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Abstract

Purpose—Most children with Sturge-Weber syndrome (SWS) develop seizures that may
contribute to neurocognitive status. In this study, we tested the hypothesis that very early seizure
onset has a particularly detrimental effect on the cognitive and/or motor outcome of children with
unilateral SWS. We also tested whether side of SWS brain involvement modulates the effect of
seizure variables on the pattern of cognitive abnormalities.

Methods—Thirty-four children (22 girls; mean age 6.1 years) with unilateral SWS and history of
epilepsy in a longitudinal cohort underwent neurological and cognitive evaluation. Global 1Q,
verbal 1Q, non-verbal 1Q, and motor function were correlated with epilepsy variables, side and
extent of brain involvement on MRI.

Results—Mean age at seizure onset was 1.3 years (0.1-6 years) and mean I1Q at follow-up was
86 (45-118). Age at seizure onset showed a logarithmic association with 1Q, with maximum
impact of seizures starting before age 1 year, both in uni- and multivariate regression analyses. In
the left SWS group (N=20), age at seizure onset was a strong predictor of non-verbal 1Q
(p=0.001); while early seizure onset in the right-hemispheric group had a more global effect on
cognitive functions (p=0.02). High seizure frequency and long epilepsy duration also contributed
to poor outcome 1Q independently in multivariate correlations. Children with motor involvement
started to have seizures at/before 7 months of age, while frontal lobe involvement was the
strongest predictor of motor deficit in a multivariate analysis (p=0.017).

Conclusion—These findings suggest that seizure onset prior to age 1 year has a profound effect
on severity of cognitive and motor dysfunction in children with SWS; however, the effect of
seizures on the type of cognitive deficit is influenced by laterality of brain involvement.
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1. INTRODUCTION

Sturge-Weber syndrome (SWS) is a rare neurocutaneous syndrome associated with facial
port-wine birthmark, leptomeningeal angiomatosis (LMA) and glaucoma. Facial port-wine
birthmark can be diagnosed shortly after birth, before any neurological manifestations
appear. Involvement of the upper eyelid and forehead area indicate greater risk of neurologic
manifestations [1]. One recent study found that the size of the facial port-wine birthmark
correlated positively with ipsilateral severity of brain involvement seen on magnetic
resonance imaging (MRI) [2]. Seizures are common in SWS occurring in about 80% of
unilateral SWS (representing about 85% of SWS cases) and 95% of those with bilateral
SWS [3] with the majority presenting in the first year of life [4]. The clinical outcome of
children with SWS is highly variable, and several prognostic factors have been implicated in
cognitive outcome, including early seizure onset and electroencephalography (EEG)
abnormalities [5], high seizure frequency [6] and bilateral brain involvement [7]. Among
these factors, seizure onset would be a potentially modifiable risk factor if onset of the first
clinical seizures could be aborted or delayed, for example, with prophylactic anti-seizure
medication.

SWS and tuberous sclerosis complex (TSC) provide a unique opportunity to test the effect of
preventive anti-seizure medication on neurocognitive outcome, since both of these
neurocutaneous disorders are associated with high risk of seizures and the diagnosis can be
made by the presence pre-symptomatic skin manifestations in infants. Two previous studies
have investigated the potential effect of pre-symptomatic anti-seizure medication treatment
in these conditions [8,9]. Ville et al. retrospectively compared the evolution of epilepsy and
psychomotor development in SWS between children who received prophylactic
phenobarbital treatment and those who did not [8]; reduced likelihood of seizures and better
cognitive outcome were noted in the treatment group. In a study of children with TSC, the
treatment group had lower proportion of subjects with mental retardation, drug-resistant
epilepsy with polytherapy and higher ratio of seizure-free children [9]. However, neither of
these two studies involved random assignment to group and thus do not provide definitive
evidence regarding the effectiveness of prophylactic epilepsy treatment in these patient
groups; nor did either of the studies control for lesion extent or location on outcomes.

In the present study, we estimated the impact of age at seizure onset on the cognitive and
motor outcome of children with unilateral SWS. Specifically, we tested if early seizure onset
(particularly before 1 year of age) has a detrimental effect on cognitive outcome.
Furthermore, the effect of other clinical seizure variables, side of brain involvement, and
presence of frontal lobe involvement on severity and pattern of cognitive deficit as well as
motor outcome was determined.

Epilepsy Behav. Author manuscript; available in PMC 2019 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Luat et al.

