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Abstract
Background: Migraine with aura (MwA) is a debilitating disorder characterized by paroxysmal attacks of pain preceded

or accompanied by reversible neurological symptoms. While the pathophysiology remains unclear, trigeminovascular sys-

tem activation and cortical spreading depression have been implicated. This study aims to comprehensively investigate and

characterize the diverse clinical features and manifestations of aura, as well as the types of acute medications self-admi-

nistered for aura management.

Methods: A multicenter, cross-sectional study was conducted using data from the Italian Headache Registry (RICe). Aura

characteristics, frequency, duration and associated migraine premonitory symptoms were collected. Acute medication

use and timing (headache or aura phase) were assessed.
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Results: The study included 272 patients with a diagnosis of MwA. Most patients (99.3%) experienced typical aura symp-

toms, with visual aura (96.3%) being the most prevalent, followed by sensory (33.0%) and speech and/or language aura

(25.6%). Brainstem aura (8.5%) and motor aura (1.8%) were less common. Notably, 13.0% of patients reported aura

relapses within 24 hours. Triptans (39.7%), non-steroidal anti-inflammatory drugs (47.8%) and nutraceuticals (59.9%)

were commonly used for acute aura management.

Conclusions: This study reports several different aura manifestations, highlighting atypical features, aura relapse rates

and treatment approaches for aura. These findings could contribute to a deeper understanding of aura and its manage-

ment in clinical settings.
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Introduction
Migraine is a common neurological disorder that ranks as one
of the most debilitating medical conditions, characterized by
recurrent, paroxysmal attacks of varying intensity and fre-
quency (1,2). 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, usually lasting 5–60 minutes, either preceding
or accompanyingheadachepain (3,4).Although the underlying
mechanism is poorly understood, migraine appears to be
caused by the activation and sensitization of the trigeminovas-
cular system, which eventually results in the release of neuro-
genic inflammatory neuropeptides, including the calcitonin
gene-related peptide (CGRP) (5,6). Cortical spreading depres-
sion, a self-propagating wave of depolarization spreading
across the cerebral cortex, has been proposed as the patho-
physiological mechanism that underlies migraine aura (3,7).

Migraine aura manifestations can be highly variable, includ-
ing several neurological manifestations with different durations.
These symptomsmaybeaccompaniedbyheadache, andpatients
may experience different aura subtypes throughout their lives,
making this disorder a highly multifaceted and heterogeneous
condition (8–10). Detailed characterization of the clinical fea-
tures of aura is of paramount importance to improve diagnosis
in clinical practice and increase disease knowledge.

Herein, we report a multicenter, cross-sectional study with
the aim of comprehensively investigating and characterizing
the diverse features and manifestations of aura and related
symptoms experienced by patients diagnosed with migraine
with aura (MwA), and the management of aura episodes.

Methods

Study design and ethics
In 2019, the “Italian Headache Registry” (Registro Italiano
per le Cefalee, RICe) was established to evaluate primary
headache disorder epidemiology in Italy; RICe currently
involves 52 Italian headache centers (any level of care),

and all patients attending these centers are proposed to be
inserted in the registry.

Hence, we conducted a multicenter, cross-sectional
study involving patients with a diagnosis of MwA, includ-
ing 13 centers that were partners in the project. The study
consisted of collecting specific features of aura, subsequent
headache and acute treatments. All consecutive outpatients
who had a diagnosis of MwA between January 2019 and
December 2022 were included in the study (regardless of
whether it was the first visit or follow-up visits) and pro-
vided informed consent to participate in the RICe study
(Figure 1). Patients were then assessed by trained personnel
with a semi-structured questionnaire that recalled detailed
information about the nature, frequency, duration and
relapses of aura. The study adhered to the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines.

Aims
The primary objective of this descriptive study was to com-
prehensively investigate and characterize the diverse fea-
tures and manifestations of aura experienced by patients
diagnosed with MwA. Specifically, the study aimed to
provide an extensive account of the various types of aura
symptoms encountered by patients, encompassing visual
disturbances, sensory alterations and speech impairments.
The secondary objectives were to describe the type of
acute medication used by the patient to manage aura epi-
sodes with or without a specific indication or prescription,
the timing of administration (aura or headache onset) and
the features of headache after aura (if reported).

