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Abstract
Background: Sturge–Weber syndrome (SWS) is a neurocutaneous disorder for which the neurological aspects, particu-

larly headaches, remain poorly understood, despite significantly affecting morbidity. The present study aimed to elucidate

the prevalence, characteristics and treatment strategies, as well as explore the pathogenesis of headaches, in SWS.

Methods: Using Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines, we system-

atically reviewed observational studies, case reports and series from eight databases (Cochrane Library, EBSCO, Embase,

Medline, PubMed, Science Direct, Scopus and Web of Science), published from 1978 to 2023, to investigate the preva-

lence, characteristics, medication response and pathogenic theories of headaches in SWS.

Results: The review analyzed 48 studies, uncovering headache prevalence between 37% and 71%. Migraine-like headache

affected up to 52% of individuals. Prophylactic and acute treatments included non-steroidal anti-inflammatory drugs, trip-

tans and antiepileptic drugs, despite the lack of established guidelines. Life-threatening headaches in SWS are uncommon,

typically accompanied by other neurological symptoms. The pathogenesis of headaches in SWS is considered to involve

venous congestion and neuronal hyperexcitability linked to leptomeningeal angiomas.

Conclusions: Headaches occur more frequently in individuals with SWS than in the general population. Despite symp-

toms meeting migraine criteria, these headaches should be considered secondary to vascular conditions. Implementing

acute and prophylactic treatment is advised to reduce the impact on patients’ lives.
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Introduction
Sturge–Weber syndrome (SWS) is a sporadically occurring
neurocutaneous disorder characterized by a port-wine stain
(PWS) on the face, ocular anomalies and leptomeningeal
angiomas (1,2). SWS occurs in approximately 1 in 20,000
to 50,000 live births (2,3). The syndrome results from a
somatic activating mutation in GNAQ gene (4). The late
origin of this somatic GNAQ mutation in vascular endothe-
lial cells often leads to partial or incomplete manifestations
of SWS. Consequently, SWS is categorized into three
types: type I, featuring facial, choroidal and leptomeningeal
angiomas with possible glaucoma; type II, characterized by
facial angiomas without apparent endocranial involvement;
and type III, presenting exclusive leptomeningeal angiomas
(5). Individuals with SWS can exhibit varying degrees of
neurological impairment, such as headache, epilepsy, hemi-
paresis, transient stroke-like neurologic deficits, stroke,
visual field abnormalities, intellectual disability, behavioral
challenges and psychiatric involvement. Significantly, the
International Classification of Headache Disorders, 3rd
edition (ICHD-3) (6) includes the diagnosis “Headache
attributed to encephalotrigeminal or leptomeningeal angio-
matosis (Sturge–Weber syndrome)” (ICHD-3 code: 6.3.5)
among the secondary forms, indicating that encephalotri-
geminal or leptomeningeal angiomatosis may contribute
particularly to attacks with prolonged and/or motor auras
(potentially linked to chronic oligemia). The diagnostic cri-
teria specify that the headache may exhibit non-migraine or
migraine characteristics. In the latter case, it could be either
bilateral or localized to the site of the angioma, accompan-
ied by aura contralateral to the angioma site. Despite this
secondary form classified by the ICHD-3, characteristics
and associations of headache with SWS are largely
unknown.

In this systematic review, we sought to estimate the
prevalence of headaches among individuals with SWS
and assess the impact of this comorbidity on their quality
of life. We examined the characteristics of primary and sec-
ondary headaches, including those with potential life-
threatening outcomes, and evaluated both acute and
prophylactic headache treatments. Additionally, we briefly
explored the features of hemiplegic migraine, often
closely related to the headache. Finally, we discuss the
pathogenesis of headaches in this syndrome, aiming to elu-
cidate the interrelationship between it and the examined
features.

