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Abstract

Background Sturge-Weber Syndrome (SWS) is characterized by leptomeningeal capillary malformation (CM), glau-
coma, and facial vascular birthmark. The Roach Scale differentiates between cases with facial birthmark (Roach Type
) versus isolated brain involvement (Type Ill). Most previous studies have focussed on classic SWS Type |, but Type

Il cases were mostly described in case reports. We systematically compare cases with and without facial birthmark,
with a focus on epilepsy variables, cerebral involvement and overall outcome.

Methods Using a cross-sectional observational study conducted through a well-established child neurologists'
network, we recruited pediatric patients with clinically diagnosed SWS from Germany, Switzerland, and Austria. The
patients’guardians and attending child neurologists filled in detailed questionnaires. All patients were classified
according to the Roach classification by both attending child neurologists and the study team.

Results Our study identified 47 pediatric SWS patients (participation rate 43.2%). 35 cases (74.5%) fulfilled the criteria
for classic SWS,; six cases (12.8%) showed no skin involvement, the remaining cases were overlap/atypical phacoma-
toses with leptomeningeal and facial CM. Male/female ratio was 1.14, age ranged between 115 days and 17 years.
Cases without facial birthmark were older at diagnosis (p=0.005), and none showed ophthalmologic involvement.
Comparison of age at first seizure did not reach significance after adjustment (p =0.026). There was no significant
difference between SWS types with regard to seizure types or frequency number of antiseizure medication (ASM),
epilepsy surgery, cerebral involvement, SWS neuroscores. Multivariable analysis showed that, seizure frequency

was independent of SWS type and epilepsy surgery, but was positively associated with the number of ASM required
for seizure control (p=0.0056). 50% of operated patients were seizure-free at study inclusion.

Conclusions Type | and Type Ill SWS cases showed comparable profiles with regard to different epilepsy features,
SWS neuroscores and number of used ASM. Type Il patients were older at diagnosis and showed no ophthalmologic
involvement, compatible with a milder SWS phenotype. Only few patients were evaluated for surgery, despite uncon-
trolled, structural epilepsy. Larger cohorts are needed to reevaluate the effectiveness of surgical therapies in different
SWS types.
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Introduction

Sturge-Weber Syndrome (SWS) belongs to a heter-
ogenous group of rare diseases widely known as neu-
rocutaneous diseases. These conditions show both
manifestations of the skin and of the brains as a shared
feature. SWS may additionally include eye involvement
and usually comprises at least two of these three manifes-
tations. Clinical symptoms in SWS vary widely between
affected individuals and this is partially reflected in
the Roach classification for SWS [1], which dates back
to 1992: Type I SWS, the “classic” type of SWS, shows
“facial and leptomeningeal angiomas, may have glaucoma
[1]” Type II SWS is defined by “facial angioma without
evidence of intracranial disease; may have glaucoma [1]"
In contrast, Type III lacks any skin and eye involvement
and is characterized by “isolated leptomeningeal-brain
angioma [and] usually, no glaucoma [1]” Today, the most
recent ISSVA (International Society for the Study of Vas-
cular Anomalies) classification for vascular anomalies,
only recently updated in 2025, classifies SWS as a “Slow-
Flow, Syndromic Port wine capillary malformation” (CM)
[2]. The Roach Scale [1], does not stratify risk for CNS
involvement depending on facial CM characteristics, but
as the Roach classification is still widely known and as it
shows the clinical aspects of SWS required for our cur-
rent research question, we have chosen it for the present
study.

While numerous case reports depict the clinical pres-
entations and imaging studies in patients diagnosed as
SWS Roach Type III/SWS-“without facial nevus” (e.g.
[3-5]), systematic clinical data on different types of SWS
are scarce. In most published SWS cohorts, the propor-
tion of SWS cases with isolated brain involvement has
been stable over the past years, ranging around 4—14%
[6-9], irrespective of nationality/ethnicity.

