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Abstract Background It is estimated that headache attributed to ischemic stroke occurs in
7.4% to 34% of the cases. Despite its frequency, this headache has been little studied in
terms of its risk factors and characteristics.
Objective To assess the frequency and clinical characteristics of headache attributed
to ischemic stroke and the factors associated with its occurrence.
Methods The present was a cross-sectional study which included patients consecu-
tively admitted within 72 hours of the onset of ischemic stroke. A semi-structured
questionnaire was used. The patients underwent magnetic resonance imaging.
Results A total of 221 patients were included, 68.2% of whom were male, and the
mean age was of 68.2� 13.8 years. The frequency of headache attributed to ischemic
stroke was of 24.9% (95% confidence interval [95%CI]: 19.6–31.1%). The headache had
a median duration of 21 hours and most frequently began at the same time as the focal
deficit (45.3%), with a gradual onset (83%). It was of moderate intensity, pulsatile
(45.3%), bilateral (54.6%), and presented a similar pattern to that of tension-type
headache (53.6%). Headache attributed to stroke was significantly associated with
previous tension-type headache, and previous migraine with and without aura (logistic
regression).
Conclusion Headache attributed to stroke is common, with a pattern similar to that
of tension-type headache, and it is associated with a history of tension-type and
migraine headaches.
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INTRODUCTION

Headache attributed to ischemic stroke has been neglected
and underestimated by both doctors and patients,1 and,
despite being frequent, it has been little studied in terms
of its risk factors and characteristics.2 The existing studies2

have used various criteria to diagnose this headache, which
generally differ from those of the International Classification
of Headache Disorders. Furthermore, many of these studies
have jointly assessed ischemic stroke and hemorrhagic
stroke.2

In order to diagnose headache attributed to stroke, the
time between the onset of the headache and the develop-
ment of the signs and symptoms of stroke should be short,
and/or the headache must lead to a diagnosis of stroke,
and/or an improvement in the headache should accompany
a clinical improvement in the stroke.3 This type of headache
is estimated to occur in 7.4% to 34% of cases of stroke.4–19

This headache is significantly more frequent in younger
patients,6,15 in those with migraine,13,14 in cases of verte-
brobasilar strokes,9,11,14,16 and in cases of stroke with corti-
cal rather than subcortical involvement.4,11 Headache is
believed to be more frequent in vertebrobasilar strokes
due to a greater innervation of the meninges and vessels of
the posterior fossa.14Moreover, there is a lower frequency of
headache in strokes due to cerebrovascular disease of the
small vessels (lacunar stroke) when compared to other
etiologies.4,10,14,16,18

In the few studies11,15,20 that have assessed the character-
istics of headache attributed to stroke, the reported frequen-
cy of pressure headache ranged from 15% to 66%, and that of

pulsatile headache, from 8% to 80%. While pain of a mild to
moderate intensity is most frequent, severe pain may occur
in up to 26% of the patients.11,21Headachemay be associated
with nausea (28%), vomiting (6.5%),11,20 and photophobia
and phonophobia (24%),22 and, on average, it lasts 29.5� 28
hours in cardioembolic strokes, 26.5� 18hours in strokes
due to large vessel atherosclerosis, and 19.5� 18hours in
lacunar strokes.11

The objectives of the present study were to assess the
frequency of headache attributed to stroke, its character-
istics, and which patients or stroke characteristics are asso-
ciated with the occurrence of this headache.

METHODS

The present was a cross-sectional study.

Patients
Patients with ischemic strokewere included in the study and
were consecutively treated at the Real Hospital Português de
Beneficência em Pernambuco, in the city of Recife, North-
eastern Brazil. This is a private hospital with 850 beds, which
is equipped with a neurological emergency and neurovas-
cular unit. The patients were initially hospitalized in beds of
the Neurological Intensive Care Unit (Neuro-ICU) and were
subsequently transferred either to a private room or ward
according to their clinical condition.

Data was collected from March 2017 to August 2020.
Patients aged over 18 years and admitted within 72hours
of the onset of ictus were included. All patients underwent
diffusion-weighted magnetic resonance imaging (DW-MRI).

