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Abstract: Objective. We sought to assess the long-term faith of migraine in patients with high risk anatomic and func-
tional characteristics predisposing to paradoxical embolism submitted to patent foramen ovale (PFO) transcatheter
closure. Methods. In a prospective single-center non randomized registry from January 2004 to January 2010 we
enrolled 80 patients (58 female, mean age 42+2.7 years, 63 patients with aura) submitted to transcatheter PFO
closure in our center. All patients fulfilled the following criteria: basal shunt and shower/curtain shunt pattern on
transcranial Doppler and echocardiography, presence of interatrial septal aneurysm (ISA) and Eustachian valve, 3-4
class MIDAS score, coagulation abnormalities, medication-refractory migraine with or without aura. Migraine Disabil-
ity Assessment Score (MIDAS) was used to assess the incidence and severity of migraine before and after mechani-
cal closure. High risk features for paradoxical embolism included all of the following. Results. Percutaneous closure
was successful in all cases (occlusion rate 91.2%), using a specifically anatomically-driven tailored strategy, with no
peri-procedural or in-hospital complications; 70/80 of patients (87.5%) reported improved migraine symptomatology
(mean MIDAS score decreased 33.4+6.7 to 10.6+9.8, p<0.03) whereas 12.5% reported no amelioration: none of the
patients reported worsening of the previous migraine symptoms. Auras were definitively cured in 61/63 patients with
migraine with aura (96.8%). Conclusions. Transcatheter PFO closure in a selected population of patients with severe
migraine at high risk of paradoxical embolism resulted in a significant reduction in migraine over a long-term follow-
up.
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Introduction

Migraine is a recurrent and potentially disabling
headache affecting up to 10% of the popula-
tion, being the association with aura around
25% [1]. While prior non-randomized studies
involving non-homogeneous patient cohorts
have suggested a beneficial role for PFO closure
in migraine therapy, much controversy still lin-
gers regarding this clinical question [2-3]. More-
over, although the study has a number of flaws,
the only randomized trial, the Migraine Interven-
tion with Starflex Technology (MIST) trial [4],
failed to show significant benefit from PFO per-
cutaneous closure. In our previous experience it
has been suggested that in patients with high
risk profile for paradoxical embolism severe
migraine can be significantly reduced by means

of transcatheter closure, at least in the short
follow-up. We sought to assess the long-term
faith of migraine symptoms of patients with high
risk anatomic and functional characteristics
predisposing to paradoxical embolism submit-
ted to PFO transcatheter closure.

Materials and methods

In a prospective single-center non randomized
registry from January 2004 to January 2010 we
enrolled 80 patients 80 patients (58 female,
mean age 42+2.7 years) with severe, disabling,
medication-refractory migraine and docu-
mented PFO underwent transcatheter PFO clo-
sure in our center (Table 1). Migraine was diag-
nosed according to the International Headache
Society criteria [5]: Migraine Disability Assess-
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Table 1. Patients’ demographic and clinical characteristics

Mean or %
Age(years) 38.915.8
Female 58/80(72.5)
Migraine with aura : 63/80(78.5)
- blurred vision, hemianopsia, cortical blindness 47/80(58.7)
- hemi-lateral loss of strength and paresthesias 16/80(20.0)
Migraine with no aura 17/80(21.2)
MIDAS class 1-2 () 0/80(0)
MIDAS class 3-4 () 80/80(100)
R-L shunt grade 1 0/80 (0)
Mean number of migraine without aura attacks/month 1.1+0.2
Mean number of migraine with aura attacks/month 4.2+0.8
R-L shunt grade 2 24/80 (30)
R-L shunt grade 3 39/80 (48.7)
TC Doppler trivial shunt (<15 bubbles) 0/80 (0)

TC Doppler shower pattern
TC Doppler curtain pattern
Interatrial septal aneurysm (on TEE)
White-matter lesion on cerebral MRI

Deficiency of anti-thrombin Ill, protein C, S
Factor V Leiden

Antiphospholipid or anticardiolipin
Hyper-homocysteinemia

22/80 (27.5)
41/80 (52.2)
80/80(100)

45/80(56.5)

28/80 (35)
7/80 (8.7)
7/80 (8.7)
38/80 (47.5)

TEE: transesophageal echocardiography; TC: transcranial Doppler

ment Score (MIDAS) [6] was used to assess the
incidence and severity of migraine headache by
an independent neurologist. Clinical and proce-
dural data were collected and analysed by a
mixed team of one cardiologist and one neu-
rologist.

