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Introduction

Sturge-Weber syndrome (SWS) is a neurocutaneous
disorder caused by a somatic mosaic mutation in GNAQ.!
SWS brain involvement causes seizures, stroke-like epi-
sodes and/or neurological deficits such as hemiparesis
and intellectual disability. Seventy-five percent of infants
with SWS develop seizures within the first year of life.”

* Communications should be addressed to: Anne M. Comi, Department
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Those with more severe epilepsy experience greater cogni-
tive deficits and intellectual disability.® There is ictal single-
photon emission computed tomography (SPECT) evidence
that, in SWS, the seizures themselves may contribute to the
brain injury due to an abnormal hemodynamic response.*
The combination of impaired cortical blood flow and
increased metabolic demand during a seizure may contribute
to increased cortical damage.” Early onset of seizures, before
one year of age, has been associated with worse neurological
outcome.” Therefore delaying seizure onset may be beneficial
for later clinical outcome.

Two approaches have been proposed to treat infants with
SWS brain involvement; aggressive seizure management
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once seizures begin and presymptomatic treatment before
the onset of seizures.””’ Aggressive seizure management
after onset usually involves an anti-epileptic medication to
control seizures and abortive seizure management. Low dose
aspirin may decrease the frequency and severity of stroke-
like episodes and seizures.® Although it makes sense that
delaying the onset of seizures would be protective, actual
data supporting the use of presymptomatic treatment with
aspirin or antiepileptic drugs are limited.>’

We aimed to further develop the hypothesis that pre-
symptomatic treatment in infants with SWS brain
involvement may delay seizure onset. To do so, we com-
pared infants with SWS treated presymptomatically with
infants treated after the onset of seizures.

Methods

Participants were obtained from a SWS research database con-
sisting of patients with a port-wine birthmark who consented to
research at the Kennedy Krieger Institute SWS Center (n=336). The
demographics of the database were similar to that of the US popula-
tion. All selected subjects were born between 2006 and 2016 and
had brain involvement confirmed by contrast-enhanced magnetic
resonance imaging (MRI), Fig 1. All subjects had SWS neurological
scores assigned prospectively at clinic visits to assess seizure fre-
quency (seizure score), hemiparesis, visual field deficit, and cogni-
tive function (supplementary Table 1).° Presymptomatic individuals
who had not yet developed seizures were given a score of O for the
seizure subscore. Details on participants are noted in

(supplementary Table 2). Age of seizure onset and medication
records were collected retrospectively from the patients’ clinical
records.

During this period presymptomatic treatment was offered at our
center to almost all infants diagnosed presymptomatically. Twenty
participants with brain involvement were offered presymptomatic
treatment and 15 of those 20 accepted. Four of the five who
declined presymptomatic treatment were unilaterally affected; one
participant, with a small unilateral, right-sided parietal-occipital
area of SWS brain involvement, was presymptomatic at age two
years and nine months when she presented. She was not put on any
medication and remained seizure free at time of analysis (four
years). The majority of postsymptomatically treated participants
developed seizures either before diagnosis of brain involvement
(n=15) or before visiting our center (n=22) making presymptom-
atic treatment impossible by that time. Postsymptomatic matches
for the presymptomatically treated subjects were selected by study
staff were blinded to their neurological scores based on the criteria
outlined below.

For the first analysis, infants treated presymptomatically with
low-dose aspirin (3 to 5 mg/kg/day) before seizure onset (n=5)
were compared with postsymptomatically treated infants (Supple-
mentary Table 2). In the second analysis, presymptomatically
treated infants (n=28) received low-dose aspirin and low-dose anti-
epileptic drugs and were compared with postsymptomatically
treated infants (Supplementary Table 2). Subjects were taking either
levetiracetam (n=5), or oxcarbazepine (n=3). One participant in the
oxcarbazepine group began levetiracetam but switched due to
behavioral side effects. The mean dosage of levetiracetam was 17
mg/kg/day (range=7.58 mg/kg/day to 24.35 mg/kg/day) while the
mean dose of oxcarbazepine was 23.14 mg/kg/day (range=21.62
mg/kg/day to 25.59 mg/kg/day). The mean aspirin dose in the
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FIGURE 1.

Process of participant selection using our SWS Center research database. SWS: Sturge-Weber syndrome
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second analysis was 3.69 mg/kg/day (range =2.14 mg/kg/day to 4.87
mg/kg/day). Vitamin B6 was prescribed to two of the five subjects
on levetiracetam.

Each presymptomatic participant was matched with a postsympto-
matic participant based on gender and brain involvement extent (num-
ber and location of lobes with abnormal leptomeningeal enhancement
on MRI). Participants were also matched by age when neurological score
was collected. For the presymptomatic participants, the neurological
score from their most recent visit was used for analysis, and matched
with the neurological score of the postsymptomatic participant taken
closest to that age (Supplementary Table 3). SWS neurological scores
and ages at seizure onset were compared between groups using the Wil-
coxon-signed rank test and paired t tests, respectively. All analyses were
completed using IBM SPSS Statistics 24.

