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Aims Migraine with aura and patent foramen ovale (PFO) are associated. The Percutaneous Closure of PFO in Migraine with
Aura (PRIMA) trial is a multicentre, randomized trial to investigate the effect of percutaneous PFO closure in patients
refractory to medical treatment.

Methods Migraine with aura patients and PFO who were unresponsive to preventive medications were randomized to PFO clos-
ure or medical treatment. Both groups were given acetylsalicylic acid 75—100 mg/day for 6 months and clopidogrel
75 mg/day for 3 months. The primary endpoint was reduction in monthly migraine days during months 9—12 after ran-
domization compared with a 3-month baseline phase before randomization. The committee reviewing the headache
diaries were blinded to treatment assignment.

Results One hundred and seven patients were randomly allocated to treatment with an Amplatzer PFO Occluder (N = 53)
or control with medical management (N = 54). The trial was terminated prematurely because of slow enrolment.
Eighty-three patients (40 occluder, 43 control) completed 12-month follow-up. Mean migraine days at baseline
were 8 (+4.7 SD) in the closure group and 8.3 (+ 2.4) in controls. The primary endpoint was negative with
—2.9 days after PFO closure vs. —1.7 days in control group (P = 0.17). Patent foramen ovale closure caused five
adverse events without permanent sequelae.
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Introduction depression of neuronal activity, a phenomenon called cortical
spreading depression (CSD).?

Migraine is a complex disease and has an estimated prevalence of 8—
13% in the western population.”” Hence, >55 million Europeans
and Americans suffer from migraine. One in three subjects with mi-
graine has at least occasional migraine attacks with aura. The neuro-
logical symptoms of a migraine aura are likely related to a
self-propagating wave of cortical excitation followed by temporary

Several studies have indicated an increased prevalence of patent
foramen ovale (PFO) in migraine patients with aura, and vice versa,
an increased prevalence of migraine with or without aura in subjects
with PFO.** Percutaneous closure of a PFO or a secundum atrial sep-
tal defect for secondary prevention of paradoxical embolism has been
reported to reduce migraine frequency more often than to increase it
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in subjects with concomitant migraine with aura or to induce new on-
set migraine.éfw This argues in favour of a causal link. Observational
studies also showed a reduction of migraine frequency with oral antic-
oagulation and low-dose acetylsalicylic acid."" ™" In the experimental
setting, CSD can be initiated by focal hypoxia.3 These observations
gave rise to the hypothesis of paradoxical microembolism as a poten-
tial trigger mechanism for migraine attacks. Serotonin release in the
venous circulation with shunt-induced arterial peaks was also consid-
ered as a potential mechanism."

On average, migraine patients are unable to function properly due
to headache for 3 days in any 3-month period.15 Migraine affects
quality of life and impairs work, social activities, and family life.
This calls for effective treatment.'® On that basis, we embarked
on the Percutaneous Closure of Patent Foramen Ovale In Migraine
with Aura (PRIMA) trial to test percutaneous PFO closure as a
means of migraine prophylaxis.

Methods

Study design, purpose, and oversight

The PRIMA trial is a multicentre, prospective, randomized, open label,
international trial with blinded endpoint evaluation (PROBE design) per-
formed at 20 centres in Canada, Germany, Switzerland, and the UK. The
purpose was to evaluate whether percutaneous PFO closure is effective
in reducing migraine headaches in patients diagnosed with migraine with
aura who are refractory to medical treatment.

The steering committee members (Supplementary material online,
Appendix) designed the trial based on a preliminary protocol of the
Bern University Hospital, Bern, Switzerland. The trial was funded by
St. Jude Medical, Plymouth, MN, USA, the manufacturer of the Amplat-
zer PFO Occluder used as closure device. All trial administrative func-
tions were the responsibility of the sponsor which also provided clinical
trial supplies. In addition to the steering committee, an independent data
and safety monitoring board, an endpoint review committee, and an
echocardiography core laboratory met periodically to ensure the

overall integrity of the trial conduct and evaluation of trial results (Sup-
plementary material online, Appendix). The headache specialists asses-
sing the headache diary in the endpoint review committee were
blinded to the treatment assignment and had no contact with patients.
Additionally, external vendors were used to announce the trial and
screen potential participants.

The members of the steering committee had access to the data as ad-
judicated by the other committees and as compiled by the sponsor. The
manuscript was drafted by HPM and co-edited and approved by all
authors. The study was conducted in accordance with the Declaration
of Helsinki and each site obtained approval by the responsible ethics
committee. All patients provided written informed consent.

