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Migraineurs with patent foramen ovale have
larger right-to-left shunt despite similar atrial

septal characteristics

Abstract The objective of the
study was to assess differences in
proportion of large right-to-left
shunt (RLS) and atrial septal char-
acteristics between migraineurs
and non-migraineurs referred for
transcatheter closure of patent
foramen ovale (PFO). This retro-
spective study took place in a large
metropolitan medical centre. The
patients were migraineurs with
aura (n=52), migraineurs without
aura (n=19) and non-migraineurs
(n=149). RLS was evaluated
before closure using bilateral
power m-mode transcranial
Doppler at rest and after calibrat-
ed, sustained Valsalva manoeuvre,
and graded with a validated 0-5
scale. Intracardiac echocardiogra-
phy was used to assess atrial septal
characteristics. Migraineurs had a

higher proportion of large RLS
(Grade IV or V) than non-
migraineurs at rest and after cali-
brated Valsalva (rest, p=0.04;
Valsalva, p=0.01). Atrial septal
characteristics were similar
between groups. Migraine is asso-
ciated with larger RLS at rest and
strain; however migraine status
does not predict PFO characteris-
tics.

Keywords Migraine - Patent fora-
men ovale - Transcranial Doppler

Introduction

Migraine headaches are associated with high morbidity and
significant loss of productivity [1, 2]. Across all age groups,
migraineurs are more likely to experience ischaemic stroke
than non-migraineurs (relative risk [RR] 2.16, 95% confi-
dence interval [CI] 1.89-2.48), especially migraineurs who
have aura (RR 2.88, 95% CI 1.89-4.39) [3]. Epidemiological

data indicate an increased incidence of patent foramen ovale
(PFO) with intermittent right-to-left interatrial shunting
(RLS) in migraineurs and cryptogenic ischaemic stroke
patients compared to the general population [4—6]. The inci-
dence of RLS in migraineurs in one study was 41%, relative
to 16% in healthy controls [4]. This observation has led
researchers to speculate that cellular and/or humoral factors
in the venous system bypass pulmonary filtration through a
PFO and trigger migraine symptoms in susceptible individu-
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als [7, 8]. RLS may repeatedly expose hyperexcitable occip-
ital neurons to microemboli or chemicals, setting up cortical
spreading depression. The resulting ischaemia or increased
local levels of serotonin may stimulate trigeminal nerve end-
ings, resulting in headache pain [9]. Although controversial,
preliminary support for this theory has come from several
non-randomised studies showing that transcatheter PFO clo-
sure resulted in either complete resolution or a significant
(>50%) reduction in migraine symptoms [10—12]. Despite
these findings, the importance of PFO in migraineurs contin-
ues to be debated because PFO is present in 20%—-30% of the
general population and in a large proportion of patients with-
out vascular disorders [13].

Characteristics of the interatrial septum in patients with
PFO, particularly coexisting atrial septal aneurysm (ASA),
have been implicated in increased risk of stroke [14—16] and
in migraine with aura [17]. In a case-control study using
transoesophageal echocardiography (TEE) [18], a PFO mea-
suring >4 mm in diameter was associated with higher risk for
stroke or transient ischaemic attack (TIA).

Researchers have speculated that a large RLS may be one
potential reason for the high risk of ischaemic stroke in
migraineurs with PFO [19-21]. Migraineurs with aura and
history of stroke were more likely to have a clinically rele-
vant RLS (>6 microbubbles visualised in the left atrium dur-
ing contrast transthoracic echocardiography) than population
controls (84% vs. 12%, p<0.001) [6]. Schwerzmann et al.
[19] reported that the presence of a moderate or large RLS,
as assessed by TEE, increased the odds of migraine with aura
7.78-fold (95% CI 2.53-29.3, p<0.001). Transcranial
Doppler assessments have also shown that migraineurs have
a larger degree of RLS than non-migraineurs [20, 21].

