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Epileptic seizures as an initial symptom for Sturge-Weber
syndrome type III: A report of two cases
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Abstract. Sturge-Weber syndrome (SWS) type III, a rare
neurocutaneous disorder, presents diagnostic challenges
due to its variable clinical manifestations. The present study
focuses on enhancing the understanding of this syndrome
by conducting a detailed analysis of two pediatric cases and
providing a comprehensive review of the existing literature.
The cases, managed at the Children's Hospital Affiliated to
Shandong University (Jinan, China), highlight the diverse
clinical presentations and successful management strategies
for SWS type III. In the first case, a 4-year-old male patient
exhibited paroxysmal hemiplegia, epileptic seizures and
cerebral angiographic findings indicative of left pia mater and
venous malformation. The second case involved a 2.5-year-old
male patient presenting with recurrent seizures and angio-
graphic findings on the right side. Both cases underscore the
importance of considering epileptic seizures, acquired and
transient hemiplegia and cognitive impairments in the diag-
nosis of SWS type III. The present study provides insights
into the effective use of both pharmacological and surgical
interventions, drawing from the positive outcomes observed
in these cases. The findings emphasize the need for height-
ened awareness and a meticulous approach in diagnosing and
treating SWS type III, contributing to the better management
and prognosis of this condition.
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Introduction

Sturge-Weber syndrome (SWS), also recognized as cerebral
trigeminal neuroangiomatosis, presents as a noteworthy
subject within the realm of rare neurocutaneous disorders,
exhibiting a prevalence of ~1 in 50,000 individuals (1). In
the initial stages of this condition, the superficial part of the
primary vascular system supplies blood to the facial skin,
scalp, middle meninges and other regions, whereas its deeper
counterpart caters to the needs of the brain. During this phase,
reduced blood flow may lead to hypoxia, triggering vascular
wall degeneration, calcification and the formation of charac-
teristic high-density shadows detectable in neuroimaging (1).
This process can culminate in the development of distinctive
hemangiomas. Despite being congenital, this unique cerebro-
vascular anomaly is not familial, but arises sporadically due
to mutations in the G protein subunit o q (GNAQ) gene (2,3).
The clinical manifestations of SWS vary widely, ranging
from vascular birthmarks to seizures and ocular complica-
tions, prompting researchers to delineate the syndrome into
three specific types (4,5). Of particular consideration is SWS
type III, notable for the conspicuous absence of facial heman-
giomas, rendering it exceedingly rare and diagnostically
challenging (6). Predominant symptoms include contralateral
hemiplegia, hemiatrophy, headaches, seizures and cognitive
impairment (7). Given the dearth of literature on SWS type III,
along with its unique diagnostic and therapeutic challenges,
the present study seeks to bridge several vital knowledge
gaps. The rarity of SWS type III, coupled with the absence of
facial hemangiomas typically observed in other SWS variants,
underscores the necessity for more focused research. Current
diagnostic guidelines for SWS, as outlined by Sabeti ef al (5),
often remain broad and non-specific, failing to adequately
capture the distinct features of this subtype, potentially
leading to delayed or missed diagnoses. Furthermore, current
treatment approaches, largely extrapolated from methods
used in more common forms of SWS, lack rigorous valida-
tion for their effectiveness in type III cases requiring surgical
interventions (7-9).

With these challenges in mind, the present study aims to
shed light on the intricacies of SWS type III by presenting two
pediatric cases treated at the Children's Hospital Affiliated to
Shandong University (Jinan, China), thereby laying a crucial
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groundwork for future multidisciplinary research and the
evolution of patient care protocols.

Case report

Case 1. A 4-year-old boy was treated at the Children's Hospital
Affiliated to Shandong University in February 2020 for recur-
rent right-sided hemiplegia and epileptic seizures, with these
symptoms first occurring ~1 year prior to the hospital visit.
Initially presenting with impaired mobility in the right limb,
which took 2-3 h to recover, the patient suffered progressively
worsening episodes, lasting 4-5 h daily. The exacerbation led
to continuous hemiplegic states interspersed with seizures
characterized by twitching of the right mouth corner, eye and
fingers, along with drooling, which lasted minutes to hours.