Page 3

2. METHODS
2.1. Subjects

The subjects were enrolled in our prospective longitudinal, clinical and neuroimaging study
at Children’s Hospital of Michigan, Detroit between July 1, 2003 and December 31, 2016.
The diagnosis of SWS was made by the identification of the characteristic facial port-wine
birthmark and the typical MRI findings. Inclusion criteria were: (a) unilateral SWS by MR,
defined as the presence of unilateral LMA and/or enlarged deep medullary veins with or
without enlarged choroid plexus on contrast enhanced T1-weighted MRI, (b) history of
epilepsy, (c) age of <13 years, (d) age at neurocognitive testing or assessment of >2.5 years,
and (e) at least one year follow-up. Exclusion criteria were bilateral SWS on MRI and
epilepsy surgery, as we had no sufficient number of patients with cognitive outcome data to
include them in the present analysis. Also, patients with bilateral SWS and those requiring
epilepsy surgery represent subgroups with substantially worse baseline seizure
characteristics that would have confounded our analyses of non-surgical unilateral SWS
cases.

Clinical data collected included age at seizure onset, seizure frequency, duration of epilepsy,
and physical examination findings, including gross motor involvement. Cognitive function
was assessed by determining the intelligent quotient (1Q), as described below.

The study was approved by the Human Investigation Committee at Wayne State University,
and written informed consent of the parents or legal guardian and verbal assent (for children
7 years and above) was obtained.

2.2. MRI acquisition and assessment

All children underwent MRI scanning at the time of the first visit and, in most cases, at
follow-up visit(s). MRI typically included axial T1, fluid-attenuated inversion recovery
(FLAIR), T2-weighted turbo spin-echo acquisition, susceptibility-weighted imaging (SWI),
contrast-enhanced MR perfusion-weighted imaging followed by a post-gadolinium axial T1
acquisition. Additional sequences (such as diffusion tensor imaging, MR venography, MR
spectroscopy) were acquired in selected cases using a research protocol. Gadolinium-
diethylenetriamine pentaacetic acid (Magnevist, Berlex) was injected in a bolus via a
peripheral vein at a dose of 0.1mmol/kg body weight. The extent of MRI involvement was
determined on the first available MRI (at a mean age of 3.3 years) by identification of the
number of lobes in the affected hemisphere involved (ranging from 1 to 4) that showed
LMA, atrophy, enlarged deep transmedullary veins and/or calcifications. Presence or
absence of frontal lobe involvement was also determined.

2.3. Seizure frequency assessment

Seizure frequency was assessed by parental interview using seizure diaries and review of
medical records. A scoring system as described in our previous publication [5] was used: 0 —
no seizure in the last one year; 1 — one to 11 seizures per year; 2 — one to 4 seizures per
month; and 3 — >4 seizures per month. Seizure frequency scores at the last follow-up (when
outcome 1Q was also evaluated) were used for analysis.
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2.4. Neurocognitive assessment

A licensed neuropsychologist performed or supervised the neuropsychological testing on all
subjects. To determine the subjects’ 1Q, Wechsler Pre-primary and Preschool Scale of
Intelligence-111 (WPPSI-111), third edition, and Wechsler Intelligence Scales for Children-I111
(WISC-I111) were used for children between 30-87 months of age and above 87 months
respectively. Both tests provide global intelligent quotient (GIQ), verbal 1Q, and non-verbal
or performance 1Q (PIQ).

2.5. Motor assessment

The patients” motor function was assessed based on neurological examination (gross motor
functioning) and age appropriate measure of fine motor dexterity (Purdue Peghoard for
children <5 years; Grooved Pegboard for children > 5 years) using the following 3
categories: 0 — no gross or fine motor weakness; 1 — presence of fine motor impairment only
(defined as performance on Pegboard >2 SDs below normative mean) without gross motor
weakness; 2 — presence of gross motor weakness contralateral to the brain lesion; (none of
the children had severe gross motor weakness, only mild/moderate weakness).

