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• In MA+ patients PFO is 
twice more frequent than 
in MA- and non 
migraineurs

The association of migraine with PFO

• In subjects with PFO 
migraine is two to four 
times more frequent 
than in the general 
population

Dataset: 163  cryptogenic stroke/TIA 
patients<60, referred for PFO closure
mean age 43 + 14

• No migraine = 91 (M/F=56/35)

• In patients with 
cryptogenic stroke and 
PFO migraine is twice 
more frequent than in 
patients without PFO

• Migraine overall= 72  =44%
• MA+= 43 = 26%
• MA-= 29
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Migraine overall twice more
frequent

MIGRAINE WITH AURA
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Migraine with aura about 4 
times more frequent

• At least in some families 
PFO and migraine are 
inherited in association



PFO is associated with migraine with aura 
not with

migraine without aura 
nor with non migraine headaches



Migraine in patients with hereditary hemorrhagic 
telangiectasias with and without PAVM

• Migraine prevalence in PAVM+ 
ranging  from 21 to 46% (Post 
2005, Thenganatt 2006)

• Pulmonary AVMs significantly 
associated with migraine (OR 
2,4 ; 95% CI 1,1-5,5, p=0.04) 
after adjustment for age and 
sex (Thenganatt 2006) 30
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• after PAVM embolization 
prevalence of MA+ 
decreased from 33,3 to 19% 
(p=0.002) (Post 2006)
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Characteristics of 
PFO in migrainePFO in migraine









Larger shunts but not ASA 

differentiated migraine from 

non migraine patientsnon migraine patients



PFO STROKE

MIGRAINE







Characteristics of migraine 
associated with PFO

Is shunt associated migraine a 
clinical entity?



SAM 
(Shunt Associated Migraine) 

STUDY

Prospective

Multicenter

NON SPONSORED

Observational trial



Experimental design:
Prospective observational study in consecutive subjects referred to 
migraine clinics for migraine with (MA+) aura.

Inclusion criteria:
• diagnosis of MA+ (criteria of IHS – 2)
• age: 15-50 years
• consecutive subjects

Assessment:
1. Demographics (initials, gender, age)1. Demographics (initials, gender, age)
2. Diagnosis (IHS criteria)
3. Standardised clinical assessment performed with the aid of computer based         

ACCESS data base (  provided to all participants). 
4. Transcranial Doppler for diagnosis of RLS, with classification into categories 

(at rest or after Valsava – small (<10 MES), medium (>10 MES, no curtain), 
large (> 10 MES, with curtain effect (Jauss and Zanette, 2000).  

5. MRI standard with FLAIR images.  
6. Blood tests to assess thrombophylia: RBC, PLT, APTT, AT III, Protein C, 

Protein S, APCR, factor II and Factor V Leyden,  homocysteine, mutation of 
MTHFR.





MA+
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No shunt Shunt p

n. 265 195

age 37,1 34,1 .002

Migraine onset 21 19,4 ns

Aura delay (years) 2,7 1,4 ns

M/F 65/200 41/154 ns

Family history for migraine 
yes/no

173/87 140/45 .045

Family history for CVD 
yes/no

105/153 81/102 ns

Personal history for CVD  
yes/no

15/245 16/170 ns

BMI 23,01 22,43 ns



Vascular RF
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Characteristics of headache
No 

shunt
shunt p

Median aura dur. Min. 20 20 ns

Median aura complexity 2 2 ns

Mean pain severity 2,5 2,5 nsMean pain severity 2,5 2,5 ns

Median n. attacks overall* 24 20 ns

Median n. with aura* 8 7,5 ns

Relative aura frequency % 60 64 ns

* In the last 12 months
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Triggers
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Entire SAM cohort
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MRI ABNORMALITIES
PERIVENTRICULAR  PV –WML  

35 pt = 19%

PV-WML  and  D-WML 
21 pt= 11%

DEEP WHITE MATTER D-WML  86 pt= 47%





In a multivariate logistic regression 
analysis correcting for sex, vascular risk 
factors (hypertension, diabetes, smoking, 
contraception), duration of migraine and 
TCD parameters only the age of the TCD parameters only the age of the 
patients was strongly associated with PV-
and D-WML load (p<0.001. OR 1.1 
95%CI: 1.0-1.2).



EFFECT OF PFO CLOSURE ON 
MIGRAINE

AUTHOR YEAR TYPE OF 
STUDY

N. of pts. Mean f-up 
months

Resolution
%

Improved %

Wilmshurst et al. 2000 retrospective 21 17 48 38

Morandi et al. 2003 prospective 17 12 29 59

Post et al. 2004 retrospective 26 6 84 N/a

Schwerzmann et al. 2004 retrospective 47 24 N/A 83

Azarbal et al. 2005 retrospective 37 3 60 40

Reisman et al. 2005 retrospective 50 12 56 14

Giardini et al. 2006 retrospective 35 20 83 8

Kimmelstiel et al. 2007 retrospective 24 3 N/A 57

Overall 257 12 60 43

Anzola et al. 2006 prospective 50 12 38 48

MIST trial 2006 prospective 74 6 4 42



ü Many were retrospective

ü No study but two had a control group included

MIGRAINE: What is the evidence?MIGRAINE: What is the evidence?

BUT...BUT...

ü The follow-up was as short as six months

ü All of the patients in retrospective studies had had

a stroke

ü Migraine severity was subjectively rated
ü The possible effect of aspirin given post

procedurally was not taken into account













..and even the MIST trial…

• Primary end-point too hard for patients with an 
exceedingly high frequency of migraine with 
aura (>5 days/month)

• Tension-type cases (unresponsive to PFO 
closure) included?closure) included?