To date, published studies documenting the degree of
RLS in migraineurs have failed to describe the atrial septal
characteristics; therefore, the purpose of this study was to
assess the degree of RLS with power m-mode transcranial
Doppler (pm-TCD) and to report atrial septal characteristics
in migraineurs and non-migraineurs (MH-) referred for tran-
scatheter PFO closure. We postulated that in comparison to
MH-, migraineurs would have a higher proportion of large
RLS and large PFO diameter, which may result in a greater
susceptibility to vascular events such as migraine and stroke.

Methods

Design

The retrospective, observational analysis was based on a series of
237 consecutive patients who underwent transcatheter PFO closure
for prevention of recurrent stroke and/or TIA between April 2001
and June 2005 at the Swedish Medical Center in Seattle,

Washington. Approval was obtained from the Western Institutional
Review Board (Olympia, WA) to conduct retrospective analysis of
clinical data with a waiver of written informed consent. This study
was performed in accordance with the ethical standards of the 1964
Declaration of Helsinki. Eligibility criteria for transcatheter PFO
closure included a presumed paradoxical embolic event, evidence
of provocable RLS confirmed by contrast-enhanced, bilateral pm-
TCD and/or TEE, and probe patency of the septal tunnel during
catheterisation. Patients with coexisting atrial septal defects were
excluded from the final analysis.

All patients underwent neurological evaluation prior to PFO
closure as part of the routine standard of clinical care. Ischaemic
stroke was defined as an acute focal neurological event with corre-
sponding positive findings on magnetic resonance imaging, regard-
less of duration of clinical symptoms; TIA was defined as a tempo-
rary, reversible focal neurological event without changes on mag-
netic resonance imaging. Information was collected using a patient
questionnaire that assessed cardiac and neurological symptoms, as
well as standardised migraine information. Migraine data were
extracted from patient questionnaires and retrospectively analysed.
Patients were stratified into migraineur and MH- groups by a neu-
rologist according to the International Headache Society diagnostic
criteria for migraine headache [22]. Migraineurs were further clas-
sified by the presence (MA+) or absence (MA-) of aura.

All patients underwent baseline pm-TCD examination of both
middle and anterior cerebral arteries utilising a 100M digital 2-
MHz Doppler platform (Spencer Technologies, Seattle, WA). Using
a standardised technique [23], agitated saline was injected into an
antecubital vein during normal respiration and immediately follow-
ing a calibrated (40 mmHg), sustained (10 s) Valsalva manoeuvre.
Appearance of microbubbles in the middle and anterior cerebral
arteries was monitored for 1 min using bilateral pm-TCD. Primary
clinical endpoints included the degree of RLS, as assessed by the
number of microbubbles detected during normal respiration and
immediately following Valsalva. Spontaneous or provoked RLS
was semi-quantitatively graded using a previously validated classi-
fication system (Grade 0=0, Grade I=1-10, Grade II=11-30, Grade
III=31-100, Grade VI=101-300, Grade V>300) [23]. When
microbubbles were too numerous to count (shower or curtain
effect), the result was recorded as 301 or Grade V.

Intracardiac echocardiography (ICE) was performed during the
PFO closure procedure utilising an ACUSON AcuNav system
(Siemens, San Diego, CA) to evaluate atrial septal characteristics,
including PFO tunnel length, balloon-stretch diameter, and presence
of coexisting ASA and atrial septal defect [24]. A compliant, con-
forming sizing balloon was used to assess the diameter of the defect
prior to device implantation. Balloon inflation was completed when
the PFO tunnel was completely occluded and a small waist was visi-
ble on ICE. The inflated balloon waist diameter was measured with
the aid of calibrations on the sizing balloon. The length of the septal
tunnel was measured as the distance between right and left atria with-
out balloon inflation. Atrial septal characteristics were evaluated
post-procedurally by a single paediatric cardiologist (K.A.K.) who



211

has an expertise in echocardiography, including transoesophageal and
intracardiac techniques, and who was blinded to patient migraine sta-
tus. ASA was defined as the presence of a localised protrusion of the
fossa ovalis, with a base width >15 mm and mobile septal excursion
into the left or right atrium >10 mm [25]. Atrial septal defect was
defined as a predominant left-to-right interatrial shunt at rest, based
on colour-flow Doppler interrogation, and echocardiographic dropout
indicative of absence of a portion of the septum primum.