2.6. Statistical analysis

First, univariate Pearson’s correlations were performed to determine the association of
outcome 1Q with predictors such as age of seizure onset, duration of epilepsy, seizure
frequency scores, and extent of MRI involvement. In addition to linear correlations, scatter
plots were examined for non-linearity and appropriate non-linear (logarithmic) correlations
were applied where indicated. 1Q measures in patients with vs. without frontal lobe
involvement on MRI were compared using unpaired t-tests. Multivariate regression analysis
and logistic regression analyses (with high [>85] vs. low [<85] 1Q as the binary outcome
variable) were subsequently performed. To determine the impact of seizure variables and
frontal lobe involvement on the motor scores, univariate Spearman’s rank correlation
followed by binary logistic regression were used. Group comparisons for testing the effect of
gender, lesion side, polytherapy, and frontal lobe involvement were performed using
unpaired t-tests. SPSS 24.0 (SPSS Inc. Armonk, NY, U.S.A.) was used for data analysis. P
value of <0.05 was considered as statistically significant.

3. RESULTS

3.1. Clinical characteristics

Thirty-four children (22 girls and 12 boys) fulfilled the inclusion and exclusion criteria
(Table 1). The majority (n=20) had left-sided SWS. The mean age of seizure onset was 1.3
years (range: 0.1 - 6 years) and age at neurocognitive testing was 6.1 years (range: 2.6 — 12.5
years). The mean duration of epilepsy at that time was 4.8 years (range: 1 — 12 years), while
mean seizure frequency score was 0.8 (Table 1). The most common frequency score was 1
(1-11 seizures per year, n=17), and scores 2 and 3 were present in 2 children each (n=4 in
total); the remaining 13 children had no clinical seizure in the past 1 year (score 0). The
majority of the children (19/34 or 56%) were taking one anti-seizure medication at the time
of follow-up. Three children were off of any medication, while the remaining 12 children
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were on multiple (2-3) anti-seizure medications. Oxcarbazepine was the most frequently
prescribed medication, used in 17 (monotherapy in 8 and in combination in 9), followed by
levetiracetam (n=9, monotherapy in 3 and in combination in 6), and carbamazepine (n=5, 4
monotherapy and in combination in 1). Three patients each were on lamotrigine, topiramate,
valproic acid and zonisamide either alone or in combination. Only two patients were
prescribed phenobarbital, and one patient each were taking lacosamide and clonazepam in
combination with other medications. The mean GIQ of the whole group was 86 (range: 45—
118). There was no statistical gender difference in age, extent of MRI involvement, age at
seizure onset, duration of epilepsy duration and 1Q. For motor deficit, 12 of the 34 children
showed mild/moderate gross motor weakness at follow-up (score 2), 6 had only fine motor
involvement in the hand contralateral to the SWS lesions, without weakness, and 16 children
had no motor symptoms.

3.2. Predictors of IQ measures: univariate analyses

In initial univariate correlations, significant clinical predictors of 1Q measures in the whole
group (N=34) included age at seizure onset, seizure frequency, and duration of epilepsy
(Table 2). Polytherapy with anti-seizure drugs was also associated with lower GIQ (mean
[SD]: 77420 vs. 91+16 in those on 0-1 medication, p=0.02), earlier seizure onset (0.6+0.4
years vs. 1.6x1.6 years, p=0.03) and higher seizure frequency scores (1.2+0.7 vs. 0.6+0.8,
p=0.045). The scatter plots for age at seizure onset indicated a non-linear relation to 1Q;
therefore, we fitted a logarithmic regression and this improved the p-values (Figure 1).
While extent of MRI involvement showed no significant correlations with 1Q (p>0.05), GIQ
and VIQ were lower in patients with frontal lobe involvement on MRI as compared to those
with an intact frontal lobe (GIQ: 78 vs. 92, p=0.03; VIQ 84 vs. 98, p=0.03; P1Q: 78 vs. 88,
p=0.12). Patients with left-sided SWS brain involvement showed lower I1Q measures than
those with right-sided involvement (mean G1Q: 80 vs. 95, p=0.014; PI1Q: 77 vs. 94, p=0.006;
VIQ: 87 vs. 99, p=0.075).

When left- and right hemispheric SWS subgroups were analyzed separately, younger age at
seizure onset was positively correlated with PIQ (r=0.67, p=0.001 in the logarithmic
correlation) in the left-hemispheric group. VIQ was not impacted by early seizure onset in
this subgroup, although it was negatively associated with seizure frequency scores and
duration of epilepsy (Table 2). In contrast, in the right-hemispheric SWS subgroup (N=14),
younger age at seizure onset was associated with the global 1Q (r=0.61, p=0.02) and VIQ
(p=0.023), while seizure frequency and epilepsy duration were not related to 1Q measures in
this subgroup (Table 2).