The patient's comprehensive medical history revealed no
significant personal, familial or prior health issues. A physical
examination showed consciousness but reduced mental
responsiveness, a diminished right nasolabial fold, a leftward
mouth angle shift and normal eyelid function. Neurological
assessment, utilizing the Medical Research Council (MRC)
scale for muscle strength, revealed left limb muscle strength at
grade V (normal function), with the distal and proximal muscle
strengths of the right limb at grades III and 11, respectively (10).
According to the MRC scale, grade V represents normal
muscle strength, grade III indicates active movement against
gravity but not against resistance and grade II signifies active
movement with gravity eliminated. Enhanced hyper-reflexia
on the right side, compared with normal reflexes, and the pres-
ence of the Babinski sign were noted.

Radiological evaluation using magnetic resonance imaging
(MRI) revealed a marginally reduced left frontal-parietal
lobe compared with the right parietal lobe, abnormal local
myelination and a size disparity in the Al segment of the left
anterior cerebral artery. Notably, a venous malformation in the
left frontal region and numerous small, winding superficial
veins in the left subarachnoid space were observed (Fig. 1).
An electroencephalogram (EEG) indicated slow background
activity with left-right asymmetry and slow-wave discharges,
sometimes classified as periodic lateralized epileptiform
discharges, from the anterior and temporal head regions,
pinpointing a focal epileptic episode on the right side (Fig. 2).

The patient's treatment included immunoglobulin (7.5 g
daily, intravenously), dexamethasone (4 mg daily, intrave-
nously), mannitol (60 mg every 12 h, intravenous push) and
topiramate (initially 12.5 mg daily, adjusted to 25 mg twice
daily), transitioning to oral topiramate post-discharge (25 mg
twice daily, continued until the last follow-up visit). This
regimen effectively controlled the seizures and normalized
muscle strength, allowing for a stable discharge. Following
discharge, the patient underwent a systematic follow-up
regimen at 1,3 and 6 months, and then once a year subsequently.
Over a 2-year period, this rigorous monitoring confirmed the
absence of any recurrence of hemiplegia or epileptic episodes.
These findings indicate a stable condition and a favorable
prognosis for the patient.

Case 2. In July 2021, a 2.5-year-old male patient was admitted
to the Children's Hospital Affiliated to Shandong University
with recurrent seizures characterized by leftward eye deviation,

the mouth skewing to the left and involuntary shaking of the
left side of the body. These brief episodes, lasting 3-5 sec,
recurred daily for 3-4 days. The seizures varied in presenta-
tion, with some leading to unconsciousness, eye rolling, limb
stiffness and temporary left limb dysfunction post-seizure.
Initial improvement was noted with levetiracetam treatment
(200 mg every 12 h, orally), but seizure recurrence ensued
upon medication discontinuation, presenting as rhythmic
convulsions affecting the left upper limb.

Upon presentation at the hospital, the patient was prelimi-
narily diagnosed with epilepsy. Despite oxcarbazepine (210 mg
every 12 h, orally) and perampanel treatment (3 mg nightly,
orally), the seizure patterns changed, involving abrupt shakes,
falls and limb tremors. No significant personal, familial or
prior health issues were reported. A physical assessment
revealed a conscious yet minimally responsive patient with
bilateral muscle strength grade V. An EEG showed general-
ized or right focal myoclonic-atonic seizures (Fig. 3). MRI,
MR angiography and MR venography indicated a smaller
right parietal gyrus portion and localized cortical dysplasia,
with multiple enhanced vascular shadows in the right parietal
space suggesting vascular malformation (Fig. 4). A preop-
erative evaluation, including positron emission tomography
(PET)/CT and skull MR fusion, localized an epileptogenic
focus in the right central parietal area, indicative of focal
cortical dysplasia (FCD). A craniotomy performed to resect
the epileptic focus revealed a vascular mass flexion in the
right parietal region. The clinical and surgical findings led to
a diagnosis of SWS type III (Fig. 4). Post-surgery, the patient
was enrolled in a detailed follow-up program, including visits
at ~1, 3, 6 and 12 months, to closely monitor recovery and
seizure activity. Over the l-year follow-up period, the patient
experienced a stable recovery and remained seizure-free. This
follow-up regimen facilitated the early detection and manage-
ment of any potential complications, contributing to the
patient's positive prognosis. The continued absence of seizures
post-surgery underscores the effectiveness of the surgical
treatment and supports a favorable outlook for the patient's
continued neurological health.