Numerous previous clinical studies and reviews
have investigated skin involvement in SWS thoroughly
[11-14]. In 2025, El Hachem et al. presented multi-
disciplinary multicenter consensus recommendations
obtained by a Delphi process, including dermatologi-
cal recommendations on facial localisations which
should raise suspicion towards SWS [15]: As described
by Waelchli et al. [12], a facial CM involving any part
of the “forehead” region, “delineated at the lateral and
inferior margins by a line joining the outer canthus of
the eye to the top of the ear, and including the upper
eyelid’, is associated with the highest risk for SWS. Of
particular importance, Waelchli et al. also showed that

this forehead region corresponds to distinct embryo-
logic facial structures and their developing vasculature
[12]. A classic hemifacial and a distinct median facial
pattern were also shown to be high-risk localisations by
another group [13], but they largely involve the previ-
ously described forehead region. Due to these recent
advances showing that SWS pathogenesis is closely
linked to embryologic development, facial cutane-
ous involvement in SWS is no longer described using
trigeminal nerve territory. Whether the laterally or the
median frontally located facial portwine birthmarks
(FPBs) are associated to higher SWS risk, currently still
is under investigation [11]. Furthermore, in patients
with known SWS, the size of the facial CM was shown
to correlate with clinical and radiologic disease severity
[14]. Following consensus statements by 13 U.S. experts
on SWS, routine imaging in asymptomatic infants with
high-risk FPB is no longer recommended, but may be
considered in patients with particularly high risk for
seizures, e.g. in suspected bilateral SWS [16]. Consist-
ent with that, the most recent multidisciplinary con-
sensus recommendations state that, to ascertain the
diagnosis SWS, contrast-enhanced MRI remains the
“gold standard” [15].

To the best of our knowledge, Powell et al. [17]
(published in 2021) were the first to systematically
compare facial portwine birthmark positive and FPB
negative cases with SWS in a large (n=140) retro-
spective national UK. cohort. They hypothesized
similar outcomes in both SWS types due to the com-
mon somatic mutation. However, as a main finding,
FPB-negative cases in this study showed less extensive
leptomeningeal CM, better language and cognitive out-
comes, and absence of glaucoma [17]. The numbers of
episodes with status epilepticus and seizure clusters
were comparable between the two groups despite sig-
nificantly earlier status epilepticus onset in FPB positive
cases. The finding was explained by the authors through
the shared, disease-causing GNAQ mutation [18-20].
Pathogenesis of SWS is also reviewed by El Hachem
et al. [15]. Since the forementioned, somatic activating
mutation in guanine nucleotide-binding protein alpha-
q subunit encoded by GNAQ gene on chromosome
9q21 was first described to be causative by Shirley et al.
[18] as the—to date most common—molecular cause of
SWS in 2013, further research has identified two other,
more rarely occurring mutations: Firstly, in guanine
nucleotide binding protein alpha-11 subunit encoded
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by GNA11 gene located on chromosome 19p13 [21],
and secondly, in the beta chain of the same heterotri-
meric G-protein encoded by GNB2 gene located on
chromosome 7q22.1 [22]. Ultimately, discovery of new
mutations and description of the respective phenotypes
[21, 25] has contributed to a deeper understanding of
the pathophysiology, the broad clinical spectrum and of
genotype—phenotype correlations in SWS. As outlined
by Wu et al., detection of the causative GNAQ muta-
tion in affected tissue, such as episcleric tissue from
SWS patients with secondary glaucoma [26], may also
serve as diagnostic and/or therapeutic targets in the
future. Today, genetic testing, e.g. from skin biopsies, is
not part of routine diagnostics in SWS [27], but it has
proven to be beneficial in atypical cases [28].

Yet, the biology of the FPB negative cases remains to
be fully understood. In brain specimens obtained during
epilepsy surgery, digital droplet PCR detected the same
GNAQ R183Q mutation with low mutation frequency in
4/4 FPB negative-SWS patients—which are often referred
to as “forme fruste” of the condition [20]. In summary,
current state of knowledge on the role of different clini-
cal subtypes of SWS, i.e. with and without FPB, is scarce.
We used data from our comprehensive database built
in our previous clinical study [29] to expand current
understanding of these two main subtypes of SWS and
to support patient/parent counselling. We hypothesize
that similar types of symptoms in FPB-negative and FPB
positive cases may occur, but with an overall milder
phenotype in the FPB-negative subcohort. This study
retrospectively compares different types of SWS in our
previously described multinational cohort of 47 pediatric
SWS patients [29] with regard to epidemiologic features,
different epilepsy variables, neurocognitive function as
assessed by previously described SWS neuroscores [30]
and with regard to antiseizure medication (ASM) and
epilepsy surgery data.