Inclusion criteria

Criteria for intervention were driven by previous
authors’ experience as well as prevailing litera-
ture and included all the following: curtain shunt
pattern of R-L shunt on transcranial Doppler[7]
and transesophageal echocardiography, refrac-
tory and disabling migraine (with 3-4 class MI-
DAS score) with or without Aura, PFO, right-to-
left (R-L) shunt during normal respiration [8],
interatrial septal aneurysm (ISA) [9], coaugula-
tion abnormalities (including Leiden Factor V
mutation, MHTFR mutation, C and S protein,
anticardiolipin and antiphospholipid autoanti-
bodies, antithrombin Ill) [10], and presence of
Eustachian valve (EV) [11]. Refractory disabling
migraine was defined as migraine with MIDAS >
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25, refractory to conventional drug therapy, in-
cluding personalized dosage of beta blockers,
antidepressive drugs, tryptan, and antinflamma-
tory medications. All patients were informed of
and consented to the off-label nature of the
intervention. The study was approved by the
local internal review board and ethics commit-
tee.

Echocardiographic protocols

Transcranial Doppler Ultrasound was performed
following the current guidelines [12]. Transtho-
racic and/or transesophageal echocardiography
was conducted using a GE Vivid 7 (General Elec-
tric Corp., Nowrfolk, VI, USA) with bubble test
and Valsalva manoeuvre under local anaesthe-
sia: shunt grading (grade O= none, grade 1= 1-5
bubbles, grade 2= 6-20 bubbles, grade 3=>20
bubbles); presence of EV; and ISA extension,
classified according to Olivares et al [13], were
obtained. Patients meeting criteria for the study
were offered an intracardiac echocardiographic
guided PFO closure using the mechanical 9F
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9MHz UltralCE catheter (EP Technologies, Bos-
ton Scientific Corporation, San Jose, CA, USA).
The intracardiac echocardiography study was
conducted as previously described [14], by per-
forming a manual pull-back from the superior
vena cava to the inferior vena cava through 5
sectional planes; measurements of diameters
of the oval fossa, the entire atrial septal length
and rims were obtained with electronic calliper
edge-to-edge in the aortic valve plane and the 4-
chamber plane. PFO tunnel length was also
measured, and EV presence was confirmed in-
tra-procedurally. Intracardiac echocardio-
graphic monitoring of the implantation proce-
dure was conducted in the 4-chamber plane.

Device selection process

On the basis of intracardiac echocardiography
findings and measurements [15], the operators
selected either the Amplatzer Occluder family
(PFO Occluder, Cribriform Occluder, or ASD Oc-
cluder, AGA Medical Corporation, Golden Valley,
MN), the Premere Closure System (St. Jude
Medical Incorporated, Saint Paul, MN) or the
Biostar (NMT Corp, USA). The Amplatzer PFO
Occluder was selected when the ISA was bidi-
rectional with moderate motion (3RL or 3LR
ISA). The Premere occlusion system was chosen
in cases of absent, motionless, or unidirectional
ISA (1R, 2L ISA); when PFO tunnel length was
more or equal to 10 millimetres; and in all
cases of thick septum secundum (thickness
more than 10 millimetres). The Amplatzer Cribri-
form Occluder was selected in cases of multi-
perforated ISA. The Biostar was selected in pa-
tients with proven severe nickel allergy. Care
was taken to cross the most central hole in the
oval fossa with the guide-wire during intracar-
diac echocardiography guidance. These devices
were also selected for huge and bidirectional
ISA (4-5RL ISA) to ensure as complete as possi-
ble coverage of the oval fossa on both sides of
the interatrial septum. Device size selection
involved ensuring that the entire left disk diame-
ter did not exceed the entire interatrial septal
length on intracardiac echocardiography meas-
urement.