Methods
In our investigation, we systematically explored the indivi-
duals diagnosed with SWS and experiencing headaches, as
described in the literature. Our primary focus was on scru-
tinizing observational studies (both prospective and retro-
spective cohort studies), case reports and case series

cataloged in major medical databases, including the
Cochrane Library, EBSCO, Embase, Medline, PubMed,
Science Direct, Scopus and Web of Science, covering the
period from January 1978 to December 2023. Our search
strategy encompassed specific terms: (1) “Sturge Weber”
and “headache” and (2) “Sturge Weber” and “migraine.”
Additionally, we meticulously reviewed the references
cited in the identified articles to unearth any supplementary
publications meeting our research criteria. For this system-
atic review, the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (7)
were followed. To ensure methodological consistency in
data extraction and analysis across the reviewed studies,
we employed a standardized form to capture the following
details: the primary author’s name, publication year, study
design, number of individuals studied, prevalence of head-
ache, impact on quality of life, demographic characteristics,
features of the headache (including triggering factors, posi-
tive family history for headache/migraine, comorbidities
with other conditions often associated with the syndrome
such as glaucoma or epilepsy), type of SWS, diagnostic pro-
cedures, acute and prophylactic treatments, clinical outcomes,
secondary causes of headache in the studied population, char-
acteristics of hemiplegic migraine in the selected individuals,
and pathogenic hypotheses. Exclusion criteria comprised
other types of articles, such as reviews, commentaries and
letters to the editor. The extracted data were then reported
unchanged but grouped cohesively by the analyzed item,
specifying any emerging differences. Non-English language
articles were also excluded from consideration. Ethical
approval was deemed unnecessary for the preparation of
this article.

Results

The results of the literature search and screening
In total, 498 studies were initially identified through the
electronic database search. After eliminating 278 duplicate
studies, 220 studies remained for screening. During the
screening process, 13 articles were inaccessible and 74 arti-
cles unrelated to SWS were excluded. Among these, six
articles that did not meet the criteria of being case reports,
case series or observational studies were also excluded.
Furthermore, 62 articles did not describe individuals with
headaches, and 17 articles lacked full-text availability.
Finally, 48 articles met all the inclusion criteria and were
included in the systematic review. Among these, 37 were
case reports or case series (8–44), seven were retrospective
observational studies based on medical records (45–51) and
four studies were conducted using observational question-
naires (52–55). The flow diagram of the study selection
process according to the PRISMA guidelines is shown in
Figure 1. Epidemiology and characteristics of SWS and
headache from the selected studies, including the type of
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SWS, age of headache onset, headache features, secondary
causes suggested by the study, efficacy of acute and
prophylactic treatments, and the possible presence of hemi-
plegic migraine associated with the headache, are reported
in Table 1.

Headache prevalence and impact on quality of life
Prevalence estimates of headaches in SWS ranged from
37–57% in two exclusively pediatric populations observed

retrospectively (46,49). The percentage remains consistent
across studies involving both pediatric and adult popula-
tions, with values ranging from 39.4% (56) to 44% (53),
and up to 71% in a population-based study that utilized spe-
cifically structured questionnaires (55).

From an extensive observational study involving 556
patients, it was revealed that 16% experienced a delayed
diagnosis of SWS, with 68% of these cases exhibiting
clear pre-existing comorbidities, particularly headaches
(52). Nevertheless, individuals with PWS or recurrent

Figure 1. Flow diagram of study selection process. SWS = Sturge–Weber syndrome
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headaches are often not diagnosed with SWS until a more
serious clinical event occurs, such as the onset of glaucoma,
an episode of hemiplegic migraine or a seizure (9,18,52).
Headaches significantly impact individuals with SWS
(46,54). In total, 49% of individuals perceived their head-
aches as a more significant issue compared to 42% who
deemed seizures more significant, even in instances of
poorly controlled seizures. This trend persisted, with 50%
of individuals reporting more severe headaches experien-
cing uncontrolled seizures (54).