Statistical analysis

The primary endpoint of this study was to compare the proportion
of large RLS (Grades IV-V) at rest and after calibrated Valsalva
between migraineurs and non-migraineurs. The secondary endpoint
was to compare the atrial septal characteristics of migraineurs and
MH-. Subanalyses for primary and secondary endpoints were per-
formed between MA+ and MA-.

Descriptive statistics were used to evaluate demographic and
comorbidity data, atrial septal characteristics and RLS measure-
ments. Continuous variables were reported using the mean, range,
standard deviation and 95% CI; comparisons were made using
analysis of variance. Nominal and categorical data were reported as
frequencies and percentages, and were compared using chi-square
analysis and Fisher’s exact tests for independent samples. Normality
was assessed by examining stem-and-leaf plots and histograms, and
statistically evaluated using the Kolmogorov—Smirnov test.
Independent sample comparisons of RLS measurements and atrial
septal characteristics were performed using the non-parametric
Kruskal-Wallis > and Mann—Whitney U-tests. Multivariate regres-
sion was performed to determine the effect of age and gender on
RLS grade. Logistic regression was performed to assess the effects
of atrial septal characteristics on large RLS at strain. Spearman’s
rank correlation coefficients were calculated to assess the relation
between migraine frequency, atrial septal characteristics and degree
of RLS at rest or strain. Power analysis was performed using non-
central *. The level of significance for the omnibus test for the pri-
mary endpoint was set at p=0.05. A Bonferroni correction was used
to control for post hoc analyses to evaluate the proportion of large
RLS between groups; therefore, the level of significance was set at
p=0.025 (two-tailed). The threshold for statistical significance for
other parameters was set at p=0.05. Statistical analyses were per-
formed using the SPSS™ Advanced Models software (version
15.0.1, SPSS, Inc., Chicago, IL) and Sample Power 2.0 (SPSS).

Results
Patient population

Between April 2001 and June 2005, 237 consecutive patients
(mean age, 53+15 years, 51% women) underwent tran-

scatheter PFO closure. Indications for PFO closure included
prevention of recurrent cryptogenic ischaemic stroke or TIA,
as evidenced by clinical and radiological findings (i.e., com-
puterised tomography, magnetic resonance imaging). Twelve
(5%) patients who did not have pm-TCD evaluation prior to
PFO closure were excluded from the final analysis and 5
(2%) patients were excluded due to coexisting atrial septal
defect; therefore, the final sample consisted of 220 patients.
With a sample size of 220, the study yielded a power of
74.3% to test the null hypothesis that MH+ had a significant-
ly greater proportion of large RLS than MH-. All patients
had adequate temporal bone windows for pm-TCD
insonation.

Patients were classified by a neurologist into MA+
(n=52, 24%), MA- (n=19, 9%) and MH- groups (n=149,
68%) according to migraine diagnostic criteria published by
the International Headache Society [22]. Migraineurs with
aura, on average, experienced 5.1 (95% CI 3-7) migraine
headaches each month of duration >4 h with a mean pain
intensity rating of 7.3+2.5 on a 10-point scale. Migraineurs
without aura experienced 5.5 (95% CI 2-9; p=0.07 vs. MA+)
migraines per month of duration >4 h with mean pain inten-
sity of 7.6+2.4 (p=0.6 vs. MA+). The average age at migraine
onset was 22+10 years for MA+ and 26x16 years for MA—
(p=0.2).

Baseline characteristics and comorbidities are presented
in Table 1. Migraineurs were more likely to be female and
younger than MH-. At the time of PFO closure, 90% of
MA+ and 100% of MA- patients were less than or equal to
65 years of age compared to 66% of MH- (p<0.01). Among
all groups, there was a high incidence of pre-existing hyper-
tension, hyperlipidaemia, hypercoagulable disorders and
coronary artery disease, although few patients had pul-
monary hypertension or chronic lung disease. Prior to PFO
closure, 119 (54%) patients experienced one or more clini-
cally and radiographically confirmed strokes without TIA,
71 (32%) experienced one or more TIAs without stroke and
30 (14%) experienced both stroke and TIA. The proportion
of patients experiencing recurrent neurological events prior
to PFO closure was similar in all groups (MA+, 25%; MA—,
37%; MH—-, 26%, p=0.6). At the time of initial consultation,
most (95%) patients were on anticoagulation and/or
antiplatelet therapy for secondary stroke prevention.