Follow-up protocol
Follow-up was conducted by means of transe-
sophageal echocardiography at 1 month and, if

even a small shunt was detected, at 6 months
as well. Additionally, transthoracic echocardi-
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ography at 1, 6, and 12 month; transcranial
Doppler at 1 month; Holter monitoring at 1
month; and clinic visit at 1, 6, 12 months were
also performed. Residual shunt was assessed
by contrast transesophageal echocardiography
and Transcranial Doppler [16]. MIDAS evalua-
tion was performed at 6, 12 months and yearly
after the first year post- implantation; patients
were interviewed regarding reduction or aboli-
tion of migraine and aura using a 4-grade scale:
100% (total resolution), 50% reduction, 25%
reduction, or 0% (unchanged). A minimum of 18
months of follow-up was required for inclusion
in the final results.

Statistical analysis

Chi-square, ANOVA, and paired T-student tests
were used to compare frequencies and continu-
ous variables between groups. Statistical analy-
sis was performed using a statistical software
package (SAS for Windows, version 8.2; SAS
Institute; Cary, NC). A probability value of < 0.05
was considered to be statistically significant.

Results

The procedure was successful in all patients
(100%, Table 2-3) with no peri-procedural and
in-hospital complications. After a mean follow-
up of 50.1+16.8 months (range 24-76), PFO
closure was complete in 91.2% on transthoracic
echocardiography and Transcranial Doppler
ultrasound. Seven patients (8.7%) had a persis-
tent small shunt on transesophageal echocardi-
ography (all patients had an Amplatzer ASD Cri-
briform Occluder 25 mm). Three other patients
(3.7%) developed atrial fibrillation during the
post-procedural period and were treated with
antiarrhythmic drugs with restoration of sinus
rhythm (two patients with an Amplatzer ASD
Cribriform 30 mm and one patient with a
Premere Occlusion system 20 mm). No aortic
erosion or device thrombosis was observed dur-
ing follow-up.

As regards as migraine symptoms faith, 70/80
of patients (87.5%) reported improved migraine
symptomatology (mean MIDAS score decreased
33.4+6.7 to 10.6+9.8, p<0.03) whereas 12.5%
reported no amelioration of migraine attacks
(Figure 1): none of the patients reported wors-
ening of the previous migraine symptoms. In
specific, auras were definitively cured in the
long-term follow up in 61/63 patients with mi-
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Table 2. Intracardiac echocardiographic measurements of anatomic features of the interatrial
septum (measurements are referred to the 4-chamber view)

Anatomical characteristics

Mean (millimetres)

Diameter of the interatrial septum 36 £10.6
Length of anterosuperior rim (aortic rim) 54 +1.2

Oval fossa diameter 24 +6.9

Patent oval foramen tunnel length 13 £3.9

Patent oval foramen size 5.910.4

Rim thickness 9.8 8.6
Association of anatomical characteristics Number of pts (%)
Long channel alone 15/80(18.7%)
Large ISA (> 4 RL) alone 25/80(31.2%)
Moderate ISA (>2 RL but <4 RL) alone 17/80(21.2%)
Hypertrophic rims alone 6/80(7.5%)

Long channel + moderate ISA 10/80(12.5%)
Long channel + hypertrophic rims 7/80(8.7%)
Table 3. Device type and size selection (number of patients).

Device 18 mm 25 mm 35 mm
Amplatzer PFO - 7 1
Amplatzer MF - 42 -
Premere - 17 -
Biostar 3 - -

MF: multifenestrated

graine with aura (96.8%) after closure (Figure
2).

Discussion

Our results confirmed over the long-term follow-
up the positive effects of transcatheter closure
in patients with anatomic and functional charac-
teristics highly predictive of paradoxical embo-
lism. In particular such cohort of patients re-
sponded very favourably to transcatheter PFO
closure with aura symptoms amelioration main-
tained on the long-term.