Patients and randomization

Patients with migraine with aura diagnosed by a neurologist according to
the criteria of the International Headache Society (2nd edition) were eli-
gible if their migraine appeared before 50 years of age, if they experi-
enced in a 3-month baseline phase either a minimum of three
migraine attacks or five migraine headache days per month and <15
headache days per month, and if they were unresponsive to two com-
monly applied preventive medications.'” In addition, they had to be will-
ing to accept randomization to PFO closure, if applicable, and comply
with a headache diary and follow-up visits (Figure 7). For a full list of in-
clusion and exclusion criteria, see Supplementary material online, Table
S1 or the trial protocol (http:/www.neurologie.insel.ch/de/forschung/
neuro-clinical-trial-unit-nctu/).

At a second visit, transcranial Doppler sonography or echocardiog-
raphy with intravenous saline/air or other contrast medium injection
at the end of a sustained Valsalva manoeuvre was used to screen for a
right-to-left shunt. If positive, a PFO had to be documented using con-
trast transoesophageal echocardiography with Valsalva manoeuvre
(TOE) as previously described.®

At a third visit, the neurologist reviewed the headache diary and the
medication history of at least 3 months. In addition, disability due to mi-
graine, quality of life, and depression were assessed using the Migraine
Disability Assessment Questionnaire (MIDAS),'” Quality of Life Ques-
tionnaire SF12v2,%° and the Beck Depression Inventory (BDI).’

PFO* Closure Group
1-Month 3-Month 6-Month 9-Month 12-Month
neurology neurology neurology neurology neurology
follow-up follow-up follow-up follow-up follow-up W\
Study entr “ I l (‘(\
Y Y 1-Month 6-Month A Annual
cardiology cardiology long term
I I I follow-up follow-up follow-up
Screen Shunt Screen Screen
visit 1 assessment visit 2 visit 3 I I I
1-Month 3-Month 6-Month 9-Month 12-Month
neurology neurology neurology neurclogy neurology
follow-up follow-up follow-up follow-up follow-up
Control group

@ Randomization

I All subjects

I Subjects randomized to device closure only

Figure 1 PRIMA trial design. *Patent foramen ovale.

9102 ‘0T JequisnoN uo 1senb Aq /B1o°sfeulnolploxo: reayns//:dny wouyj papeoumoq


http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehw027/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehw027/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehw027/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehw027/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehw027/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehw027/-/DC1
http://www.neurologie.insel.ch/de/forschung/neuro-clinical-trial-unit-nctu/
http://www.neurologie.insel.ch/de/forschung/neuro-clinical-trial-unit-nctu/
http://www.neurologie.insel.ch/de/forschung/neuro-clinical-trial-unit-nctu/
http://www.neurologie.insel.ch/de/forschung/neuro-clinical-trial-unit-nctu/
http://www.neurologie.insel.ch/de/forschung/neuro-clinical-trial-unit-nctu/
http://www.neurologie.insel.ch/de/forschung/neuro-clinical-trial-unit-nctu/
http://www.neurologie.insel.ch/de/forschung/neuro-clinical-trial-unit-nctu/
http://eurheartj.oxfordjournals.org/

Percutaneous closure of patent foramen ovale in migraine

2031

Enrolled patients were randomized 1:1 to percutaneous PFO closure
or medical management with stratification by sex and age (<30, 30—40,
or >40 years) after the 90-day screening phase headache diary had
been completed and all inclusion criteria were met. Index cards printed
with the stratification subgroup and randomization assignment were
kept in sealed envelopes. At randomization, a member of the trial
team opened the first envelope for the appropriate group to obtain
the randomized assignment and informed the requesting physician. Per-
sons adjudicating the endpoints were blinded as to the intervention in
contrast to the patients.

Study procedures and treatment

Within 14 days of randomization patients of both treatment groups
were given acetylsalicylic acid 75—100 mg/day for 6 months and
clopidogrel 75 mg/day for 3 months. Patients in the PFO closure group
were then generally admitted on the day of the device implantation and
discharged the same or the following day. Device implantation was
guided by fluoroscopy with or without transoesophageal or intracardiac
echocardiography. Prophylactic antibiotic therapy during the periproce-
dural period and endocarditis prophylaxis for 6 months were recom-
mended. Changes in preventive migraine medication type, dose, or
frequency were discouraged throughout the course of the trial. Follow-
up visits occurred at 1, 3, 6,9, and 12 months. Additionally, PFO closure
group patients underwent TOE after 6 months and if the PFO was not
completely closed TOE was repeated at the 12-month visit. Patent
foramen ovale closure group patients continued follow-up visits annual-
ly until all patients had completed the 12-month follow-up.