Resumo Antecedentes A cefaleia atribuída ao acidente vascular cerebral isquêmico (AVCi) tem
uma frequência de7,4% a 34%dos casos. Apesar de ser considerada frequente, esta cefaleia
ainda é pouco estudada em termos de seus fatores de risco e características.
Objetivo Avaliar a frequência e as características clínicas da cefaleia atribuída ao AVCi
e os fatores associados com a sua ocorrência.
Métodos Este foi um estudo transversal que incluiu pacientes admitidos consecuti-
vamente com até 72 horas do início do AVCi. Foi utilizado um questionário semi-
estruturado. Os pacientes realizaram ressonância magnética.
Resultados Foram incluídos 221 pacientes, 68,2% dos quais eram do sexo masculino,
e com idade média de 68,2� 13,8 anos. A frequência da cefaleia atribuída ao AVCi foi
de 24,9% (intervalo de confiança de 95% [IC95%]: 19,6–31,1%). A duração mediana da
cefaleia foi de 21 horas, e ela se iniciou commais frequência aomesmo tempo emque o
déficit focal (45,3%), teve instalação gradual (83%), foi de moderada intensidade,
pulsátil (45,3%), bilateral (54,6%) e teve um padrão semelhante ao da cefaleia de tipo
tensional (53,6%). A cefaleia atribuída ao AVCi esteve significativamente associada à
cefaleia de tipo tensional prévia, e à migrânea com e sem aura prévias (regressão
logística).
Conclusão A cefaleia atribuída ao AVCi é frequente, tem padrão mais habitual
semelhante ao da cefaleia de tipo tensional, e está associada aos antecedentes de
cefaleia de tipo tensional e migrânea.

Palavras-chave

► Cefaleia
► Transtornos

Secundários da
Cefaleia

► Cefaleias Vasculares
► Infarto Cerebral
► AVC Isquêmico
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Ischemic stroke was diagnosed with the presence of a
restricted diffusion sequence in the brain MRI within the
context of a compatible clinical condition.

Patients who were unable to properly answer the ques-
tionnaire due to neurological deficit, such as those with
aphasia and/or decreased level of consciousness, were ex-
cluded. Patients with a history of dementia were also
excluded.

Interview
The patients were assessed by a trained neurologist who
conducted an interview using a semi-structured question-
naire containing questions on demographic data, the pres-
ence and characteristics of headaches throughout life, the
presence and characteristics of headaches related to ische-
mic stroke, and the clinical condition related to stroke. All
patients underwent clinical and neurological examinations.

The National Institutes of Health Stroke Scale (NIHSS) was
applied upon admission to hospital; it measures neurological
deficit, and the scores range from 0 to 42. The higher the
score, the greater the neurological deficit.23

For the etiological assessment of stroke, we used the
classification system of the Trial of Org 10172 in Acute Stroke
Treatment (TOAST). This classification system stratifies the
etiology of cerebral infarctions into cardioembolic, athero-
sclerosis of large arteries, small vessel disease, another
determined cause, and unknown cause.24

Headaches were classified according to the diagnostic
criteria of the third edition of the International Classification
of Headache Disorders. Patients with migraine were those
with previous headaches who met the diagnostic criteria for
migraine with and without aura and probable migraine, and
patients with tension-type headache were those with previ-
ous headaches who met the diagnostic criteria for tension-
type headache and probable tension-type headache.3

A diagnosis of headache attributed to stroke was deter-
mined by the existence of a headache with a diagnosis of
stroke. The causal relationship was determined by the time
between the onset of headache and the development of signs
and symptoms of stroke, or when the headache led to a
diagnosis of stroke.3 In the present study, for the purposes of
diagnosis, we considered headaches that began between the
24 hours preceding the focal deficits of stroke and up to
7 days after the stroke.

The International Classification of Headache Disorders3

doesnotdetermine theexact timetodiagnose, itonly indicates
that theremust be a very close temporal relationship between
the onset of headache and the diagnosis of ischemic stroke. For
other secondary types, such as headache attributed to trau-
matic injury to the head, those attributed to craniotomy, and
postendarterectomy headache, the International Classifica-
tion of Headache Disorders has used a period of up to 7 days
between events, which was the one we decided to use.25

Magnetic resonance
All patients underwent brain DW-MRI, which was standard-
ized according to the service protocol, using Siemens 1.5 T
scanners (Siemens Healthineers AG, Erlangen, Germany).

The following parameters were used in the diffusion se-
quence: TR 3600ms, TE 92ms, and voxel 1.9�1.9�5mm.

