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IMPORTANCE Adding clopidogrel to aspirin for 3 months after transcatheter atrial septal
defect (ASD) closure results in a lower incidence of new-onset migraine attacks. However, the
outcomes at 6- to 12-month follow-up (after clopidogrel cessation at 3 months) remain
largely unknown.

OBJECTIVE To assess the incidence of migraine attacks at 6- and 12-month follow-up after
transcatheter ASD closure.

DESIGN, SETTING, AND PARTICIPANTS This prespecified analysis of a randomized, double-blind
clinical trial included patients with no prior history of migraine undergoing ASD closure from 6
university hospitals in Canada from December 2008 to November 2014. Patients were
followed up at 3, 6, and 12 months, and a migraine headache questionnaire was administered
at each time. Analysis began June 2019.

INTERVENTIONS Patients were randomized (1:1) to receive dual antiplatelet therapy (aspirin
plus clopidogrel; n = 84) vs single antiplatelet therapy (aspirin plus placebo; n = 87) for 3
months following transcatheter ASD closure. After 3 months, only single antiplatelet therapy
(aspirin) was pursued.

MAIN OUTCOMES AND MEASURES Incidence and severity of migraine attacks at 6- and
12-month follow-up.

RESULTS The mean (SD) age of the study population was 38 (12) years, with 106 women
(62%). A total of 27 patients (15.8%) had new-onset migraine attacks within the 3 months
following ASD closure (8 of 84 [9.5%] vs 19 of 87 [21.8%] in the initial clopidogrel and
placebo groups, respectively; P = .03). After cessation of clopidogrel and aspirin
monotherapy, the percentage of patients with migraine attacks decreased over time, with 8
(4.7%) and 4 patients (2.3%) continuing to have migraine attacks at 6 and 12 months,
respectively (vs 3 months: P < .001). The severity of migraine attacks progressively decreased
over time; no moderate or severe attacks occurred at 6 and 12 months (vs 3 months:
P < .001). There were no differences between groups in the rate of migraine attacks at 6
months (initial clopidogrel group: 2 of 84 [2.4%]; initial placebo group: 6 of 87 [6.9%];
P = .28) and 12 months (initial clopidogrel group: 3 of 84 [3.6%]; initial placebo group: 1 of 87
[1.1%]; P = .36) after ASD closure. Only 2 patients (1.2%; 1 patient per group) presented with
new-onset migraine attacks after 3 months.

CONCLUSIONS AND RELEVANCE New-onset migraine attacks after ASD closure improved or
resolved spontaneously within 6 to 12 months in most patients. No significant rebound effect
was observed after clopidogrel cessation at 3 months. These results demonstrate a low rate
of migraine events beyond 3 months following transcatheter ASD closure and support the
early discontinuation of clopidogrel therapy if administered.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT00799045

JAMA Cardiol. doi:10.1001/jamacardio.2020.4297
Published online September 23, 2020.

Supplemental content

Author Affiliations: Author
affiliations are listed at the end of this
article.

Corresponding Author: Josep
Rodés-Cabau, MD, PhD, Quebec
Heart & Lung Institute, Laval
University, 2725 Chemin Ste-Foy,
Quebec City, Quebec G1V 4G5,
Canada (josep.rodes@
criucpq.ulaval.ca).

Research

JAMA Cardiology | Brief Report

(Reprinted) E1

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Piergiorgio Gigliotti on 09/28/2020

https://clinicaltrials.gov/ct2/show/NCT00799045
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2020.4297?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2020.4297
https://jamanetwork.com/journals/car/fullarticle/10.1001/jamacardio.2020.4297?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2020.4297
mailto:josep.rodes@criucpq.ulaval.ca
mailto:josep.rodes@criucpq.ulaval.ca


