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Abstract

BACKGROUND—Sturge Weber Syndrome (SWS) is characterized by a facial port-wine 

birthmark, vascular eye abnormalities, and a leptomeningeal angioma. Attention and behavioral 

issues are common in SWS; however, literature evidence for stimulant treatment is minimal. This 

study evaluates stimulant medication safety and efficacy in SWS patients.

METHODS—The research database of the Hunter Nelson Sturge-Weber Center (n = 210 subjects 

with SWS brain involvement) was reviewed for stimulant use. Twelve subjects (mean age 10.5 

years, age range 4 to 21 years) on stimulants were seen between 2003 and 2012. A retrospective 

chart review obtained co-morbid diagnoses, stimulant type and dosage, medication side effects, 

vital signs, and medication efficacy.

RESULTS—All twelve subjects had brain involvement (unilateral - nine; bilateral – three). 

Additional co-morbidities included epilepsy (twelve), hemi-paresis (eight), headaches (eight), and 

vision deficits (seven). Eight subjects reported side effects, primarily appetite suppression (four) 

and headaches (three). There were no statistically significant changes in weight or blood pressure 

six months after medication initiation. Medication efficacy was subjectively reported in eleven 

subjects. Seven patients remained on stimulants at their most recent follow up visit.

CONCLUSIONS—This study preliminarily evaluates stimulant medication use in a small group 

of SWS patients. Stimulants were tolerated and effective in most subjects. Side effects were 

mostly minor and medication did not negatively impact growth or vital signs. Stimulant 

medication may be a safe and effective intervention for SWS children with attention issues/
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attention deficit hyperactivity disorder (ADHD). Further studies with larger sample sizes are 

needed.
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INTRODUCTION

Major clinical features of Sturge Weber Syndrome (SWS) include seizures, stroke like 

episodes, and glaucoma due to vascular malformations involving the skin, brain, and eyes. 

Several patients also have cognitive issues as well as difficulties with attention and behavior. 

Attention deficit hyperactivity disorder (ADHD) was observed in 42% of SWS subjects over 

one forty year chart review1. Chapieski et al reported 22% of SWS patients with ADHD in a 

group of 79 subjects2. While Turin et al reported a 90% rate of attention problems in ten 

children with SWS, none of those subjects met DSM IV TR criteria for ADHD after 

psychiatric evaluation3. A recent survey from our center noted 10% of patients with self-

reported ADHD4. Clinicians’ reluctance to use stimulant medications in SWS patients likely 

involves concerns for worsening seizure activity and possible neurovascular interactions. 

Current research is focused on aspirin as a potential neurological disease treatment option as 

well5.

Patients with SWS commonly have epilepsy and strokes like episodes. Interestingly, ADHD 

is quite common in epilepsy; one population based study reported a 12.8% prevalence in 

pediatric epilepsy patients6. Dunn et al also found a gender ratio of 1:1 in comparison to a 

2:1 male/female ratio in the general ADHD population, as well as a higher overall 

prevalence of inattentive type ADHD7. In addition, one study showed higher rates of ADHD 

in children with a history of stroke than in the general population8. SWS patients are 

typically treated with a combination of medication titration and behavioral therapy to safely 

optimize seizure control, behavioral issues, and school performance. In addition, multiple 

studies have shown that stimulants do not increase seizures in epilepsy9,10.

While stimulant use is common in the typical child with a diagnosis of ADHD, medication 

safety and efficacy in children with neurovascular disease has not been well established. 

This study is the first to review stimulant use in a cohort of patients with SWS. The 

objective of the study is to describe efficacy and side effects of stimulant medications in a 

retrospective cohort of SWS patients.