The ischemic volume and the area affected by ischemia
were assessed by a radiologist from the hospital’s service.
With the use of a specific software (Horus, Horus Software
GmbH, Ettlingen, Baden-Wurttemberg, Germany), the radi-
ologist manually delimited the ischemic area in each slice,
and the software subsequently calculated the total volume.
TheMRI diffusion sequencewas used to determine this piece
of information. The radiologist had no access to information
regarding the patient’s diagnoses or headaches.

In patients with small infarctions, which were only visu-
alized in one axial slice in the diffusion sequence, a three-
dimensional analysis of the volume was impossible, and
these patients were excluded only from this specific analysis
of the volume.

Statistical analysis
The statistical analyzes were performed using the STATA
(StataCorp, College Station TX, United States) software, ver-
sion 14. The statistical association of the nominal variables
was obtained using the Pearson Chi-squared test.

The Kolmogorov-Smirnov test was used to assess normal-
ity. The statistical association of the continuous variables
with normal distributionwas assessed though the Student t-
test. The statistical association of the continuous variables
with no normal distribution was assessed through the
Mann–Whitney test.

The patients were divided into two groups: those with
headache attributed to stroke and those without. Both were
compared in terms of their demographic characteristics and
clinico-radiological characteristics.

Headache attributed to stroke was considered as having a
“migraine pattern” if its characteristics met criteria C and D
for migraine without aura, and a “tension-type headache
pattern” if its characteristicsmet criteria C and D for episodic
tension-type headache.3

For the multivariate analysis, a logistic regression model
was applied to estimate the factors associated with head-
ache. Stepwise modeling was used, and variables in the
bivariate analysis entered the model following the order of
statistical significance (forward selection). The criterion to
entering the variables in the model was values of p<0.20,
and, for the output variables of themodel, p>0.15. Statistical
significance was set as values of p<0.05.

Ethical considerations
All patients signed the informed consent form. The present
study was approved by the Research Ethics Committee at
the Universidade Federal de Pernambuco (under CAAE:
63479916.3.0000.5208; approval number: 2.394.830), in accor-
dance with the ethical principles of the Declaration of Helsinki.

RESULTS

►Figure 1 represents the flowchart of the study.
The demographic and clinical characteristics of the

patients are presented in ►Table 1. Most of the patients
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were older (mean age: 68.2 years), male (59,3%), and white
(65.6%). The main causes of stroke were small vessel disease
(26.2%) and cardiac embolism (28.5%), and therewas a higher
frequency of anterior circulation stroke (63.3%). There were
two cases of ischemic stroke caused by an arterial dissection.

Headache attributed to stroke occurred in 55 patients
(24.9%; 95% confidence interval [95%CI]: 19.6–31.1%). In one
of these patients, the headache led to a diagnosis of
stroke. ►Table 2 presents the clinical characteristics of
this headache. Two patients were unable to remember
the characteristics of their headaches and were not includ-
ed in this analysis. Headache was more often gradual (83%),
with concomitant onset of the cerebrovascular event
(45.3%), of moderate intensity (median: 6), bilateral
(54.6%), and with a pattern similar to that of tension-type
headache (63.6%). In most patients, the headache either
began with a focal deficit or during the 24 hours before or
after the event.

History of migraine was present in 22 patients, who
reported headache during the acute phase of stroke. Of these
patients, 12 presented headache with a “migraine pattern”.
Previous tension headaches and headache during the acute
phase of the stroke was reported by 15 patients, 9 of whom
presented a headache with “tension-type pattern”.

Table 1 Clinical characteristics of 221 stroke patients

Characteristics Statistics

Time since admission (hours): median (P25–P75) 6 (2.5–22)

NIHSS score on admission: median (P25–P75) 2 (1–5)

Etiology: n (%) Large vessel atherosclerosis 24 (10.9%)

Small vessel disease 58 (26.2%)

Cardiac embolism 63 (28.5%)

Other determined etiologies 16 (7.2%)

Undetermined 60 (27.2%)

Hyperacute phase treatment: n (%) None 194 (87.8%)

Chemical thrombolysis 10 (4.5%)

Mechanical thrombectomy 11 (5.0%)

Chemical thrombolysis in association
with mechanical thrombectomy

6 (2.7%)

Ischemic location: cortical involvement 117 (52.9%)

Circulation affected by ischemia: n (%) Anterior 140 (63.3%)

Posterior 66 (29.9%)

Both 15 (6.8%)

Side affected by ischemia: n (%) Left 100 (45.2%)

Right 108 (48.9%)

Bilateral 13 (5.9%)

Volumetry (cm3): median (P25–P75) 1.58 (0.34–8.4)

History of systemic arterial hypertension: n (%) 165 (74.7%)

History of coronary artery disease: n (%) 32 (14.5%)

Abbreviation: NIHSS, National Institutes of Health Stroke Scale.