To achieve even a modest acceptance, percuta-
neous closure of PFO to treat migraine, a poten-
tially debilitating but nonetheless non-life threat-
ening condition, must demonstrate a substan-
tial benefit-to-risk ratio.

In our opinion, the past MIST trial inclusion crite-
ria were not robust enough to support mechani-
cal closure as an alternative and competitive
therapy for severe migraine [4]. In particular,
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the exclusion of patients with coagulation ab-
normalities or with a serious risk of paradoxical
embolization, the lacking report of the degree of
shunt on Transcranial Doppler and a single-
device type strategy irrespective of the specific
patients’ interatrial septum characteristics, all
probably affected the probability to impact on
migraine.

In our previous series, we demonstrated that in
patients without prior stroke, several anatomic
and clinical criteria may be predictive of re-
sponders to percutaneous PFO closure for mi-
graine therapy [17-19] and that when facing
with PFO patients with recurrent stroke a spe-
cific anatomy-driven device tailoring strategy is
likely to increase the closure rate and diminish-
ing the complication rate [20-21]. In the current
study, we evaluate the long-term follow-up of a
population without previous cerebral paradoxi-
cal embolism who fulfilled those criteria: R-L
shunt during normal respiration, curtain shunt
pattern of R-L shunt on transcranial Doppler
and transesophageal echocardiography, ISA,
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FOLLOW-UP START

80 pts [——— CLOSURE80pts

FOLLOW-UP END

43 pts suspended previous .

medications

41 pts free of
i migraine

20 pts decreased from ;

21 pts reported
50% decrease

3 to one medication*

4 pts reported decrease i
from 3 to 2 medications

8 pts reported
25% decrease

i 10 pts reported
i no amelioration

13 pts did not suspended
previous medications

\ﬁ’—/

50.1+16.8 months (range 24-76)

61/63 pts with
aura reported
! abolition of aura

Figure 1. Changes in medical therapy during follow-up.
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Figure 2. Histogram representation of migraine with
and without aura improvement following the above
described 4-grade scale in patients presenting for
transcatheter closure.

coagulations abnormalities, and presence of EV.
According to the microembolic hypothesis re-
cently demonstrated in the animals [22] and
suggested also in humans [23-24] and the
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chemical embolism theory, these same charac-
teristics have been previously linked to mi-
graine, especially migraine with aura [24]. The
meticulous strategy presented in our report,
aimed to minimize even a mild ratio of compli-
cations, by means of a carefully specific anat-
omy-driven device tailoring process and risk
stratification, appears to have an acceptable
benefit-risk ratio and the global results seem to
support further large scale trial on primary PFO
closure for patients satisfying high-risk clinical
and anatomic features for paradoxical embo-
lism.

Limitations

We recognized several limitations to our study.
Firstly, our patients sample size was small; how-
ever, we had set fairly stringent inclusion crite-
ria, thereby limiting enrolment. Also, this was a
single-center study and the non-randomized
nature was clearly a limitation and as with any
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invasive intervention evaluation absent a sham
arm, the potential for placebo bias cannot be
fully ignored. This issue is particularly pertinent
when outcomes relate to subjectively reported
symptomatic improvements.

Conclusion

Despite the several above mentioned limita-
tions, the current study confirmed on the long-
term the results of our previous experience of
primary PFO transcatheter closure in patients at
high risk of paradoxical embolism [19], suggest-
ing that a very positive benefit-risk balance can
be obtained as regards of migraine symptoms
and in particular aura symptoms in patients with
functional and anatomical features highly pre-
dictive of paradoxical embolism. The positive
impact of transcatheter closure is maintained
over the long-term, fairly beyond that placebo-
effect advocated as the explanation of migraine
improvement in the previous series.

Address correspondence to: Dr. Gianluca Rigatelli,
Via Mozart, 9 ,37045 Legnago, Verona - lItaly Tel:
+3903471912016; Fax: +39044220164; E-mail:
jackyheart71@yahoo.it
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