T ranscatheter atrial septal defect (ASD) closure has been
well established as the treatment of choice for most pa-
tients with hemodynamically significant ASD.1 How-

ever, approximately 15% of patients present new-onset mi-
graine headaches after the procedure, usually within the days
and weeks following the procedure, leading to a significant bur-
den of medical consultations in addition to missed work or
school days and reduced productivity.2-4 The randomized,
double-blinded Clopidogrel for the Prevention of New Onset
Migraine Headache Following Transcatheter Closure of Atrial
Septal Defects (CANOA) trial showed the efficacy of clopido-
grel to reduce the incidence of migraine attacks within the 3
months following transcatheter ASD closure.5 However, few
data exist on the late outcomes of patients with migraine head-
aches after ASD closure, and the possible effects of clopido-
grel cessation remain unknown. Thus, the objective of our
study was to determine the late (6- and 12-month) incidence
and severity of migraine attacks (both new onset and recur-
rent) after transcatheter ASD closure and after clopidogrel ces-
sation in patients included in the CANOA trial. All 6- and 12-
month events were recorded after discontinuation of
clopidogrel.

Methods
Details of the trial rationale and design have been previously
reported.5 The protocol and statistical analysis plan are avail-
able in Supplement 1. In brief, the study included patients 18
years and older with a clinical indication for transcatheter ASD
closure from 6 university centers in Canada from December
2008 to November 2014. Institutional review board approval
was obtained from all university centers. All patients pro-
vided written informed consent for trial participation. Pa-
tients with a history of migraine headaches, based on the In-
ternational Headache Society criteria and subsequently
evaluated by a neurologist,6 were excluded. Other exclusion
criteria have already been reported.5 Patients were random-
ized (1:1) and blinded to treatment assignment before the ASD
closure procedure to receive either aspirin (80 mg per day) plus
placebo (initial placebo group) or aspirin (80 mg per day) plus
clopidogrel (75 mg per day) (initial clopidogrel group). The treat-
ment was initiated (without loading dose) within 24 hours prior
to ASD closure and continued for 3 months thereafter. All pro-
cedures were performed with the Amplatzer Septal Occluder
device (St Jude). After this period, the duration of aspirin treat-
ment was left at the discretion of the investigator. The occur-
rence of headache episodes was assessed at 3-, 6-, and 12-
month follow-up using a structured migraine headache
questionnaire that included the Migraine Disability Assess-
ment questionnaire (grade I [score of 0-5] indicates little or no
disability; grade II [score, 6-10], mild disability; grade III [score,
11-20], moderate disability; and grade IV [score ≥21], severe dis-
ability). The questionnaires were provided by the study coor-
dinator of each participating center. All questionnaires were
evaluated by 2 neurologists (D.V. and A.M.) blinded to proce-
dural details and treatment allocation. If headache episodes
occurred, the diagnosis of migraine attacks was established ac-

cording to the International Headache Society criteria and clas-
sified as with or without aura.6 The 3-month results have been
previously published.5 We report here the extended 6- and 12-
month follow-up (prespecified analysis). The primary out-
come was the rate of migraine attacks at 6- and 12-month fol-
low-up, and the secondary outcome was the severity of
migraine headaches as evaluated by the Migraine Disability As-
sessment questionnaire. Data were analyzed using SAS statis-
tical software version 9.4 (SAS Institute). Two-sided P values
were significant at .05. Analysis began June 2019.

Results
The flow of patient participation, treatment allocation, and fol-
low-up are shown in the Figure. A total of 171 patients were in-
cluded in the primary analysis, with 84 (49.1%) and 87 pa-
tients (50.9%) in the initial clopidogrel and placebo groups,
respectively. The main baseline and procedural characteris-
tics of the study population are summarized in Table 1. The
mean (SD) age of the patients was 49 (15) years, 106 (62%) were
women, and all had successful transcatheter ASD closure. The
clopidogrel or placebo treatment was ceased in all but 4 pa-
tients with clopidogrel (clopidogrel remained in 2 patients in
the initial clopidogrel group and was started after 3 months in
2 patients in the placebo group without clearly stated rea-
sons) after 3 months, and aspirin was maintained up to 6
months in 94 patients (55%; 47 of 84 [56%] and 47 of 87 [54%]
in the initial placebo and clopidogrel groups, respectively; odds
ratio [OR], 1.08; 95% CI, 0.59-1.96; P = .87) and up to 12 months
in 50 patients (29%; 24 [28%] and 26 [31%] in the initial pla-
cebo and clopidogrel groups, respectively; OR, 0.84; 95% CI,
0.44-1.64; P = .73). Six patients (75%) and 1 patient (25%) with
migraine attacks were taking aspirin at 6- and 12-month follow-
up, respectively. At 6 months, 4 patients (50%) with migraine
attacks received paracetamol, and 2 patients (50%) with mi-
graine attacks received paracetamol (1 patient) and ibuprofen
(1 patient) at 12 months. No patient received triptan therapy,
and 2 patients had migraine preventive medication after 3
months (1 patient took amitriptyline and 1 patient took topi-
ramate).