Headache features
Headaches meeting the International Headache Society
(IHS) criteria for migraine (unilateral pulsating pain,
accompanied by nausea and/or vomiting, photophobia
and phonophobia, aggravated by physical activity) were
reported in 28% and 52% of individuals in two different
questionnaire-based observational studies (53,54) and
numerous case reports (8,14,19,23,24,38,47). The percent-
age of tension-type headache (TTH) reported was lower, at
4% in the chronic form and 1% in the episodic form (53).
Consistent with these data, individual case reports with
TTH are also scarce (25,47). From a retrospective study
based on physician-recorded data on individuals with
SWS, headaches had a mean age of onset at seven years
(range 5 months to 15.5 years) (46) and eight years
(range 0.5–45 years) (54). Precipitating triggers were iden-
tified in up to 67% of individuals and mostly included sleep
deprivation and fatigue, followed by a change in routine,
stress, minor head trauma and frequent illnesses or airway
obstruction (42,44,45,48,54). The headache frequency
varies from once or a few episodes per month to daily head-
aches (46,48,54). The median headache frequency was stat-
istically significantly higher in subjects who reported
stroke-like symptoms (54). The reported duration of head-
aches varied from 3–5 minutes to 8–10 days (46,48,54).

Individuals with SWS with a positive family history for
headaches have an increased risk of experiencing headaches
(56), and a positive family history of migraine was found in
25% (53) and 67% of probands (54). Furthermore, a family
history of headaches was statistically significantly corre-
lated with an earlier age at headache onset, at 7.5 versus
11 years (54). Comparing patients with and without PWS,
no significant differences emerged in the occurrence of
recurrent headaches and transient visual field deficits asso-
ciated with headaches (49). No significant association was
identified between headaches and a history of seizures,
the administration of anti-epilepsy drugs, a history of tran-
sient hemiparesis, leptomeningeal angiomas lobar involve-
ment, or whether the disease was unilateral or bilateral (46).
No statistical correlation was found between headache char-
acteristics (severity, frequency and duration) and radio-
logical findings (number of lobes affected by pial
angioma, bilateral involvement, presence of venous

anomalies, presence of calcification) (48). No evidence of
associations between headache and glaucoma, unilateral
versus bilateral brain involvement, birthmarks or age of
seizure onset was identified (56). Another study indicated
a link between headache and glaucoma in SWS patients
(46), finding an 8% prevalence of glaucoma among those
with headaches (53). Headaches were found to be asso-
ciated with the administration of aspirin (ASA), whereas
children with monoplegia and hemiplegia were less likely
to experience headaches (46).

Acute and prophylactic treatment of headache
Based on numerous case reports, the common approaches
in many countries involve improving sleep hygiene, hydra-
tion, ibuprofen, paracetamol and antiemetics (8–44). In a
population surveyed with a standardized questionnaire,
abortive medications were found to be helpful in 74% of
cases. The most used medications included non-steroidal
anti-inflammatory drugs, with ibuprofen and acetamino-
phen tried by 65% and 63% of patients, respectively.
Sumatriptan was tried by 22% of cases, and ibuprofen
showed statistically significant efficacy over acetamino-
phen. Notably, 54% of individuals found ibuprofen
helpful compared to 24% for acetaminophen, with suma-
triptan effective in 58% of users, reporting no adverse
effects (54). In another study, triptans were used by 22%
of individuals with migraines associated with SWS, with
sumatriptan being the most frequently prescribed (55).
Triptan users reported side effects such as nausea/vomiting,
fatigue, worsening of headaches, pain or tightness, flushing
and unusual sensations in a small number of cases, with two
patients describing major side effects of worsening stroke-
like events and weakness (55). Naratriptan improved
acute headache control in an adult patient with SWS, redu-
cing severity and duration when acetaminophen or loxopro-
fen sodium hydrate were ineffective (24). Prophylactic
therapies such as gabapentin, sodium valproate and amitrip-
tyline were utilized by 27% of individuals, according to a
questionnaire study, with a reported benefit in 67% of
cases. No single agent was identified as clearly superior
(54). A subsequent study noted that 35% of patients diag-
nosed with both SWS and migraine reported the use of
daily prophylactic medications, including topiramate, val-
proate, propranolol, lamotrigine, gabapentin and amitriptyl-
ine. Among these patients, 80% reported improved quality
of life, with 29% considering the prophylactic drugs to be
good or very good. In total, 63% of individuals using trip-
tans had also used daily prophylaxis (55). The efficacy of
flunarizine in a cohort of children with SWS showed a
reduction in the severity, frequency and duration of head-
aches. However, treatment discontinuation occurred in
two cases as a result of intolerable sedation and a non-
anaphylactic allergic reaction. Reported side effects were
sedation and weight gain, with no reports of behavioral or
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extrapyramidal effects (48). Studies have indicated a poten-
tial association between topiramate use and an increased
risk of glaucoma, which is prevalent among SWS patients.
However, the mechanisms of glaucoma in SWS differ from
those associated with topiramate use (57–59). A 2016 study
examining glaucoma in SWS patients found that topiramate
was effective and not associated with signs or symptoms
concerning glaucoma (60).

