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Introduction 
Migraine, a common neurovascular disorder that ranks as one 
of the most debilitating medical conditions, with a prevalence 
of approximately 12% in the general population (1), is character-
ized by recurrent, paroxysmal attacks of varying intensity and 
frequency (2). Close to one-third of individuals with migraine 
experience aura, a reversible neurological phenomenon that 
manifests with visual, sensory, speech, and motor focal neuro-
logic symptoms (3), usually lasting 5-60 minutes, either preced-
ing or accompanying headache pain (3). Although the underly-
ing mechanism is poorly understood, migraine appears to be 
due to the activation and sensitization of the trigeminovascular 
system (TGVS), which eventually results in the release of the 
neurogenic inflammatory neuropeptide, calcitonin gene-related 
peptide (CGRP) (4, 5), and the ensuing arteriolar vasodilatation 
(6) and mechanical allodynia (7). Cortical spreading depression 
(CSD), a self-propagating wave of depolarization spreading 
across the cerebral cortex, has been proposed as the patho-
physiological mechanism that underlies migraine aura (4). 
Although experimental evidence suggests that CSD can acti-
vate the TGVS in the meninges (8), the existence of a cause and 
effect relationship between aura and the subsequent headache 
remains a debated issue (9).  

Monoclonal antibodies (mAbs) against CGRP or its receptor 
(anti-CGRP mAbs) are a novel class of specific antimigraine 
drugs approved for migraine prophylaxis. Clinical trials and real-
world studies have shown the efficacy and safety of anti-CGRP 
mAbs in patients with episodic migraine (EM) and chronic 

migraine (CM) (10-13). Evidence suggests that anti-CGRP 
mAbs attenuate the frequency and intensity of aura and reduce 
migraine attacks with or without aura equally (14-16). However, 
this conclusion mostly derives from post hoc subgroup analy-
ses of clinical trials and retrospective case reports, or case 
series studies, whereas real-world studies that prospectively 
assess the number of attacks with aura in patients receiving 
long-term treatment with anti-CGRP mAbs have been limited to 
3 or 6 months of follow up. Herein, we assessed the change of 
aura during anti-CGRP mAb treatment. Furthermore, we con-
ducted a narrative review of the published literature on anti-
CGRP mAbs treatment, with and without aura.  

 
 

Results 
Cohort characteristics. Overall, 315 patients were treated with 
anti-CGRP mAbs between December 2019 and July 2022, with 
the potential for a 12-month follow-up. Among the 27 (8.57%) 
patients who presented with aura at baseline, 6 patients were 
excluded due either to being lost to follow-up or not receiving 
treatment for 12 months. Eight additional patients were exclud-
ed due to incomplete data regarding aura in their headache 
diary (Figure 1). Of the remaining 13 patients, 9 were females 
(69.2%), 12 had CM (92.3%), and 12 experienced medication 
overuse (MO), (92.3%). Twelve patients received the diagnosis 
of migraine with aura and migraine without aura, while one 
patient had a diagnosis of migraine with aura and reported daily 
headaches (28/31 headache days per month) that were all pre-
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ceded by aura. The mean age of the patients was 46.2±10.5 
years, and the average duration of migraine was 32.0±17.2 
years. Table 1 provides further details on the demographic and 
clinical features, as well as concomitant and prior treatments at 
baseline per patient. Notably, all patients had tried at least three 
prior classes of ineffective preventive treatments (mean 
4.3±0.9), and they exhibited a high burden of disease at baseline 
[monthly migraine days (MMDs) 22.3±7.5, analgesic medica-
tions per month (AMDs) 16.2±10.3, analgesic medications 
(AMNs) 19.9±15.9, and Migraine Disability Assessment 
(MIDAS) score 126.6±79.0)] (Table 1). Patients were treated 
with erenumab (4, 30.7%), galcanezumab (8, 61.5%), or fre-
manezumab (1, 7.6%). 

Regarding aura characteristics, the mean duration from the 
onset of aura was 17.8±7.9 years, with an average duration of 
34.2±15.7 minutes for aura episodes, regardless of type. Nine 
patients (69.2%) reported visual aura, while four patients 
(30.8%) experienced both visual and sensory aura. No other type 
of aura was reported. For detailed information on individual 
patients refer to Table 1. 

 
Effectiveness of anti-calcitonin gene-related peptide mono-
clonal antibodies on aura. At baseline, the average number of 
MMDs was 22.3±7.5. Among these, an average of 9.15±9.0 were 
either preceded or accompanied by aura. Only one patient report-
ed that aura preceded all his attacks. At month 12 (weeks 48-52) 
of treatment, the number of days with aura was reduced to 
2.6±2.7 (-6.5±8.2; p=0.015), which is consistent with the stable 
reduction observed during the last three months of treatment 
(month 10 to 12) (Figure 2). At month 12, treatment with anti-
CGRP mAbs reduced the number of MMDs (6.2±9.0, p=0.002) 
and other migraine-related variables (Figure 2), including 
Headache Impact Test (HIT-6) score, which dropped from 
67.62±10.1 to 40.77±24.3 (p=0.005) from baseline to month-12 
of treatment. A response rate ≥50% was achieved by 76.9% of 
patients at month 12 (Table 1). All patients, except one (patient 
number 7), reported a consistent reduction in aura episodes 

throughout the three months of observation during treatment. 
During treatment, three patients reported episodes of aura with-
out subsequent headache, a phenomenon that was absent prior 
to anti-CGRP mAbs. Among these three patients, there was one 
case where only aura episodes without accompanying headache 
were reported in the absence of other types of migraine attacks. 
 