Key Points
Question What is the optimal duration of clopidogrel therapy
after atrial septal defect (ASD) closure to reduce the incidence of
new-onset migraine attacks?

Findings In this prespecified analysis of a randomized clinical trial
of 171 patients (27 [15.8%] with new-onset migraine attacks), the
occurrence and severity of migraine attacks decreased over time
with a low percentage of patients with migraine attacks at 6- to
12-month follow-up and only 1% of patients with new-onset
migraine attacks after the cessation of clopidogrel at 3 months
after ASD closure.

Meaning The occurrence of new-onset migraine attacks after ASD
closure is an early transient complication and resolves (within 6-12
months) in most patients.
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The incidence of migraine headaches over time is shown
in Table 2. A total of 27 patients (15.8%) had the diagnosis of
new-onset migraine attacks at 3-month follow-up (14 [52%]
with aura), with a mean (SD) total number of migraine days of
15 (15), and 20 (74%) and 7 patients (26%) experiencing no/
mild and moderate/severe disability during migraine attacks,
respectively. There was a higher incidence of migraine head-
aches in the initial placebo group compared with the initial
clopidogrel group at 3 months after ASD closure (placebo: 19
[21.8%]; clopidogrel: 8 [9.5%]; OR, 2.63; 95% CI, 1.26-6.66;
P = .03). After discontinuation of clopidogrel, at 6-month fol-
low-up, 6 patients (3.5%) continued to have recurrent mi-
graine headaches, and 2 patients (1.2%) with no migraine head-
ache at 3 months presented new-onset migraine attacks
between 3 and 6 months, leading to a total of 8 patients (4.7%;
7 [87%] with aura) with migraine headaches at 6 months (vs 3
months: OR, 0.26; 95% CI, 0.13-0.52; P < .001). The mean (SD)
total number of migraine days was 3 (2) (vs 3 months: least
square means differences, 1.12; 95% CI, 0.11-2.12; P = .05), and
no patient experienced moderate/severe disability (Migraine
Disability Assessment score, I in all patients) (vs 3 months:
P < .001). At 6-month follow-up, there were no differences be-
tween groups in the rate of migraine headaches (initial pla-
cebo group: 6 [6.9%]; initial clopidogrel group: 2 [2.4%]; OR,
3.12; 95% CI, 0.61-15.96; P = .28) and regarding new-onset mi-
graine headaches after 3 months (initial placebo group: 1 [1.2%];
initial clopidogrel group: 1 [1.2%]; OR, 0.97; 95% CI, 0.06-

15.86; P = .99). At 12-month follow-up, 4 patients (2.3%; 3 [75%]
with aura) remained with recurrent migraine headaches (vs 3
months: OR, 0.14; 95% CI, 0.05-0.37; P < .001; vs 6 months:
OR, 0.53; 95% CI, 0.22-1.27; P = .58), and no patient had new-
onset migraine headaches after 6-month follow-up. The mean
(SD) total number of migraine days was 2 (2) (vs 3 months: least
square means differences, 1.76; 95% CI, 0.32-3.19; P < .001; vs
6 months: least square means differences, 1.37; 95% CI, −2.13
to 4.87; P = .46), and no patient experienced moderate/
severe disability migraine attacks (vs 3 months: P < .001; vs 6
months: P = .99). The lack of differences in the incidence of
migraine headaches between groups observed at 6 months was
maintained at 12 months (initial placebo group: 1 [1.1%]; ini-
tial clopidogrel group: 3 [3.6%]; OR, 0.32; 95% CI, 0.03-3.11;
P = .36).