Study endpoints

The primary endpoint was reduction in monthly migraine days during
months 9—12 after randomization compared with a 3-month baseline
phase before randomization. This and pre-specified secondary end-
points for intention-to-treat analysis are listed in Supplementary mater-
ial online, Table S2. In an additional post hoc analysis, we also compared
the change in the monthly number of migraine with aura days in months
10—-12 of the treatment phase to the mean monthly number in the
3-month baseline phase. In addition, we report the number of patients
free of migraine attacks with aura and the number of patients completely
free of migraine. The adverse event classification encompassed type,
relatedness, and seriousness of adverse events.

Statistical analysis

We calculated that a sample size of 60 patients per group would yield a
power of 80% at a two-sided significance level of 0.05 assuming a 50%
reduction in the number of migraine days after PFO closure and a 25%
reduction in the control group. The calculation was based on the as-
sumption of similar frequencies and migraine days as in a recent trial
with topiramate.?? In order to account for a 20% loss-to-follow-up
rate, 72 patients were to be randomized into each group.

Baseline characteristics were summarized using descriptive statistics.
Continuous variables are reported as mean, standard deviation, N, and
the minimum and maximum values. Categorical variables were summar-
ized with the number of subjects exhibiting the characteristic of interest,
N, and the percentage of patients exhibiting the characteristic. For pri-
mary and secondary endpoint analyses, each endpoint was summarized
by treatment group using means, standard deviations, and the minimum
and maximum values. The comparison of treatment group means was
accomplished using a Student’s T-test assuming unequal variances. Sig-
nificance was claimed if the P-value associated with the test was <0.05.

The comparison of the percentage of improved patients (responders)
in the treatment group to that in the control group was accomplished

using a standard Pearson y” statistic. Significance was declared if the
P-value associated with the y* test was <0.05. No adjustment to the al-
pha level was made to compensate for multiple tests. For comparison of
patients with complete cessation of migraine or migraine with aura at-
tacks, we used Fisher’s exact test.

Results

Study patients

Screening of a total of 705 patients started in April 2006 (Figure 2).
Three hundred and seventy-six patients (53%) failed screening be-
cause of an absence of right-to-left shunt or because PFO was not
confirmed. Reasons for screening failure and non-randomization are
given in Supplementary material online, Table S3. In August 2006, the
first patient was enrolled in the treatment phase. By February 2012,
107 patients from 20 centres in Canada, Germany, Switzerland, and
the UK had been randomly assigned to the device group (53 pa-
tients) or to the medical management group (54 patients). Because
of slow enrolment the sponsor decided in January 2012 to stop the
trial prematurely. Baseline characteristics are given in Table 1. They
were similar in both groups.

Study treatments and follow-up

Of the 53 patients assigned to PFO closure, 45 agreed to have de-
vice implantation. In four of them, no device was implanted. The
mean time from randomization to procedure was 9.9 + 5.3 days
or a median of 9.0 (minimum 2, maximum 28) days. Forty patients
of this group and 43 of the 54 patients assigned to medical manage-
ment completed 12-month follow-up. The attrition rate was 24 pa-
tients (22%). Nineteen of the 107 patients did not complete the trial
because of withdrawal of consent (11 patients), adverse events (2
patients), or other reasons (6 patients), and 5 patients were lost
to follow-up. There were no crossovers from medical management
to device implantation.

Efficacy results

The primary endpoint, i.e. reduction in monthly migraine days at
1 year after randomization was not reached according to the
intention-to-treat analysis (Table 2, Figure 3A). The mean reduction
of migraine days per month was 1.2 days greater in the PFO closure
group when compared with the control group, but this was not
significant (—2.9 vs. —1.7 days; P = 0.17).

Most secondary endpoints were not reached either. The average
reduction in migraine attacks was numerically greater in the PFO
closure group than in the control group, but this was not significant
(=21 vs. —1.3; P = 0.097; Table 2). However, there were more re-
sponders in the PFO closure group than in the control group (P =
0.0189) (Figure 3B). In the PFO closure group 15 of 40 patients
(38%) experienced a 50% or greater reduction in number of mi-
graine days relative to baseline compared with 6 of 41 in the control
group (15%; P = 0.0189).

Migraine medication use was similar in both groups (Table 2).
There was no significant influence of antiplatelet agents on headache
days. The improvement in BDI, MIDAS, and SF12 Mental and Phys-
ical Component scores from baseline to 12 months was not signifi-
cantly different between the two groups (Table 3).
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Figure 2 Subject disposition.

Patent foramen ovale closure after Valsalva manoeuvre as
adjudicated by the echocardiographic core laboratory was com-
pleted in 35 of 40 patients (88%) who underwent control TOE at

6 months.