Narrative review. We identified 14 clinical studies that reported 
aura features or changes in aura during treatment with anti-
CGRP mAbs (Table 2). Among these studies, 4 were case series 
and 2 were case reports, 3 were subgroup post hoc analyses of 
randomized controlled trials (RCTs), and 5 were observational 
real-world studies (two retrospective and three prospective) (14-
26). None of these studies, except for the case series, reported 
changes in aura features as the primary outcome, which, howev-
er, were MMDs with aura or differences between patients with or 
without a history of aura. In addition, all these studies had a lim-
ited 3-month or 6-month follow-up period, with only 1 case 
report having a 12-month follow-up (18, 22). 

In one post hoc analysis of a clinical trial, galcanezumab 
was found to reduce MMDs with aura compared to placebo. 
However, the study did not report specific aura features. 
Reduced MMDs with aura were reported in both galcanezumab 
groups (receiving 120 mg or 240 mg monthly) during months 
from 1 to 6 [least square mean -0.7 (-1.2 to -0.2)], but the differ-
ence from placebo was not statistically significant for the 240 
mg dose group at month 4, the 120 mg dose group at month 5, 
or either dose group at month 6 (26). 

The other two post hoc subgroup analyses evaluated the 
efficacy and safety of eptinezumab (PROMISE trials) or erenum-
ab (four different RCTs) for migraine prevention in patients with 
migraine and self-reported aura (14, 25). Both analyses showed 
no differences in the efficacy and safety profiles between 
patients with or without a history of aura. A prospective obser-
vational study with erenumab reported, in a subgroup analysis, 
no difference in effectiveness or tolerability between patients 
with migraine with aura or without aura (24). 
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Figure 1. Flowchart of patients.



Regarding aura features, other real-world studies described 
a reduced incidence of aura regardless of the anti-CGRP mAb 
used or the type of migraine (CM or EM) (16, 19). To note, a 
recent study showed that after galcanezumab treatment for 
three months, the incidence of visual and sensory aura followed 
by headache was reduced regardless of responder status 
(namely in responders, non-responders, and super-responders) 
(15). However, another study showed that four patients reported 
a worsening of aura during treatment (21). 

Recently, a case series described the effectiveness of gal-
canezumab in patients with sporadic and familial hemiplegic 
migraine, with improvement in weakness symptoms (20). 
However, two patients reported increased weakness during 
treatment (20). Finally, two case series and one case report 
described the complete disappearance of aura or a reduction in 
aura duration and intensity, or migraine frequency, with aura 
occurring no more than once a month in patients treated with 
anti-CGRP mAbs (18, 22, 27). In the most recent case series, 
treatment with anti-CGRP mAbs did not affect the frequency of 
migraine with aura. However, it reduced both the intensity and 
duration of headache phases of migraine aura. Additionally, 
some patients experienced aura attacks without accompanying 
headaches throughout the treatment period (28). 

On the other hand, a case report describing a patient with no 
previous history of aura reported a new onset of visual aura 
after initiating galcanezumab treatment, which ceased after 
switching to fremanezumab (23).  
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Table 1. Patients demographic and clinical features at baseline and after 12 months (weeks 48-52) of treatment. 

                                                                                                                     Single patient data                                                        Overall data 
                                                                                   1      2      3      4      5      6      7      8      9     10    11    12    13             Mean (±SD)          n (%) 

Age (years)                                                                         38     45     41     53     43     57     40     42     47     53     69     48     25                  46.2 (10.6)                    

Sex                                                                                         F       M       F       F       M      M      F        F       F       F       M       F       F                                                           

Migraine duration (years)                                                26     31     31     48     19     44     33     35      7      31    NA    40      2                   28.9 (13.8)                    

Chronicization duration (years)                                       2      20     21     42      0      37     20     22      7      12    NA    23      1                   17.3 (13.5)                    

Years from first aura onset (years)                               24     31     29     38     26     42     19     21      7      35     56     40      1                   28.4 (14.7)                    

Type of aura at baseline                                                   V       V       V       V       V       V     V+S     V    V+S    V     V+S  V+S    V                                                           

Comorbidities                                                                     N       N       N       N      Ya      Yb      Yc      Yc      N       N       N       N       N                                                   4 (30.7) 

Number of previous preventive treatments                  4       3       5       3       3       5       5        5       6       4       4       5       5                      4.4 (1.0)                      

Concomitant treatments                                                  N       N       N       N       N       Y       N       N       Y       N       N       Y       N                                                   3 (23.1) 

Anti-CGRP mAb                                                                   E       G       G       E       G       G       E       G       G       G      Fr       E       G                                                           

                                                                                                                               Baseline 

Monthly migraine days                                                     20     30     15     15     12     30     18     15     30     16     30     30     30                   22.4 (7.6)                     

Days with aura                                                                    2       2       8       2       1       8      10     10     10      1      30     10     25                    9.1 (9.0)                      

Mean aura duration (minutes)                                        40     20      5      30     30     60     30     30     40     20     30     50     60                  34.2 (15.8)                    

Days with at least one analgesic use                             9      30     13     13     12      0      18     14     30     16     25     30      0                   16.2 (10.3)                    

Analgesics number                                                            9      30     13     13     12      0      43     14     30     16     25     54      0                   19.9 (15.9)                    