METHODS

The study population was drawn from a group of patients seen at the Kennedy Krieger 

Institute Hunter Nelson Sturge-Weber Center, a multi-disciplinary clinic dedicated to the 

patient care and research involving SWS. All subjects signed informed consent forms and 

the research was approved by the Johns Hopkins Institutional Review Board. The Sturge-

Weber Center research database contains records of 210 subjects seen during January 2000 

to December 2011. The medical records of subjects with confirmed SWS brain involvement 

were evaluated for study involvement if their medication list included a stimulant 
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medication (methylphenidate or dextroamphetamine). Charts were reviewed systematically 

and the following information was collected for each subject: gender, side of brain 

involvement (left, right, or bilateral), age at time of stimulant treatment initiation, stimulant 

medication efficacy and side effects as reported by neurologist in medical record, 

anthropomorphic measures at medication initiation, six weeks, and six months into 

treatment, additional medications, and previously diagnosed SWS comorbidities. Parents 

were asked about the child's ability to complete homework, teacher reports about their 

ability to focus and pay attention in class, social functioning, and grades in school. 

Medication was only continued if parents reported a positive response in these areas. 

Prospectively assigned Sturge Weber Syndrome – Neurological Rating Scores (SWS – 

NRS) based on disease severity were also collected from each patient over multiple visits as 

well. SWS – NRS are clinical measures of certain SWS disease characteristics, specifically 

seizure frequency, cognitive level, motor disability, and visual field deficits (Figure 1). 

These scores have been clinically validated through correlation with perfusion deficits on 

neuroimaging, decreased power on quantitative EEG, and adaptive function scores and are 

available for review in previous studies11,12,13. MRIs were available for nine subjects and 

were scored by two researchers based on a previously described scoring system rating 

atrophy and leptomeningeal enhancement11.

All data were analyzed using Spearman correlations, chi square analysis, Fisher's exact tests, 

t-tests, Mann Whitney U, and Kruskal–Wallis as appropriate using SSPS (Statistical 

Package for Social Sciences) Versions 18 and 19 (SPSS Inc., Chicago, IL). The significance 

level for all analyses was p < 0.05.

RESULTS

Ninety-eight SWS subjects with diagnosed brain involvement were seen at the Hunter 

Nelson Sturge-Weber Center between January 2000 and December 2011. Of the 98 subjects 

with brain involvement seen during that period, 13 were treated with a stimulant medication. 

One patient was not included in the study group due to overlapping treatment of symptoms 

with Atomoxetine. The remaining twelve patients were on stimulants between 2003 and the 

present.

Demographics

The twelve subjects were comprised of 7 males and 5 females. Subjects also had varying 

degrees of co-morbid diagnoses, including epilepsy, hemiparesis, headaches, and visual field 

deficits. Eleven patients were on epilepsy medications concomitantly. One patient had a 

remote history of epilepsy and had been seizure free for many years and was no longer on an 

anti-convulsant regimen. See Table 1 for additional information regarding the subjects.

Medication Management

Stimulant medication was initiated in subjects primarily for ADHD (11 subjects) and 

impaired alertness (1 subject). The patient with impaired alertness would fall asleep multiple 

times during the day and have brief seizures during these times. Stimulant medication was 

started and increased his alertness during the day, decreased the frequency of his seizures, 
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and improved sleep. Six subjects were diagnosed with ADHD clinically by the neurologist 

due to impaired inattention and hyperactivity by history, exam and parent report; four 

subjects were diagnosed with ADHD by neuropsychological testing; two subjects had prior 

diagnoses of ADHD before their clinic visit. One patient was started on stimulants prior to 

his first visit with the clinic and it was unknown what age medication was started. There was 

a trend towards significance in patients with bilateral brain involvement being started on 

stimulants at a younger age than those with unilateral brain involvement (6.8 years – 82 

months vs 11.3 years – 136 months, p = 0.052). Eleven subjects were started on stimulant 

medication specifically by the Kennedy Krieger Institute Sturge Weber Center. Patients here 

were typically started on low dose methylphenidate preparations (5 mg) and titrated up to 

higher dosages and then transitioned to long acting dextroamphetamines and 

methylphenidates preparations over time based on responsiveness and side effects. Seven 

subjects were still on stimulants at the time of their last visit.There were no significant 

differences between the groups currently on and currently off stimulants currently in terms 

of gender, brain involvement, comorbid conditions, age started on stimulants, duration of 

medication treatment, and total and subgroup (cognitive function, seizures, hemiparesis, 

visual field deficit) pre and post medication SWS – NRS.

