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Abstract 

Background  Although the involvement of calcitonin gene-related peptide (CGRP) in migraines is well-established, 
its specific role in investigating the aura phase, which often precedes the headache, remains largely unexplored. This 
study aims to instigate CGRP’s potential in triggering aura, thus establishing its role in the early stages of migraine.

Methods  In this open-label, non-randomized, single-arm trial, 34 participants with migraine with aura received 
continuous intravenous infusion of CGRP (1.5 µg/min) over 20 min on a single experimental day. Participants were 
required to be free of headache and report no use of acute medications 24 h before infusion start. The primary end‑
point was the incidence of migraine aura during the 12-hour observational period after the start of infusion.

Results  Thirteen (38%) of 34 participants developed migraine aura after CGRP infusion. In addition, 24 (71%) of 34 
participants developed migraine headache following CGRP infusion.

Conclusions  Our findings suggest that CGRP could play an important role in the early phases of a migraine 
attack, including during the aura phase. These insights offer a new perspective on the pathogenesis of migraines 
with aura. They underscore the need for additional research to further explore the role of CGRP in these initial stages 
of a migraine attack, and potentially inform future development of therapeutic interventions.

Trial registration  ClinicalTrials.gov Identifier: NCT04592952.
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Graphical Abstract

Background
Migraine is a prevalent and disabling neurological disor-
der that affects over 1 billion people worldwide [1]. The 
clinical presentation is characterized by recurrent attacks 
of headache accompanied by symptoms such as photo-
phobia, phonophobia, and nausea/vomiting [2]. About 
30% of people with migraine also experience aura which 
is defined as transient, focal neurological symptoms that 
precede or accompany the headache phase of a migraine 
attack [3]. The most common aura symptoms include vis-
ual disturbances (e.g., as a fortification spectra) and pre-
dominantly unilateral paraesthesia (e.g., numbness) that 
gradually spreads on the face or arm [2, 3].

The neurobiological substrate of aura is believed to 
be cortical spreading depolarization (CSD), a self-prop-
agating wave of neuronal and glial excitation across the 
cortex followed by inhibition [4].  The prevailing theory 
posits that CSD triggers the release of pronociceptive 
mediators, leading to the dilation of meningeal arteries 

and activation of perivascular primary afferents, thereby 
causing headache [4, 5].

However, this theory is largely derived from clini-
cal observations that aura often precedes the onset 
of headache, and it must be considered with caution 
due to significant interspecies variations between 
human and animal CSD. Recent publications have fur-
ther highlighted the complexities and potential prob-
lems with translating findings from animal models to 
human migraine pathology [6]. As such, while the link 
between CSD and headache has been long discussed, it 
remains an area of ongoing investigation, and the ques-
tion of whether shared disease mechanisms under-
lie both the aura and headache phase of a migraine 
attack continues to be an open and complex question 
[5]. In this context, signalling molecule calcitonin 
gene-related peptide (CGRP) has received increased 
attention due to the effectiveness of drugs targeting 
CGRP signalling in treating migraine, as well as self-
reported aura [7–9]. Furthermore, 1 experimental 
study found that CGRP might be able to induce aura in 
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some people with migraine with aura [10]. The study 
was however limited by a small sample, precluding us 
from drawing firm conclusions about the involvement 
of CGRP in the genesis of migraine attacks with aura 
[10]. Moreover, it is unknown whether the induction 
of aura symptoms depends on the frequency of aura. 
If so, it might be speculated that a higher frequency 
of aura increases the susceptibility to develop CGRP-
induced migraine attacks with aura.

In the present open-label, non-randomized, single-
arm trial, adult people with migraine with aura were 
enrolled and allocated to receive a 20-minute continuous 
intravenous infusion of CGRP on a single experimental 
day. The aim was to investigate whether CGRP infusion 
can induce migraine attacks with aura in people with 
migraine with aura.