Discontinued before
12-month follow-up
N=11

Completed 12-month
follow-up
N=43

Post hoc analyses showed a greater mean reduction in migraine
with aura days per month (—2.4 vs. —0.6 days; P = 0.0141, Table 4,
Figure 3A, Supplementary material online, Figure S1B) and the num-

ber of migraine attacks with aura in the PFO closure group
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compared with the control group (—2.0 vs. —0.5; P = 0.0003; Ta-
ble 4, Figure 3A). In addition, 4 of 40 patients (10%) in the PFO clos-
ure group were free of migraine attacks during months 10-12

Table | Baseline characteristics

Variable PFO closure Control

Age (years, mean + SD), (N), 44.1+10.7 (53) 427 + 11.0 (54)

[min, max] [21-61] [20-62]
Sex

Male 8/53 (15%) 9/54 (17%)

Female 45/53 (85%) 45/54 (83%)

Head trauma/serious injury ~ 1/53 (2%)

1/51 (2%)

Indication for ongoing 0/52
acetylsalicylic acid therapy

2/53 (4%)
5/52 (10%)
1/54 (2%)

Mood disorder

Steroid use 2/53 (4%) 0/53
Snoring 17151 (34%) 10/52 (19%)
Palpitations 1/53 (2%) 4/53 (8%)

Hypertension 4/53 (8%) 3/53 (6%)

Arrhythmia 1/53 (2%) 1/53 (2%)
Heart block 0/52 1/52 (2%)
Other arrhythmia 1/52 (2%) 0/52
Diabetes 0/53 1/53 (2%)
TIA 1/53 (2%) 0/53

Unresponsive to two
medications

52/53 (98%) 53/54 (98%)

IHS headache classification
Migraine with aura 53/53 (100.0%)

28/53 (53%)

53/54 (98%)

Additional migraine without 30/54 (56%)
aura®

Other headache history

Majority of migraine attacks
with aura

12/51 (24%)
28/51 (55%)

7/52 (14%)
30/52 (58%)

IHS, International Headache Society; PFO, patent foramen ovale; TIA, transient
ischaemic attack.
*Some patients had both migraine with aura and migraine without aura attacks.

compared with none among 41 controls (P = 0.055), and 16 of 40
(40%) were free of migraine attacks with aura compared with 4 of 40
(10%; P = 0.004) (Figure 3B). In approximately half of the patients,
>50% of migraine attacks at baseline included an aura. The mean re-
duction of migraine attacks with aura per month in these patients
was greater in the PFO closure group (N = 22) than among controls
(N=120; —3.2 vs. —0.8; P=0.0001) (Table 4).

Safety and adverse events

There were six serious adverse events in the PFO closure group,
three device related (one transient atrial fibrillation, one general fa-
tigue, one syncope), two related to the implant procedure (one ac-
cess site bleeding, one retroperitoneal haematoma), and one
unrelated (muscle wasting). All adverse events resolved without
sequelae. During follow-up, available from 40 device patients for
1 year or longer there was no device-related side effect. The total
treatment exposure time in the PFO closure group was 119 years.

Discussion

The PRIMA randomized trial used blinded endpoint evaluation to
test the efficacy of PFO closure using the Amplatzer device in pa-
tients with migraine with aura. Patients were aware of their treat-
ment assignment. Recruitment was slow and the study was
stopped before reaching the power calculation-based target num-
ber of patients. The significance level for the primary endpoint, re-
duction in migraine days at 1 year after randomization, was not met.

Migraine Intervention with STARFlex Technology, the only pub-
lished randomized controlled trial on PFO closure, did not meet its
primary endpoint.?® Migraine Intervention With STARFlex Technol-
ogy used the rate of headache-free responders as primary endpoint.
PREMIUM, presented but not published yet, used responder rate as
the primary endpoint and was also negative.”* Secondary pre-
defined endpoints in PREMIUM such as reduction of headache
days or responder rate in patients whose attacks mostly included
an aura were positive.