Results

For analysis 1, differences between the neurological
subscores between the presymptomatic participants and
their postsymptomatic counterparts were not significant,
Fig 2. Two of the five presymptomatic analysis 1 partici-
pants had side effects that may have been due to aspirin.
These included small amounts of bruising which resolved
with a decrease in medication dose, and one participant
who developed a rash the doctor suspected was petechial
around age 1.5 months of age, at which time aspirin was
discontinued.

However, in analysis 2 (aspirin and anti-epileptic), seizure
scores were significantly less in presymptomatically treated
subjects (median seizure score=0, 95% confidence interval
[0, 2]) than in postsymptomatically treated infants
(median=2, P = 0.02, 95% confidence interval [1, 2.]), Fig 3.
Although extent of brain involvement was similar between
groups, four presymptomatically treated subjects had yet to
develop seizures at the time of analysis, Supplementary Table
4. Participants who had not yet experienced seizure onset
were older at the time of analysis (Mean=27.5 + SEM 6.7
months) than their postsymptomatic counterparts were at
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their seizure onset (Mean=6.0 + SEM 1.4 months, P =.03).
Additionally, two other presymptomatic participants with sei-
zure onset showed an older age of onset than their post-
symptomatic matches. Side effects seen consisted of
irritability, sleep disruptions, or increased behavior difficulties
while on antiepileptic drugs; these were noted in three par-
ticipants and all were resolved after medication adjustments.
There were no adverse side effects reported in this group
pertaining to aspirin use. Fifty percent of the presymptomatic
participants in analysis 2 showed abnormal electroencepha-
lography (EEG) findings (asymmetries but no ictal activity)
before treatment or onset of seizures, Supplementary Table 4.

Discussion

SWS is a devastating disease with a progressive nature.
Efforts should be made to identify neuroprotective interven-
tions that could positively impact outcome in early stages of
the disease. We hypothesized that low-dose antiepileptic
drugs and aspirin may be effective in delaying seizure onset in
SWS infants. This hypothesis is supported by lower seizure
scores and older age of seizure onset in the presymptomati-
cally treated infants. Most notably, four of the infants treated
presymptomatically with antiepileptic drugs and aspirin had
yet to develop seizures at ages 14 to 39 months.

This study is limited by its small sample size, lack of a pla-
cebo control group, and use of seizure score rather than long-
term neuropsychologic testing as the outcome measure.
Extent of brain involvement in SWS is associated with sever-
ity of seizures and neurological outcome. Bilaterally affected
subjects made up a larger percent of the aspirin and anti-epi-
leptic study subjects than what would normally be seen in a
SWS population, with 50% of subjects showing bilateral brain
involvement compared with the average 15%.'° This may be
due to ascertainment bias. However, the percentage of bilat-
erally affected subjects was equally spread between those
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FIGURE 2.

Medians of the neuroscores of presymptomatic treatment (aspirin only) versus postsymptomatic treatment. Graph of the medians and ranges
of the neurological scores of those presymptomatically treated with aspirin only and postsymptomatically treated. *There were significant dif-

ferences between the two groups (Wilcoxon-signed rank test).
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FIGURE 3.

Medians of the neuroscores of presymptomatic treatment (aspirin and anti-epileptic) versus postsymptomatic treatment. Graph of the
medians and ranges of the neurological scores of those presymptomatically treated with both aspirin and antiepileptic drugs versus those
postsymptomatically treated. *The seizure subscore is significantly lower for those given presymptomatic treatment (Wilcoxon-signed rank

test, P < 0.05).

presymptomatically and postsymptomatically treated, Supple-
mentary Table 3, so we do not believe this would have
biased estimates of association. On the other hand, the one
subject in our database not treated presymptomatically who
has remained seizure free has a smaller area of brain involve-
ment than typical for most SWS patients. Presymptomatic
treatment may be most beneficial for patients with extensive
unilateral or bilateral brain involvement who are at greatest
risk for severe seizures and neurological deficits. Further-
more, leptomeningeal enhancement is not the only variable
of brain involvement that may influence a participant's sever-
ity of brain involvement and therefore this could introduce
other possible selection bias. EEG data were also limited, but
did demonstrate abnormalities before the onset of seizure in
some subjects.

Our preliminary study's small sample size and lack of pla-
cebo control group prevents robust conclusions but does allow
us to hone our hypothesis and use these data as the basis of a
multicentered, prospective, and rigorous clinical research trial,
the planning of which is currently underway. Future studies
should investigate EEGs as a potential biomarker and use addi-
tional MRI findings for better stratification of subjects based on
brain involvement.

Conclusions

Without intervention, 75% of children with SWS brain
involvement will develop seizures in the first year of life,
and those with early seizure onset have a worse neurologi-
cal outcome.? Therefore continued efforts, building upon
these data, are urgently needed to develop presymptomatic
treatments.
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