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Clinical characteristics of Sturge-Weber syndrome 
(SWS) consist of 1) facial port-wine stains, 2) glau-
coma, and 3) leptomeningeal angiomatosis.14,16 The 

disorder manifests with seizures, stroke-like episodes, 
headache, and developmental delay in children.14

Electroencephalography (EEG) in SWS has shown 
ipsilateral background voltage attenuation, polymorphic 
delta slow waves, and a paucity of interictal epileptiform 
discharges.5 Ictal EEG changes in the affected hemisphere 
were rarely seen, and contralateral ictal discharges were 
seen after clinical seizure onset in 1 case report on SWS.3

Single-photon emission computed tomography (SPECT) 
has demonstrated widespread cortical dysfunction beyond 
the lesion shown on MRI.6 Interictal SPECT has shown 
hypoperfusion representing ischemic regions in the an-
gioma areas.8 Ictal SPECT has demonstrated hyperperfu-
sion in the ipsilateral hemisphere. Subtraction ictal SPECT 
coregistered to MRI (SISCOM) has shown a massive steal 
phenomenon in affected areas during seizures, leading to a 
critical ischemic condition in remote brain regions in a pa-

tient with SWS.12 To date, however, there has been no report 
of electrophysiological markers of the steal phenomenon.

We describe 2 cases of SWS with extensive hemispher-
ic leptomeningeal angiomatosis, including information 
on presurgical evaluations and surgeries. High-amplitude 
delta slow waves occurred in the contralateral hemisphere, 
at the ictal onset in both patients. We hypothesized that 
the paradoxical ictal EEG changes in the contralateral 
hemisphere resulted from the steal phenomenon by ictal 
hyperperfusion of the epileptogenic angiomatosis in pa-
tients with SWS.

Case Reports
We retrospectively reviewed the EEG database and 

patient charts at the Hospital for Sick Children for the 
period from 2005 to 2011. Seven patients with SWS had 
been admitted for prolonged scalp video EEG (VEEG). 
Three patients showed interictal and ictal EEG abnormali-
ties. Two of the 3 patients, who had seizures during VEEG, 
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underwent the epilepsy surgery. We decided that the other 
patient, because only 1 seizure was captured, was not a 
surgical candidate. The other 4 patients did not show any 
seizure during their admission. We analyzed the clinical 
and EEG findings of the 2 patients who underwent epi-
lepsy surgery.

Case 1
History

This 15-month-old boy had a normal birth history. At 
3 months of age, he began to have focal seizures. These 
seizures consisted of right-sided mouth clonic movements 
and at times involved the right arm or right leg. They usu-
ally occurred in clusters, occasionally up to 20 clusters per 
month. A few days prior to his VEEG admission at age 
15 months, the boy developed hypomotor seizures9 noted 
as staring episodes associated with bilateral eye blinking. 
Initial treatment with phenobarbital and phenytoin was 
unsuccessful. The addition of valproic acid and levetirace-
tam minimally reduced the seizures.

Examinations
Neurological examination revealed mild weakness of 

the right-sided extremities. His deep tendon reflexes were 
symmetrical. Flexor plantar responses were noted on both 

sides. He had left eye glaucoma and facial angioma on 
the left V1 and V2 distributions of the trigeminal nerve. 
Magnetic resonance imaging revealed an extensive lep-
tomeningeal angioma on the left hemisphere with inter-
val progressive cerebral atrophy over the period of 1 year 
(Fig. 1A). Video EEG captured 9 seizures, which had all 
started with staring and eye blinking followed by right 
arm clonic movements. Ictal EEG onset showed medium-
amplitude, rhythmic, 2- to 3-Hz delta slow waves, which 
were subsequently replaced by low- to medium-amplitude, 
6- to 7-Hz theta waves over the left posterior temporooc-
cipital region (electrodes T5, O1). Evolutions of ictal EEG 
in amplitude, frequency, and distribution were noted in 
the same hemisphere. Late involvement of the left mid-
temporocentral region (electrodes T3, C3) was noted. One 
seizure showed high-amplitude, polymorphic, 1- to 1.5-Hz 
delta slow waves without evolution in frequency, distribu-
tion, and amplitude over the contralateral hemisphere 5 
seconds before ictal EEG changes over the lesional hemi-
sphere. Six seizures revealed the simultaneous appear-
ance of ictal EEG changes over the lesional hemisphere 
and similar high-amplitude delta slow waves over the con-
tralateral hemisphere. The remaining 2 seizures showed 
similar high-amplitude delta slow waves over the contra-
lateral hemisphere occurring 1 and 4 seconds after ictal 