Pre-defined secondary endpoints in the PRIMA trial such as BDI,
MIDAS, and SF12 Mental and Physical Component scores were
negative and contribute to the overall negative result. Responder

Table2 Primary endpoint, change in migraine with and without aura days, and secondary endpoints, change in migraine
attacks with aura or without aura, and change of days with acute migraine medication use

Type of endpoint Randomization Number Mean at

assignment baseline
Migraine with and without aura PFO closure 40 8.0
days (= primary endpoint)  Control 41 83
Migraine attacks with or PFO closure 40 52
without aura® Control 41 53
Days with acute migraine PFO closure 50 294
medication use Control 52 28.1

Mean at Mean reduction,
months 10-12 [95% CI]*

SD (min., max.) P-Value

5.1 —29[—44, —14] 47(-117,9)  0.1682
65 —17[-25, —10] 2.4 (—63,3.5)
3.1 —21[-28, —13] 2.4 (—78,200) 0.0970
40 —13[-18, —08] 1.7 (=5.0,17)
156 —139[—19.1, —87] 183 (—700,240) 0.1232
19.8 —83+ [—133, —34] 17.8 (=510, 42)

PFO, patent foramen ovale; Max, maximum; Min, minimum; Cl, confidence interval; SD, standard deviation.
*Average treatment phase (months 10—12 post-randomization) minus baseline phase (3 months before randomization). Includes patients who completed 12-month visit with

>80% diary compliance.

PIndividual migraine attacks are separated by at least 24 h of headache symptom free time.
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rate was the only positive secondary endpoint. There were 23%
more responders in the PFO closure group than in the control
group (P =0.0189).

Post hoc analyses provide some interesting results. Migraine at-
tacks preceded by an aura and migraine with aura days were

A Reduction in Reduction in Migraine Reduction in Migraine with
Migraine Days with Aura Days Aura Attacks

0
-0.5
-1
-1.5
-2
=-2.5
| FL
G P<001
-3.5
. | E— = Control
P=0.01 ® Device
—

-a5
P=017
=5
45
P=0.02 ® Control ® Device 0005
40 —
35
30
25
20
15 P=0.055
10
5 J
0

Responder Rate Freedom from Migraine Freedom from Migraine

with Aura

Figure 3 (A) Reduction in migraine days (primary endpoint) and
reduction of migraine with aura days and migraine with aura attacks
(bar graph with 95% confidence intervals). (B) Responder rate and
number of patients free of migraine and free of migraine with aura.

markedly reduced in the PFO closure group compared with con-
trols (P = 0.0003 and 0.0141, respectively). Patients with complete
cessation of migraine were 10% in the PFO closure group and none
among controls (P = 0.055). However, looking only at patients free
of migraine attacks with aura the difference was pronounced with
40% in the PFO closure group and 10% in the control group (P =
0.004).The findings of more responders and greater reduction of
migraine attacks preceded by aura and migraine with aura days in
the PFO closure group compared with controls might give rise to
the hypothesis that PFOs differ in pathogenicity for migraine. In
stroke, the Risk of Paradoxical Embolism Study (ROPE) has identi-
fied clinical characteristics and constructed a probability score that a
discovered PFO is likely to be stroke related vs. incidental.*® Identi-
fying similar characteristics for migraine might help to resolve the
question of incidental vs. pathogenic PFO when PFO is detected
in migraine patients. One of those characteristics might be migraine
that is preceded by an aura in the majority of attacks.

When planning the PRIMA trial, a sham intervention for controls
was considered but dismissed. This would have needed deep sed-
ation or general anaesthesia while PFO closure is frequently per-
formed under local anaesthesia within a few minutes. In this
dilemma, the steering committee felt that a sham intervention
would not be acceptable, and a sham intervention in local anaesthe-
sia would not have provided adequate blinding. The lack of a sham
intervention is a limitation of PRIMA, because only adjudicators of
endpoints were blinded to the intervention, but the patients them-
selves were not.

The lack of blinding of our PRIMA patients might have introduced
a placebo effect and biased the results. However, a placebo effect
would likely influence all types of migraine headaches equally. In PRI-
MA, the reduction of migraine attacks with aura and migraine days
with aura was greater than the reduction of all types of migraine at-
tacks and days. Therefore, this unequal and greater effect on mi-
graine with aura is likely a true effect of PFO closure.

Our trial has additional limitations. First, patient enrolment was
terminated prematurely and therefore the planned sample size to
provide a significant result was not reached. Second, the inclusion
criterion that accepted only migraine patients who had failed two

Table 3 Improvement in Beck Depression Inventory Score, Migraine Disability Assessment Questionnaire score, SF12
mental, and physical component scores from baseline to 12 months

Endpoint Randomization N Mean at
assignment baseline
BDlI score PFO closure 42 70
Control 43 6.1
MIDAS score PFO closure 41 354
Control 43 371
SF12 Mental Component ~ PFO closure 42 502
score Control 43 498
SF12 Physical Component  PFO closure 42 431
score Control 43 448