Interatrial right-to-left shunt

At rest, migraineurs had a greater proportion of large RLS
(Grades IV-V) at rest than non-migraineurs (}>=4.3, p=0.03)
(Fig. 1). The degree of RLS at rest was significantly differ-
ent between the three groups (x2=10.2, p<0.01) (Fig. 2A).
Post hoc analysis revealed that MA— had a greater degree of
RLS than MA+ (Z=-2.3, p=0.02) and MH- (Z=-3.0,
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p<0.01). The difference in degree of RLS between MA+ and
MH- was not significant (Z=-1.3, p=0.2).

Following calibrated Valsalva, migraineurs had a greater
proportion of large RLS than non-migraineurs (}’=5.9,
p=0.01) (Fig. 1). The degree of RLS was significantly differ-
ent between the three groups (3>=6.9, p=0.03) (Fig. 2B). Post
hoc analysis revealed that MA+ had a greater degree of RLS
than MH- (Z=-2.6, p<0.01), but not compared to MA—
(Z=-1.2, p=0.2). The difference in the degree of RLS
between MA— and MH- was not significant (Z=-0.7, p=0.5).
There was no significant group differences in the average
change (delta) in embolic tracks between normal respiration
and following calibrated Valsalva (MA+ 135+120, 95% CI,
101-169; MA- 69+106, 95% CI, 17-120; MH— 1194118,
95% CI, 100-138,x’=4.9, p=0.09) (Fig. 3). The number of
embolic tracks measured at rest was significantly correlated
with the number of embolic tracks measured at strain
(r=0.43, p<0.01). In migraineurs, the average number of
headaches per month was not significantly correlated with
embolic tracks at rest (r=—0.02, p=0.9) or at strain (r=—0.07,
p=0.6). Multivariate regression revealed no significant effect
of gender (r=0.08, p=0.3) or age at time of PFO closure
(r=—0.06, p=0.4) on RLS grade at strain.

Atrial septal characteristics
Atrial septal characteristics, assessed by ICE, are shown in

Table 2. Eighteen (35%) MA+, 8 (42%) MA— and 49 (33%)
MH- had coexisting ASA (p=0.7). Mean ASA excursion

(p=0.2) and pouch width (p=0.5) were not different between
the three groups. Mean PFO septal tunnel length (p=0.06)
and PFO balloon diameter (p=0.3) were also similar between
groups. Logistic regression revealed no significant effect of
PFO balloon diameter (r=—0.06, p=0.4) or PFO tunnel length
(r=-0.02, p=0.8) on the presence of large RLS at strain; how-
ever, the change in RLS (embolic tracks) from rest to strain
was significantly correlated with PFO balloon waist diame-
ter (r=—0.197, p=0.005) and PFO tunnel length (r=—0.194,
p=0.007).

Large (Grades IV-V) Right-to-Left Shunt

Percent
w0
=1

Rest Strain

W Migraineurs (n=71) 1 Non-Miaraineurs {n=149)

Fig. 1 Percent of migraineurs and non-migraineurs who had large
(Grades IV-V) RLS at rest and following calibrated Valsalva
(strain). At rest, migraineurs had a higher proportion of large RLS
than non-migraineurs (y*=4.3, p=0.03) and at strain (}>=5.9, p=0.01)

Table 1 Characteristics and comorbidities of migraineurs and non-migraineurs referred for transcatheter PFO closure after stroke or TIA

Migraineurs Migraineurs Non-migraineurs p value?
with aura (n=52) without aura (n=19) (n=149)