Fig. 1. Case 1.  A: Axial T2-weighted MR image revealing extensive left hemispheric cerebral atrophy. B : Interictal EEG (an-
teroposterior [AP] bipolar montage, low-frequency filter [LFF] 1 Hz, high-frequency filter [HFF] 70 Hz). Asymmetrical background 
activity with relatively lower amplitude and decreased faster frequencies were noted over the lesional left hemisphere. Low- to 
medium-amplitude polyspike or spike and slow waves (closed circles) were identified over the left posterior temporooccipital region 
(electrodes T5, O1).  C: Ictal EEG (AP bipolar montage, LFF 1 Hz, HFF 70 Hz). High-amplitude, rhythmic, 1- to 1.5-Hz delta slow 
waves (thin arrow) start over the contralateral right hemisphere 5 seconds before ictal EEG changes (thick arrow) over the lesional 
left hemisphere. Over the left hemisphere, medium-amplitude, rhythmic, 2- to 3-Hz delta slow waves were replaced by low- to 
medium-amplitude, 6- to 7-Hz theta waves over the left posterior quadrant (electrodes T5, P3, O1) at seizure onset (thick arrow).
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EEG changes over the lesional hemisphere. All seizures 
lasted 180–200 seconds. Interictally, frequent low- to me-
dium-amplitude polyspike or spike and slow waves were 
identified over the left posterior temporoparietal regions 
(electrodes T5, P3). Interictal and ictal EEG findings are 
shown in Fig. 1B and C and summarized in Table 1.

Surgery and Clinical Outcome
Left periinsular functional hemispherotomy15 was per-

formed on the lesional hemisphere. The patient has been 
seizure free and no further developmental deterioration 
has occurred for 8 months since the hemispherotomy. 
Postoperative follow-up EEG has not been recorded.

Case 2
History

This 19-month-old girl had a normal birth history and 
normal development. Focal seizures began when she was 
2 months of age. Initially, she had only right arm clonic 
seizures, occurring on a daily basis. This seizure type had 
decreased in frequency with an increased dosage of car-
bamazepine and then disappeared. Hypomotor seizures9 
associated with staring and unresponsiveness appeared 
afterward. Antiepileptic drugs administered included phe-
nobarbital and carbamazepine.

Examinations
Neurological examination revealed hyperreflexia of 

the right lower extremity and extensor plantar response 
on the right side. She had neither apparent right-sided 
weakness nor spasticity. She had left eye glaucoma and 
a port-wine stain on the left V1 and V2 distributions. 
Magnetic resonance imaging revealed an extensive lep-
tomeningeal angioma with associated cerebral atrophy 
on the left hemisphere (Fig. 2A). Video EEG captured 5 
seizures, which were all hypomotor seizures. Ictal EEG 
showed medium-amplitude, rhythmic, 7- to 8-Hz waves 
on the left mid- to posterior temporal region (electrodes 

T3, T5). Evolutions of ictal EEG in amplitude, frequency, 
and distribution were noted on the same hemisphere. Dur-
ing all 5 seizures, high-amplitude, polymorphic delta slow 
waves without evolution on the contralateral hemisphere 
occurred 2–3 seconds before evolving ictal EEG changes 
on the lesional hemisphere. All seizures lasted 120–150 
seconds. Interictally, frequent low- to medium-amplitude 
polyspike or spike and slow waves were identified over the 
left posterior quadrant (electrodes T5, P3, O1). Interictal 
and ictal EEG findings are shown in Fig. 2B and C and 
summarized in Table 1.

Surgery and Clinical Outcome
Left periinsular functional hemispherotomy15 on the 

lesional hemisphere was performed. Postoperative CT 
demonstrated acute swelling of the left hemispheric pa-
renchyma resulting in subfalcine and uncal herniation. A 
left frontal lobectomy was performed for decompression. 
The postoperative course was uneventful. Follow-up EEG 
did not capture any seizure. Interictal discharges over the 
left posterior quadrant (electrodes T3, P3, O1) disappeared 
at 2 years after hemispherotomy. The patient had been sei-
zure free and was gaining in developmental status by the 
27-month follow-up.

Discussion
We hypothesize that the paradoxical EEG pattern may 

represent a steal phenomenon. The paradoxical EEG pat-
tern on the contralateral hemisphere may occur during 
seizures in patients with extensive hemispheric angioma-
tosis with significantly compromised cerebral blood flow 
(CBF).

According to animal studies, a 150%–200% increase in 
CBF is required to maintain cortical oxygenation during 
seizures.10 Ictal SPECT and transcranial Doppler studies 
have disclosed evidence of seizure-related worsening of 
brain injury in SWS.1 An increase in CBF in response to 
seizures has also been observed in the affected brain re-

TABLE 1. Video EEG findings

Parameter Case 1 Case 2

Interictal EEG Low-amplitude polyspikes/spike & slow waves 
at electrodes T5, O1

Low-amplitude polyspike/spike & slow waves at 
electrode T5 > P3, O1

Ictal video EEG
  Total no. of seizures 9 9
  Clinical findings
    Seizure semiology (no. of seizures) Hypomotor seizures → rt arm clonic seizures 

(9)
Hypomotor seizures (5), EEG seizures w/o clinical 

signs (4)
    Duration (secs) 180–200 120–150 (hypomotor seizures), 50–60 (EEG seizures)
  EEG findings
    Lesional hemisphere: ictal EEG  
      change