Mean months  Meanimprovement Std deviation P-Value
10-12 [95% CiI]* (min, max)
4.5 —25[—49, —01] 7.8 (—24.0,24.0) 0.0821
6.4 0.3[—18,25] 6.9 (—16.0, 19.0)
17.0 —183[—29.2, —74] 34.6(—187.0,39.0) 05299
232 —139[—229, =5.0] 29.1 (—110.0, 60.0)
50.7 0.6 [—2.8,39] 109 (—37.9,23.7) 0.9880
504 0.5[—2.6, 3.6] 10.1 (—23.1,19.3)
473 42[13,7.2] 94 (—211,293) 0.0953
46.0 1.2[—09,34] 6.9 (—15.4,1823)

BDI, Beck Depression Inventory; MIDAS, Migraine Disability Assessment Questionnaire; SF, short form; improvement represented by a lower score in BDI and MDAS and by a

higher score in SF12.
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Table 4 Reduction in migraine with aura days and migraine attacks with aura

Type of endpoint Randomization = Number Mean at
assignment baseline
Migraine with aura days® PFO closure 40 4.1
Control 40 4.0
Migraine attacks with aura® PFO closure 40 3.0
Control 40 2.8
Migraine attacks with aurain ~ PFO closure 22 4.6
patients who experienced ~ Control 20 4.1

>50% of migraine attacks
with aura at baseline

Mean at Mean reduction,
months 10-12  [95% CI]*?

SD (min., max.) P-Value

17 —24[-36 —13] 3.6(-97.73) 0.0141
34 —06[—15,03]  27(-91,55)
1.0 —20[-20, —13] 20(—7.16,100)  0.0003
2.28 —05[—10, —00] 1.5(—33,34)
14 —32[—41,-23] 20(-72,03) 0.0001
33 —08[—15, —0.1] 1.6(—33,34)

PFO, patent foramen ovale; Max, maximum; Min, minimum; Cl, confidence interval; SD, standard deviation.
Average treatment phase (months 10—12 post-randomization) — baseline phase (3 months before randomization). Includes patients who completed 12-month visit with >80%

diary compliance.

PIndividual migraine attacks are separated by at least 24 h of headache symptom free time.

commonly used preventive medications turned out to be highly se-
lective. Thus, we had difficulty to recruit patients leading to an un-
usually long enrolment period. Third, the failure to completely
abolish the right-to-left shunt in 12% is a limitation that would
have favoured the control group. Furthermore, patient retention
was slightly lower than anticipated, which might bias the results in
either direction.

In conclusion, PFO device closure with the Amplatzer Occluder
was safe in the long term. There were no adverse events with per-
manent sequelae. The primary endpoint to reduce migraine days at
1 year after randomization was missed and the trial was negative .
However, device closure enhanced responder rates and post hoc
analyses raise the hypothesis, that PFO closure might decrease mi-
graine attacks with aura in patients with predominantly migraine
with aura attacks at baseline. However, such a hypothesis derived
from PRIMA will have to be confirmed in another trial. At present,
PFO closure cannot be recommended for prevention of migraine in
patients with PFO.

Supplementary material

Supplementary material is available at European Heart Journal online.

Authors’ contributions

St. Jude Medical statisticians performed statistical analysis. H.P.M., SE.,
W.B., D.H-S., B.M. handled funding and supervision. H.P.M., S.E,
D.H-S., WJB, HB, ).C, MG, HG, AH, EH., IM, SR, AZ, OF,
S.W,, B.M. acquired the data. H.P.M., S.W., B.M. conceived and designed
the research. H.P.M. drafted the manuscript. S.E, D.H.-S., W).B.,, H.B,,
JC, MG, HG,AH,EH, LM, SR, AZ, OF, SW.,, BM. made critical
revision of the manuscript for key intellectual content.

Acknowledgements

We thank Theresa K. Thomas, MS, St. Jude Medical, for her invalu-
able support with the PRIMA Trial.

Funding
Funded by St. Jude Medical; ClinicalTrials.gov Identifier NCT00505570.

Conflict of interest: B.M. speaker and proctor honoraria and research
support to the institution from St. Jude Medical. D.H.: proctor or Advis-
ory Board or Honoraria from St Jude, Gore, and Occlutech. E.H.:
research support and proctor honoraria from St. Jude Medical. H.P.M.:
research support to the institution from St. Jude Medical. |.M.: honoraria
from St Jude and honoraria and proctoring for Occlutech. S.E.: research
grants and honoraria from the following companies in the last 2 years:
Allergan, Ipsen, Menarini, MSD, Neurocore, Pfizer, St. Jude, UCB.
S.W.: research support to the institution from St. Jude Medical. W.B.:
research support to the institution from St. Jude Medical.

References

1. Henry P, Auray JP, Gaudin AF, Dartigues JF, Duru G, Lantéri-Minet M, Lucas C,
Pradalier A, Chazot G, El Hasnaoui A. Prevalence and clinical characteristics of mi-
graine in France. Neurology 2002;59:232—-237.