Discussion

SWS has consistently captured the attention of neurologists
and clinicians due to its rarity and diverse clinical presenta-
tions (8,9,11-13). The syndrome is categorized into three types:
Type I, encompassing skin and neurological symptoms with or
without glaucoma; type 11, characterized by skin involvement
without neurological symptoms but potential for glaucoma;
and type III, marked by isolated neurological involvement,
typically without skin abnormalities or glaucoma (14).
Type III presents unique diagnostic challenges, primarily due
to the absence of facial hemangiomas, complicating early and
specific identification (15). This necessitates a deeper explora-
tion of alternative diagnostic indicators and advanced imaging
techniques. The literature suggests that a diagnosis of SWS is
considered when hallmark symptoms, such as unilateral facial
erythema (port-wine stain) associated with the distribution of
the first trigeminal nerve, progressive seizures and cerebral
cortex atrophy, become clinically evident (16). The challenge
in detecting SWS type III lies not only in its rarity and the
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Figure 1. Brain MRI showcasing the discrepancy in size between the left and right frontal-parietal lobe. (a) Discrepancy in size between the left frontal-parietal
lobe and its right counterpart on skull MRI. (b) Visualization of left pia mater and venous malformations. (¢) Evidence of localized structural asymmetries and

abnormalities. The red arrow indicates the lesion.

subtlety of its clinical presentations but also in the potential for
misdiagnosis or delayed intervention, which can profoundly
impact patient outcomes. Consequently, dedicated research
into SWS type III is imperative to unravel the complexities of
its pathophysiology, improve diagnostic accuracy and explore
targeted therapeutic strategies. Enhanced understanding and
innovation in this area are crucial for advancing patient care
and outcomes in this underrecognized and understudied
subtype of Sturge-Weber Syndrome.

The diagnosis of SWS type III is generally confirmed
through radiological examinations (17,18). Emerging imaging
techniques, such as high-resolution MRI and PET scans, are
increasingly crucial in the early detection of SWS type III.
These modalities can reveal subtle cerebral changes and
vascular abnormalities that are not apparent on standard
imaging, facilitating earlier diagnostic intervention (19). Key
neuroradiological markers of SWS include calcification of the
retrocerebral gyrus, localized cerebral atrophy and enlarge-
ment of the choroidal plexus on the meningioma-affected side.
CT scans tend to reveal more details, whereas brain MRI often
shows pia mater enhancement after gadolinium injection, and
MR angiography detects abnormal venous flow into the deep
venous system. Functional neuroimaging is instrumental in
identifying areas of reduced metabolism and perfusion around
vascular malformations (7,20).

EEG can also assist in diagnosing SWS, as subclinical
seizure activity in SWS may manifest as asymmetries in
rhythm and voltage, which could be more prevalent than
overt epileptiform abnormalities. Numerous research studies
have indicated the effectiveness of quantitative EEG power
analysis in both screening for and monitoring brain involve-
ment in SWS (19,21). Employing EEGs before the appearance
of symptoms to screen for brain involvement in SWS can
facilitate an earlier diagnosis (22). These diagnostic tools
collectively contribute to a comprehensive understanding and
identification of SWS.

Although the GNAQ mutation is the most frequently
occurring mutation, identifying it does not contribute to
determining the involvement of the brain or eyes and neces-
sitates a facial skin biopsy (23,24). As a result, genetic testing

is not routinely conducted for most patients. Nevertheless,
recent advancements in genetic research have begun to shed
light on the molecular underpinnings of SWS (19). Identifying
specific biomarkers linked to SWS, particularly type III, could
revolutionize the diagnostic process. Ongoing research into
these genetic markers may soon enable more targeted and
efficient diagnoses. Among these, mutations similar to GNAQ,
such as GNAL11, offer new insights, albeit primarily associ-
ated with conditions such as uveal melanoma, suggesting a
broader genetic overlap that could inform SWS research (25).
The PIK3CA mutations, known for their role in vascular
overgrowth syndromes, present another intriguing avenue,
highlighting shared pathways that might be relevant to SWS
despite not being directly linked. Moreover, the focus on angio-
genesis, the process of new blood vessel formation, brings to
light potential biomarkers such as vascular endothelial growth
factor (VEGF) and angiopoietins. These molecules, critical in
vascular development, could correlate with SWS severity or
progression (8,26).