3.3. Predictors of IQ measures: multivariate correlations

Based on the univariate correlations, all three clinical seizure variables were entered in a
multivariate regression for both the whole group and left SWS subgroup, with 1Q measures
as the outcome (Table 3). For age at seizure onset, a logarithmic term was entered. In the
whole group, all three clinical predictors showed a significant contribution to the 1Q
measures. For PIQ, age at seizure onset was the strongest predictor both in the whole group
(partial r=0.62, p<0.001) and in the left SWS subgroup (r=0.71, p=0.001) (Table 3; Figure
2). VIQ was more strongly related to seizure frequency in both the whole group and left
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SWS subgroup (Table 3). The number of anti-seizure medications did not correlate with 1Q
when entered in the multivariate regression (p=0.83).

In a subsequent binary logistic regression analysis, with the three seizure variables (see
above) and MRI frontal lobe involvement entered as predictors, and GIQ (greater or less
than 85) as the binary outcome variable, both log[age at seizure onset] (p=0.03) and seizure
frequency (p=0.04) remained a significant 1Q predictor, while MRI frontal lobe involvement
was not significant (p=0.48).

3.4. Predictors of motor deficit

In univariate Spearman’s rank correlations, predictors of motor function scores included age
at seizure onset (rho=-0.64, p=0.00005), and duration of epilepsy (r=0.45, p=0.008), while
seizure frequency scores did not correlate with motor scores (r=—0.01, p=0.94). All 12
patients with gross motor involvement started to have seizures at or before 7 months of age
(mean age at seizure onset: 4 months). In addition, motor scores were higher in those with
frontal lobe involvement on initial MRI (n=15) than in those with intact frontal lobe (mean
scores 1.4+0.8 vs. 0.5£0.8, respectively, p=0.002). In a subsequent binary logistic regression
analysis, with presence or absence of motor involvement as the outcome variable, the
presence of frontal lobe involvement was the only significant predictor (p=0.017), while the
contribution of the two seizure variables were not significant (age at seizure onset: p=0.13,
duration of epilepsy: p=0.19).

4. DISCUSSION

Consistent with previous studies, here we found that early seizure onset has a significant
negative impact on the cognitive outcome in children with SWS. Our data also show that the
effect on cognitive outcome is non-linear, with the largest effect in children whose first
clinical seizures start before lyear of age, and that the effect of seizure onset on outcome 1Q
is present regardless of overall extent of MRI involvement or presence of frontal lobe
involvement on MRI. Moreover, the effect of early seizures on the pattern of 1Q deficit
appears to depend on the side of SWS brain involvement: seizures from the left hemisphere
affect predominantly non-verbal 1Q, while seizures in children with right-hemispheric
involvement have a more global effect on 1Q. Furthermore, seizures starting at/before 7
months of age predict subsequent motor deficit, which is also associated with frontal lobe
involvement, the site of the motor cortex. Altogether, these data demonstrate the profound
impact of early seizure onset (particularly below age 1 year) on cognitive outcome and also
some negative impact on motor outcome in unilateral SWS. This suggests that early
interventions, such as early prophylactic anti-seizure treatment, if successful, could have a
positive impact not only on seizures but also on neurocognitive outcome in children with
SWS. The finding of the negative impact of early seizure onset on motor outcome may also
guide clinicians in the early initiation of physical and occupational therapy in at risk infants
with early onset seizures to promote better motor development and outcome.

There is growing body of laboratory [10-12] and clinical [13-17] evidence demonstrating
the deleterious influence of early age of seizure onset on cognitive outcome. A study in
children with hemiplegic cerebral palsy has shown that very early cerebral damage to either
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hemisphere, even if extensive, resulted in relatively few and mild neuropsychological
deficits if not accompanied by seizure activity [13]. Conversely, if accompanied by seizures,
higher incidence and degree of neuropsychological deficits, unrelated to lesion side, have
been noted [13]. In children with TSC, early seizure onset, along with high seizure
frequency, negatively impacts their neurodevelopmental outcome [15,17]. A similar effect of
early seizure onset was observed in children with focal cortical dysplasia [16] and in
pediatric temporal lobe epilepsy [14]. Among pediatric epilepsy surgery candidates with
seizures related to unilobar brain lesions of various pathologies, seizures in the first 24
months of life is significantly associated with intellectual disability [18]. Taken together,
regardless of the etiology, early-life seizures adversely affect neurocognitive development
suggesting that seizures are especially deleterious during early stages of brain development.