Materials and methods

We conducted a multinational, cross-sectional study
in Germany, Switzerland, and Austria to recruit pediat-
ric SWS patients. For the study, we used an established
network of child neurologists (“ESNEK i.e. in German
“Erhebung Seltener Neurologischer Erkrankungen im
Kindesalter”; engl. “Registry of Rare Neurological Disor-
ders in Childhood”) [31]. We have given detailed descrip-
tions of the study method and procedures in our previous
studies [20, 22]. We registered the study in the Ger-
man Clinical Trials Registry (ID: DRKS 00013551, UTN
U1111-1206-9923). The study protocol was approved
by the responsible Institutional Review Board in Saar-
briicken, University of Saarland, Germany (ID 209/17,
October 2017). Altogether, 49 child neurologists notified
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us of 111 SWS patients in their attendance. Via the Ger-
man SWS support group or by personal contacts between
patients, 10 patients self-recruited. Their diagnoses were
verified by our study team. Altogether, 47 patients were
included in our study. The patients’ legal guardians gave
informed consent in 44 cases. Three cases were sent
anonymously by their attending child neurologists. As all
data were stored anonymously, the above-named respon-
sible Institutional Review Board in Saarbrucken, Ger-
many waived informed consent in these cases (02/2023).
All tables and texts which present single patients in detail
(Appendix, Table 5, see below), include only patients
whose parents/caregivers gave informed consent. To
conclude, all obtained data were used in accordance with
the General Data Protection Regulation of the Euro-
pean Union (“Datenschutz-Grundverordnung”) and the
responsible Institutional Review Board.

This study included all patients aged <18 years at the
time of study inclusion with clinically diagnosed SWS
who currently live in Germany, Switzerland, or Austria.
Following internationally recognized SWS criteria by
Roach et al. [1], we enrolled patients with SWS types
[-1II. In order to present the broad clinical spectrum of
SWS, we also included cases which showed an additional
overlap with other phacomatoses or presence of systemic
CM. Detailed clinical data of these, designated “atypical”
cases are presented in detail in the Appendix (Table 5).
In this context, it should be emphasized that all “atypical”
patients display full characteristics of SWS including lep-
tomeningeal and skin CM, as well as glaucoma.

All patients were enrolled between January 2018 and
December 2018; a few cases reported late until June 2019.
For all cases, we verified the collected data through the
attending child neurologists (Table 1).

We used two modified versions of our previously
described questionnaires [32] to build up a comprehen-
sive database. One questionnaire each was adapted for
caregivers, and one for child neurologists. The caregiver’s
questionnaire comprised questions on patients’ demo-
graphics, family history, birth and prenatal history, eth-
nicity, current symptoms, including organ involvement,
hearing, feeding, language skills, neurocognitive develop-
ment, and use of health services. The child neurologists’
questionnaire included questions on SWS-specific organ
involvement—under consideration of recent findings
[14], family history, birth and prenatal history, current
symptoms including components of SWS clinical severity
scores [30], further organ involvement, diagnostic pro-
cedures incl. genetics, therapies and therapeutic success,
including the use of ASM and epilepsy surgery. Clinical
severity scores [14, 30] comprise the severity of visual
field defect, hemiparesis, seizure frequency and cognitive
function, were calculated from the child neurologists’
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Table 1 Patient characteristics for 47 SWS patients from Germany, Switzerland and Austria by Roach Types I-Ill and atypical cases

Patient characteristics
(n=47)

N (%)—all types

SWS Roach Type | (n=35),
%

SWS Roach Type lll (n=6),
%

Atypical cases (n=6), %

Sex
Male
Female

Current age in years, median
(IQR); range

Age at first diagnosis

In months, median (IQR);
range

Ethnicity (not reported = 14)
Caucasian
Asian/Arab
African (mother)
Country
Germany
Austria
Switzerland

25(53.2)
22 (46.8)

4.2 years (1.9-9.0);
4 months—17.5 years

5.0 months (0.2-9.0);
0-24 months

30 (90.9)*

*

1(3.0*

39 (83.0)
4(8.5)
4(8.5)

18(51.4) 3(50.0) 4(66.7)

17 (48.6) 3(50.0) 2(333)

4.2 years (1.9-10.6); 5.5 years (5.0-6.5); 2.1 years (1.4-3.2);
4 months-17.5 years 3-11.6 years 4 months—4.3 years