The majority of children diagnosed with SWS experience
early brain injury and various neurological disorders, with
seizures being the most common neurological symptom,
affecting ~75% of these patients (9). Studies have suggested
that the cerebral capillary-venous malformations character-
istic of SWS interfere with normal hemodynamic responses
during seizures, perpetuating ischemia and potentially leading
to more seizures (27-29). This cycle is associated with cogni-
tive decline and progressive neurological deterioration.

Currently, no specific targeted therapy is available for
SWS (19). The primary treatment for seizures in patients
with SWS remains the antiepileptic medication. The choice
of antiepileptic drugs (AEDs) is guided by a combination of
factors, such as the age of onset, the extent of brain involve-
ment and the presence of a family history of seizures. These
elements are significant predictors of treatment response and
the need for multiple AEDs. For instance, one study showed
that patients with bilateral brain involvement, early onset of
seizures and a family history of seizures often received a
greater number of anticonvulsants due to their more severe
clinical courses (8). Multicenter research data showed that
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Figure 2. Electroencephalogram results revealing interparoxysmal rhythmic discharge and continuous limb shaking during an episode. (A) Interparoxysmal
rhythmic discharge was observed. (B) Continuous limb shaking was observed during an episode, indicative of epilepsia partialis continua. SENS, sensitivity;

HF, high frequency filter; LF, low frequency filter; CAL, calibration.

among the various AEDs, levetiracetam, oxcarbazepine and
low-dose aspirin were predominant choices. Levetiracetam
was used in 48% of the cases, reflecting its favorable profile
in terms of efficacy and side effects (28). Oxcarbazepine,
chosen for 40% of the patients, was another key medication
due to its effectiveness in controlling complex partial seizures
and generalized tonic-clonic seizures, which are common
complications in SWS (28). Notably, low-dose aspirin has
emerged as a significant adjunctive therapy in SWS (28),
with its role extending beyond seizure control to potentially

reducing stroke-like episodes and improving neurological
outcomes. This dual benefit is particularly relevant in SWS,
where thrombosis and venous stasis are underlying patholo-
gies (7). However, the risk of bleeding and the development
of complications such as subdural hematoma, albeit rare,
necessitate careful monitoring. The decision for surgical
intervention, particularly hemispherectomy, is carefully
considered in cases with medically refractory seizures
and unilateral brain involvement, acknowledging the risks
and potential outcomes, especially in bilaterally affected
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Figure 3. Electroencephalogram results captured during a generalized myoclonic seizure. (A) A generalized myoclonic seizure was detected. (B) A potential
myoclonic-atonic episode was identified. SENS, sensitivity; HF, high frequency filter; LF, low frequency filter; CAL, calibration.

patients (30,31). Furthermore, the recent addition of canna-
bidiol (CBD) as a treatment option represents an important
development in the management of refractory seizures
in SWS (32). The neuroprotective properties of CBD and
its effectiveness in reducing seizure frequency make it a
viable option for treatment-resistant cases. However, its use

requires careful monitoring for potential side effects, such as
behavioral changes and increased seizure activity.

It is imperative to consider a comprehensive approach
that encompasses both medical and multidisciplinary care for
pediatric patients with SWS type III in long-term management.
The role of advanced neuroimaging techniques, including
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Figure 4. Brain magnetic resonance imaging and intraoperative image
detailing abnormalities in the right parietal lobe. (a) Diminished size
of the right parietal gyrus with evidence of local cortical dysplasia.
(b) Enhanced vascular shadows suggesting multiple disorders in the right
parietal space, pointing to vascular malformations. (c) Positron emission
tomography-computed tomography scan revealing a low metabolic signal
in the right posterior central gyrus. (d) Intraoperative visual field capturing
a vascular mass in the right parietal area. (¢) Vascular malformation in the
right parietal region shows a complex network of enlarged and intertwined
vessels that appear redder or sometimes deep blue, reflecting the oxygenation
status within these abnormal vessels. The irregular shape of the vascular
malformation is evident, with intricate paths through brain tissue clearly
discernible. Surrounding the malformation, there may be signs of tissue
atrophy or damage. The red arrow indicates the lesion.