Secondary causes of headache and neuroimaging in
the emergency department
In a 34-year-old woman with no prior neurological com-
plaints such as headaches or seizures, a thunderclap head-
ache accompanied by right-sided hemiparesis and
homonymous hemianopia was the presenting symptom of
a subarachnoid hemorrhage (12). Another case involved
an 81-year-old woman who suffered an acute loss of
vision in her right eye, coupled with a right-sided headache,
pain and nausea. These symptoms were associated with
pupillary occlusion, leading to angle closure and acute glau-
coma attack (43). A 29-year-old woman diagnosed with
SWS and a history of episodic migraine headaches over
the past five years was hospitalized as a result of a
sudden onset of symptoms, including a throbbing headache
accompanied by abrupt numbness, tingling, vomiting,
photophobia and left-sided hemiparesis. Brain magnetic
resonance imaging (MRI) revealed chronic occlusion of
the superior sagittal sinus, with extensive and tortuous col-
lateral circulation but no signs of recent thrombus formation
or a vascular event (37). In one case, single-photon emis-
sion computed tomography (SPECT) imaging revealed a
reduction in cerebral blood flow in the occipital region in
a patient with persistent visual deficit (hemianopsia)
during an episode of migraine with visual aura (32).
Some studies have postulated that, in individuals with
SWS, headaches can be triggered by frequent illnesses or
airway obstructions (50), bilateral parieto-occipital calcifi-
cations (8) and stimulant medications (such as methylphen-
idate or dextroamphetamine) used in attention deficit
hyperactivity disorder, although not contraindicating the
use of such medications in this syndrome (51). In other con-
ditions, headache itself can be a symptom of an epileptic
crisis, especially when it involves paroxysmal and stereo-
typed episodes of colored lights with abstract shapes,
motion and size variation, potentially delaying the diagno-
sis of focal epilepsy (15,39) or following an epileptic
seizure (35). Postictal headaches occurred in 41% of sei-
zures (53). In rare cases, it is reported that distinguishing
between migraine and seizures can be difficult, especially
when the symptoms manifest with atypical auras or symp-
toms that persist for several hours (38–40). This is exempli-
fied by a case involving a 75-year-old woman who
presented with a headache, along with postictal confusion,
following a road traffic accident, likely occurring after her

first epileptic seizure. She had previously been in good
health and was subsequently diagnosed with SWS type III
(31). A retrospective study of patients with SWS presenting
to the pediatric emergency department with acute neuro-
logical symptoms indicated that neuroimaging did not
reveal acute hemorrhagic or ischemic strokes in these
cases. The rate of neuroimaging was higher when children
presented with headaches compared to those presenting
with stroke-like episodes or seizures (100%, 89.7% and
34.4%, respectively) (45).