The inherent vulnerability of the brain during the first year of life to cognitive effects of
seizures may be because the neural development during this sensitive period establishes the
foundation for the subsequent development of higher-order cognitive function [19]. Early
postnatal development is marked by a critical period of enhanced synaptogenesis and neural
plasticity [20]. Animal studies suggest that although early life seizures do not always cause
neuronal loss, they may result in reduced neurogenesis, altered synaptogenesis, as well as
disruption of the normal excitatory/inhibitory balance and network connectivity [12,21].
These changes translate into deficits in spatial learning and memory demonstrated in rodent
seizure models [11,22,23], and similar processes may also underlie neuronal damage in the
developing human brain exposed to repeated seizures. In SWS, such seizure-induced brain
damage may be further aggravated by the potential effect of progressive vascular damage
due to chronic impairment of cortical and subcortical blood flow and resulting hypoxia.

Another major novel finding of the present study is that the effect of early seizure onset on
verbal vs. non-verbal 1Q appears to differ based on the side of SWS brain involvement.
Interestingly, younger age at seizure onset predicted lower non-verbal 1Q in left-sided SWS,
while early seizures in right-sided cases were associated with global 1Q. That non-verbal
functions are impacted by left-sided lesions is consistent with a “crowding” hypothesis,
where verbal functions are prioritized and reorganized to the non-dominant hemisphere, with
a concomitant adverse impact on non-verbal functions [24,25]. This process could be well in
play in children with left-hemispheric SWS, who showed a 10-point relative decrease of
mean non-verbal 1Q as compared to VIQ (mean: 77 vs. 87, respectively, see Table 1) in our
cohort.

In addition to early seizures, our group has recently shown that interictal epileptiform
discharges on EEG were also associated with poor cognitive outcome; this suggested that
not only seizures but also interictal epileptiform discharges may be interfering with brain
reorganization [5]. In infants with a facial port-wine birthmark, EEG may also be able to
detect early brain involvement [26]; such patients may be particularly good candidates for
prophylactic anti-seizure medication treatment. Indeed, interictal epileptiform discharges on
EEG have been shown to be predictive of the development of epilepsy in children with TSC
[27]. No similar data are available in pre-symptomatic SWS infants, and the lack of interictal
epileptiform EEG abnormalities in most SWS children (perhaps due to a masking effect of
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the vascular malformation and/or brain atrophy) [5] may render EEG a less useful biomarker
of epilepsy in such children.

With regard to the motor outcome, age at seizure onset and duration of epilepsy were strong
clinical predictors in the univariate analysis. All 12 patients with hemiparesis had early
seizure onset (at or before 7 months of age). Not surprisingly, those with frontal lobe
involvement also had higher motor scores. Hemiparesis in SWS may be due to several
factors including venous congestion, stasis and hypoxia leading to brain ischemia and
resulting atrophy affecting the motor cortex and its connections. Neuroimaging studies have
shown the role of impaired brain perfusion in SWS [28,29] with the degree of hypoperfusion
correlating with motor deficits and disability score [28]. Extension of brain damage from the
typically involved occipital lobes into the parietal, temporal and frontal cortex is associated
with greater psychomotor delay and hemiparesis [30]. Repeated seizure activity in SWS
could further impair the already compromised cerebral circulation and cerebral
autoregulation in SWS resulting in a mismatch between cerebral metabolic demand and
delivery of glucose and oxygen resulting in ischemic injury [31].

Our study is limited by some patient selection bias, as we included only patients who did not
undergo epilepsy surgery. Thus, some of the most severely affected patients have been
excluded, but the main goal was to evaluate predictors of 1Q and motor function without the
modifying effect of surgery. In addition, anti-seizure medications could have modified
neuropsychological deficits; however, this contribution would be difficult to account for due
to the wide variability of such medication across subjects. The majority of the children were
on only one, newer generation anti-seizure medication (oxcarbazepine or levetiracetam).
Although there have been few controlled trials regarding cognitive side effects of anti-
seizure medications, the available data show that newer anti-seizure drugs have a safe
cognitive profile at the appropriate dose and when prescribed as monotherapy [32]. Only two
patients were on phenobarbital, an anti-seizure medication associated with greater cognitive
impairment; however, one of them (with phenobarbital monotherapy) had normal 1Q (GIQ
107) at age 7.5 years, while the other child was on three anti-seizure medication with a GIQ
of 72 at age 2.6 years. Thus, it is unlikely that phenobarbital treatment had a profound effect
on our overall results. It is also possible that the early onset of seizures may be related to
specific underlying brain pathology including the presence of cortical developmental
malformations that have recently emerged as common pathology associated with SWS
[33,34]. A detailed analysis of imaging signs of these pathologies and also resected SWS
brain tissue with the seizure and neurocognitive outcome could clarify such a relationship.