Figure 1 Flowchart of patients assessed for ischemic stroke.

Arquivos de Neuro-Psiquiatria Vol. 81 No. 3/2023 © 2023. Academia Brasileira de Neurologia. All rights reserved.

Headache as a manifestation of ischemic stroke Oliveira et al.228



Right-sided strokewas present in 30 patients, 15 of whom
presented with unilateral headache on the right side, and 15
presented with bilateral headache. A total of 19 patients
presented with stroke on the left side and, of these, 4
reported unilateral headache on the left side, 4, unilateral
headache on the right side, and 11 presented with bilateral
headaches. Of the 6 patients with bilateral stroke, 2 reported

unilateral headaches on the left side and 4 patients reported
bilateral headaches.

►Table 3 presents the characteristics of the patients and
the stroke that are associated with headache attributed to
stroke. After controlling for confounding variables, therewas
a significant association between the occurrence of headache
attributed to stroke and historyofmigrainewith andwithout
aura and tension-type headache.

DISCUSSION

In the present study, we found a frequency of 24.9% of
headache attributed to ischemic stroke, which is in line
with reports in the literature (range: 7.4% to 34%).4–19

With regard to its characteristics, the headache most
often began at the same time as the focal deficit, and the
onset was predominantly gradual. Previous studies have
reported a higher frequency of headache that began before
the stroke (range: 26% to 60% of the cases),11,19,21,26 with a
similarity between sudden and gradual onset.5,21 However,
these studies included both ischemic and hemorrhagic
strokes. A higher frequency of sentinel headaches and the
sudden onset of pain amongst patients with hemorrhagic
stroke may have contributed to this difference.

We observed that headaches were predominantly of a
moderate intensity, with both bilateral and frontal pain, and
themost frequent patternwas similar to that of tension-type
headache, which has also been observed in other
studies.11,15,20,21

The median duration of the headache was of 21hours.
Only 1 study11 assessed the duration of theheadache, and the
authors reported a duration very similar to that of the
present study (mean: 25� 28hours).

Photophobia was observed in 38.9% of the patients, and
phonophobia, in 29.6%. Another study20 grouped these con-
ditions together and reported a frequencyof 24%. Nauseawas
observed in 29.6% and vomiting, in 11.1% of our patientswith
headache, frequencies similar to those reported in the liter-
ature.11,20,22 Autonomic symptoms were observed in 20% of
our patients with headache. Seifert et al.20 reported a fre-
quency of 24%. These symptoms associated with headache
may be related to the location of the ischemia.20

No association was identified between the presence of
headache attributed to stroke and gender, which has been a
controversial point in the literature.4,6,14,15 Although a
younger age was not statistically significant in the multivar-
iate analysis (p¼0.086), it remained in the model for the
presence of headache attributed to stroke. Two other stud-
ies6,15 reported a higher frequency of headache attributed to
stroke among younger patients. We cannot rule out the
possibility that the statistical power of the present study
was insufficient to detect this difference in relation to age.

Neither were there differences in relation to an associa-
tion between neurological deficit (NIHSS) and the presence
of headache attributed to stroke. Another study20 with a
design similar to that of ours did not report associations
either. In two other studies,10,16 this headache was associat-
ed with lower NIHSS scores. However, these were

Table 2 Clinical characteristics of headache attributed to
stroke (n¼ 53 patients)

Characteristics Data

Temporal relation-
ship with the event:
n (%)

Before 10 (18.9%)

Concomitantly 24 (45.3%)

After 19 (35.8%)

Onset: n (%) Sudden 9 (17.0%)

Gradual 44 (83.0%)

Associated symp-
toms: n (%)

Photophobia 21 (38.9%)

Phonophobia 16 (29.6%)

Nausea 16 (29.6%)