Side Effects

Eight subjects (67%) reported side effects from the medication (Figure 2, Panel A). No 

patients reported experiencing tremor, GI upset, chest palpitations, or anxiety while on 

stimulant medication. One patient, an adult, did have impaired sleep while on stimulant 

treatment and had a seizure and subsequent stroke like episode. Stimulant medication was 

stopped immediately in this case, and the sleep cycle was returned, neurologic deficits 

resolved, and seizure control was promptly regained. See Figure 2, Panel B for additional 

information regarding these side effects.

There was no statistically significant difference between mean weight and mean blood 

pressure before and after stimulant medication initiation at 6 weeks and 6 months. There was 

a statistically significant decrease between the initial mean heart rate and the mean heart rate 

6 weeks into stimulant medication management (93 beats per minute, 85 beats per minute; p 

= 0.02). There was no statistically significant difference between initial mean heart rate and 

mean heart rate at 6 months or between mean heart rate at 6 weeks and 6 months. See Table 

2 for additional information regarding these anthropomorphic measures.

Clinical Effects

Eleven of the twelve patients were found to have efficacy from stimulant medication by 

their neurologist per clinical notes (92%) (i.e. parent reported improved attention in school 

and improved ability to focus in school and carry out homework). There were no statistically 

significant differences between males and females and subjects with unilateral and bilateral 

brain involvement in terms of demographic characteristics, side effects, or SWS – NRS. 

MRI scores did correlate positively with final total SWS – NRS on stimulants (Spearmans 

rho 0.898, p = 0.006).
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SWS – NRS were collected from charts at the visit prior to stimulant initiation and for 3 

subsequent visits after medication initiation when available. Median SWS – NRS Total and 

Subscores are displayed in Table 3 for the seven subjects who had both pre and post scores. 

There was no significant difference in pre and post median stimulant total and subscale SWS 

– NRS. Figure 1 shows the pre and post medication total and subscores for each subject. A 

majority of patients had stable or only slight changes in their post medication total SWS 

NRS when compared to their pre medication total SWS NRS (Figure 1, Panel A). A 

majority of the seizures subscores (n = 5) remained stable and did not change with 

medication (Figure 1, Panel B). In terms of cognition, all of the subjects stayed relatively 

stable, increasing or decreasing by no more than one point after medication initiation (Figure 

1, Panel C).

CONCLUSIONS

This study reviews stimulant use in a specialty clinic for patients with SWS. 11% (11/98) of 

the total subjects were diagnosed with ADHD in this study. This percentage is lower than 

many of the reported studies on SWS patients, but higher than survey data reported from our 

same patient population and the general population1,2,3,4. Gender ratios were equal between 

males and females in our group, similar to the gender breakdown in the epilepsy 

population7. Diagnoses made in our clinic were primarily based on clinical neurological 

diagnosis or neuropsychological testing.

Different patients were treated with a combination of anti-convulsants, aspirin, and low dose 

short acting methylphenidate, which were eventually titrated up to long acting 

methylphenidate and/or long acting dextoamphetamine. A majority of subjects experienced 

typical side effects for stimulants, including appetite suppression and headache, but 

remained on stimulants at their last clinic visit. There was no statistically significant increase 

in heart rate or blood pressure during stimulant medication treatment, and weight remained 

stable. Subjective improvement in stimulants was reported in clinical notes for a majority of 

patients. A majority of patients ended up with good SWS – NRS with regards to seizures, 

cognitive function, and visual field deficits. Seizure scores remained stable in a majority of 

patients; however, cognitive function worsened over time in some patients. It is important to 

note that most of these subjects were young children when started on stimulant medication. 

Their worsening in cognitive scores likely represents underlying cognitive impairment 

revealed as academic demands increased, requiring further school support and services.

