-RLS Grade 3 shunt.

Tablel: Results of cTTE examination.

Parameter Group A Group B Normal p-value
(n=85) (n=85) control

group

(n=65)
PFO positive 34(40.00)™ 29(34.12)° 9(13.85) 0.002
rate [n (%)]
PFO-RLS 12(14.12)* 11(12.94)' 7(10.77) 0.829
Grade 1
shunt [n (%)]
PFO-RLS 13(15.29)" 12(14.12)' 2(3.08) 0.043
Grade 2
shunt [n (%)]
PFO-RLS 9(10.59)" 6(7.06)' 0(0) 0.013*
Grade 3

shunt [n (%)]

“Group A vs. group B, P=0.427; " group A vs. normal control group, P<0.001; “group B
vs. normal control group, P=0.005; “ group A vs. group B, P=0.823; °group A vs. normal
control group, P=0.541; "group B vs. normal control group, P=0.685; °group A vs.
group B, P=0.829;" group A vs. normal control group, P=0.013; 'group B vs. normal
control group, P=0.021;’group A vs. group B, P=0.417; *group A vs. normal control
group, P=0.005; 'group B vs. normal control group, P=0.036; A: Fisher's Exact test.

SPSS 25 was used to process data. Measurement data were
shown by mean = standard deviation. Count data were
summarised as n (%), and chi-square test or Fisher's exact test
wasused. Avalue of p<0.05 was considered as significant.

Ingroup A, there were 85 participants consisting of 35 (41.18%)
men and 50 (58.82%) were women. Participants were aged
33.81+4.16years.

Ingroup B, there were 85 participants consisting of 34 (40.00%)
men and 51 (60.00%) women. Participants were aged 32.82
+4.17years.

In the normal control group, there were 65 participants
consisting of 27 (41.54%) men and 38 (58.46%) were women.
Participantswereaged33.12+4.00years.

The difference of PFO positive rate among group A, group B and
normal control group was significant (p=0.002, Tablel). Among
them, the PFO positive rate of group A and group B was higher
than that of normal control group (p<0.001 and p=0.005,
respectively, Table ), while the difference of PFO positive rate
between group A and group B was not significant (p=0.427,
Tablel).

There was no difference in the PFO-RLS Grade 1 shunt among
group A, group B and normal control group (p=0.829, Table I).
Among them, there was no difference in PFO-RLS Grade 1 shunt
between group A and normal control group (p=0.541, Table ),
there was no difference in PFO-RLS Grade 1 shunt between
group B and normal control group (p=0.685, Table l), and there
was no difference in PFO-RLS Grade 1 shunt between group A
andgroupB(p=0.823, Tablel).

Difference of PFO-RLS Grade 2 shunt among group A, group B
and normal control group was significant (p=0.043, Table I).
Among them, the difference of PFO-RLS Grade 2 shunt between
group A and group B was higher than that of normal control
group (p=0.013 and p=0.021, respectively, Table 1), and the
difference of PFO-RLS Grade 2 shunt between group A and
group Bwas notsignificant (p=0.829, Tablel).
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Difference of PFO-RLS Grade 3 shunt among group A, group B,
andthe normal control group was significant (p=0.013, Tablel).
Among them, the difference of PFO-RLS Grade 3 shunt between
group A and group B was higher than that of the normal control
group (p=0.005, p=0.036, Table I), and the difference of PFO-
RLS Grade 3 shunt between group Aand group B was not signifi-
cant(p=0.417,Tablel).

RLS is mainly associated with PFO.®> The authors found that MA
patients and MO patients had more PFOs than the healthy popu-
lation, with significantly more PFO-RLS Grade 2 and 3 shunts.
There was no difference in PFO positive rate between MA
patients and MO patients. The findings of this study are gener-
ally consistent with previous study.®

The authors speculated that PFO-RLS Grade 2 and 3 shunts may
play an important role in MA patients and MO patients, and the
size of PFO-RLS shunt may be associated with migraine. Limita-
tions of this study sample size was small and cTTE was not
compared with other screening methods. The findings of this
study needto be confirmed by furtherstudies.
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