Hemiplegic migraine
Hemiplegic migraine is a recurring feature in SWS and is
always accompanied by a headache. Hemiplegic migraine
can be preceded by a headache with migraine-like charac-
teristics (13) and may anticipate or trigger focal to bilateral
tonic-clonic seizures (9) or a generalized tonic–clonic status
epilepticus (17). Hemiplegic migraine can manifest in any
type of SWS and be a presenting symptom in the form
without leptomeningeal angioma, both in pediatric (18)
and adult age (9). In SWS type III, it can be the initial mani-
festation of the syndrome, prompting brain MRI and subse-
quent diagnosis (11). However, an episode of hemiplegic
migraine led to brain MRI and the diagnosis of SWS type
I in a patient with facial PWS in a V1 distribution but
without other manifest symptoms except for migraine
with aura (14). In a 40-year-old woman who had been
experiencing hemiplegic migraine episodes since the age
of 24 years, with no history of seizures or mental retard-
ation, initial investigations for mutations in the
CACNA1A and ATP1A2 genes yielded normal results.
The later-established diagnosis of SWS type I was con-
firmed through neuroimaging, revealing bilateral choroidal
plexus calcifications, developmental venous anomaly with
dilated transmedullary veins, left parieto-occipital lepto-
meningeal angioma and a bilateral port-wine stain extend-
ing from the forehead to the left chest and hand (22).
Similar to headaches, hemiplegic migraine attacks can be
triggered by factors such as head trauma (42,44). Many
drugs have been used in the acute and prophylactic
therapy of hemiplegic migraine, including antiepileptic
drugs such as topiramate, valproate and lamotrigine, as
well as flunarizine and ASA with variable efficacy
(22,41). However, no studies have evaluated the retrospect-
ive or prospective observational response to such therapy in
this condition. In some cases, hemiplegic migraine attacks
associated with SWS can be severely drug-resistant, neces-
sitating the transfer of the patient to the neurological inten-
sive care unit (27).

Pathogenesis of headache
Studies on the pathophysiology of SWS have prominently
highlighted the role of venous congestion, stasis, and
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thrombosis in the progression of brain injury in this
condition (5). The mechanism of migraine headache in
SWSmay be similar to that observed in epilepsy and vascular
malformations. Leptomeningeal angiomatosis is character-
ized by abnormal pial vessels with increased permeability
of the altered vessel walls (61). The heightened permeabil-
ity of leptomeningeal angioma may predispose individuals
to neuronal hyperexcitability, resulting in changes in cor-
tical perfusion and oxygenation, aligning with theories on
the pathophysiology of migraine (62). According to some
studies, migraine-like symptoms may arise from vasomotor
disturbances within and around the angioma (30). Although
both epilepsy and migraine are more prevalent in SWS than
in the general population, postictal headache has often been
described as a feature of this syndrome (53). An individual
with SWS may display not only a temporal relationship
between seizures and headaches, but also continuity in the
occurrence of the two phenomena (1). Therefore, it can
be hypothesized that postictal headache in SWS may be
triggered by epileptic hypersynchronization, facilitating
the onset of cortical spreading depression (CSD) (35).
CSD appears to be the pathogenetic link between migraine
and epilepsy, potentially unlocking the understanding of the
diverse spectrum of individuals with SWS. Furthermore,
several studies indicate that contralateral cortices become
highly hyperexcitable as a result of interhemispheric imbal-
ance between excitatory and inhibitory circuits in the pres-
ence of diffuse cortical dysfunction (i.e. brain hypoxia)
(63–65), which may underlie contralateral headache in the
affected cerebral hemisphere of the syndrome. An alterna-
tive hypothesis proposed to explain migraine attacks with
aura suggests that chronic focal oligemia and resulting
tissue hypoxia might lead to severe and prolonged deficits
without causing cerebral infarctions. It has been hypothe-
sized in a 40-year-old woman with SWS that vasomotor
disturbances within and around the angioma are responsible
for oligemia, which could precipitate cortical spreading
depression, leading to migraine with aura and hemiplegia
(22). In this patient, CSD was indirectly demonstrated by
slow waves on electroencephalogram, and oligemia by
hypometabolism on [18F]-fluorodeoxyglucose positron
emission tomography/computed tomography. In indivi-
duals with migraine, cerebral blood flow, studies demon-
strate a wave of oligemia that spreads forward from the
occipital area; it precedes the aura and may persist into
the headache phase (66). The rate of progression of this
oligemia is comparable to the rate of CSD (67).
Interictally, using perfusion-weighted imaging, cerebral
blood flow (CBF), cerebral blood volume, and mean
transit time were normal and symmetrical. Supporting
this, during visual auras, CBF decreased by 15–53%,
and cerebral blood volume decreased by 6–33% (68).
Lastly, the activation of the trigeminovascular system is
worth considering in detail because of the evident involve-
ment of trigeminal nerves in this disease. The peripheral