Methods
Study Oversight
 Registry for Migraine (REFORM) is a prospective, sin-
gle-centre study of adult people with migraine that was 
conducted at the Danish Headache Center [11]. The 
present data was collected as part of the larger parental 
REFORM study. The study protocol was approved by the 
relevant ethics committee, and all participants provided 
written informed consent before the commencement of 
any study-related assessments or procedures. The study 
was conducted in accordance with the principles of the 
Declaration of Helsinki. The study was also registered at 
ClinicalTrials.gov (NCT04592952).

Study Population
The study enrolled adult participants diagnosed with 
migraine with aura based on the criteria outlined in the 
International Classification of Headache Disorders, 3rd 
edition (ICHD-3) [12]. In addition, participants needed 
to have an average of ≥ 4 monthly migraine days in the 3 
months preceding enrolment and ≥ 1  day with migraine 
with aura in the past year. Participants were also required 
to report onset of migraine before the age of 50 years and 
have a documented history of migraine for a minimum of 
12 months prior to enrolment. Eligibility also extended to 
participants who were already receiving stable doses of 
preventive medication for migraine. The exclusion crite-
ria were primarily a history of headache disorders other 
than migraine as well as pregnancy or breastfeeding. For a 
complete list of inclusion and exclusion criteria, the read-
ers are referred to the Supplemental Appendix Table 1.

Study Design and Procedures
This open-label, non-randomized, single-arm trial was 
conducted at the research facilities of a tertiary care unit 
from October 2020 to January 2022. The study consisted 

of 1 screening visit and 1 experimental day. Prior to the 
experiment, participants had no restrictions on con-
suming caffeine, cacao, or alcohol as usual. However, 
they needed to confirm that they hadn’t used any head-
ache medications or experienced a headache within 24 h 
before the infusion started. During the screening visit, 
participants underwent a semi-structured interview and 
a physical examination performed by trained person-
nel. An electrocardiogram was then performed, and the 
participants were instructed that CGRP might induce 
headache. No specific details were disclosed on the pos-
sible onset and characteristics of the headache. All par-
ticipants received a 20-minute continuous intravenous 
infusion of αCGRP (1.5  µg/min), and the administered 
dose and timing was identical to the one used in previous 
human experimental studies [13, 14]. Drug preparation 
was performed by independent hospital pharmacy staff.

The participants were placed in a supine position, and 
the antecubital fossa was cannulated to gain intravenous 
access. A time- and volume-controlled infusion pump 
was used to administer CGRP, and vital signs (i.e., blood 
pressure and heart rate) were recorded throughout the 
1-hour in-hospital phase. At the time of infusion start, 
a headache diary was used to collect outcome data on 
clinical characteristics (including aura), adverse events, 
and use of rescue medication. These items were then 
recorded every 10 min until 1 h after the infusion started. 
Participants were then discharged and asked to complete 
headache diary hourly until 12  h post-infusion start. If 
aura symptoms occurred, participants were instructed 
to fill out a diagnostic aura diary and perform drawings 
of the visual and sensory aura symptoms. Moreover, par-
ticipants were allowed, if needed, to treat their headache 
with rescue medication (e.g., sumatriptan).

Endpoints
The primary endpoint of the study was the incidence of 
migraine aura within the 12-hour observational period 
following the initiation of CGRP infusion. Migraine aura 
was defined based on the fulfilment of criteria B and C 
for migraine with aura according to ICHD-3 [12] (see the 
Supplemental Appendix Table  2A). The secondary end-
point was the incidence of migraine headache within the 
same 12-hour observational period after CGRP infusion. 
Migraine headache was defined as meeting criteria C and 
D for migraine without aura according to ICHD-3 [12] 
(see the Supplemental Appendix Table 2B), or as the par-
ticipant reporting a headache that resembles their typi-
cal migraine headache and necessitates the use of rescue 
medication during the 12-hour observational period.
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Statistical analysis
Normally distributed data are presented as mean val-
ues ± standard deviation or range, while non-normally 
distributed data are reported as median values with inter-
quartile range (IQR) or range. The normality of the data 
was assessed using the Shapiro-Wilk’s test. The baseline 
was defined as the time of infusion start. Categorical data 
are presented as counts and proportions. The Wilcoxon 
rank sum test was used to compare the median number 
of yearly aura attacks between participants who devel-
oped migraine aura and those who did not. Significance 
was accepted at P < 0.05. All statistics were performed in 
R version 4.1.0.