Discussion
The pathophysiology linking transcatheter ASD closure and mi-
graine attacks remains unclear. Nickel allergy, increased plate-
let aggregation, and the presence of microthrombus on the ASD
closure device have been proposed as potential mechanisms.7,8

The positive effect of clopidogrel for reducing migraine head-
aches after ASD closure could be related to its antiplatelet prop-
erties leading to a reduction of platelet aggregation, which in-
deed would translate into a decrease in the release of

Figure. Flowchart of Recruitment, Treatment Allocation, and Follow-up of the Clopidogrel for the Prevention
of New Onset Migraine Headache Following Transcatheter Closure of Atrial Septal Defects (CANOA) Study

291 Patients assessed for eligibility

71 Excluded (history of migraines)

220 Randomized

109 Randomized to receive aspirin plus 
clopidogrel
84

25

Received intervention as
randomized
Did not receive intervention
10
6
9

ASD closure unsuccessful
ASD closure not attempted
Informed consent withdrawn

111 Randomized to receive aspirin plus 
placebo
87

24

Received intervention as 
randomized
Did not receive intervention
9

11
4

ASD closure unsuccessful
ASD closure not attempted
Informed consent withdrawn

84 Included in primary analysis 
(aspirin plus clopidogrel for 3 mo)

87 Included in primary analysis 
(aspirin plus placebo for 3 mo)

47
2

Continued aspirin at 6-mo follow-up
Continued clopidogrel at 6-mo follow-up

47
2

Continued aspirin at 6-mo follow-up
Started clopidogrel at 6-mo follow-up

24
1

Continued aspirin at 12-mo follow-up
Continued clopidogrel at 12-mo follow-up

26
0

Continued aspirin at 12-mo follow-up
Continued clopidogrel at 12-mo follow-up

6 Lost to follow-up 7 Lost to follow-up

84 Included in 1-y follow-up analysis 87 Included in 1-y follow-up analysis

ASD indicates atrial septal defect.
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substances such as serotonin or proinflammatory cytokines,
linked to migraine attacks.9 Also, successful P2Y12 platelet in-
hibition (clopidogrel responders) has been associated with a
reduction of migraine headache symptoms in some patients
with patent foramen ovale, further supporting a platelet-
based mechanism/trigger.1 0 The antioxidant, anti-
inflammatory, and vasoprotective effects of clopidogrel could
also play a role on the prevention of migraine attacks.11

The choice of 3 months of dual antiplatelet therapy after
ASD closure was based on (1) preclinical studies showing com-

plete endothelialization of interatrial devices within 3
months,12 also confirmed by studies on device nickel release7

and (2) limiting the potential bleeding complications associ-
ated with the prolonged use of dual antiplatelet therapy.13 How-
ever, some studies in humans have shown late (beyond 3
months) incomplete endothelization of ASD devices.14 Also,
limited and controversial data from retrospective studies ex-
ist on the duration of new-onset migraine headaches after ASD
or patent foramen ovale closure.2,15 Thus, the optimal dura-
tion of clopidogrel therapy following transcatheter ASD clo-

Table 1. Baseline and Procedural Characteristics of the Study Population

Characteristic

Treatment group, No. (%)

Aspirin + clopidogrel (n = 84) Aspirin + placebo (n = 87)
Age, mean (SD), y 49 (16) 48 (15)

Female 48 (57.1) 58 (66.7)

Smoking 11 (12.9) 11 (13.1)

Hypertension 20 (23.8) 24 (27.6)

Diabetes 5 (5.9) 8 (9.2)

New York Heart Association class

I 68 (82.9) 61 (73.5)

II 12 (14.6) 19 (22.9)

III or IV 2 (2.4) 3 (3.6)

Pulmonary pressure, mean (SD), mm Hg 20.4 (5.6) 22.4 (6.3)

Qp/Qs ratio, mean (SD) 1.93 (0.84) 1.89 (0.81)