Female 40 (77) 14 (74) 60 (40) <0.001
Age (years) 4712 44+9 56+16 <0.001
Caucasian 49 (94) 18 (95) 136 (91) Nsb
Recurrent neurological events pre-closure 13 (25) 7(37) 38 (26) NS
Coronary artery disease 10 (19) 2 (10) 31 (21) NS
Peripheral arterial disease 4 (8) 1(5) 9 (6) NS
Diabetes mellitus 5(10) 2 (10) 15 (10) NS
Hyperlipidaemia 15 (29) 5(26) 63 (42) NS
Hypertension 23 (44) 6 (32) 67 (45) NS
Current or former smoker 18 (35) 6 (16) 59 (40) NS
Pulmonary hypertension 2(4) 1(5) 8(5) NS
Chronic lung disease 1(2) 0@ 4(3) NS
Hypercoagulable disorder 17 (33) 5(33) 54 (36) NS
Anticoagulation therapy 23 (44) 9 (47) 82 (55) NS
Daily antiplatelet therapy 35 (67) 6(32) 93 (62) NS

Data are presented as meanz+standard deviation or frequency (%)
“x*, Fisher’s exact test or analysis of variance; NS, not significant
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Discussion sion, chronic lung disease, heart failure or other comorbidity
that could have influenced the magnitude of RLS during pm-
This retrospective analysis showed that cryptogenic stroke TCD evaluation.
patients with PFO and a history of migraine headaches had a Our patient sample was similar to other studies of PFO clo-
higher proportion of large RLS at rest and after calibrated sure in migraineurs in the large number of women and the rel-
Valsalva than non-migraineurs despite similar atrial septal atively young age at closure to prevent recurrent stroke [11,
characteristics. In addition, no significant correlation was seen  26]. Patients with coexisting atrial septal defects were exclud-
between PFO balloon diameter and degree of RLS. Although ed from the analysis. The degree of RLS in migraineurs was
intracardiac haemodynamic measurements were not obtained not correlated with migraine frequency, consistent with the
at the time of PFO closure to rule out elevated right atrial pres-  findings of a small study (n=30) [27].
sure, there were no significant group differences in the per- The finding of similar atrial septal characteristics between
centage of patients who had a history of pulmonary hyperten- migraineurs and non-migraineurs was unexpected. In addition,

A B
Right-to-Left Shunt Grades: Rest Right-to-Left Shunt Grades: Strain
45 90 |-
40 80
35 70
30 60
= 25 € 50
520 . S 40
15 30
10 | 20
: H I °
0 . P & : | 0 =1 — ﬂ
0 I [} 1] v v 0 1 n m
Grades Grades

Fig. 2 Grade of RLS during normal respiration (rest, A) and after calibrated, sustained Valsalva (strain, B) in migraineurs with aura (MA+,
black), migraineurs without aura (MA—, gray) and non-migraineurs (MH-, white). Omnibus comparisons at rest and strain were signifi-
cantly different between groups (Kruskal-Wallis test: rest x*=10.2, p<0.01; strain x*=7.2, p=0.03). At rest, MA— patients had significant-
ly higher degree of RLS than MA+ (Mann—Whitney U-test: Z=-2.3, p=0.02) and MH- (Z=-3.0, p<0.01). At strain, MA+ had a greater
degree of RLS than MH- (Z=-2.6, p<0.01)

Table 2 Atrial septal characteristics and presence of large RLS in migraineurs with aura and non-migraineurs undergoing transcatheter
closure of PFO

Atrial septal characteristic Migraineurs Migraineurs Non-migraineurs p value?
with aura (n=52) without aura (n=19) (n=149)
Coexisting ASA® 18 (35) 8 (42) 49 (33) NS¢
ASA base pouch width (mm) 21+6 19+£3 20+5 NS
ASA septal excursion (mm) 154 13£2 16£5 NS
Septal tunnel length (mm) 11+£3 10+3 12+3 NS
Balloon stretch diameter (mm) 13£3 1243 134 NS
Large RLSY (Grade IV or V) at rest 28 (54) 15 (79) 68 (46) 0.02
Large RLS (Grade IV or V) after calibrated, 51 (98) 19 (100) 133 (89) NS

sustained Valsalva

Data are presented as mean+standard deviation or frequency (%)

aPearson )’, Fisher’s exact test, analysis of variance or Kruskal-Wallis test
PASA, atrial septal aneurysm