Vomiting 6 (11.1%)

Becomes worse
with effort

9 (16.7%)

Autonomic
symptoms

11 (20%)

Conjunctival
hyperemia

6 (11.3%)

Tearing 9 (17%)

Nasal congestion 3 (5.7%)

Rhinorrhea 1 (1.9%)

Sweating 1 (1.9%)

Duration (hours):
median (P25–P75)

21 (2–60)

Intensity: Median
(P25–P75)

6 (4–7)

Laterality: n (%) Bilateral 30 (54.6%)

Unilateral 25 (45.4%)

Right 19 (76.0%)

Left 6 (24.0%)

Location: n (%) Frontal 29 (52.7%)

Temporal 16 (29.1%)

Parietal 12 (21.8%)

Occipital 18 (32.7%)

Characteristics of
the headache: n (%)

Pulsatile 24 (45.3%)

Pressure 20 (37.7%)

Stabbing 2 (3.8%)

Others 7 (13.2%)

Pattern of the
headache: n (%)

Migraine 19 (34.6%)

Tension 35 (63.6%)

Not classifiable 1 (1.8%)
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retrospective studies, which therefore makes comparison
difficult. Studies4,10,14,16,18 have demonstrated that patients
with lacunar stroke, who usually present lower neurological
deficit, also present a lower frequencyof headache attributed
to stroke.

To the best of our knowledge, the present is the first study
to assess whether there is an association between headache
and lesion volume. We have observed no association. Seifert
et al.20 reported an association between the presence of
headache and infarctions located in areas related to process-
ing pain, such as the insula and the somatosensory cortex.
Our finding reinforces the hypothesis that the strategic
location of the stroke is more critical to generate headache
than its volume.

The presence of cortical infarction (p¼0.119) and stroke
with concomitant impairment of the anterior and posterior
circulations (p¼0.065) remained in themultivariate analysis
model and were important to explain the distribution of
headache attributed to stroke. An association between head-
ache and cortical infarctions has already been de-
scribed.4,11,20 There is biological plausibility for this, since
cortical lesions may trigger widespread cortical depression,
even in individuals without migraine.27 It is possible that
cortical strokes from different circulatory systems further
increase the likelihood of having widespread cortical
depression.

Other studies9,11,13,14,16 have reported a higher frequency
of headache in posterior circulation stroke when compared
to anterior circulation stroke. We did not observe this
association. Most of these studies did not use
MRI;11,13,14,16 therefore, they may not have been able to
detect small infarctions, in addition to being more subject to
topographic classification errors. One study,20 similar to
ours, that used brain MRI, did not find a higher frequency
of headache in areas irrigated by the posterior system either.

We have also observed an association between the diag-
noses of migraine with andwithout aura and the presence of
headache attributed to stroke, which was stronger regarding
migraine with aura. This finding is corroborated by other
studies,14,15 although they did not conduct a separate analy-
sis of migraine with and without aura. Other studies25,28

have also linked the presence of previous primary headaches
with the development of secondary headaches. The presence
of migraine predisposes to the phenomenon of widespread
cortical depression in individuals with stroke, with conse-
quent activation of the trigeminovascular system.29 Thismay
trigger pain.30

We have observed a significant association of headache
attributed to stroke and a diagnosis of previous episodic
tension-type headache. Another study20 did not report such
an association; however, this study assessed a smaller num-
ber of patients. Although the pathophysiology of tension-
type headache has not yet been well established, it is
believed that these patients have central sensitization to
pain and hypersensitivity to stimuli, especially those with
chronic tension-type headache.31 It is possible that this
hypersensitization increases the chance of triggering head-
ache after the ischemic insult.

Although the presence of migraine and tension-type
headache appeared as risk factors for headache attributed
to stroke, there was a low correlation between the character-
istics of the previous primary headache and the pattern of
headache attributed to stroke. This reveals that the patients
did not present an attack of their primary headache during
the stroke and corroborates the existence of the headache
attributed to stroke as an autonomous clinical entity. There
was also a low correlation between the side of the ischemia
and the side of the headache, which has also been reported
by another study.20

No association was observed between the headache and
the etiology of the stroke. Four previous studies4,10,14,16 have
reported a lower frequency of headache in patients with a
lacunar stroke. However, two of these studies4,10 did not
perform multivariate analyses to control for confounding
variables. One study16 only adjusted the analysis only for age,
sex, and the presence of arterial hypertension, and another
study14 included symptoms associated with stroke and
headache in the analysis, thereby making comparisons
with our results difficult.