MIDAS score                                                                     150    37     21     38     40    210   180    83    140   212   135   270   130                126.6 (79.0)                   

HIT-6 score                                                                         66     55     70     40     65     76     72     66     72     76     76     72     73                  67.6 (10.2)                    

                                                                                                                 12-months follow-up 

Monthly migraine days                                                      4      18      5       1       2       0       0      14      0       3       2       2      30                    6.2 (9.0)                      

Days with aura                                                                    0       0       4       0       0       4       9        6       3       0       4       2       2                      2.6 (2.8)                      

Days with at least one analgesic use                             4       7       3       1       1       0       0      10      0       3       2       2       8                      3.1 (3.3)                      

Analgesics number                                                            5       7       3       2       1       0       0      10      0       3       2       2      11                    3.5 (3.7)                      

MIDAS score                                                                        8      15      2       2       8       0       0        0       0      18      3      15     13                    6.5 (6.7)                      

HIT-6 score                                                                         50     70     52     50     48      0       0      66      0      48     54     50     42                  40.8 (24.4)                    
SD, standard deviation; F, female; M, male; NA, not available; N, no; Y, yes; E, erenumab; Fr, fremanezumab; G, galcanezumab; CGRP, calcitonin gene related peptide; mAb, 
monoclonal antibody; HIT-6, Headache Impact Test-6; MIDAS, Migraine Disability Assessment. 
aTumour; bpsychiatric comorbidities; ccardiovascular comorbidities. 

AMDs, days with at least one analgesic; AMNs, absolute number of analgesics; 
MHDs, monthly headache days.  
MHDs p=0.002; AMDs p=0.001; AMNs p≤0.006; days with aura p≤0.018. 
 
Figure 2. Number of monthly headache days, number of anal-
gesics per month and days with at least one analgesic use per 
month, and days with aura in the last three month of treatment. 
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Table 2. Clinical studies on anti-CGRP monoclonal antibody evaluating aura features or efficacy/safety in patients with migraine with 
aura. 

First author                Study           Study description            Type of      N. of patients    ICHD-3 diagnosis    Treatment             Results 
(year)                          design                                                   anti-CGRP      with MwA                of MwA               duration 
                                                                                                         mAb                  (n)                   patients (n) 
Evaluation of aura features 

Kearney (2020)          Case report        De novo visual aura        Galcanezumab              1                    CM without aura          6 months         Emerging of aura 
                                                                      during treatment                                                                                                                                            starting treatment  
                                                                                                                                                                                                                                                with galcanezumab  
                                                                                                                                                                                                                                              that ceased switching  
                                                                                                                                                                                                                                                  to fremanezumab 

Straube (2021)         Retrospective     Treatment response           Erenumab                N/A                             N/A                      3 months        35.2% of patients 
                                           study                 on 542 patients                                                                                                                                           reported a reduction 
                                                                  (EM and CM) treated                                                                                                                                         of accompanying 
                                                                       with erenumab                                                                                                                                                           aura 

Matteo (2021)            Case report      Efficacy of erenumab          Erenumab                  1                                CM                     12 months       Migraine and aura 
                                                                 in a patient with MwA                                                                                                                                       frequency dropped  
                                                                                                                                                                                                                                                 to a maximum one  
                                                                                                                                                                                                                                                  attack per month 

Scheffler (2021)      Retrospective     Treatment response            Erenumab,                 20                               CM                      3 months            Self-reported  
                                           study                  in patients with           galcanezumab,                                                                                                       reduction of aura 
                                                                    migraine and daily         fremanezumab                                                                                                           in 4 patients, 
                                                                            headache                                                                                                                                                         4 worsened  
                                                                                                                                                                                                                                                 and 13 unchanged 

Albanese (2022)        Case series           Effectiveness of       Galcanezumab (1),          2                     EM (1), MOH (1)         12 months              Complete 
                                                                      anti-CGRP mAbs            erenumab (1)                                                                                                         disappearance of 
                                                                  in patients with MwA                                                                                                                                      aura or reduced aura 
                                                                                                                                                                                                                                              duration and intensity 

Iannone (2022)          Prospective        Effect of anti-CGRP            Erenumab,                  5                      CM ± MOH (5)            3 months          All patients with  
                                           study                 mAbs on attack          galcanezumab,                                                                                                        MwA reported a 
                                                                       prodromal and            fremanezumab                                                                                                        decrease in aura 
                                                             accompanying symptoms                                                                                                                                            incidence 
                                                                    in 80 patients with  
                                                                           CM ± MOH 

Ashina S. (2023)     Observational,                Effect of                  Galcanezumab             14                           EM, CM                  3 months         The incidence of  
                                      open-label,          galcanezumab on                                                                                                                                           visual and sensory 
                                     cohort study     migraine premonitory                                                                                                                                          aura followed by 
                                                                   symptoms, triggers                                                                                                                                             headache was 
                                                                    and aura episodes                                                                                                                                                  reduced in  
                                                                        in 46 patients                                                                                                                                                     responders,  
                                                                         (EM and CM)                                                                                                                                                  non-responders,  
                                                                                                                                                                                                                                              and super-responders 

Igarashi (2023)     Post hoc analysis     Post hoc analysis          Galcanezumab           N/A                              EM                      6 months      Significantly greater 
                                                                       of a RCT on the                                                                                                                                                  reductions of  
                                                                           efficacy of                                                                                                                                                      migraine days 
                                                                     galcanezumab in                                                                                                                                                    with aura 
                                                                          EM patients                                                                                                                                              compared to placebo 