4.5 months (0.2-8.3);

18.5 months (10.5-20.5);

1.5 months (0-3.8);

0-20 months 6-24 months 0-11 months
23 (65.7) 4(66.7) 3(50)
2(5.7) 0 0
0* 1(16.7)* 0*
29(82.9) 5(83.3) 5(83.3)
0 1(16.7
1(16.7) 0

There were no cases classified as Roach Type Il. Data on ethnicity are incomplete, resulting in missing values and column sums < 100%

questionnaires. As paper questionnaires allowed users to
skip questions, we formally handled some missing data
as normal values in the section on SWS clinical severity
scores, if this section was otherwise complete and the
given values medically plausible. We used a previously
[33] demonstrated cut-off value to distinguish between
intellectually impaired patients (score>4) and non-
impaired patients (score<4; sensitivity 75%, specificity
65%).

For some questionnaire items, we acknowledge miss-
ing data as follows: epileptic seizures during lifetime
(n=1), paresis (n=3), need of visual aid (n=5), laterality
of FPB (n=3), data on neuroscore incomplete and thus
not included (n=12). Data on cerebral atrophy in cere-
bral MRI not explicitly documented (n=5), on EEG diag-
nostics (n=1), and some questionnaires lacked a formal
diagnosis of developmental status/delay (n=6).

Statistical methods

Data analysis was exploratory. Systematic comparisons
were conducted between Roach Type I and Type III
patients for We used RStudio (2024.9.0.375’), R version
4.4.1 (2024-06-14 ucrt) for data analysis [34]. For nor-
mally distributed numerical covariates, we each indicated
mean and standard deviation. If the assumptions were
not fulfilled, we used median/interquartile ranges. For
categorical variables, absolute and relative frequencies
are given. We used Exact Fisher’s test or Chi Square test-
depending on expected cell frequencies—to evaluate the
independence of categorical variables.

As a multivariable analysis, logistic regression evalu-
ated the association between seizure frequency as a
dependent (dichotomized) variable, and SWS type,
epilepsy surgery and the number of ASM as predictor
variables. We chose the following two groups for dichot-
omization of seizure frequency, i.e. group 1 (=controlled
epilepsy/seizures): patient never had seizures OR one/
more seizures but now seizure-free; group 2 (=uncon-
trolled  epilepsy/seizures):  breakthrough seizures,
monthly seizures, OR weekly seizures or more. Analysis
of Generalized Variance Inflation factors showed no rel-
evant multicollinearity of the model.

The threshold for statistical significance was set at
p<0.05. To adjust for multiple testing, we performed
Benjamini Hochberg procedure with a false discovery
rate of 0.2 (as in a previous study on SWS [17]).

Due to the very small number of operated patients, we
conducted a retrospective statistical power calculation
for the detection of a significant difference in seizure fre-
quency between surgical and non-surgical patients. The
calculation was approximative, based on a Welch’s t-test
for unequal variances with the following parameters: the
observed effect size Cohen’s d=0.12, the observed une-
qual sample sizes of n1 =4 and n2 =42, and a significance
level of alpha=0.05. It showed that, under the conserva-
tive assumptions of Welch’s t-test, retrospective power
for this question was insufficient in this cohort, i.e. only
55.3%.
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Results

Overview of the study cohort

Following 111 notifications of non-related pediatric
patients with clinically diagnosed SWS, 47 patients ful-
filled the inclusion criteria, consented to participate in
our survey and completed our questionnaires (response
rate 43.2%). Twenty-five patients were male, 22 patients
were female (ratio m/f=1.13). Median age was 4.0 years
(1.0-8.5 years), the age span ranged from 115 days to
17 years. 35 patients showed facial birthmark () and
leptomeningeal capillary malformation (CM), and were
classified as Roach Type I. Six patients fulfilled criteria
for Type III and the remaining 6 patients were overlap/
atypical phacomatoses. We systematically compared
Roach Type I (FPB positive) and Type III (FPB negative)
cases; the patients with overlap/atypical phacomatoses
are presented additionally (see Tables 2, 3, 4).