Patient features and variables collected
The study recruited adult patients diagnosed with MwA
according to the International Classification of Headache
Disorders 3rd Edition (ICHD-3) criteria (11), with or
without other headache diagnoses. Patients who declined
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to provide informed consent, as well as those with incom-
plete clinical data, were excluded. Sub-diagnoses of MwA
according to ICHD-3 have been reported if available. The
variables collected for aura, as reported by the patients as
the most common pattern in the last year, were:

• Aura onset (age);
• Aura symptoms: visual, sensory, speech and/or lan-
guage, motor, brainstem, retinal;

• Frequency of aura attacks categorized in the subsequent
categories (in the last year): <5 per year,≥5 per year and
<1 per month, >1 per month and <1 per week, and≥1
per week (without overlapping among groups);

• Duration (in minutes);
• Aura-headache temporal relationship (before and/or
together with pain)

• Consecutive aura symptoms temporal relationship (if
more than one symptom);

• Premonitory migraine symptoms;
• Aura relapse (defined as the recurrence of aura within
the first 48 hours);

• Headache features after aura;
• Acute treatments for aura.

All variables were documented electronically and extracted
using the RICe registry. The semi-structured questionnaire
is reported in the supplementary material.

Statistical analysis and missing data
Considering the descriptive nature of the study, the sample
size was not determined based on statistical considerations.
All consecutive outpatients who had a diagnosis of MwA
during the study period were included.

We reported the mean±SD or median and interquartile
range for continuous variables, and number (percentage) for cat-
egorical data. No imputation was performed for missing data,
and the number of patients analyzed for a single variable is
reported in the figure and table legends where appropriate.

Figure 1. Flowchart of patients and type of aura.

Table 1. Patients demographic and clinical features.

Total

cohort

(n= 272)

Demographics
Age (years), mean± SD 43.3± 14.5

Sex female, n (%) 223 (82.0)

Onset of aura (years), mean± SDa 23.9± 11.2

Other headache diagnosis, n (%)b

Migraine without aura 243 (89.3)

Chronic migraine 35 (12.8)

Episodic cluster headache 1 (0.3)

Medication overuse headache 7 (2.5)

Tension type headache 4 (1.4)

Aura characteristics, n (%)c

Typical aura symptomsc 270 (99.3)

Visual aura 255 (93.4)
Sensory aura 90 (33.0)
Speech disorder aura 70 (25.6)
Brainstem aura symptoms 23 (8.5)

Motor symptoms 5 (1.8)

Patients with more than one aura type (typical,
brainstem, and/or motor)

25 (9.2)

Percentages are expressed on column total.
aCalculated on 188 patients.
bAll patients had a diagnosis of migraine with aura (ICHD-3, 1.2).
cMultiple types of auras could be reported for the same patient, leading to a

cumulative percentage exceeding 100% in some instances.
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Few questions reported in the semi-structure questionnaire (see
supplementary material; evidenced with an asterisk, (*)) were
not consistently assessed by the centers and therefore not
reported in the results.Multiple types of auras could be reported
for the same patient, leading to a cumulative percentage exceed-
ing 100% in some instances. The software SPSS, version 26.0
(IBMCorp.,Armonk,NY,USA)was used for all data analyses.

Results

Cohort characteristics
Among the 351 patients with MwA diagnosis present in the
database, we included a total cohort of 272 patients with
reported data on aura. The detailed features of aura were
not included for 79 patients, and therefore they were
excluded from the analysis. The mean± SD age of the
patients was 43.3± 14.5 years. Among the cohort, 223/
272 (82%) were female. The mean± SD age of onset for
aura was 23.9± 11.2 years. Regarding other concomitant
headache diagnoses, the distribution was: 243 patients
with migraine without aura (89.3%) and 35 (12.9%) with
chronic migraine, other concomitant headache are reported
in Table 1.

Frequency of aura in the last year was available for 216
patients and categorized according to predefined cut off: < 5
attacks per year (n= 81; 37.5%),≥ 5 attacks per year and <1
per month (n= 31; 14.4%), ≥ 1 per month and <1 per week
(n= 71; 32.9%), ≥ 1 attacks per week (n= 33; 15.3%).