Danno (2023)             Case series       Treatment response       Galcanezumab              6                                HM                      3 months             In 2 patients 
                                                                       in patients with                                                                      (sporadic and familial)                            weakness improved, 
                                                                                  HM                                                                                                                                                          in 2 disappeared  
                                                                                                                                                                                                                                                 and in 2 increased 

Braca (2023)              Case series           Effectiveness of            Erenumab (7),              14                    EM (3), CM (11)          12 months    Significant reduction 
                                                                      anti-CGRP mAbs       galcanezumab (3),                                                                                                     of migraine days 
                                                                  in patients with MwA   fremanezumab (2)                                                                                                  with aura frequency 

Cresta (2024)             Case series           Effectiveness of            Erenumab (3),             12                     EM (4), CM (8)           12 months           No impact on 
                                                                      anti-CGRP mAbs       galcanezumab (5),                                                                                                frequency of migraine 
                                                                       in patients with        fremanezumab (6)                                                                                                      days with aura; 
                                                                                MwA                                                                                                                                                      increase number of  
                                                                                                                                                                                                                                                       aura attacks  
                                                                                                                                                                                                                                                  without headache 

To be continued on next page 



Discussion 
The present data strengthen previous findings reviewed in this 
paper and obtained from post hoc analyses of RTCs and real-world 
studies that anti-CGRP mAbs reduce MMDs both with and without 
aura and describe modifications in the aura symptoms after long 
(12 months) periods of treatment. These findings imply a role of 
CGRP in aura, although the underlying mechanism is unclear. 
Changes induced by CSD, including blood flow modifications, have 
been proposed to contribute to the genesis of aura and migraine 
headache (29). Preclinical and clinical evidence indicate that CSD 
may activate both peripheral and central components of TGVS 
(reviewed in (30, 31)). In particular, CSD has been found to release 
CGRP from trigeminal fibers in the dura where it triggers neuro-
genic inflammation, or within cerebral blood vessels thus affecting 
vascular tone (30). In agreement with this data, in rat cortical brain 
slices, endogenous CGRP was released in a calcium-dependent 
manner by CSD (32), and sensory denervation in the meningeal tis-
sue eliminated the CSD-dependent neurogenic inflammatory 
response (32). On the other hand, there is the possibility that CGRP 
influences CSD, as intracerebral ventricular perfusion of an anti-
CGRP antibody in rats reduced susceptibility to CSD (33). 

However, other studies challenged the hypothesis that CSD is 
associated with CGRP. Induction of CSD did not increase CGRP 
levels in a cat model (34). In a study on 14 patients with migraine 
with aura, CGRP infusion did not trigger aura in patients who expe-
rienced headache pain after the infusion (35). In a more recent 
study on 139 patients with migraine, including 34 with aura, par-
ticipants with migraine with aura had lower odds of developing 
CGRP-induced migraine attacks (36). 

In rats, a selective CGRP receptor antagonist (MK-8825) 
inhibited pain behavior but not changes in cerebral hemodynam-
ic responses induced by CSD (37). Furthermore, CSD induced 
pial and dural arterial dilation in rats, but fremanezumab did not 
affect cerebral blood flow elicited by CSD (38). In the presence 
of a compromised blood-brain barrier, fremanezumab slowed 
down propagation velocity and shortened the cortical recovery 
period or neuronal silencing induced by CSD, but did not prevent 
initiation or propagation of pinprick-induced CSD waves in rats 
(38). A recent case report with functional magnetic resonance 
imaging of trigeminal nociception, suggests that the aura is just 
an epiphenomenon that is unrelated and does not initiate 
headache attacks (9). 

Due to their dimension and peptidic nature, anti-CGRP mAbs 
poorly penetrate the blood-brain barrier (39). In rats, between 
0.1-0.3% of the plasma concentration of galcanezumab was 
detected in the central nervous system (40). Thus, assuming 
that aura originates in the brain tissue, a direct action of anti-
CGRP mAbs at this level remains to be demonstrated. However, 
in a functional magnetic resonance imaging study of migraine 
patients treated with erenumab, a reduction in hypothalamus 
activation was reported only in responders, suggesting that the 
small amount of CGRP mAbs that crosses the blood-brain barri-
er may exert a direct action at this level (41). The alternative 
possibility is that inhibition of CGRP or CGRP receptor in the 
periphery indirectly influences brain functioning, including CSD. 
However, the proposal that CSD triggers attacks of migraine 
pain is challenged by the observation that tonabersat, which 
successfully inhibited CSD responses in rodents (42, 43), 
reduced the number of auras but not of migraine attacks in 
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Table 2. Continued from previous page. 