Buildup of delta → theta activity, intermixed w/ 
beta activity at electrodes T5, O1 → spread 
to electrodes T3, C3

Buildup of theta-alpha intermixed w/ beta activity at 
electrode T5 > T3, O1

    Contralateral hemisphere: delta slow  
      wave starting at . . . (no. of seizures)

5 secs before seizure onset (1)
At seizure onset (6)
1–4 secs after seizure onset (2)

2–3 secs before seizure onset (5)
*

Delta slow wave = high amplitude polymorphic delta slow waves without evolution in frequency, distribution, and amplitude.
*  Four EEG seizures showed no significant EEG change in the contralateral hemisphere.
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gion in SWS. Aylett et al. concluded that impaired brain 
perfusion coupled with the excessive metabolic demand 
of prolonged seizure activity can result in an exacerbation 
of ischemic brain injury and significantly contribute to the 
neurological deterioration in children with SWS.1 During 
seizures in 1 patient included in their report, EEG showed 
slow-wave activity bilaterally, but the greatest activity was 
over the left posterior temporal region, which was contra-
lateral to the side of the angioma.1 Maria et al. demonstrat-
ed progressive changes on both structural and functional 
imaging studies at both younger (mean age 1.75 years) and 
older pediatric ages (mean age 15.3 years).11 More wide-
spread cortical injury was seen in the older patients. The 
authors found that developmental delay and stroke-like 
episodes may be related to progressive bihemispheric dys-
function in SWS. Bilateral hypometabolism appeared to 
be associated with learning disability even with a unilat-
eral pial angiomatosis.6

The mechanism of a steal phenomenon during seizure 
in SWS may depend on the state of the progressive an-
gioma and dysfunctional cortex with an epileptic disorder. 
As described by Pinton et al., cortex involved in a vascular 
malformation was hyperperfused during the 1st year of 
life before the first seizures.13 The classic hypoperfusion 
appeared after 1 year of age, even in nonepileptic patients. 
Ictal SPECT has been used to localize ictal hemisphere 

with surrounding hypoperfusion.7 We speculate that after 
1 year of age, the vascular malformations in SWS con-
tinue to steal blood flow to develop dysfunctional and 
even epileptic brain. When seizures occur in a subset of 
patients with SWS, extensive angioma requires massive 
hyperperfusion and the contralateral hemisphere becomes 
ischemic.

Bearden and Uthman reported focal polymorphic delta 
slow waves due to regional cerebral hypoperfusion in pa-
tients with cerebral hemodynamic compromise associated 
with transient ischemic attack.2 The continuous polymor-
phic delta slow waves were highly correlated with a focal 
structural lesion. Reversible polymorphic delta slow waves 
could be presented by an acute pathological condition such 
as seizure and cerebral hypoperfusion. In our cases, the 
EEG showed prominent contralateral polymorphic slow 
waves instead of less prominent ictal EEG changes of the 
atrophic and calcified lesional hemisphere. The repetition 
rate at the onset of partial seizures ranged from delta to 
high frequency. Further ictal EEG progression was more 
likely to occur if a mixed frequency change or frequency 
increase characterized early evolution.4 Thus, the ictal 
contralateral slow waves without evolution are considered 
a symptomatic phenomenon of stolen blood flow during 
seizure due to acute ischemic changes, not ictogenic EEG 
changes, in SWS.

Fig. 2. Case 2.  A: Axial T2-weighted MR image revealing extensive left hemispheric cerebral atrophy.  B: Interictal EEG (AP 
bipolar montage, LFF 1 Hz, HFF 70 Hz). Asymmetrical background activity with relatively lower amplitude and decreased faster 
frequencies were noted over the lesional left hemisphere. Low-amplitude polyspike or spike and slow waves (closed circles) were 
identified over the left posterior quadrant (electrodes T5, P3, O1). C : Ictal EEG (AP bipolar montage, LFF 1 Hz, HFF 70 Hz). High-
amplitude delta slow waves (thin arrow) start over the contralateral right hemisphere 3 seconds before seizure onset (thick arrow). 
Low-amplitude beta activities were building up over the left mid- to posterior temporal region (electrodes T3, T5) from seizure 
onset (thick arrow). Note the contralateral high-amplitude delta slow waves preceding the ictal EEG change over the lesional 
hemisphere in all 5 clinical seizures.
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Conclusions
A steal phenomenon associated with a paradoxical 

EEG finding on the contralateral hemisphere during sei-
zures in a subset of patients with SWS may be a marker of 
bilaterally impaired neuronal function beyond the lesion. 
A paradoxical EEG pattern of a high-amplitude slow wave 
on the contralateral hemisphere should not be interpreted 
as an ictal EEG onset. Ictal contralateral EEG changes of 
slow waves are a striking phenomenon of stealing blood 
flow by hemispheric angiomatosis. One should consider 
performing surgery to rescue the contralateral hemisphere 
from the ischemic effect as well as for seizure control.
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