trigeminovascular fibers induce migraine features and
vasodilatation in the corresponding cortex. The mechan-
ism of recurrent headaches with prolonged visual symp-
toms, often reported in individuals with SWS, remains
speculative. Possible causes include recurrent small
leaks from leptomeningeal angiomatosis, venous anomal-
ies, occipital lobe seizure, reperfusion hyperemia and the
activation of the trigeminovascular system. Various neuro-
physiologic studies have demonstrated that the visual
cortex in patients with persistent visual aura maintains a
steady state, and the threshold required for the onset of
CSD is lower in epileptic syndromes, including SWS
(69–71). Focal hyperemia associated with vasogenic
leakage was observed in the brain region corresponding
to the prolonged aura and possibly headache compared
to asymptomatic periods (33). Enhanced MRI findings
suggested the presence of augmented gadolinium
leakage during the acute stage of symptoms from occipital
leptomeningeal angiomatosis into the subarachnoid space.
Therefore, it is likely that visual symptoms are attributed
to neuronal dysfunction of the brain regions covered by
occipital leptomeningeal angiomatosis (33). It is specu-
lated that, once the trigeminovascular system is activated
by an unknown trigger, as in migraine, an augmented reac-
tion should develop, particularly around leptomeningeal
angiomatosis, increasing vasogenic leakage of plasma
and neuropeptides into the subarachnoid space (33). In
an individual with a persistent aura associated with a
migraine attack resulting in a permanent visual field
defect at an 18-month follow-up without cerebral infarc-
tion, by adopting a multimodality imaging study (diffuse
tensor imaging (DTI) color maps), it was suggested that
the prolonged visual field defect was a result of blood
flow disturbance and vasogenic leakage under the lepto-
meningeal angioma, combined with atrophy and
damaged integrity of white matter in the right occipital
lobe. In particular, the DTI disclosed severe loss and dis-
organization of the right inferior longitudinal fasciculus
and optic radiation, which are important tracts of the
visual pathway. As reported, the damaged subcortical
white matter integrity might increase the susceptibility to
prolonged visual defects in this case when concurring
with blood flow disturbance and vasogenic leakage (28).
In some cases, vascular alterations can cause permanent
damage, as seen in another individual with SWS type III
with a history of migraine-like headaches with visual
aura, who, at the age of 14 years, experienced an episode
with homonymous hemianopsia that did not resolve after
the cessation of the headaches as in previous episodes.
In this individual, reduced cerebral blood flow was subse-
quently observed in the right occipital area on SPECT
imaging (32). However, the pathophysiological mechan-
ism of prolonged aura remains to be elucidated, and asso-
ciated cerebral blood flow changes should be further
investigated.
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Discussion
Headaches are more frequent and severe in patients with
SWS compared to the general population, often signifi-
cantly impacting their quality of life (46,54,55).
Additionally, headache may serve as the initial symptom
prompting investigations in an individual with an unex-
plored PWS (21), and it could also be the sole symptom
leading to a diagnosis in an individual without other
evident clinical signs and symptoms, as observed in SWS
type III (10,11,36). The characteristics linked to these head-
aches are primarily derived from case reports and case
series (8–44), with a paucity of observational studies (45–
55), just as there are few prospective studies aimed at iden-
tifying characteristics and effectiveness of prophylactic
therapies in headache in individuals not affected by syn-
dromes (72). Nevertheless, literature suggests that head-
aches associated with SWS frequently meet the criteria
for migraines (54), as well as for headache in other patholo-
gies with cerebrovascular involvement such as Moyamoya
disease (73,74). Headaches, mostly affecting older children
and adults (46,49,53,55,56), often begin in childhood with
episodes that range in frequency and severity from mild to
debilitating. No significant association was identified
between headaches/headache characteristics and history of
seizures, the use of anti-epilepsy medications, a history of
transient hemiparesis or radiological findings (46,48,49).
Headaches were found to be associated with glaucoma
and the use of ASA, although the same study hypothesized
that the link between headaches and ASA use did not
appear causative but was rather related to a more severe
phenotypic presentation, leading to ASA administration
(46). There are very few reports of headaches secondary
to life-threatening causes in SWS. Moreover, none of
the secondary headaches as a result of life-threatening
causes presented as the exclusive symptom, always
being accompanied by other neurological signs such as
persistent visual disturbances, hemiparesis, or seizures
(8,12,15,31,32,35,38–40,43,51,53), consistent with that
already reported in the literature for other secondary
causes of headache, such as cerebrovascular diseases and
brain tumors (75,76). Despite this, emergency department
visits for headaches have a higher rate of neuroimaging exe-
cution compared to visits for stroke-like episodes and sei-
zures (45), serving as evidence of how headaches in SWS
are consistently considered a warning sign for potentially
life-threatening secondary causes. Regarding pathogenesis,
the leptomeningeal angioma may predispose individuals to
neuronal hyperexcitability, potentially accounting for the
headache, migraine-like headaches, as well as a temporal
relationship between headaches and seizure activity.
Visual symptoms in SWS could be attributed to neuronal
dysfunction in brain regions covered by occipital leptomen-
ingeal angiomatosis (54). Given the increased prevalence of
headaches and migraine-like headaches in individuals with