First author                Study           Study description            Type of      N. of patients    ICHD-3 diagnosis    Treatment             Results 
(year)                          design                                                   anti-CGRP      with MwA                of MwA               duration 
                                                                                                                               mAb (n)              patients (n) 

Evaluation of patients with aura 

Ashina M. (2022) Post-hoc analysis     Post hoc analysis              Erenumab               1140              EM (866), CM (274)        3 months       Erenumab reduced 
                                                                  of 4 RCTs to assess                                                                                                                                        migraine frequency 
                                                                    efficacy and safety                                                                                                                                       and migraine-specific 
                                                                  profiles of erenumab                                                                                                                                          medication days 
                                                                  in patients with MwA                                                                                                                                            in patients with  
                                                                                                                                                                                                                                                  migraine with and  
                                                                                                                                                                                                                                                   without a history  
                                                                                                                                                                                                                                                            of aura 

Mahović (2022)   Prospective study   Efficacy and safety             Erenumab                 17                               CM                      6 months          No difference in 
                                                                   of anti-CGRP mAbs                                                                                                                                              effectiveness  
                                                                 in CM patients treated                                                                                                                                        between patients 
                                                                       with erenumab                                                                                                                                             suffering from MwA  
                                                                                                                                                                                                                                              and patients suffering  
                                                                                                                                                                                                                                                     from migraine  
                                                                                                                                                                                                                                                       without aura 

Ashina M. (2022) Post-hoc analysis    Post hoc analysis           Eptinezumab             877               EM (507), CM (231),       3 months            Eptinezumab 
                                                                    from the PROMISE                                                                              MOH (139)                                            demonstrated 
                                                                    trials to assess the                                                                                                                                                efficacy and 
                                                                 efficacy and safety of                                                                                                                                             tolerability in 
                                                                  eptinezumab for the                                                                                                                                              patients with 
                                                                preventive treatment of                                                                                                                                           migraine and 
                                                              migraine in patients who                                                                                                                                          self-reported 
                                                                 self-reported a history                                                                                                                                          history of aura. 
                                                                               of aura                                                                                                                                                     Safety profile was 
                                                                                                                                                                                                                                                  similar regardless  
                                                                                                                                                                                                                                                     of aura history 
CGRP, calcitonin gene-related peptide; CM, chronic migraine; EM, episodic migraine; HM, hemiplegic migraine; ICHD-3, The International Classification of Headache 
Disorders, 3rd edition; mAb, monoclonal antibody; MOH, medication overuse headache; MwA, migraine with aura; N, number; N/A, not available; RCT, randomized con-
trolled trials. 
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patients (17). Thus, the link between CSD, migraine aura, and the 
ensuing headache remains undetermined. Independently from 
the role of CSD as the main trigger of the migraine attack, CSD 
remains the major culprit of the migraine aura (17).  

The present findings suggest that the hypothesis that CGRP 
is exclusively involved in the pain phase of migraine with aura 
may be reductive. Anti-CGRP drugs reduced the number of 
MMDs with aura in a manner comparable to the reduction of 
MMDs without aura and days with the use of migraine-specific 
analgesics. Only one real-world study reported a reduction of 
the number of auras in patients who did not show a significant 
reduction in MMDs (non-responders) after anti-CGRP mAbs 
(44). On the other hand, in a few patients a worsening of the 
intensity or frequency of auras was reported, and in one patient 
galcanezumab treatment caused a de novo onset of aura that 
surprisingly disappeared after switching to fremanezumab (23). 
Additional difficult-to-explain findings were also reported in our 
cohort. In fact, three patients reported episodes of aura without 
subsequent headache, which were not present prior to anti-
CGRP treatment, consistent with the observations in the case 
series by Cresta et al. (28). These findings also suggest the 
necessity to monitor whether these phenomena occur in 
patients with migraine with aura who are treated with anti-CGRP 
mAbs or if it is only coincidental.  

The study has several strengths and limitations. This is a mul-
ticentric study with data collected prospectively, carefully collect-
ing acute medication use and including disability questionnaires. 
There are also some limitations to acknowledge. First, the sample 
size is relatively small, although higher than most real-world stud-
ies published so far on the topic. Second, the exclusion of a pro-
portion of patients with migraine with aura due to insufficient data 
may have resulted in a selection bias. 

 
 

Conclusions 
The present prospective study, accurately reporting not only the 
number of migraine days with aura, but also auras without 
headache, their duration, and type of aura, presents a better 
quality of results obtained in migraine patients treated with anti-
CGRP mAbs compared to previous literature. However, although 
increasing evidence supports the view that inhibition of the 
CGRP signaling pathway ameliorates the frequency and severity 
of aura, further studies are needed to establish a cause-and-
effect relationship between CGRP and migraine aura. In clinical 
practice, aura and autonomic symptoms are often overlooked, 
with more emphasis placed on pain and other troublesome 
symptoms. However, migraine aura, due to the intrinsic alarm-
ing effect in the clinical management of the disease, requires 
more attention and specifically dedicated studies, particularly in 
view of the potential beneficial effects of treatment with anti-
CGRP mAbs. 

 
 

Materials and Methods 
Design. This is a case series of patients from two outpatient 
headache clinics (Careggi University Hospital in Florence and 
Fondazione Policlinico Universitario Agostino Gemelli IRCCS in 
Rome). The inclusion period ranged from December 2019 to 
February 2023. Data were collected following the usual clinical 
practice. All patients signed informed consent and started treat-
ment with anti-CGRP mAbs (anti-ligand or receptor). The study 
was reported according to the Strengthening the Reporting of 
Observational Studies in Epidemiology guidelines and is part of 
the Registro Italiano Cefalee study, which was approved by the 
local Ethics committee (CEAVC Studio RICe, 14591_oss and sub-
sequent amendments 2022-609). 

Patient selection and variables collected. Study participants were 
patients older than 18 years with EM or CM according to The 
International Classification of Headache Disorders, 3rd edition 
(ICHD-3) criteria (3), with or without MO, who started a preventive 
therapy with anti-CGRP mAbs (erenumab 70-140 mg monthly; gal-
canezumab 240 mg first dose and 120 mg monthly; or fre-
manezumab 225 mg monthly). Before the first anti-CGRP mAb, all 
patients reported failure for lack of efficacy (no meaningful 
improvement in the frequency of headaches after the administra-
tion of drugs for ≥3 months at appropriate dose) with at least 
three preventive treatments, including otulinumtoxinA for CM.  