According to the ICHD3 classification criteria, 270/272
(99.3%) patients experienced typical aura symptoms, 23
(8.5%) patients had brainstem aura and five (1.8%) had
motor aura (Figure 1). Notably, 25 patients (9.2%) reported
experiencing more than one type of aura in the same attack,
including typical, brainstem and/or motor symptoms. No

cases of retinal aura fulfilling the ICHD-3 criteria were
reported in our cohort. All details are reported in Table 1.

Aura features
Typical aura. Among the group of patients with typical aura,
visual aura was the most prevalent (n= 262; 96.3%), fol-
lowed by sensory aura (n= 90; 33.1%) and speech and/or
language aura (n= 70; 25.7%).

Regarding visual aura, 96/272patients (35.3%) reportedmore
than one subtype. Positive scotomas (colored, bright,white dot or
dots) were reported by 224 patients (82.4%), while 39 (14.3%)
described negative scotomas. A smaller subset of patients (n=
10; 3.7%) reported visual snow-like disturbances and 37
(13.6%) experienced blurred vision or dyschromia. The duration
of visual aura varied,with 17 patients (6.9%) reportingmore than
one hour, 41 (16.6%) from 30 minutes to one hour, and 189
(76.5%) between 5 and 30 minutes (Figure 2).

Sensory aura, specifically paresthesia, was reported by 90
patients (33.1%). These sensations were localized in various
body regions, including one upper limb (n= 87; 32.0%),
one lower limb (n= 7; 2.7%), half of the face (n= 39;
14.3%) and half of the tongue (n= 15; 5.5%). The duration
of a single episode of sensory aura in 10 patients (12.3%)
lasted more than one hour, in 12 (14.8%) ranged from
30 minutes to one houe and, in the majority (n= 59;
72.8%), subsided within five to 30 minutes.

Speech and/or language aura was experienced by 70
patients (25.7%), with 51 (18.8%) presenting anomia and
23 (8.5%) exhibiting dysarthria. In terms of duration, in
seven patients (10.0%), it lasted more than one hour, in 11
patients (15.7%) from 30 minutes to one hour and, in 52
patients, (74.3%) between five and 30 minutes. In Table 2, a
comprehensive description of the typical aura features, their
duration, and localization is reported.

Figure 2. Usual duration of aura subdivided by subtype.

Percentages are cumulative.
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Brainstem aura. Overall, 23/272 patients (8.5%) reported
brainstem aura symptoms. Only five (5/23; 21.7%) patients
reported isolated brainstem aura. Among the brainstem aura
features, a decreased level of consciousness was reported in
four patients (1.5%). Vertigo was experienced by 14 patients
(5.2%), while diplopia and tinnitus were reported by seven
patients (2.6%), respectively. Hypoacusis and ataxia were
reported by four (1.5%) and two (0.7%) patients, respectively.
The duration of brainstem aura symptoms was highly variable
(data were available for seven patients): three patients
reported a duration of more than one hour, while four patients
(57.1%) reported a duration of five to 30 minutes. Notably, no
instances of brainstem aura lasting between 30 minutes and
one hour were reported in this subset of patients. From this
group, nine patients (9/23; 39.1%) presented with more

than one subtype of brainstem aura. The features and duration
of brainstem aura are reported in Table 3.

Motor aura. A small subset of patients (5/272; 1.8%)
reported motor symptoms. Motor aura localized in both
upper limbs was reported by one patient (0.4%), whereas
motor aura limited to one upper limb was reported by
fuur patients each (1.5%). No genetic data were available.
Motor aura features and duration are reported in Table 4.

Aura relapse and migraine premonitory symptoms. In the total
cohort of 272 patients, 38 patients (14.1%) reported aura
relapses. In 34 patients (12.6%), aura relapse occurred in
the first 24 hours, while, in four patients (1.5%), it occurred
the day after. The mean± SD duration of aura relapse was
85.2± 84.4 minutes (on 22 patients with available data).