Results
Characteristics of the study population
Thirty-four participants with migraine with aura com-
pleted the study. The mean age was 43 ± 14 years, and 
most participants were women (n = 30). The mean body 
mass index was 23 ± 4 kg/m2, and 29 (85%) of 34 partici-
pants had a diagnosis of migraine with and without aura, 
whilst 5 (15%) had a diagnosis of migraine with aura 
exclusively. The median number of migraine attacks with 
aura was 25 (IQR, 7 to 72) in the past year, and 17 (81%) 
participants reported current use of preventive medica-
tion for migraine. Regarding the aura type, 18 (53%) par-
ticipants experienced exclusively visual aura, 14 (41%) 
had both visual and sensory aura, and 2 (6%) reported 
exclusively sensory aura. Table 1 summarizes the charac-
teristics of the study population.

Migraine aura
During the 12-hour observational period following 
the start of CGRP infusion, 13 (38%) of 34 participants 

experienced migraine aura (Table 2). The CGRP-induced 
aura symptoms predominantly consisted of visual dis-
turbances (n = 10), while sensory disturbances were less 
common (n = 7). Of the 13 participants, 11 had the onset 
of migraine aura occur during the 60-minute in-hospital 
phase.

 All 13 participants reported that the CGRP-induced 
migraine aura closely resembled their typical spontane-
ous migraine attacks with aura. Among these partici-
pants, 10 reported using current preventive medication 
for migraine. The median time to onset of CGRP-induced 
migraine aura was 30 min (IQR, 20 to 30) after the start 
of the infusion (Fig. 1A-C). Twelve of the 13 participants 
developed migraine aura and migraine headache, while 
1 participant developed migraine aura and a headache 
of severe intensity, but the headache characteristics did 
not meet the criteria for migraine headache outlined 
in ICHD-3 (see the Supplemental Appendix Table  3). 
Regarding migraine headache, the median time to onset 
was 30 min (IQR, 20 to 53). Moreover, participants who 
experienced CGRP-induced migraine aura had a higher 
median number of aura attacks in the past year (60; IQR, 
36 to 96), compared with those who did not develop 
CGRP-induced migraine aura (9; IQR, 5 to 60) (P = 0.03) 
(Table 1).

Migraine Headache
During the 12-hour observational period following 
CGRP infusion, 24 (71%) of 34 participants reported 
experiencing migraine headache (see the Supplemen-
tal Appendix Table  3). As mentioned previously, 12 of 
these 24 participants also developed migraine aura along 
with migraine headache. The median time to onset of 

Table 1  Study population characteristics

CGRP induced migraine 
aura (n = 13)

CGRP induced migraine 
without aura (n = 11)

CGRP did not induce migraine 
with or without aura (n = 10)

Age, mean (SD) 43.2 (11.6) 39.3 (16.8) 42.4 (11.8)

Women/ men, n (%) 12/1 (92% / 8%) 11 (100%) 7 / 3 (70% / 30%)

Episodic migraine, n (%) 9 (70%) 5 (45%) 5 (50%)

Chronic migraine, n (%) 4 (30%) 6 (55%) 5 (50%)

Migraine with and without Aura, n (%) 9 (70%) 10 (90%) 10 (100%)

Migraine with aura exclusively, n (%) 4 (30%) 1 (9%) 0 (0%)

Number of monthly headache days, median (range) 14 (4–20) 10 (4–17) 13.5 (4–20)

Number of monthly migraine days, median (range) 8 (4–20) 7 (4–15) 9 (4–20)

Frequency of aura last year, median (range) 60 (24–179) 8.6 (1-120) 8 (1–72)

Visual aura, n (%) 12 (92%) 11 (100%) 10 (100%)

Sensory aura, n (%) 11 (85%) 4 (37%) 2 (20%)

Current preventive medication, n (%) 11 (85%) 4 (37%) 6 (60%)
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migraine headache was 40 min (IQR, 20 to 120) after the 
start of the infusion, and the median peak intensity of the 
headache was 6 (IQR, 6 to 7). Among the 24 participants 
who experienced CGRP-induced migraine headache, 13 
(54%) reported currently using preventive medication for 
migraine.