• Failure rate not stated
• TTE may be not ideal for differentiating true PFO 

from ASDà brain impact of shunt better with 
TCD 

• Worsening of  migraine not stated



NEGATIVE EFFECTS

• Scintillating scotoma (Anzola 2004) à PFO
• Transformation  of preceding migraine with aura in 

chronic headache with protracted aura (Yankovsky 
2003, Riederer 2005, Sharifi 2005, Wilmshurst 2003, Riederer 2005, Sharifi 2005, Wilmshurst 
2005,Wertman 2006) à ASD

• De novo appearance of headache (Rodès-Cabeau  
2003, Wilmshurst 2000, Wertman 2006) à ASD

1. Course usually benign and limited to 2-3 months post implantation
2. Dramatic response to clopidogrel



Proposed mechanisms

• Nickel toxicity
• Secretion of neuromediators ( e.g ANP)
• Nickel allergy promoting local 

inflammatory response with release of inflammatory response with release of 
neuromediators in the left atrium

• Platelet activation and microembolization



Does PFO cause migraine ?

• NO, because PFO may be another manifestation of a 
more generalized endothelial dysfunction.

• YES, because platelet aggregates may bypass the 
pulmonary filter and trigger the attack (minor pulmonary filter and trigger the attack (minor 
ischemia ?)

• OR chemical triggers ( serotonin, NO, endothelin I, 
isoprostanes etc) may escape the lung and reach the 
arterial side 



The CADASIL story

Very High Prevalence of 
Right-to-Left Shunt on 
Transcranial Doppler in an 
Italian Family with Cerebral 
Autosomal Dominant 
Angiopathy with Subcortical 
Infarcts and 

Vol. 46, No. 4, 2001

Results: A very high prevalence of RLS was 
found in CADASIL patients (4/5, 80%), as 
opposed to young subjects with ischemic 
stroke (15/40, 37%), asymptomatic 
subjects with migraine (32/80, 40%) and 
normal controls (8/50, 16%). All the 
subjects with CADASIL and migraine 
(4/4) showed RLS. The difference 
between CADASIL patients and controls Infarcts and 

Leukoencephalopathy
Angeli et al.

between CADASIL patients and controls 
was highly significant (p = 0.006). 
Conclusions: We suggest an association 
between CADASIL and RLS, possibly due 
to the abnormal development of the 
endocardial cushion influenced by Notch 3 
mutation. Our hypothesis needs to be 
tested in larger samples.



The CADASIL story



The CADASIL story



Table 1. Demographic, genetic and clinical characteristics of CADASIL patients tested for RLS

Subject Mutation Exon EGF Sex Age Migraine Stroke/TIA RLS

1 Cys174Tyr 4 4 m 49 - + -

2 Cys174Tyr 4 4 f 46 - - -

3 Cys174Tyr 4 4 m 40 - - -

4 Cys174Tyr 4 4 f 49 - + -

5 Cys174Tyr 4 4 m 43 - + -

6 Arg141Cys 4 4 m 48 + + +

CADASIL, migraine and right-to-left-shunt:. lack of evidence for an association in a prevalence study.
Mazzucco S1, MD, PhD, Anzola GP2, MD, Ferrarini M1, PhD, Taioli F1, PhD, Olivato S1, MD, Burlina AP3, MD, PhD, 

Fabrizi GM1, MD, PhD, Rizzuto N1, MD.
2008

7 Arg141Cys 4 4 m 61 - + +

8 Cys146Arg 4 3 f 55 + - +

9 Cys146Arg 4 3 f 63 + - -

10 Cys146Arg 4 3 m 56 + + -

11 Cys146Arg 4 3 m 51 - + -

12 Arg133Cys 4 3 f 65 - + -

13 Arg207Cys 4 5 m 59 + + -

14 Ser396Cys 7 10 m 68 - + -

15 Arg607Cys 11 15 m 62 + - -

16 Gly1013Cy 19 26 m 36 + + +

7/16 4/16

40% 25%



The”venous” theory of migraine
Wilmshurst and Nightingale Headache 2006



However, although in a small 
proportion of cases, the “bubble” 
test may trigger a typical migraine 
with aura attackwith aura attack





Trying to build up a coherent picture

• Migraine (particularly with aura) tends to co-
segregate with PFO.

• PFO in migraine sufferers is larger than in 
non migraineurs.

• The association with PFO could partly explain 
the increased risk of stroke of female the increased risk of stroke of female 
migraineurs. 

• However, SAM does not increase the risk of 
getting  “bright spots” on MRI



Trying to build up a coherent picture

• In shunt associated migraine (SAM), right –to-
left shunt may be a trigger for aura.

• But SAM cannot be identified on clinical 
grounds. 

• Closing PFO in SAM may provide  a  relief (how • Closing PFO in SAM may provide  a  relief (how 
much clinically relevant and how long sustained 
presently unknown)à more RCTs needed. Need 
to identify patients most likely to benefit ( 
migraine with aura, larger shunt on TCD, with 
family history of both conditions, females, with 
complex auras).



Working hypothesis I
• Among SAM patients there exists a subgroup of 

migraine with a genetically determined 
sensitivity to shunted chemicals.

• These patients have large shunts and positive 
family history (for MA+ and RLS).family history (for MA+ and RLS).

• Migraine attacks may be started by the bubble 
test.

• Genetic linkage studies needed
• Bubble migraine with special features ?



Working hypothesis II
• In CADASIL RLS and migraine do not 

necessarily co-segregate.
• Studies on genotype-phenotype characterization 

are warranted.
• RLS might be associated with the Arg141Cys • RLS might be associated with the Arg141Cys 

mutation 
• Migraine particularly with Cys146Arg but 

probably with a larger number of mutations.



Thank you for your attention !!!

gpanzola@fatebenefratelli.itgpanzola@fatebenefratelli.it