Only 25/272 patients (9.2%) reported premonitory symp-
toms of migraine with aura attacks, with 10 (3.7%) reporting
more than one symptom. These symptoms included mood

Table 3. Brainstem aura features and duration.a

Total

cohort

(n= 272)

Brainstem auraa 23 (8.5)

Decreased level of consciousness 4 (1.5)

Vertigo 14 (5.2)

Diplopia 7 (2.6)

Tinnitus 7 (2.6)

Hypacusis 4 (1.5)

Ataxia 2 (0.7)

Duration of brainstem aurab

More than one hour 3 (42.9)

30 minutes to one hour 0

0–30 minutes 4 (57.1)

Patients with more than one brainstem aura
sub-type

9 (1.2)

Percentages are expressed on column total if not otherwise specified.
aMultiple types of auras could be reported for the same patient, leading to a

cumulative percentage exceeding 100% in some instances.
bCalculated on seven patients.

Table 2. Typical aura features, duration and localization.a

Total cohort

(n= 272)

Typical aura, n (%) 270 (99.3)

Patients with more than one visual aura sub-type 96 (35.3)

Visual auraa 262 (96.3)

Positive scotoma 224 (82.4)

Negative scotoma 39 (14.3)

Visual snow like 10 (3.7)

Off-visus/dyschromia 37 (13.6)

Usual duration of visual aurab

More than one hour 17 (6.9)

30 minutes to one hour 41 (16.6)

0–30 minutes 189 (76.5)

Sensory aura (paraesthesia)a 90 (33.1)

Right upper arm 55 (20.1)

Left upper arm 32 (11.7)

Right lower arm 4 (1.5)

Left lower arm 3 (1.1)

Right hemiface 29 (10.6)

Left hemiface 10 (3.7)

Right hemi-tongue 10 (3.7)

Left hemi-tongue 5 (1.8)

Usual duration of sensory aurac

More than one hour 10 (12.3)

30 minutes to one hour 12 (14.8)

0–30 minutes 59 (72.8)

Speech disorder auraa 70 (25.7)

Anomia 51 (18.8)

Dysarthria 23 (8.5)

Usual duration of speech disorder aurad

More than one hour 7 (10.0)

30 minutes to one hour 11 (15.7)

0–30 minutes 52 (74.3)

Percentages are expressed on column total if not otherwise specified.
aMultiple types of auras could be reported for the same patient, leading to a

cumulative percentage exceeding 100% in some instances.
bCalculated on 247 patients.
cCalculated on 81 patients.
dCalculated on 70 patients.

Table 4. Motor aura features and duration.a

Total

Cohort

(n= 272)

Motor aura, n (%)a 5 (1.8)

Both upper arms 1 (0.4)

Right upper arm 2 (0.7)

Left upper arm 2 (0.7)

Patients with more than one motor aura
localization

0

Percentages are expressed on column total if not otherwise specified.
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changes (n= 6; 2.2%), anxiety (n=5; 1.8%), yawns (n=4;
1.5%), and paleness and confusion (n= 3 each; 1.1%).

Acute symptomatic treatment use
Out of 272 patients, 108 patients (39.7%) reported triptan use.
Notably, 29 patients (26.9%) employed triptans at the onset of
aura, while 22 (20.8%) utilized them at the onset of headache.
The remaining 57 patients (52.3%) did not specify the timing
of triptan use. The use of non-steroidal anti-inflammatory
drugs (NSAIDs) was reported by 130 patients (47.8%).
Among them, 33 patients (25.3%) used NSAIDs at aura
onset, while 54 patients (41.5%) used themwhen the headache
started. Forty-three patients (33.2%) did not specify the timing
of use. One hundred sixty-three patients (59.9%) reported the
use of dietary supplements (including magnesium, nisin, mag-
nesium plus tanacetum-hydroxytriptofan, coenzymeQ) for the
acute management of aura, mainly at aura onset. All data are
reported in Table 5.

Headache features and accompanying symptoms in
migraine with aura attacks
These data are available only for patients with a diagnosis of
migraine with aura and without aura (n= 243). Among them,
197 patients (81.0%) reported the detailed features of the
migraine attack and were included in the analysis. When com-
pared to headache attacks without aura, 95 patients (48.2%)
found the headache to be more painful after aura (pain inten-
sity), 14 (7.1%) experienced lower pain intensity and 88
(44.7%) reported no meaningful difference. According to a
Numeric Rating Scale (NRS) rating the perceived pain level,
15 patients (8.2%) reported mild pain (NRS: 1–4), 109

patients (59.6%) moderate pain (NRS: 5–8) and 59 patients
(32.2%) severe pain (NRS: 9–10).