Vital signs, adverse events, and rescue medication
During the 60-minute in-hospital phase, the mean per-
centagewise increase in heart rate was 38% ± 22%, and 
the mean percentagewise decrease in blood pressure was 
12% ± 12% (see the Supplemental Appendix Fig. 1). Fur-
thermore, post-infusion start, the most common adverse 
events reported were flushing (n = 33 [97%]), warm sen-
sations (n = 32 [94%]), heart palpitations (n = 21 [62%]), 
neck pain (n = 20 [59%]), and unusual tiredness (n = 8 
[24%]). Moreover, 17 (50%) of 34 required rescue medica-
tion to treat their headache.

Discussion
Our study revealed that 13 (38%) of 34 participants 
developed migraine aura following intravenous infusion 
of CGRP. Importantly, all induced migraine aura attacks 
were reported to closely resemble the participants’ usual 
spontaneous migraine attacks with aura. Another nota-
ble observation was that those who experienced migraine 
aura after CGRP infusion had a higher frequency of 
migraine aura in the past year, compared with those who 
did not. These findings provide preliminary evidence 
indicating that further exploration of therapeutics tar-
geting CGRP signalling could potentially be beneficial in 
preventing migraine attacks with aura.

CGRP and aura
An intriguing finding from a previous experimental study 
is that intravenous infusion of CGRP induced migraine 
aura in 4 (29%) of 14 individuals exclusively diagnosed 
with migraine with aura [10]. This rate is less than the 
38% induction rate in our study. In contrast to the prior 
study, our participants had a much higher frequency of 
migraine attacks with aura in the past year, and most of 
them also experienced migraine attacks without aura. 

The relationship between the frequency of aura and the 
coexistence of migraine with and without aura and the 
susceptibility to develop CGRP-induced migraine aura 
remains unclear. However, our findings suggest that a 
higher frequency of aura may increase the likelihood of 
developing CGRP-induced migraine aura. Table 1 shows 
no variations between individuals who responded to 
CGRP infusion and those who did not. Due to the limited 
size of participants in each grope, no statistical analyses 
were performed.

 When considering the interpretation of our results, it 
is essential to recognize the potential influence of nocebo 
effects. This may arise from various factors, includ-
ing individual psychosocial variables (such as anxiety 
and stress), the open-label design of our study, and the 
occurrence of spontaneous attacks. However, in 4 rand-
omized, placebo-controlled trials, migraine aura was only 
reported in 1 (2%) of 61 participants who received pla-
cebo infusion (isotonic saline) (Fig.  2; Table  3) [15–18]. 
This suggests that the aura induction rate we observed 
in our study is less likely to be a result of nocebo effects. 
Furthermore, it is improbable that the open-label design 
had a significant impact on the nocebo effect for migraine 
aura. Across 3 open-label studies involving 55 partici-
pants with migraine aura who received glyceryl trinitrate 
(GTN), only 4 (7%) participants developed migraine aura 
[19–21]. Pooling our previous study [10] and the current 
one brings the total number of participants who received 
CGRP to 48, yielding an aura induction rate of 35%, 
which is higher than that observed after GTN adminis-
tration. This suggests a response higher than what would 
be typically expected from nocebo effects among patients 
with migraine aura.

It is important to ascertain that the reported migraine 
auras following CGRP administration were not sponta-
neous. Given that the median number of migraine aura 
days in the previous year was 25, the probability of this 
seems low. With an induction rate of 38%, one would 
anticipate a median of 139 migraine aura days per year. 
Another key argument against the occurrence of sponta-
neous migraine aura is that the median time to onset of 
CGRP-induced migraine aura was 30 min. Furthermore, 