The present study has some limitations. It was a single-
center study with a convenience sample. Our population had
higher socioeconomic status than that of the average of the
Brazilian population. The strokes included were mostly of
small volume and with minor neurological deficits. Patients
withmore severe ischemic strokes who could not respond to
the questionnaire were excluded. This decreases the gener-
alizability of the study. The sample size was not calculated
and the number of patients in the statistical analysis could be
considered low. Thus, we cannot rule out the possibility that
we have been unable to detect small differences. The diag-
nosis ofmigraine and tension-type headachewasmade close
to the occurrence of the stroke. Thus, we cannot rule out the
possibility that we have not identified individuals with a low
frequency of these headaches.

On the other hand, the present study has several strengths.
The patients were assessed by a neurologist, and all of them
underwent clinical, neurological and magnetic resonance
imaging examinations. The radiologist was unaware of the
patients’ clinical data. The International ClassificationofHead-
ache Disorders was used to diagnose the headaches. These
measures were taken in an attempt to decrease the classifica-
tion errors of the study and increase its internal validity.

In conclusion, headache attributed to stroke is a frequent
manifestation, and it generally has a gradual onset. It is
bilateral, pulsatile, of a moderate intensity, and begins
concomitantly to the focal deficit. Migraine and tension-
type headache are risk factors for headache attributed to
ischemic stroke and often demonstrate a different pattern
from the previous primary headache in these patients.

Author’s Contributions
FAAO: conception of the work, data collection, data anal-
ysis and interpretation, and drafting of the article; MGDF:
data collection and data analysis; PASRF: conception of
the work, data analysis and interpretation, drafting of the
article, and revision of the article.

Arquivos de Neuro-Psiquiatria Vol. 81 No. 3/2023 © 2023. Academia Brasileira de Neurologia. All rights reserved.

Headache as a manifestation of ischemic stroke Oliveira et al. 231



Conflict of Interest
The authors have no conflict of interests to declare.

References
1 Evans RW, Mitsias PD. Headache at onset of acute cerebral

ischemia. Headache 2009;49(06):902–908
2 Oliveira FAA, Sampaio Rocha-Filho PA. Headaches Attributed to

Ischemic Stroke and Transient Ischemic Attack. Headache 2019;
59(03):469–476

3 Headache Classification Committee of the International Head-
ache Society (IHS) The International Classification of Headache
Disorders, 3rd edition. Cephalalgia 2018;38(01):1–211

4 Koudstaal PJ, van Gijn J, Kappelle LJDutch TIA Study Group.
Headache in transient or permanent cerebral ischemia. Stroke
1991;22(06):754–759

5 Portenoy RK, Abissi CJ, Lipton RB, et al. Headache in cerebrovas-
cular disease. Stroke 1984;15(06):1009–1012

6 Abadie V, Jacquin A, Daubail B, et al. Prevalence and prognostic
value of headache on early mortality in acute stroke: the Dijon
Stroke Registry. Cephalalgia 2014;34(11):887–894

7 Leira R, Dávalos A, Aneiros A, Serena J, Pumar JM, Castillo J.
Headache as a surrogate marker of the molecular mechanisms
implicated in progressing stroke. Cephalalgia 2002;22(04):
303–308

8 Ahmadi Aghangar A, Bazoyar B, Mortazavi R, Jalali M. Prevalence
of headache at the initial stage of stroke and its relation with site
of vascular involvement: A clinical study. Caspian J Intern Med
2015;6(03):156–160

9 Kropp P, Holzhausen M, Kolodny E, et al; Stroke in Young Fabry
Patients (sifap) Investigators. Headache as a symptom at stroke
onset in 4,431 young ischaemic stroke patients. Results from the
“Stroke in Young Fabry Patients (SIFAP1) study”. J Neural Transm
(Vienna) 2013;120(10):1433–1440

10 Pollak L, Shlomo N, Korn Lubetzki INational Acute Stroke Israeli
Survey Group. Headache in stroke according to National Acute
Stroke Israeli Survey. Acta Neurol Scand 2017;135(04):469–475