Accompanying symptoms during headache episodes fol-
lowing aura were diverse, with the most frequent being
photophobia/phonophobia (55.1%), nausea/vomiting (55.9%)
and vertigo (12.5%). The other accompanying symptoms are
reported in Table 6. Among 88 patients with available
data, aura symptoms occurred along with headache in 39
patients (44.3%). Considering asthenia regardless of headache
occurrence, 116 of 195 patients (59.5%) reported it; among
these, 55 patients (28.2%) reported asthenia lasting less than
24 hours, while 61 patients (31.3%) reported more than
24 hours. All data are reported in Table 6.

Discussion
In this study,we included anddetailed the aura features of numer-
ous patients experiencing the aura phenomenon. In line with the
literature, our data confirm that most patients manifest visual

Table 5. Acute analgesics use.

Total cohort

(n= 272)a

Patients using any triptan, n (%) 108 (39.7)

Triptans use at aura onset 29 (26.9)

Triptans use at headache onset 22 (20.8)

Not specified 57 (52.3)

Patients using any NSAID, n (%) 130 (47.8)

NSAIDs use at aura onset 33 (25.3)

NSAIDs use at headache onset 54 (41.5)

Not specified 43 (33.2)

Patients using any nutraceutical, n (%) 163 (59.9)

Nutraceuticals use at aura onset 87 (32.0)

Nutraceuticals use at headache onset 2 (1.2)

Not specified 74 (66.8)

NDSAID, non-steroidal anti-inflammatory drugs. Percentages are

expressed on column total.

aMultiple types of acute medications could be reported for the same

patient, leading to a cumulative percentage exceeding 100% in some

instances.

Table 6. Headache following aura in patients experiencing

episodes with aura and without aura.

Total cohort

(n= 272)

Patients reporting headache features, n (%) 197 (72.4)

Intensity of headache
More painful after aura 95 (48.2)

Less painful after aura 14 (7.1)

No difference 88 (44.7)

NRS scale (1–10 scale)a

1–4 15 (8.2)

5–8 109 (59.6)

9–10 59 (32.2)

Always using a symptomatic for headache,
n (%)

166 (61.0)

Accompanying symptoms in headache after
aurab, n (%)

Nausea/vomiting 52 (55.9)

Photophobia/phonophobia 150 (55.1)

Vertigo 35 (12.5)

Osmophobia 19 (7.0)

Fatigue 16 (5.9)

Tearing/conjunctival injection/ptosis 15 (5.5)

Concentration impairment 14 (5.1)

Allodynia 11 (4.0)

Apathy 8 (2.9)

Confusion 7 (2.6)

Nasal congestion/rhinorrhea 6 (2.2)

Restless 3 (1.1)

Ear fullness 3 (1.1)

Sweating 2 (0.7)

Eyelid edema 1 (0.4)

Percentages are expressed on column total.
aCalculated on 183 patients.
bMultiple types of acute medications could be reported for the same

patient, leading to a cumulative percentage exceeding 100% in some

instances.
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symptoms (96.0% of patients), followed by somatosensory aura
(33.0%ofpatients) and language/speechaura (25.0%ofpatients).
Furthermore, the features of less common types of aura, such as
brainstem and motor aura, have been characterized. These find-
ings are in line with previous observational studies and the
recent paper from the REFORM study (12,13). Interestingly, in
theREFORMstudy (13), the percentageof aura features reported
is very similar to our data (visual aura: 94.7%; somatosensory:
35.7%; language/speech:13.6%).These results suggest that semi-
structured interviews performed by trained specialists could be
very useful in correctly diagnosing and characterizing less
common aura phenomena. These data are also in line with previ-
ous observational studies collected in a systematic review (10).