SWS, we consider that, although the clinical features fulfill
the IHS criteria for the symptomatology of migraine, it
would be appropriate to classify these headaches as second-
ary headaches associated with vascular disorders until the
pathophysiological mechanism of headache and migraine,
without or with aura, in SWS is elucidated. However, it is
important to note that the high percentage of subjects
with a family history of headaches suggests that genetic
propensity may play a role in the symptoms of these
patients (54). Additionally, the five-fold increase in head-
ache frequency in patients with stroke-like episodes sug-
gests that progression of central nervous system morbidity
associated with SWS might lead to headache disability
(54). Alternatively, frequent headaches could increase the
risk of stroke-like episodes, suggesting that prophylactic
headache therapy should be considered earlier for this
group of patients. Children with SWS often resort to
acute therapy rather than preventative therapy for head-
aches (54). Although there are no guidelines for acute or
preventative management, improving sleep, hydration,
and the use of ibuprofen, paracetamol and antiemetics are
commonly reported in most cases (77), as in headaches in
individuals not affected by syndromes (78). Indeed, indivi-
duals with SWS are at increased risk of stroke because of
pre-existing perfusion and metabolic defects that subject
them to prolonged phases of oligemia, a characteristic of
migraine-induced stroke (79,80). Vomiting, fever and
dehydration can create a hyperviscous state, increasing
the risk of headache and thrombosis. As for acute
therapy, triptans are safe and often effective in SWS (55).
Although no issues with triptans were reported in this
survey, theoretical concerns about using a vasoconstrictive
agent (which may unlikely affect the leptomeningeal blood
vessels of SWS) exist. In SWS, therapeutic treatment often
focuses on preventing epileptic seizures, and it has been
reported that this has a positive impact on headaches (8).
Nonetheless, antiepileptic drugs such as valproate, lamotri-
gine, topiramate or gabapentin, along with flunarizine and
amitriptyline, are frequently used for headache prophylaxis
even in the absence of epilepsy (20,24,54,55). Daily pre-
ventative medications were also efficacious in reducing
the impact of the headache on quality of life (55). ASA
has been shown to be useful in preventing headaches in
sporadic cases (54), but a controlled study of ASA for the
prevention of stroke-like events, and possibly headaches
and seizures, is needed to assess its safety, indications
and efficacy. One of the hallmarks of SWS in the central
nervous system is abnormalities in the medullary and sub-
ependymal veins, as well as deep venous structures asso-
ciated with impaired venous outflow (5). Venous
congestion, stasis and thrombosis predispose SWS patients
to ischemia-related progressive brain injury. Thus,
low-dose ASA (3–5 mg/kg/day) has been considered for
managing seizures and stroke-like episodes (81,82). At
present, there are no placebo-controlled randomized trials
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to determine the real efficacy of ASA as prophylactic treat-
ment in seizures, strokes or headaches, although retrospect-
ive studies and reports of small series show a reduced
incidence of stroke-like episodes and seizures in patients
treated with ASA (82).