NS, non-significant

RLS, right-to-left interatrial shunt at baseline
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we found no significant relation between balloon diameter or
septal tunnel length and large RLS. The change in RLS
between rest and Valsalva was significantly correlated with
balloon diameter and septal tunnel length, although the coeffi-
cients were small (r=—0.197 and r=-0.194, respectively). The
present study is the first to report direct measurements of atri-
al septal characteristics by ICE in migraineurs. The balloon-
sizing technique utilised compared favourably with TEE siz-
ing of PFO in one study [28]. ASA and PFO were more com-
mon in migraineurs than non-migraineurs in one cohort (OR
2.71; 95% CI 1.36-5.41, p=0.005) [29]. Carerj et al. [17]
reported that MA+ patients had a higher prevalence of ASA
(10 of 35, 28.5%) than migraineurs without aura (2 of 55,
3.6%, p<0.005) or controls (1 of 53, 1.9%, p<0.005). Thirty
percent (3 of 10) of the ASA-positive MA+ patients studied by
these investigators had coexisting PFO, whereas 100% of
migraineurs without aura and control patients with ASA had
coexisting PFO [17].

In our patient cohort, there was no relation between large
RLS and stroke or TIA. In a secondary analysis, we deter-
mined that the percentages of MA+, MA— and MH- in those
with a history of stroke (without TIA) were not different
(MA+ 69%, MA- 68%, MH- 67%, p=1.0). Furthermore,
there were no differences in the proportion of large RLS
between patients who had a history of either stroke or TIA
(stroke 49%, TIA 54%; x*=0.4, p=0.5).

The relation between atrial septal characteristics and recur-
rent stroke has been explored. Schuchlenz et al. [18] found
that PFO diameter >4 mm was associated with a significantly
greater risk of TIA, stroke and recurrent stroke. Diameter was
assessed as the maximum separation between the septum pri-

Change in Embolic Tracks (Strain - Rest)

300

Delta Embolic Tracks

) .

MA- (N=19)

MA+ (N=52) MH- (N=149)

Fig. 3 Change in RLS from rest to strain in migraineurs with aura
(MA+), migraineurs without aura (MA-) and non-migraineurs
(MH-). The omnibus comparison was not significant (}’=4.9,
p=0.09); however, MA+ had a larger change in RLS from rest to
strain than MA— (Z=-2.2, p=0.03)

mum and septum secundum on TEE, so their results are not
directly comparable to balloon stretch diameter. Two popula-
tion-based studies have reported that isolated ASA was an
independent risk factor for cerebrovascular events [15, 16].
Meissner et al. [15] reported that risk of cerebrovascular
events was greater in subjects with ASA (hazard ratio 3.72,
95% CI 0.88—15.71). Di Tullio et al. [16] reported similar
results for the Northern Manhattan Study (hazard ratio 3.66,
95% CI 0.88-15.30). Both of these cohorts were older (mean
age 66.9 and 68.7 years, respectively) and had a high percent-
age of hypertension (55% and 67%, respectively), which
makes it difficult to adjudicate the independent contribution of
PFO to neurological events. In addition, the Northern
Manhattan Study had a 22% incidence of diabetes mellitus
[16] relative to 10% in the present study.