Stimulants are widely used in the typical pediatric ADHD population. The MTA 

Cooperative Group study showed significant improvement in ADHD and oppositional 

defiant disorder symptoms in school-age children on stimulants in comparison to behavioral 

modification therapy after 24 months14. There has been particular concern for stimulant use 

in SWS because of potential harmful effects on seizure frequency as well their 

pharmacological vasoactive effects on the brain. Stimulants do not appear to increase 

seizures in the typical population, children with refractory epilepsy, nor our subset of SWS 

subjects15,16. While stimulants are widely used in other pediatric chronic diseases, efficacy 

and safety data of stimulants has not be comprehensively studied in cancer, traumatic brain 

injury, or other neurovascular disorders such as sickle cell disease17. One recent crossover 
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controlled trial in 14 subjects with sickle cell disease and a history of stroke showed 

improved attention ratings; more important, in this subset of patients with known 

cerebrovascular disease, no serious side effects were noted18. In addition, a recent cohort 

study of children and young adults on stimulants medications noted no increased risk of 

cardiovascular events in these patients, despite mandatory labeling and blackbox warnings 

to the contrary19. Our study is a preliminary look at stimulant use in a chronic pediatric 

neurocutaneous disease population with comorbid epilepsy and stroke.

Though this study has a small total number, SWS is a rare neurovascular disorder. Regular 

neuropsychological testing is useful for diagnosis of comorbid conditions that can affect 

cognition and learning. One weakness of our study is that diagnoses were not standardized 

in all patients through ADHD patient questionnaires and symptoms were not tracked 

quantitatively before, during, and after stimulant treatment in all patients. Our clinic plans to 

continue neuropsychological testing in SWS patients with neurodevelopmental issues and 

implement regular screening of patients with ADHD parent and teacher symptom checklists 

to monitor response to treatment. Future studies may benefit from quantitative tracking of 

common symptoms in SWS, such as seizure frequency, stroke like episodes, and headaches. 

Quantitative data in patients over time may allow better comparison of treatment effects 

once the natural history of seizures and cognition in SWS is established. Preliminarily in a 

small subset of SWS patients, stimulants appear to improve attention and behavior in SWS 

without severe side effects, neurovascular effects, or worsening seizures. Stimulants may be 

a valid and safe treatment option in patients with attention and behavioral issues and SWS, 

but further study is needed with a larger sample size to validate these results.
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Figure 1. 
Sturge Weber Syndrome - Neurological Rating Scores (SWS-NRS) noted for the 7 out of 12 

subjects with data from before and after starting stimulant medication.Panel A shows the 

Total SWS-NRS pre and post medication. Panel B shows the Seizure SWS-NRS pre and 

post medication. Panel C shows the Cognitive Function SWS-NRS pre and post medication. 

Panel D shows the Hemiparesis SWS-NRS pre and post medication. Panel E shows the 

Visual Field Deficit SWS-NRS pre and post medication.
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Figure 2. 
Panel A shows that of the 12 subjects on stimulants, 8 (67%) had side effects. Panel B shows 

the occurrence of each side effect.
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Table 1

Subject Demographics

Stimulant Group

Total subjects 12

Gender

    Male/Female 7/5

Mean Age when stimulant started (range) 10.5 years (59 - 255 months)

Median Duration of time on stimulants (range) 24.5 months (2 month - 90 months)

Brain Involvement

    Left/Right/Bilateral 7/2/3

Symptoms

    Seizures 12 (100%)

    Hemiparesis 8 (67%)

    Headaches 8 (67%)

    Visual Field Deficit 6 (50%)

Additional Medications

    Aspirin 9 (75%)

    Oxcarbazepine 6 (50%)

    Carbamezipine 3 (25%)

    Valproic Acid 3 (25%)

    Levitiracetam 2 (17%)

    Lamotrigine 1 (8%)

    Topiramate 1 (8%)

    Felbamate 1 (8%)
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Table 2

Anthropomorphic measures

Mean Values on Stimulants

Measurement Initial 6 weeks (n = 5) 6 months (n = 7)

Weight 33 kg (Range 16.8 - 64.2, SD 17) 33.6 kg (Range 16.9 - 62.1, SD 17.6) 32.9 (Range 17.6 - 64.8, SD 15.5)

Systolic BP 103 mmHg (SD - 10.3) 104 mmHg (SD - 12.5) 107 mmHg (SD - 19.1)

Diastolic BP 62 mmHg (SD - 7.4) 62 mmHg (SD - 11.8) 60 mmHg (SD - 6.7)

Heart Rate 93
*
 beats per minute (SD - 8.4) 85

*
 beats per minute (SD - 9.5)

96 beats per minute (SD - 10.1)

*
Significant difference using paired samples T-test, p = 0.02
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