To enhance the comprehensiveness and clinical applic-
ability of this systematic review, we have shared recom-
mendations for the comprehensive evaluation and
management of headaches in SWS in Figure 2. This
includes evidence-based practical guidelines for the initial
evaluation of individuals with SWS presenting with head-
aches, diagnostic criteria for “Headache attributed to ence-
phalotrigeminal or leptomeningeal angiomatosis (Sturge–
Weber syndrome)” according to ICHD-3, acute and
prophylactic management strategies, and an alert on the
signs and symptoms of life-threatening headaches in
SWS. Specific conditions to reduce the diagnostic delay
of SWS in individuals with headaches are also highlighted.

The systematic review presents several limitations. The
study designs selected showed substantial heterogeneity,
which may impact the consistency of findings; the diagnos-
tic criteria for headache varied considerably across the
studies, leading to potential inconsistencies in patient clas-
sification and outcomes; the diagnostic and therapeutic
management approaches also differed widely, reflecting
diverse clinical practices and potentially influencing the

results; and many of the larger studies included were retro-
spective in nature, introducing potential biases related to
data collection and patient recall. These limitations under-
score the need for standardized methodologies and criteria
in future research to improve the reliability and comparabil-
ity of findings, particularly in exploring the pathophysi-
ology and therapeutic implications of headache in SWS.
To this end, it would be necessary to conduct observational
and prospective studies to define the salient characteristics
of headache in SWS, assess the pathophysiology in large
case series, and compare acute and prophylactic treatments
against placebo in specifically designed clinical trials.

Conclusions
Headaches are more frequent in individuals with SWS com-
pared to the general population and often represent the inves-
tigated symptom that leads to diagnosis. Based on these
findings, we recommend that patients with a PWS on the
face should undergo further investigation to exclude intracra-
nial vascular malformations, especially if headaches and
migraine-like headaches are present. Although the clinical
signs align with the IHS criteria for migraine presentations,
it is advisable to classify these headaches as secondary, ori-
ginating from vascular issues, until their underlying mechan-
isms are fully understood. This recommendation is in line

Figure 2. Recommendations for the comprehensive evaluation and management of headaches in individuals with Sturge–Weber

syndrome.

14 Cephalalgia 44(7)



with the classification of secondary headache “Headache
attributed to encephalotrigeminal or leptomeningeal angio-
matosis (Sturge–Weber syndrome)” as outlined by the
ICHD-3 (6). Headaches secondary to life-threatening
causes in SWS are very rare and especially not reported

unless associated with other neurological signs and symp-
toms. In addition to improving sleep hygiene, hydration,
and using ibuprofen, paracetamol and antiemetics for acute
attacks, access to prophylactic therapies should be expanded
to reduce the impact of headache on quality of life.

Key Findings
• Up to 71% of people with SWS experience headaches that significantly affect daily life.
• Over 50% of headaches exhibit migraine features, starting in childhood; no significant links to seizures, radiological
findings or glaucoma were found.

• No established guidelines for managing headaches exist; common treatments include sleep improvement, hydration
and acute treatments; prophylactic therapies are used, showing varied efficacy.
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