Regarding visual aura manifestations, more than 80.0% of
patients reported positive symptoms, while only 14.0%
reported negative symptoms. These percentages are compar-
able or slightly higher (67.0%) when compared to previously
published data (8,9,13,14). Other reported visual phenomena
included visual snow-like disturbances (3.7%) and dyschro-
mia/blurred vision (13.0%). Somatosensory aura was predom-
inantly reported as a gradually spreading paresthesia with
different body localizations, in line with other studies (14);
speech- and/or language aura was experienced by 25.7% of
patients, with anomia or dysarthria as reported manifestations.
Notably, 9.2% of patients experienced more than one type of
aura, including typical, brainstem, and/or motor symptoms.

In relation to aura duration (including all types of aura), only
10.0% of patients reported aura lasting more than 60 minutes.
Similarly, in the REFORM study (13), it was found that
visual aura persisted for less than 60 minutes in 89.8% of
patients, and for speech/language, this duration exceeded
60 minutes in 16.1% of cases. However, somatosensory aura
lasted forover60minutes in approximatelyone-thirdof thepar-
ticipants. The majority of patients in our cohort reported aura
duration of less than 30 minutes. It is worth noting that this
finding may be biased by the presence of different aura symp-
toms in several patients, with the consequence that patients
experiencing only one symptom would tend to report a
shorter aura duration than those patients who experience differ-
ent types of aura symptoms in succession.

For patients suffering from migraine both with and without
aura, headache pain intensity is often higher in attacks preceded
by aura compared to those not preceded by aura symptoms. In
our cohort, 16.5% of the patients reported the following as
accompanying symptoms of migraine with aura attacks
(during or after aura): pronounced asthenia, difficulty in con-
centration, apathy, or confusion. These symptoms could last
more than 24 hours after the end of the headache attack.
Thesefindings are often not reported by clinicians, highlighting
the importance of structured semi-interviews to investigate all

migraine phases, including the premonitory phase, accompany-
ing symptoms and aura symptomatology, in clinical practice.

Finally, we investigated treatment strategies for aura episodes
and relatedheadache: 40.0%ofpatientsusedoral triptans, equally
at aura onset and at headache onset. Although some previous
studies reported that the use of triptans (specifically sumatriptan,
eletriptan and zolmitriptan) during the aura phase was ineffective
(15,16), other later studieshave shown that treatmentwith triptans
(including subcutaneous sumatriptan) during the aura phase pre-
vented thedevelopmentof theheadache (17).Tonote, the admin-
istration of triptans during the migraine aura phase seems not to
affect aura duration or features (15), but no strong evidence sup-
ports theuseof triptansduring the auraphase, and theyare contra-
indicated in hemiplegic migraine and migraine with brainstem
aura (18). Almost half of the patients used NSAIDs not only
often at headache onset, but also at aura onset (25.0%). Finally,
60.0% of patients used dietary supplements suggested for the
acute treatment of the aura phenomena (generally at aura onset).

Several lines of evidence support the role of CGRP in
migraine with aura: (i) anti-CGRP monoclonal antibodies
resulted effective in both migraine days with or without
aura (19,20); (ii) anti-CGRP monoclonal antibodies admin-
istration modified the clinical features of aura (21,22); and
(iii) CGRP infusion is able to induce aura in migraine with
aura patients (5). Starting from these observations, it
would be interesting to investigate the effects of the acute
use of gepants during the aura phase.

Several strengths characterize our study, including the
use of a semi-structured interview performed by trained spe-
cialists and the large sample size. There are, however, some
limitations. The study’s descriptive nature (cross-sectional)
limits the ability to capture precisely the duration of aura,
the presence of some symptoms (prodromal/premonitory)
or the within attack variability. In addition, the use of con-
venience sampling may introduce selection bias, and reli-
ance on self-report data might be susceptible to recall bias.
Finally, as expected, some variables have missing data, as
reported appropriately within this paper.

Conclusions
Visual symptoms are the predominant manifestation of
aura, followed by somatosensory and speech/language
symptoms. The accompanying symptomatology and the
investigation of less common aura manifestations are of
paramount importance to better characterize migraine
with aura. A carefully detailed semi-structured interview
by trained clinicians, is fundamental to better assess aura
phenomena and provide consistent data across studies.
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Article highlights
• Migraine aura manifestations can be highly variable in clinical features and duration.
• Visual symptoms are the predominant manifestation of aura, followed by somatosensory and speech/language
symptoms.