(See figure on next page.)
Fig. 1   A Headache intensity from 0 min to 12 h in participants who reported migraine aura and migraine headache following calcitonin 
gene-related peptide infusion, The abscissa refers to the time (min). Median (thick, red line) and individual (thin, black lines) headache intensity 
on NRS. The median time to onset of migraine aura and migraine headache was 30 min (IQR aura, 20 to 30; IQR headache, 20 to 53). The median 
time to intake rescue medication was 180 min (IQR, 120 to 300). B Headache intensity from 0 min to 12 h in participants who only reported 
migraine headache following calcitonin gene-related peptide infusion. The abscissa refers to the time (min). Median (thick, red line) and individual 
(thin, black lines) headache intensity on NRS. The median time to onset of migraine headache was 40 min (IQR, 20 to 120). The median time 
to intake rescue medication was 120 min (IQR, 60 to 330). C Headache intensity from 0 min to 12 h in participants who did not report migraine 
aura or migraine headache following calcitonin gene-related peptide infusion. The abscissa refers to the time (min). Median (thick, red line) 
and individual (thin, black lines) headache intensity an NRS. The median time to onset of headache was 10 min (IQR, 10 to 20). None of these 
participants took rescue medication
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Fig. 1  (See legend on previous page.)



Page 10 of 14Al‑Khazali et al. The Journal of Headache and Pain          (2023) 24:124 

among the 13 participants who experienced migraine 
aura, 10 of them had the aura onset within 1 h of starting 
the infusion. Given the rapid aura onset following CGRP 
infusion, it is challenging to argue that spontaneous 
migraine aura coincidentally occurred during this period. 
Nevertheless, future placebo-controlled studies are war-
ranted to further confirm migraine aura inducing effects 
of CGRP.

Our study uncovers a new link between the frequency 
of aura episodes and susceptibility to CGRP-triggered 
migraine aura, shedding new light on this complex rela-
tionship. Moreover, our data rule out the possibility that 
the migraine aura induced by CGRP infusion is simply a 
nocebo effect, removing a significant confounding fac-
tor and strengthening the credibility of our conclusions. 
Finally, we show that the observed migraine aura follow-
ing CGRP administration is not likely to be spontaneous, 
given its rapid onset. This finding sets our work apart 
from previous research and adds to our understanding of 
CGRP-induced migraine aura, providing a more detailed 
view that could guide future treatment approaches.

Aura‑headache linkage
In the present trial, intravenous infusion of CGRP 
induced immediate onset of headache in all participants. 
The onset of migraine aura and migraine headache fol-
lowed soon after, with 4 participants reporting migraine 
headache before aura, 3 simultaneously with aura, and 
5 after aura onset. Interestingly, 10 of 13 participants 
who experienced CGRP-induced migraine aura reported 
that headache sometimes preceded or coincided with 
the onset of their usual spontaneous migraine attacks 
with aura. This accords well with an observational study 
reporting that half of patients with migraine with aura 
experience migraine headache at the time of aura onset 
or within 15 min [26].

The linkage between migraine aura and migraine head-
ache remains a topic of ongoing research, marked by the 
complexities in translating CSD features from animals 
to clinical features of migraine aura, as well as the inher-
ent difficulties in measuring CSD in humans. Despite 
these challenges, two concepts have been proposed to 
explain the aura-headache relationship [27–29]. The first 

Fig. 2  Human provocation studies investigating migraine aura. *Healthy controls as comparison; **placebo; ***no comparison. GTN, glyceryl 
trinitrate; CGRP, calcitonin gene-related peptide; CZL, Cilostazol; ET-1, Endothelin-1; LEVC, levcromakalim; SD, Sildenafil. MA, migraine aura 
exclusively; MA/MO, migraine aura, but not exclusively migraine aura; FHM, familial hemiplegic migraine (unknown mutations); FHM1, familial 
hemiplegic migraine with known mutations (R583Q and C1369Y mutations); FHM2, familial hemiplegic migraine with known mutations (R202Q 
and R763C mutations)
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concept is known as the sequential concept, which sug-
gests that CSD, manifested as aura, promotes the dilation 
of intracranial blood vessels and neurogenic inflamma-
tion, leading to the development of migraine headache 
[29]. The second concept is the parallel concept, which 
proposes that migraine aura and migraine headache are 
separate events occurring in close temporal relation and 
in response to a shared initiating factor [27, 28]. Build-
ing upon these existing theories, our study provides new 
insights having identified CGRP as a trigger of not only 
migraine headache but also migraine aura.