According to a previous proposal (17), the present case series 
included patients who experienced at least one episode of aura 
per month in the previous three months, as reported in their med-
ical history and during the baseline period (one month prior to 
treatment initiation). Data were collected during the baseline peri-
od (month-0) and the last three months of treatment (month-10, 
month-11 and month-12). Aura was defined according to the fol-
lowing features: visual aura was determined when participants 
described experiencing zigzag lines, scintillation, scintillating sco-
toma, hemianopsia, fortification spectra, flickering lights, flashes 
of bright light, and blind spots, as well as C-shaped zigzag lines; 
sensory aura was determined when participants described expe-
riencing tingling, numbness, or paresthesia in their fingers, hands, 
face, or legs; speech aura was determined when participants 
described having trouble with word-finding or speech production. 

Throughout the treatment duration, patients were required 
to complete a paper headache diary on a monthly basis. This 
diary recorded the number of MMDs and the use of acute med-
ication, including the absolute number of AMNs and the number 
of days with at least one AMDs. A headache day was defined as 
any day a patient recorded experiencing any type of headache. 
MO is codified according to ICHD-3 criteria, regardless of the 
diagnosis of MOH. 

Response rate was assessed based on reduction in MMDs, 
≥50%. Additionally, patients completed the HIT-6 questionnaire on 
a monthly basis and the MIDAS questionnaire on a quarterly 
basis. Adverse events were reported for all patients. We collected 
demographic information, including age, gender, and relevant 
medical history. Migraine characteristics, such as disease dura-
tion and chronic migraine onset, were also recorded. Additionally, 
we gathered data on previous treatment failures with various drug 
classes, including beta-blockers, tricyclic antidepressants, anti-
seizure medications, and onabotulinumtoxinA. Information on 
current concomitant preventive and acute symptomatic treat-
ments was also documented. 

 
Statistical analysis. Demographic and baseline characteristics 
were summarized descriptively, namely mean ± standard devia-
tion or median interquartile range for continuous variables and 
number (percentage), for categorical data. Normality assumption 
was assessed using the Shapiro-Wilk test. Considering the non-
normally distributed data for headache days and HIT-6 score, a 
Wilcoxon signed-rank test was calculated. For other variables, a 
dependent t-test was used. No missing data were present. A p-
value <0.05 was considered significant for all variables. All data 
were analyzed using SPSS software version 26.0 (IBM Corp. SPSS 
Statistics, Armonk, NY, USA), and graphs were designed using 
GraphPad Prism version 9.00 (La Jolla, CA, USA). 
 
Narrative review. We conducted a narrative review to examine the 
changes in aura experienced by patients receiving anti-CGRP 
mAbs, as well as the effectiveness and tolerability of these treat-
ments, specifically in patients with aura. Our review included stud-
ies that evaluated patients with migraine with aura, as well as 
studies that prospectively assessed aura during treatment with 
anti-CGRP mAbs. 

A comprehensive search was conducted in the Embase and 
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MEDLINE databases using the following keywords: "erenumab", 
"galcanezumab", "fremanezumab", "eptinezumab", "anti-CGRP", 
and combinations with "aura", "migraine with aura", and "aura 
without migraine". The search was conducted to identify relevant 
studies published up to March 2024. 

 
 

References 
  1. Burch RC, Buse DC, Lipton RB. Migraine: epidemiology, burden, 

and comorbidity. Neurol Clin 2019;37:631-49. 
  2. Ferrari MD, Goadsby PJ, Burstein R, Kurth T, Ayata C, Charles A, et 

al. Migraine. Nat Rev Dis Primers 2022;8:2. 
  3. Headache Classification Committee of the International 

Headache Society (IHS). The international classification of 
headache disorders, 3rd ed. Cephalalgia 2018;38:1-211. 

  4. Goadsby PJ, Holland PR, Martins-Oliveira M, Hoffmann J, 
Schankin C, Akerman S. Pathophysiology of migraine: a disorder 
of sensory processing. Physiol Rev 2017;97:553-622. 

  5. Geppetti P, Capone JG, Trevisani M, Nicoletti P, Zagli G, Tola MR. 
CGRP and migraine: neurogenic inflammation revisited. J 
Headache Pain 2005;6:61-70. 

  6. Brain SD, Williams TJ. Substance P regulates the vasodilator 
activity of calcitonin gene-related peptide. Nature 1988;335:73-5. 

  7. De Logu F, Nassini R, Hegron A, Landini L, Jensen DD, Latorre R, 
et al. Schwann cell endosome CGRP signals elicit periorbital 
mechanical allodynia in mice. Nat Commun 2022;13:646. 

  8. Dalkara T, Zervas NT, Moskowitz MA. From spreading depression 
to the trigeminovascular system. Neurol Sci 2006;27:S86-90. 

  9. Mehnert J, Fischer-Schulte L, May A. Aura phenomena do not ini-
tiate migraine attacks. Findings from neuroimaging. Headache 
2023;6:1040-4. 

10. Al-Hassany L, Goadsby PJ, Danser AHJ, Maassen Van Den Brink 
A. Calcitonin gene-related peptide-targeting drugs for migraine: 
how pharmacology might inform treatment decisions. Lancet 
Neurol 2022;21:284-94. 