Atrial septal aneurysm 11 (15.5) 11 (16.4)

ASD size, mean (SD), mm

Measured by TEE 15.7 (5.7) 16.9 (5.7)

Measured by balloon 20.3 (6.3) 21.7 (5.3)

Device size, median (IQR), mm 22 (18-26) 22 (19-28)

Hospitalization length, median (IQR), d 1 (1-1) 1 (1-1)

Residual shunt (hospital discharge) 27 (32.1) 26 (29.8)

Milda 26 (30.9) 25 (28.7)

Moderate to severeb 1 (1.2) 1 (1.1)

Residual shunt (3-mo follow-up) 8 (12.7) 9 (10.3)

Mild 8 (12.7) 8 (9.2)

Moderate to severe 0 1 (1.1)

Abbreviations: ASD, atrial septal
defect; IQR, interquartile range;
Qp/Qs, pulmonary flow/systemic
flow ratio; TEE, transesophageal
echocardiography.
a Mild if color jet width (Doppler

echocardiography) is 2 mm or less.
b Moderate to severe if color jet width

(Doppler echocardiography) is
greater than 2 mm.

Table 2. New-Onset, Recurrent, and Total Migraine Attacks at 3-, 6- and 12-Month Follow-up
According to Treatment Allocation

Characteristic

No. (%)

P value
Overall
(n = 171)

Treatment
Initial aspirin
+ clopidogrel group
(n = 84)

Initial aspirin
+ placebo group
(n = 87)

New-onset migraine attacks
in the first 3 mo

27 (15.8) 8 (9.5) 19 (21.8) .03

Continued migraine attacks, mo

3-6 6 (3.5) 1 (1.2) 5 (5.8) .21

6-12 3 (1.8) 2 (2.4) 1 (1.2) .62

New-onset migraine attacks occurring
after the first 3 mo

2 (1.2) 1 (1.2) 1 (1.2) >.99

Total No. of patients experiencing
migraine attacks at 6 mo

8 (4.7)a 2 (2.4) 6 (6.9) .28

With aura 7 (78) 1 (50) 6 (86) .42

Total No. of patients experiencing
migraine attacks at 12 mo

4 (2.3)b 3 (3.6) 1 (1.1) .36

With aura 3 (75) 2 (67) 1 (100) >.99

a Migraine attacks at 6 months vs 3
months (P<.001).

b Migraine attacks at 12 months vs 3
months (P<.001).
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sure remains an unresolved issue. The present study showed
that most migraine headaches after ASD closure had partially
or completely resolved by 6 to 12 months after cessation of
clopidogrel therapy, with only a minority of patients (2.3%,
about 10% of the patients with migraine episodes within the
first 3 months) with persistent migraine headaches at 12
months, all of them with no or mild disability features. Im-
portantly, only 1% of patients had new-onset migraine at-
tacks after clopidogrel cessation. Thus, these data support a
limited duration (no longer than 3 months) of clopidogrel
therapy following ASD closure. However, further studies with
a longer follow-up are needed to further evaluate the out-
comes of patients with persistent migraine headaches at 1 year
after the procedure.

Limitations
There was no evaluation of platelet reactivity to determine a
potential clopidogrel resistance in patients with remaining mi-
graine attacks. Also, only 1 ASD closure device type was used

in the study. Finally, there could be a potential effect of pa-
tients lost to follow-up (13 patients [7.6%] lost at 12-month
follow-up) on the final results.

Conclusions
In conclusion, new-onset migraine headaches after ASD clo-
sure occurred early (within 3 months) and resolved or im-
proved spontaneously within 6 to 12 months in most pa-
tients. Clopidogrel therapy for 3 months was effective at
reducing the occurrence of migraine attacks, and no rebound
effect was observed after clopidogrel cessation. The results of
this study provide further reassurance for patients (usually
young adults in working age) receiving transcatheter ASD clo-
sure by demonstrating a low rate of migraine events beyond 3
months following transcatheter ASD closure and supporting
the early discontinuation of clopidogrel therapy if adminis-
tered.
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