Neurobiological underpinnings of CGRP‑induced migraine 
aura
Within the CNS, CGRP and its receptors are found in 
structures that are central to headache pathophysiol-
ogy, including the trigeminocervical complex (TCC) and 
the thalamus [30]. CGRP’s role extends beyond vascular 
effects, as it modulates nociceptive transmission within 
the second-order neurons of the TCC in the trigemino-
vascular pathway [31, 32]. Experimental evidence has 
shown that introducing CGRP into the periaqueductal 
gray area can enhance TCC nociceptive transmission 
[33], while CGRP antagonism has the opposite effect, 
inhibiting this transmission [32]. In rodent models, 
the cortical application of potassium chloride has been 
found to induce CSD and CGRP release [34]. Interest-
ingly, CGRP antagonism has been shown to prevent the 
activation and sensitization of central trigeminovascular 

neurons activated by CSD [34]. This finding adds a layer 
of complexity to our understanding of CGRP’s role in 
migraine. It is also important to acknowledge that while 
both fremanezumab and atogepant have failed to com-
pletely prevent CSD, they have demonstrated the abil-
ity to slow down the propagation of CSD and reduce the 
duration of cortical recovery following the event [35–37]. 
This understanding of CGRP’s dual role in vascular and 
non-vascular processes provides important knowledge 
of migraine pathophysiology and may shape the direc-
tion of upcoming therapeutic approaches. In summary, 
the understanding of CGRP’s dual role in vascular and 
non-vascular processes provides important knowledge of 
migraine pathophysiology and may shape the direction of 
upcoming therapeutic approaches.

Our findings raise an important question regarding 
the mechanism by which intravenously administered 
CGRP induces migraine aura, specifically in relation to 
the CSD. The molecular size of CGRP suggests a limited 
capability to penetrate the blood-brain barrier, a con-
cept further supported by the absence of middle cerebral 
artery dilation observed in humans following intrave-
nous infusion [38, 39].

To explain the present results, we therefore propose 
that intravenously administered CGRP reaches the 
meningeal arteries and binds to its G protein-coupled 
receptors on the vascular smooth muscle cells [2, 40, 
41]. This binding activates cAMP-dependent pathways, 
leading to the opening of specific potassium channels, 

Table 3  Human provocation studies investigating migraine aura

GTN glyceryl trinitrate, CGRP calcitonin gene-related peptide, MA migraine aura exclusively, MA/MO migraine aura, but not exclusively migraine aura FHM  familial 
hemiplegic migraine (unknown mutations) FHM1 familial hemiplegic migraine with known mutations (R583Q and C1369Y mutations), FHM2 familial hemiplegic 
migraine with known mutations (R202Q and R763C mutations)
a Healthy controls as comparison
b placebo
c no comparison

Author, Year Substance Total number of 
participants

Migraine 
induction rate (N)

Aura induction 
rate (N)

Frequency of aura 
attacks (range, pr year)