11. Iannone LF, Fattori D, Benemei S, Chiarugi A, Geppetti P, De 
Cesaris F. Long-term effectiveness of three anti-CGRP monoclon-
al antibodies in resistant chronic migraine patients based on the 
MIDAS score. CNS Drugs 2022;36:191-202. 

12. Raffaelli B, De Icco R, Corrado M, Terhart M, Ailani J. Open-label 
trials for CGRP-targeted drugs in migraine prevention: a narrative 
review. Cephalalgia 2023;43:3331024221137091. 

13. Haghdoost F, Puledda F, Garcia-Azorin D, Huessler EM, Messina 
R, Pozo-Rosich P. Evaluating the efficacy of CGRP mAbs and 
gepants for the preventive treatment of migraine: a systematic 
review and network meta-analysis of phase 3 randomised con-
trolled trials. Cephalalgia 2023;43:3331024231159366. 

14. Ashina M, McAllister P, Cady R, Hirman J, Ettrup A. Efficacy and 
safety of eptinezumab in patients with migraine and self-reported 
aura: post hoc analysis of PROMISE-1 and PROMISE-2. 
Cephalalgia 2022;42:696-704. 

15. Ashina S, Melo-Carrillo A, Toluwanimi A, Bolo N, Szabo E, Borsook 
D, et al. Galcanezumab effects on incidence of headache after 
occurrence of triggers, premonitory symptoms, and aura in 
responders, non-responders, super-responders, and super non-
responders. J Headache Pain 2023;24:26. 

16. Iannone LF, De Cesaris F, Ferrari A, Benemei S, Fattori D, Chiarugi 
A. Effectiveness of anti-CGRP monoclonal antibodies on central 
symptoms of migraine. Cephalalgia 2022;42:1323-30. 

17. Hauge AW, Asghar MS, Schytz HW, Christensen K, Olesen J. 
Effects of tonabersat on migraine with aura: a randomised, dou-
ble-blind, placebo-controlled crossover study. Lancet Neurol 
2009;8:718-23. 

18. Albanese M, Mercuri NB. Could the new anti-CGRP monoclonal 
antibodies be effective in migraine aura? Case reports and litera-
ture review. J Clin Med 2022;11. 

19. Straube A, Stude P, Gaul C, Schuh K, Koch M. Real-world evidence 
data on the monoclonal antibody erenumab in migraine preven-
tion: perspectives of treating physicians in Germany. J Headache 
Pain 2021;22:133. 

20. Danno D, Ishizaki K, Kikui S, Takeshima T. Treatment of hemi-
plegic migraine with anti-calcitonin gene-related peptide mono-
clonal antibodies: a case series in a tertiary-care headache center. 
Headache 2023;63:984-9. 

21. Scheffler A, Schenk H, Wurthmann S, Nsaka M, Kleinschnitz C, 
Glas M, et al. CGRP antibody therapy in patients with drug resist-
ant migraine and chronic daily headache: a real-world experience. 
J Headache Pain 2021;22:111. 

22. Matteo E, Pensato U, Favoni V, Giannini G, Pierangeli G, Cevoli S. 
Do anti-CGRP drugs have a role in migraine aura therapy? J Neurol 
2021;268:2273-4. 

23. Kearney E, Collins T, Sengupta S. De novo visual aura onset in a 
migraineur on galcanezumab-gnlm. Headache 2020;60:1435-7. 

24. Mahović D, Bračić M, Jakuš L, Vukovic Cvetkovic V, Krpan M. 
Effectiveness and safety of erenumab in chronic migraine: a 
Croatian real-world experience. Clin Neurol Neurosurg 2022; 
214:107169. 

25. Ashina M, Goadsby PJ, Dodick DW, Tepper SJ, Xue F, Zhang F, et 
al. Assessment of erenumab safety and efficacy in patients with 
migraine with and without aura: a secondary analysis of random-
ized clinical trials. JAMA Neurol 2022;79:159-68. 

26. Igarashi H, Shibata M, Ozeki A, Matsumura T. Galcanezumab 
effects on migraine severity and symptoms in japanese patients 
with episodic migraine: secondary analysis of a phase 2 random-
ized trial. Neurol Ther 2023;12:73-87. 

27. Braca S, Miele A, Stornaiuolo A, Cretella G, De Simone R, Russo 
CV. Are anti-calcitonin gene-related peptide monoclonal antibod-
ies effective in treating migraine aura? A pilot prospective obser-
vational cohort study. Neurol Sci 2024;45:1655-60. 

28. Cresta E, Bellotti A, Rinaldi G, Corbelli I, Sarchielli P. Effect of anti-
CGRP-targeted therapy on migraine aura: results of an observa-
tional case series study. CNS Neurosci Ther 2024;30:e14595. 

29. Costa C, Tozzi A, Rainero I, Cupini LM, Calabresi P, Ayata C, et al. 
Cortical spreading depression as a target for anti-migraine 
agents. J Headache Pain 2013;14:62. 

30. Close LN, Eftekhari S, Wang M, Charles AC, Russo AF. Cortical 
spreading depression as a site of origin for migraine: role of 
CGRP. Cephalalgia 2019;39:428-34. 

31. Russo AF, Hay DL. CGRP physiology, pharmacology, and thera-
peutic targets: migraine and beyond. Physiol Rev 2023;103: 
1565-644. 