• A carefully detailed semi-structured interview by trained clinicians, is fundamental to assess aura phenomena better
and provide consistent data across studies.

Acknowledgments
The “Società Italiana per lo Studio delle Cefalee” (SISC) is
acknowledged for the “Registro Italiano delle Cefalee (RICe)”.
Figure 1 is created with Biorender.com.

Author contributions
All 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 version of the manuscript submit-
ted for publication.

Data availability
Data supporting the findings in the present study are reported in
the article. The data collected and analyzed for the current study
are available from the corresponding author on reasonable request.

Declaration of conflicting interests
The authors declared the following potential conflicts of interest
with respect to the research, authorship and/or publication of
this article: PG received personal fees from Allergan, Eli Lilly,
Novartis, Amgen and TEVA; grants from Amgen, TEVA,
Eli-Lilly, Allergan and Chiesi; is on the Scientific Advisory
Board for Endosome Therapeutics; and is a founding scientist of
FloNext srl, Spinoff of the University of Florence. FDC received
personal fees from TEVA, Eli Lilly and Novartis. LFI received
personal fees from Eli-Lilly and TEVA, and a travel grant from
Lundbeck. SS reports personal fees as a speaker or advisor from
Abbott, Allergan-AbbVie, AstraZeneca, Eli Lilly, Lundbeck,
Novartis, NovoNordisk, Pfizer and Teva, and research grants
from Novartis. RO reports personal fees from Novartis, Eli Lilly
and Teva, and non-financial support from Novartis, Allergan, Eli
Lilly and Teva. SG received personal fees from Allergan/
AbbVie, Eli Lilly, Novartis, Teva and Lundbeck. Grazia Sances
received personal fees as a speaker or was on the Advisory
Board for Eli-Lilly, Novartis, TEVA, Lundbeck and Pfizer. RDI
received speaker honoraria and advisory board participation:
Eli-Lilly, TEVA, Lundbeck, Pfizer, AbbVie; MPP received
speaker honoraria and advisory board participation from Abbvie,
Idorsia, Eli-Lilly, Novartis, Pfizer, TEVA. The other authors
have no conflicting interests.

Ethical statement
This study is part of the Registro Italiano Cefalee (RICe) study
approved by the local Ethics committee (Comitato Etico Area
Vasta Toscana Centro; CEAVC Studio RICe, 14591_oss and sub-
sequent amendments 2022-609).

Funding
The authors received no financial support for the research, author-
ship and/or publication of this article.

ORCID iDs
Giorgio Dalla Volta https://orcid.org/0000-0002-7071-1321
Antonio Russo https://orcid.org/0000-0002-6579-154X
Raffaele Ornello https://orcid.org/0000-0001-9501-4031
Cristina Tassorelli https://orcid.org/0000-0003-1513-2113
Marina De Tommaso https://orcid.org/0000-0001-6567-5373
Innocenzo Rainero https://orcid.org/0000-0001-6074-9628
Marina Romozzi https://orcid.org/0000-0001-6016-3141
Luigi Francesco Iannone https://orcid.org/0000-0003-3598-0195

RICe study group
Francesco De Cesaris14, Giulia Vigani15, Agnese Onofri3, Adriana
Fallacara5, Maria Elena Roca5, Grazia Sances7, Michele
Corrado6,7, Elena Mazzotta6,7, Gabriele Garascia10, Andrea
Marcinnò9, Daniele Michelis11 and Fabrizio Valleggi13.

Supplemental material
Supplemental material for this article is available online.

References
1. Ferrari MD, Goadsby PJ, Burstein R, et al. Migraine. Nat Rev

Dis Primers 2022; 8: 2.
2. Ashina M, Katsarava Z, Do TP, et al. Migraine: epidemiology

and systems of care. Lancet 2021; 397: 1485–1495.
3. Coppola G, Di Lorenzo C, Parisi V, et al. Clinical neurophysi-

ology of migraine with aura. J Headache Pain 2019; 20: 42.
4. Rasmussen BK and Olesen J. Migraine with aura and migraine

without aura: an epidemiological study. Cephalalgia 1992; 12:
221–228.

5. Al-Khazali HM, Ashina H, Wiggers A, et al. Calcitonin
gene-related peptide causes migraine aura. J Headache Pain
2023; 24: 124.