2. Lipton RB, Stewart WF, Diamond S, Diamond ML, Reed M. Prevalence and burden
of migraine in the United States: data from the American Migraine Study Il. Head-
ache 2001;41:646—657.

3. Lauritzen M. Pathophysiology of the migraine aura. The spreading depression the-
ory. Brain 1994;,117:199-210.

4. Schwerzmann M, Nedeltchev K, Lagger F, Mattle HP, Windecker S, Meier B,
Seiler C. Prevalence and size of directly detected patent foramen ovale in migraine
with aura. Neurology 2005;65:1415—-1418.

5. Schwedt T}, Demaerschalk BM, Dodick DW. Patent foramen ovale and migraine: a
quantitative systematic review. Cephalalgia 2008;28:531-540.

6. Wilmshurst PT, Nightingale S, Walsh KP, Morrison WL. Effect on migraine of clos-
ure of cardiac right-to-left shunts to prevent recurrence of decompression illness
or stroke or for hahaemodynamic reasons. Lancet 2000;356:1648—1651.

7. Reisman M, Christofferson RD, Jesurum ], Olsen JV, Spencer MP, Krabill KA,
Diehl L, Aurora S, Gray WA. Migraine headache relief after transcatheter closure
of patent foramen ovale. | Am Coll Cardiol 2005;45:493—495.

8. Wahl A, Praz F, Tai T, Findling O, Walpoth N, Nedeltchev K, Schwerzmann M,
Windecker S, Mattle HP, Meier B. Improvement of migraine headaches after per-
cutaneous closure of patent foramen ovale for secondary prevention of paradox-
ical embolism. Heart 2010;96:967-973.

9. Lip PZ, Lip GY. Patent foramen ovale and migraine attacks: a systematic review.Am |
Med 2014;127:411-420.

10. Kato Y, Kobayashi T, Ishido H, Hayashi T, Furuya D, Tanahashi N. Migraine attacks
after transcatheter closure of atrial septal defect. Cephalalgia 2013;33:1229-1237.

11. BuringJE, Peto R, Hennekens CH. Low-dose aspirin for migraine prophylaxis. JAMA
1990;264:1711-1713.

12. Peto R, Gray R, Collins R, Wheatley K, Hennekens C, Jamrozik K, Warlow C,
Hafner B, Thompson E, Norton S, Gilliland J, Doll R. Randomised trial of prophy-
lactic daily aspirin in British male doctors. Br Med | 1988;296:313-316.

13. Rahimtoola H, Egberts AC, Buurma H, Tijssen CC, Leufkens HG. Reduction in the inten-
sity of abortive migraine drug use during coumarin therapy. Headache 2001;41:768—773.

14. Schwedt TJ, Dodick DW. Patent foramen ovale and migraine — bringing closure to
the subject. Headache 2006;46:663—671.

9102 ‘0T JequisnoN uo 1senb Aq /610°sfeulnolploxo: reayns//:dny wouy) papeojumoq


http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehw027/-/DC1
http://eurheartj.oxfordjournals.org/

2036

H.P. Mattle et al.

15. Launer LJ, Terwindt GM, Ferrari MD. The prevalence and characteristics of mi-
graine in a population-based cohort: the GEM study. Neurology 1999;53:537—-542.

16. Silberstein SD. Migraine. Lancet 2004;363:381—-391.

17. Classification and diagnostic criteria for headache disorders, cranial neuralgias and
facial pain. Headache Classification Committee of the International Headache
Society. Cephalalgia 1988;8(Suppl. 7):1-96.

18. Meier B, Kalesan B, Khattab A, Hildick-Smith D, Dudek D, Andersen G,
Ibrahim R, Schuler G, Walton A, Wahl A, Windecker S, Juni P. Percutaneous
closure of patent foramen ovale in cryptogenic embolism. N Engl | Med 2013;
368:1083-1091.

19. Stewart WF, Lipton RB, Dowson A, Sawyer J. Development and testing of the Mi-
graine Disability Assessment (MIDAS) Questionnaire to assess headache-related
disability. Neurology 2001;56(6 Suppl. 1): S20-S28.

20. Jenkinson C, Layte R, Jenkinson D, Lawrence K, Petersen S, Paice C, Stradling J. A

shorter form health survey: can the SF-12 replicate results from the SF-36 in lon-

gitudinal studies? | Public Health Med. 1997;19:179—-186.

Beck AT, Steer RA, Carbin MG. Psychometric properties of the Beck

Depression Inventory: twenty-five years of evaluation. Clin Psychol Rev 1988;8:

77-100.