32. Tozzi A, de Iure A, Di Filippo M, Costa C, Caproni S, Pisani A, et 
al. Critical role of calcitonin gene-related peptide receptors in 
cortical spreading depression. Proc Natl Acad Sci USA 
2012;109:18985-90. 

33. Eftekhari S, Kechechyan GM, Faas G, Charles A. The CGRP recep-
tor antagonist olcegepant modulates cortical spreading depres-
sion in vivo. Cephalalgia 2017;37:295-6. 

34. Piper RD, Edvinsson L. Cortical spreading depression does not 
increase VIP and CGRP in the external jugular blood of the cat. 
Cephalalgia 1991;11:50-1. 

35. Hansen JM, Hauge AW, Olesen J, Ashina M. Calcitonin gene-relat-
ed peptide triggers migraine-like attacks in patients with migraine 
with aura. Cephalalgia 2010;30:1179-86. 

36. Al-Khazali HM, Ashina H, Christensen RH, Wiggers A, Rose K, Iljazi 
A, et al. An exploratory analysis of clinical and sociodemographic 
factors in CGRP-induced migraine attacks: a REFORM study. 
Cephalalgia 2023;43:3331024231206375. 

37. Filiz A, Tepe N, Eftekhari S, Boran HE, Dilekoz E, Edvinsson L, et al. 
CGRP receptor antagonist MK-8825 attenuates cortical spreading 
depression induced pain behavior. Cephalalgia 2019;39:354-65. 

38. Melo-Carrillo A, Schain AJ, Stratton J, Strassman AM, Burstein R. 
Fremanezumab and its isotype slow propagation rate and shorten 
cortical recovery period but do not prevent occurrence of cortical 
spreading depression in rats with compromised blood-brain barri-
er. Pain 2020;161:1037-43. 

39. Noseda R, Schain AJ, Melo-Carrillo A, Tien J, Stratton J, Mai F, et 
al. Fluorescently-labeled fremanezumab is distributed to sensory 
and autonomic ganglia and the dura but not to the brain of rats 
with uncompromised blood brain barrier. Cephalalgia 2020;40: 
229-40. 

40. Johnson KW, Morin SM, Wroblewski VJ, Johnson MP. Peripheral 

                                          Romozzi et al.; doi: 10.4081/cc.2024.15762                                                                [page 25]

Original Research Article

Non commercial use only (CC BY-NC 4.0)



[page 26]                                                                 Romozzi et al.; doi: 10.4081/cc.2024.15762

and central nervous system distribution of the CGRP neutralizing 
antibody [(125)I] galcanezumab in male rats. Cephalalgia 
2019;39:1241-8. 

41. Basedau H, Sturm LM, Mehnert J, Peng KP, Schellong M, May A. 
Migraine monoclonal antibodies against CGRP change brain 
activity depending on ligand or receptor target - an fMRI study. 
Elife 2022;11. 

42. Damodaram S, Thalakoti S, Freeman SE, Garrett FG, Durham PL. 
Tonabersat inhibits trigeminal ganglion neuronal-satellite glial cell 
signaling. Headache 2009;49:5-20. 

43. Read SJ, Hirst WD, Upton N, Parsons AA. Cortical spreading 
depression produces increased cGMP levels in cortex and brain 
stem that is inhibited by tonabersat (SB-220453) but not suma-
triptan. Brain Res 2001;891:69-77. 

44. Ashina S, Melo-Carrillo A, Toluwanimi A, Bolo N, Szabo E, Borsook 
D, et al. Galcanezumab effects on incidence of headache after 
occurrence of triggers, premonitory symptoms, and aura in 
responders, non-responders, super-responders, and super non-
responders. J Headache Pain 2023;24:26.

Romozzi et al. | Confinia Cephalalgica 2024; 34:15762

Correspondence: Marina Romozzi, Università Cattolica del Sacro Cuore, Largo Francesco Vito 1, 00168 Roma (RM), Italy.  
E-mail: marinaromozzi@gmail.com 
 
Contributions: the authors critically reviewed the manuscript, agreed to be fully accountable for ensuring the integrity and accuracy of the work, 
and read and approved the final manuscript. 
Conflict of interest: FDC received personal fees from TEVA, Eli Lilly, Novartis. LFI received personal fees from Eli-Lilly, TEVA, Pfizer, AbbVie and 
Lundbeck. The other authors declare no conflict of interest. 
Funding: none.  
Ethics approval: this study is part of the Registro Italiano Cefalee (RICe) study approved by the local Ethics committee (CEAVC Studio RICe, 
14591_oss and subsequent amendments 2022-609). 
Data availability: data supporting the findings in the present study are reported in the article and the supplementary materials. The raw data col-
lected and analyzed are available from the corresponding author on reasonable request. 
Acknowledgments: the “Società Italiana per lo Studio delle Cefalee” (SISC) is acknowledged for the “Registro Italiano delle Cefalee (RICe)”.  
 
Received: 20 March 2024. Accepted: 10 April 2024. 
 
Publisher’s note: all claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organiza-
tions, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article or claim that may be made by its manu-
facturer is not guaranteed or endorsed by the publisher. 
 
Confinia Cephalalgica 2024; 1:15762. doi:10.4081/cc.2024.15762 
©Copyright: the Author(s), 2024. Licensee PAGEPress, Italy 
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0).

Non commercial use only (CC BY-NC 4.0)

https://creativecommons.org/licenses/by-nc/4.0