The finding that MA— had a higher degree of RLS at rest
compared to MA+ was unexpected. In a previous study,
migraineurs with and without aura had larger degrees of RLS
measured by single-gated TCD than non-migraineurs [20];
however, the authors found no difference between migraine
groups. Carod-Artal et al. [5] reported that MA+ had a higher
incidence of PFO than migraineurs without aura (MA-) (52%
vs. 34%, p=0.02), but, in contrast to our findings, found no dif-
ference in the degree of RLS between the two groups of
migraineurs (shower or curtain pattern: MA+, 77%; MA-,
64%, p=0.55). Wilmshurst et al. [6] reported that a significant-
ly higher proportion of MA+ with stroke had clinically rele-
vant RLS as assessed by transthoracic echocardiography than
MA+ without stroke and historical normal controls (>6
microbubbles; 84%, 38% and 12%, respectively). The balloon
diameter at PFO closure corresponded to the degree of RLS in
this study; however, no correlation coefficient was reported
[6]. In one study, migraineurs with aura were more likely to
have headache triggers associated with Valsalva-provoking
activities and have larger RLS than migraineurs without aura
[30]. Spontaneous large RLS and MA+ were both risk factors
for recurrent stroke in patients with PFO (large RLS OR 2.42,
95% CI 1.66-5.04; MA+ OR 3.87, 95% CI 1.75-8.50) [31].
Freedom from recurrent MA+ five years after PFO closure
was 85% (95% CI 57-97%), and the recurrent stroke rate was
5.3% in another study [32]. However, degree of RLS was not
associated with risk of stroke in a population-based case-con-
trol study of stroke and TIA [33]. The above findings are in
contrast to the results of the current study, which demonstrat-
ed a non-significant trend in MA— to have a higher percentage
of recurrent stroke prior to PFO closure.

Migraineurs with aura and PFO may have an increased
risk for shunting of cellular and/or humoral substances from
the venous circulation to the cerebral circulation during strain
[8]. By evading pulmonary filtration, these substances may
trigger migraines and increase the risk of stroke. The literature
to support this hypothesis is controversial and inconsistent.
Although non-randomised trials have shown reductions in
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migraines with aura after transcatheter closure of PFO
[10-12], only 3/70 (4.3%) of patients in the randomised
Migraine Intervention with STARFlex Technology (MIST)
trial experienced total cessation of migraines after PFO clo-
sure; 42% had a >50% reduction in headache days relative to
23% of patients in the sham closure group (p=0.038) [34].
The initial MIST data were not corrected for imbalances in
baseline characteristics. In addition, the MIST cohort may
have included a higher number of patients refractory to med-
ical treatment than the non-randomised trials [9]. In response
to the results of the MIST trial, the Council of the European
Headache Federation advised that there was insufficient evi-
dence to use PFO closure for migraine prophylaxis [35].
This study has several limitations. The design of the pre-
sent study did not allow for age- and gender-matching of
patient groups. The patient sample was relatively small (total
n=220) and self-selected (undergoing elective transcatheter
PFO closure for prevention of recurrent neurovascular events),
which make the results of this study difficult to generalise. The
potential for selection bias exists because a probe patent PFO
was a criterion for PFO closure, which may have assured a
minimum size of lesion. At rest, 28 (54%) MA+, 15 (79%)
MA- and 68 (46%) MH- had large RLS; at strain, 51 (98%)
MA+, 19 (100%) MA~— and 133 (89%) MH- had large RLS.
In addition, 34% of the cohort had coexisting ASA, which is
higher than population-based studies (i.e., non-PFO closure)

[16, 36] but not necessarily higher than studies involving PFO
closure [37, 38]. Utilisation of the Spencer grading system
[23], with a maximum grade of V (>300 embolic tracks), may
have reduced the ability to detect differences after calibrated
Valsalva between groups, as 92% of all patients had large RLS
(Grades IV-V) following Valsalva. The study was slightly
underpowered to detect a significant difference between the
percentages of patients in each group who presented with large
RLS. It is possible that some of the TIAs reported by patients
were actually complex migraines without headache and we
were unable to discern this distinction. Femoral vein injection
of agitated saline may have yielded different results on the
degree of RLS than antecubital vein injection, as blood flow
from the inferior vena cava is directed at the right atrial sep-
tum [39].

In conclusion, significant differences were found in the
proportion of large RLS at rest and at strain, between
migraineurs and non-migraineurs who were referred for tran-
scatheter PFO closure for prevention of recurrent cerebrovas-
cular events. Atrial septal characteristics did not differ
between groups. Therefore, it appears unlikely that migraine
status can predict anatomical PFO characteristics. Further
investigations of the degree of RLS and atrial septal character-
istics are needed to confirm the relation between migraine and
PFO, particularly the relation between large RLS and risk of
recurrent neurological events.
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