21.

=

22.

23.

24.

25.

Silberstein SD, Neto W, Schmitt J, Jacobs D, MIGR-001 Study Group. Topiramate
in migraine prevention: results of a large controlled trial. Arch Neurol 2004;61:
490-495.

Dowson A, Mullen M), Peatfield R, Peatfield R, Muir K, Khan AA, Wells C,
Lipscombe SL, Rees T, De Giovanni JV, Morrison WL, Hildick-Smith D,
Elrington G, Hillis WS, Malik IS, Rickards A. Migraine Intervention With STARFlex
Technology (MIST) trial: a prospective, multicenter, double-blind, sham-controlled
trial to evaluate the effectiveness of patent foramen ovale closure with STARFlex
septal repair implant to resolve refractory migraine headache. Circulation 2008;117:
1397-1404.

Charles A. Prospective, Randomized Investigation to Evaluate Incidence of Head-
ache Reduction in Subjects With Migraine and PFO Using the AMPLATZER PFO
Occluder to Medical Management (PREMIUM Migraine Trial). Presented at the
57th Annual Scientific Meeting of the American Headache Society, Washington
DC, June 20 2015.

Kent DM, Ruthazer R, Weimar C, Mas JL, Serena J, Homma S, Di Angelantonio E, Di
Tullio MR, Lutz JS, Elkind MS, Griffith }, Jaigobin C, Mattle HP, Michel P, Mono ML,
Nedeltchev K, Papetti F, Thaler DE. An index to identify stroke-related vs incidental
patent foramen ovale in cryptogenic stroke. Neurology 2013;81:619—-625.

CARDIOVASCULAR FLASHLIGHT

sclerosis

.

Nath Zungsontiporn'Z, Pakpoom Tantrachoti

Hospital, Thai Red Cross Society, Bangkok 10330, Thailand
* Corresponding author. Tel: +66 83656651, Email: spuwanant@gmail.com

A 29-year-old pregnant lady at 32 weeks of gesta-
tion presented with haematuria and flank pain
caused by a concealed rupture of left renal
mass. A foetal ultrasound revealed polyhydram-
nios and multiple intramural cardiac masses (Pa-
nel A, asterisks; see Supplementary material
online, Video S1) consistent with cardiac rhabdo-
myomas involving right and left ventricles, inter-
ventricular septum, and interatrial septum. On
examination, she had facial angiofibromas on bi-

genetic counselling.

Supplementary material is available at European Heart Journal online.

Foetal and maternal cardiac rhabdomyomas associated with tuberous

12, and Sarinya Puwanant'!2*

"Division of Cardiology, Department of Medicine, Faculty of Medicine, Chulalongkorn University, Bangkok 10330, Thailand; and “Cardiac Center, King Chulalongkorn Memorial

lateral malar eminences and nasolabial folds (Panel B). Her echocardiogram revealed multiple echo-densities suggestive of cardiac rhab-
domyomas (Panel C, arrows; see Supplementary material online, Video S2) involving the interventricular septum, left ventricular wall,
interatrial septum, and left atrial free wall. Postpartum, she underwent left radical nephrectomy. The histopathological examination re-
vealed renal angiomyolipoma. The diagnosis of tuberous sclerosis (TSC) was established, presence of facial angiofibromas, renal angio-
myolipoma, and cardiac rhabdomyomas. As clinical diagnostic criteria for tuberous sclerosis complex were met in this case, genetic
testing was not performed. The baby was delivered at 36-week gestation and was dead due to cardiac failure 12 h after delivery.
Cardiac rhabdomyoma is the most common cardiac tumour in infancy and childhood. Most tumours regress spontaneously and rarely
present in adults. About 40% of patients with pathologically confirmed cardiac rhabdomyomas are diagnosed as TSC. About 50—70% of
patients with TSC have cardiac rhabdomyomas. Tuberous sclerosis complex is an autosomal-dominant disorder, mutations in tumour
suppressor gene TSC1 or TSC2, with variable expression. Dermatological identification may aid in diagnosis of TSC and help for prenatal

Published on behalf of the European Society of Cardiology. Al rights reserved. © The Author 2015. For permissions please email: journals.permissions@oup.com.

doi:10.1093/eurheartj/ehv168
Online publish-ahead-of-print 20 May 2015

9102 ‘0T JequisnoN uo 1senb Ag /610°sfeulnolploxo: reayns//:dny wouy papeoumoq


mailto:spuwanant@gmail.com
mailto:spuwanant@gmail.com
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv168/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv168/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv168/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv168/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv168/-/DC1
http://eurheartj.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