gadolinium-enhanced MRI and transcranial Doppler, plays a
crucial part in both the diagnosis and ongoing monitoring of
the disease (5,33,34). The application of these techniques in
identifying early signs of brain involvement, coupled with their
utility in assessing disease progression, underscores their value
in long-term management. Regular EEG monitoring is also
fundamental in detecting subclinical seizure activity, thythm
and voltage asymmetry, which are indicative of neurological

involvement in SWS (21). Furthermore, the use of quantitative
EEG enhances the ability to predict the risk of brain involve-
ment and guides the timing of diagnostic MRI, particularly
in infants with high-risk facial capillary malformations (22).
The potential of emerging biomarkers, such as urine levels
of MMP-2, MMP-9 and VEGTF, offers promising avenues for
non-invasive monitoring of disease progression and tailoring
of treatment approaches (35). This aligns with the overarching
goal of early intervention and optimized management strate-
gies to mitigate the neurological impact of the syndrome. In
addition to medical treatment, the integration of occupational
and physical therapy is crucial for addressing the physical
and cognitive impairments associated with SWS (36). This
multidisciplinary approach not only aids in improving the
quality of life for these children, but also supports their devel-
opmental needs (7). Thus, the long-term management of SWS
should encompass regular neuropsychological evaluations to
monitor cognitive function and adjust therapies as needed.
Lastly, the importance of a coordinated multidisciplinary
care team, comprising pediatric neurologists, neurosurgeons,
radiologists and therapists, cannot be overstated (7,8,37). This
team-based approach is essential for providing comprehensive
care tailored to the individual needs of each patient, thereby
optimizing the long-term prognosis and overall well-being of
children affected by SWS type II1.

In the cases presented in the current study, the first patient
experienced recurrent seizures and partial hemiplegia.
Although the exact cause was initially unclear, a definitive
diagnosis was established following a digital subtraction
angiography examination. This child showed a decrease
in seizure frequency and maintained standard cognitive
abilities, responding well to antiepileptic drugs. By contrast,
for the second child, who was unresponsive to oral medi-
cations and suffered recurrent seizures, SWS could not be
confirmed through EEG and MRI alone, but was ultimately
confirmed through later surgical intervention, from which
the child benefited. Therefore, both medical and surgical
interventions can be effective in treating SWS. However,
the choice between these approaches should be based on
the severity of epilepsy and any associated neurocognitive
decline. The cases presented here highlight the complexity
and variability of clinical manifestations in SWS type III.
Although both patients experienced recurrent seizures, the
specific characteristics, duration and accompanying clinical
symptoms varied significantly, underscoring the need for a
comprehensive and tailored diagnostic approach. The initial
presentations, treatment responses and outcomes in these
pediatric cases offer crucial insights into the broad spectrum
of SWS. Notably, while seizures were a common symptom,
the pathophysiological mechanisms underlying these seizures
differed, as indicated by the distinct findings on imaging and
EEG evaluations. The discovery of a venous malformation
in the first patient and a vascular mass flexion in the second
patient further emphasize the cerebrovascular anomalies
typically associated with SWS. Furthermore, the successful
management of these cases, resulting in a seizure-free
state post-treatment, highlights the critical importance of
early diagnosis, precise treatment and consistent follow-up
in managing this rare and complex condition. The current
clinical practice faces limitations in the timely and accurate
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diagnosis of SWS type III, often due to the subtlety of its
symptoms and the lack of awareness among clinicians.
Investigating the progression of the disease and its response
to various interventions can offer valuable insights, aiding
in the formulation of more effective management strate-
gies. Future research should aim at developing standardized
diagnostic protocols for SWS, particularly type III.

In conclusion, SWS should be suspected in children
presenting with epileptic seizures, hemiplegia and intel-
lectual disabilities. The diagnosis involves assessing clinical
symptoms, EEG results and imaging. The condition can be
misdiagnosed as FCD due to similar symptoms. Often, a
definitive diagnosis of SWS requires comprehensive preop-
erative tests and may only be confirmed during surgery. More
research is needed due to the rarity of SWS and its complex
pathology.
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