Our results are also limited by the wide age range when 1Q testing was performed and the
lack of longitudinal 1Q observation; however, accurate evaluation of baseline 1Q in young
children is difficult, and the majority of children started to have seizures before 30 months of
age. Since longer duration of epilepsy is associated with lower 1Q, we entered epilepsy
duration as a co-variate in the multivariate regressions to diminish this effect. Finally, the
extent of SWS brain involvement on MRI was evaluated at different ages, and we only used
a broad measure (number of lobe of SWS brain involvement), while not taking into account
the potential effects of various SWS-related brain pathology (such as leptomeningeal
malformation, deep medullary veins, atrophy, calcification, etc.). Future studies with
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detailed MRI analysis may provide imaging biomarkers that could modify the effect of early
seizures on neuro-cognitive outcome.

5. CONCLUSION

Our findings show that the effect of seizure onset on cognitive outcome is non-linear, with
the largest impact on young children with seizure onset prior to 1 year of age. Importantly,
the effect of early seizures on verbal vs. non-verbal 1Q appears to be determined by the side
of brain involvement, possibly indicating a side-specific crowding effect in the non-SWS-
affected hemisphere. Furthermore, seizure onset at or before 7 months of age, along with
early frontal lobe involvement, is also a predictor of motor deficit. These findings may have
important clinical implications for a more accurate prognostication of the severity and
pattern of neurocognitive outcome in young children with unilateral SWS. In addition, our
data suggest that even a moderate delay of seizure onset, e.g., by using prophylactic anti-
seizure medication in children below 1 year of age, may have a positive impact on their
cognitive and motor outcome. Whether prophylactic medication indeed has a disease-
modifying effect in infants with SWS, should be addressed by a prospective, controlled trial.
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Highlights

. Most children with Sturge-Weber syndrome (SWS) develop seizures

. Seizure onset before 1 year of age has a particularly strong impact on 1Q in
SWS

. The pattern of cognitive deficit is also affected by side of brain involvement

. Motor deficit is affected by early seizure onset and frontal lobe involvement

. Delayed seizure onset may improve cognitive outcome in children with SWS
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Scatter plots of correlations between age at seizure onset and 1Q variables, demonstrating
logarithmic correlations. Solid lines represent the logarithmic while dotted lines indicate the
linear regression fit. Corresponding p values are also indicated (see also Table 2).
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Figure 2.
Partial regression plots for Log(seizure onset age) showing the correlation with P1Q and VIQ

in the whole group and in children with left hemispheric SWS involvement, from a
multivariate regression analysis; the partial plots are corrected for duration of epilepsy and
seizure frequency (see also Table 3).
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Table 1
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Clinical variables (mean and standard deviation) in the whole patient group, and comparison of these values
between the left and right hemispheric SWS subgroups.

Whole group  Left SWS  Right SWS

Clinical variables (n=34) (n=20) (n=14) p value
Age at seizure onset (years) 1.3[1.4] 1.1[1.5] 1.5[1.3] 0.5
Extent of MRI involvement * 25[13] 26[13] 25[13] 0.9
Age at final follow-up (years) 6.1[2.7] 6.7 [3.0] 5.2[2.0] 0.12
Duration of epilepsy (years) 4.8[2.9] 5.6 [3.4] 3.8[1.6] 0.08
Seizure frequency score at follow-up 0.8[0.8] 0.9[1.0] 0.6 [0.5] 0.37
Motor score at follow-up 0.9[0.9] 1.0[0.9] 0.7 [0.8] 0.46
1Q at follow-up

GIQ 86 [18] 80 [18] 95 [15] 0.014

VIQ 92[19] 87 [20] 99 [16] 0.07

PIQ 83[18] 77 [16] 94 [16] 0.006

*
Number of affected lobes on first MRI, at a mean age of 3.3 years
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