11 Arboix A, Massons J, Oliveres M, Arribas MP, Titus F. Headache in
acute cerebrovascular disease: a prospective clinical study in 240
patients. Cephalalgia 1994;14(01):37–40

12 Arboix A, García-Trallero O, García-Eroles L, Massons J, Comes E,
Targa C. Stroke-related headache: a clinical study in lacunar
infarction. Headache 2005;45(10):1345–1352

13 Mitsias PD, Ramadan NM, Levine SR, Schultz L, Welch KM. Factors
determining headache at onset of acute ischemic stroke. Cepha-
lalgia 2006;26(02):150–157

14 Ferro JM, Melo TP, Oliveira V, et al. A multivariate study of
headache associated with ischemic stroke. Headache 1995;35
(06):315–319

15 Tentschert S, Wimmer R, Greisenegger S, Lang W, Lalouschek W.
Headache at stroke onset in 2196 patientswith ischemic stroke or
transient ischemic attack. Stroke 2005;36(02):e1–e3

16 Chen PK, Chiu PY, Tsai IJ, et al; Taiwan Stroke Registry Inves-
tigators. Onset headache predicts good outcome in patients with
first-ever ischemic stroke. Stroke 2013;44(07):1852–1858

17 Rathore SS, Hinn AR, Cooper LS, Tyroler HA, Rosamond WD.
Characterization of incident stroke signs and symptoms: findings
from the atherosclerosis risk in communities study. Stroke 2002;
33(11):2718–2721

18 Kumral E, Bogousslavsky J, VanMelle G, Regli F, Pierre P. Headache
at stroke onset: the Lausanne Stroke Registry. J Neurol Neurosurg
Psychiatry 1995;58(04):490–492

19 Vestergaard K, Andersen G, Nielsen MI, Jensen TS. Headache in
stroke. Stroke 1993;24(11):1621–1624

20 Seifert CL, Schönbach EM, Magon S, et al. Headache in acute
ischaemic stroke: a lesion mapping study. Brain 2016;139(Pt
1):217–226

21 Verdelho A, Ferro JM,MeloT, Canhão P, Falcão F. Headache in acute
stroke. A prospective study in the first 8 days. Cephalalgia 2008;
28(04):346–354

22 Seifert CL, Schönbach EM, Zimmer C, et al. Association of clinical
headache features with stroke location: AnMRI voxel-based symp-
tom lesion mapping study. Cephalalgia 2018;38(02):283–291

23 Caplan LR. Caplan’s Stroke: A Clinical Approach. 4th ed. ed. United
States: Philadelphia: Elsevier/Saunders; c2009.; 2009.

24 Adams HP Jr, Bendixen BH, Kappelle LJ, et al. Classification of
subtype of acute ischemic stroke. Definitions for use in a multi-
center clinical trial. TOAST. Trial of Org 10172 in Acute Stroke
Treatment. Stroke 1993;24(01):35–41

25 Rocha-Filho PAS. Post-craniotomy headache: a clinical view with
a focus on the persistent form. Headache 2015;55(05):733–738

26 Arboix A, Grau-Olivares M, García-Eroles L, Massons J, Comes E,
Targa C. Clinical implications of headache in lacunar stroke:
relevance of site of infarct. Headache 2006;46(07):1172–1180

27 Dohmen C, Sakowitz OW, FabriciusM, et al; Co-Operative Studyof
Brain Injury Depolarisations (COSBID). Spreading depolarizations
occur in human ischemic stroke with high incidence. Ann Neurol
2008;63(06):720–728

28 Sampaio Rocha-Filho PA. Headache associated with COVID-19:
Epidemiology, characteristics, pathophysiology, and manage-
ment. Headache 2022;62(06):650–656

29 Eikermann-Haerter K, Lee JH, Yuzawa I, et al. Migraine mutations
increase stroke vulnerability by facilitating ischemic depolariza-
tions. Circulation 2012;125(02):335–345

30 Ayata C. Cortical spreading depression triggers migraine attack:
pro. Headache 2010;50(04):725–730

31 Kaniecki RG. Tension-typeheadache. Continuum (MinneapMinn)
2012;18(04):823–834

Arquivos de Neuro-Psiquiatria Vol. 81 No. 3/2023 © 2023. Academia Brasileira de Neurologia. All rights reserved.

Headache as a manifestation of ischemic stroke Oliveira et al.232