6. AshinaM.Migraine.NewEngland JMed2020; 383: 1866–1876.
7. Close LN, Eftekhari S, Wang M, et al. Cortical spreading

depression as a site of origin for migraine: role of CGRP.
Cephalalgia 2019; 39: 428–434.

8. Hansen JM, Goadsby PJ and Charles AC. Variability of clin-
ical features in attacks of migraine with aura. Cephalalgia
2016; 36: 216–224.

9. Viana M, Sances G and Linde M. Clinical features of
migraine aura: results from a prospective diary-aided study.
Cephalalgia 2017; 37: 979–989.

8 Cephalalgia 44(11)

https://orcid.org/0000-0002-7071-1321
https://orcid.org/0000-0002-6579-154X
https://orcid.org/0000-0002-6579-154X
https://orcid.org/0000-0001-9501-4031
https://orcid.org/0000-0001-9501-4031
https://orcid.org/0000-0003-1513-2113
https://orcid.org/0000-0003-1513-2113
https://orcid.org/0000-0001-6567-5373
https://orcid.org/0000-0001-6567-5373
https://orcid.org/0000-0001-6074-9628
https://orcid.org/0000-0001-6074-9628
https://orcid.org/0000-0002-7071-1321
https://orcid.org/0000-0002-7071-1321
https://orcid.org/0000-0003-3598-0195
https://orcid.org/0000-0003-3598-0195


10. Viana M, Tronvik EA, Do TP, et al. Clinical features of visual
migraine aura: a systematic review. JHeadachePain 2019; 20: 64.

11. Headache classification committee of the international head-
ache society (IHS) the international classification of headache
disorders, 3rd edition. Cephalalgia 2018; 38: 1–211.

12. Karlsson WK, Ashina H, Cullum CK, et al. The registry for
migraine (REFORM) study: methodology, demographics, and
baseline clinical characteristics. J Headache Pain 2023; 24: 70.

13. Thomsen AV, Ashina H, Al-Khazali HM, et al. Clinical fea-
tures of migraine with aura: a REFORM study. J Headache
Pain 2024; 25: 22.

14. Russell MB and Olesen J. A nosographic analysis of the
migraine aura in a general population. Brain 1996; 119:
355–361.

15. Bates D, Ashford E, Dawson R, et al. Subcutaneous sumatrip-
tan during the migraine aura. Sumatriptan aura study group.
Neurology 1994; 44: 1587–1592.

16. Olesen J, Diener HC, Schoenen J, et al. No effect of eletriptan
administration during the aura phase of migraine. Eur J
Neurol 2004; 11: 671–677.

17. Aurora SK, Barrodale PM, McDonald SA, et al. Revisiting
the efficacy of sumatriptan therapy during the aura phase of
migraine. Headache 2009; 49: 1001–1004.

18. Eigenbrodt AK, Ashina H, Khan S, et al. Diagnosis and
management of migraine in ten steps. Nat Rev Neurol
2021; 17: 501–514.

19. Ashina M, McAllister P, Cady R, et al. 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.

20. Hansen JM and Charles A. Differences in treatment response
between migraine with aura and migraine without aura: lessons
from clinical practice and RCTs. J Headache Pain 2019; 20: 96.

21. Iannone LF, De Cesaris F, Ferrari A, et al. Effectiveness of
anti-CGRP monoclonal antibodies on central symptoms of
migraine. Cephalalgia 2022; 42: 1323–1330.

22. Alpuente A, Torre-Sune A, Caronna E, et al. Impact of
anti-CGRP monoclonal antibodies on migraine attack accom-
panying symptoms: a real-world evidence study. Cephalalgia
2023; 43: 3331024231177636.

Dalla Volta et al. 9


	 Introduction
	 Methods
	 Study design and ethics
	 Aims
	 Patient features and variables collected
	 Statistical analysis and missing data

	 Results
	 Cohort characteristics
	 Aura features
	 Typical aura
	 Brainstem aura
	 Motor aura
	 Aura relapse and migraine premonitory symptoms

	 Acute symptomatic treatment use
	 Headache features and accompanying symptoms in migraine with aura attacks

	 Discussion
	 Conclusions
	 Acknowledgments
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