aChristiansen et al., 1999 (MA) [21] GTN 12 6 0 7 to 50
aSances et al., 2004 (MA) [20] GTN 22 9 3 NA
aAfridi et al., 2004 (MA) [19] GTN 21 14 1 NA
aHansen et al., 2008 (FHM1) [22] GTN 8 1 0 < 1 to 10
aHansen et al., 2010 (FHM) [23] GTN 23 7 4 NA
aHansen et al., 2010 (MA) [10] CGRP 14 8 4 2 to 24
aHansen et al., 2008 (FHM1 and FMH2) [24] CGRP 9 2 0 < 1 to 10
aHansen et al., 2011 (FHM) [25] CGRP 11 1 0 2 to 15
cAl-Khazali et al., 2023 (MA/MO) CGRP 34 24 13 1 to 179
bButt et al., 2018 (MA/MO) [15] Cilostazol 16 12 1 2 to 12
bHougaard et al., 2020 (MA/MO) [17] Endothelin-1 12 0 0 12 to 48
bAl-Karagholi et al., 2021 (MA) [18] Levcromakalim 17 14 10 6 to 50
bButt et al., 2022 (MA/MO) [16] Sildenafil 16 9 3 2 to 12
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such as ATP-sensitive potassium channels (a recently 
discovered trigger of migraine aura) [18, 40]. The efflux 
of potassium then promotes dilation of the meningeal 
arteries [18, 40, 42]. The combination of increased 
extracellular potassium and vasodilation is hypoth-
esized to provide chemical and mechanical stimuli, 
respectively, which activates and sensitizes perivas-
cular primary afferents [2, 41]. The latter transmits 
nociceptive information to certain cortical and subcor-
tical areas (e.g., somatosensory cortex, visual cortex) 
through second-order neurons in the brain stem and 
third-order neurons in the thalamus [2, 41]. Ultimately, 
the somatosensory cortex and other cortical/subcorti-
cal areas are responsible for generating perceptions of 
cephalic pain, including migraine headache. This pro-
posed sequence of events provides a potential explana-
tion for CGRP-induced migraine headache but might 
also explain the genesis of CGRP-induced migraine 
aura, as detailed below.

We hypothesize that the excitatory stimuli reaching 
areas such as the visual cortex might reach the threshold 
for CSD initiation in susceptible individuals. Preclini-
cal data does indeed suggest that axonal projections to 
the visual cortex release the excitatory neurotransmitter 
glutamate, which lower the threshold for CSD initiation 
[43–45]. Also, functional magnetic resonance imag-
ing studies have demonstrated that nociceptive trigemi-
nal stimulation might activate the visual cortex [38, 46, 
47]. This is congruent with preclinical data showing that 
trigeminal and visual input converge at the level of third-
order thalamic neurons, which then project to the visual 
cortex [43, 48]. Interestingly, visual stimulation with a 
checkerboard has been shown to elicit migraine aura 
in people with migraine with aura and this was associ-
ated with blood oxygenation level-dependent (BOLD) 
changes resembling CSD [49–52]. Taken together, it 
seems reasonable to assert that CGRP-induced activation 
of ascending cephalic pain pathways might provide suf-
ficient excitatory stimuli to areas such as the visual cortex 
which, in turn, results in CSD initiation. Further transla-
tional research is warranted to explore the relationship 
between migraine aura and headache, including what 
role CGRP plays in this context.

On another note, it is interesting to consider the data 
regarding the prevention of migraine aura with the use of 
monoclonal antibodies targeting CGRP signalling [7, 53]. 
Some evidence suggests that these medications are also 
effective in people with history of aura, providing addi-
tional support for our assertion that CGRP can induce 
aura without crossing the blood-brain barrier. This is 
because monoclonal antibodies are much larger mol-
ecules than CGRP and have very limited ability to pene-
trate brain barriers. However, caution is warranted as the 

efficacy data of these drugs in preventing migraine aura 
is currently limited by small sample sizes and inadequate 
methods for evaluating aura [7, 53].

Limitations
We recognize several constraints in our study. A sig-
nificant portion of participants reported ongoing use 
of preventative migraine medications, which may have 
influenced their responsiveness to CGRP infusion. Most 
participants came from a tertiary referral center, which 
might limit the applicability of our results to a broader 
population of individuals with migraine aura. We also 
omitted an a priori sample size calculation, emphasiz-
ing that our study’s primary aim was exploratory. The 
absence of a placebo arm could have influenced par-
ticipants’ expectations and responses regarding CGRP-
induced migraine aura attacks.

Conclusions
Our study presents novel evidence that intravenous 
CGRP infusion can induce migraine aura in people 
with migraine with aura. This indicates that CGRP can 
trigger CSD, possibly by initiating interactive processes 
between ascending cephalic pain pathways and CSD-
susceptible areas, such as the visual cortex. Moreover, 
our findings highlight the potential of CGRP-targeted 
drugs in preventing both migraine headache and aura. 
Further research is required to unravel the underly-
ing mechanisms of CGRP-induced migraine aura and 
headache.
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