Epilepsy in different types of SWS

Most patients of the cohort (91.5%) had at least one
seizure until study inclusion (43/47). In Roach Type
IIT patients, two out of six were currently seizure-free
after one or multiple seizures in the past, and further
another two suffered from breakthrough seizures (2
NAs). In Roach Type I patients, 48.6% were currently
seizure-free after one or multiple seizures in the past
(17/35), and 2.9% suffered from breakthrough seizures
(1/35). None of the Type III patients reported monthly
or weekly seizures. However, in 14,3% (5/35) of Roach
Type I patients, seizures occurred at least once per
month, and in further 14,3% (5/35) seizures occurred at
least once per week.

Roach Type I patients were younger at first sei-
zure (median age 6.0 months) than Type III patients
(median age 13 months). The difference did not remain
significant after adjustment (p =0.026).

About seizure type, most Roach Type III patients
reported mostly focal seizures (83.3%, 5/6), rarely both
generalized and focal seizures. In Roach Type I patients,
focal seizures were the most frequent type of seizures
as well (42.9%, 15/35), and comparison of seizure type
did not reach statistical significance (p=0.692). Further
details are presented in Tables 2, 3, 4.

Cerebral involvement, SWS neuroscores and cognitive
impairment in different types of SWS

Cerebral atrophy on MRI was common, irrespective of
SWS Type (74.5% of the whole cohort), with no rele-
vant difference between Roach Types I and III. Nota-
bly, brain atrophy was documented in all atypical cases
(100%, 6/6). Calcifications occurred more frequently in
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classic Type I (45.7%) than in Type III (16.7%). Migraine
was only reported in Type I cases (20%).

Median SWS neuroscore was lower in Type III patients
(3.0, IQR 2.8-3.8) than in Type I (median 6.0, IQR 4.0—
9.0) and in the atypical cases (median 7.5, IQR 4.5-9.3).

Only approximately one quarter of the cohort showed
no cognitive impairment at time of study inclusion
(23.4%), a finding which was more frequent among Type
III cases (66.7% of Type III cases) than among Type I
cases (17.1% of Type I cases). Comparison of overall cog-
nitive impairment remained statistically not significant

(p=0.158).

Ophthalmologic involvement in different types of SWS
Congenital glaucoma was reported in 30% of the whole
cohort (14/47). None of Type III cases was affected.
Another 19% of the cohort developed non-congenital
glaucoma after birth(9/47), again, only Type I and atypi-
cal cases, but no Type III cases. Notably, age of onset in
these cases of non-congenital glaucoma varied widely,
ranging from eight weeks to twelve years. Non-congenital
glaucoma cases included two atypical SWS cases which
first manifested at the age of four weeks and 14 months,
respectively.

In most cases of glaucoma (irrespective of age at onset),
therapy included combined surgery and drugs (25.5% of
the cohort), sometimes drugs only (14.9%).

The proportion of patients with a visual field deficit was
approx. one third of the cohort, with no relevant differ-
ence between Type I and Type III patients. Two patients’
visual acuity was reported to be equivalent to blindness;
both were classic Type I patients. Further details on oph-
thalmologic involvement are displayed in Table 4.

Antiseizure medication (ASM), use of aspirin and epilepsy
surgery in different types of SWS

In the whole cohort, median number of ASM used was
2.0 (IQR 1.0-2.0). There was no relevant difference
between the different SWS types (p=0.924). Aspirin was
administered irrespective of SWS type.

Four patients received epilepsy surgery prior to our sur-
vey, i.e. two had cortical excision, one hemispherotomy, one
hemispherectomy. Surgery was performed both in Type I
cases (n=3) and in one Type III case. Details on the subco-
hort of patients with received surgery are given below.

Post-hoc subcohort analysis: Cases with epilepsy surgery

All four cases which received epilepsy surgery were
female. 75% of operated patients were SWS Type I (n=3),
and one was Type III. Age ranged from 4 to 17 years, with
a median age of 13.5 years. All patients displayed cerebral
CM, cerebral atrophy, and two had cerebral calcifications.
Another two patients suffered from stroke-like episodes,
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Table 2 Comparison of clinical characteristics of different SWS types in 47 pediatric patients showing median and interquartile range
for numerical variables, and absolute and relative frequencies for categorical variables

Patient characteristics N (%)—all types

(n=47)

SWS Roach Type |
(n=35), %

SWS Roach Typellll Atypical cases (n=6),
(n=6), % %

Comparison Roach
Type | versus Roach

Type lll
Histories
Maternal age at birth  30.5 (27.0-33.0) 30.0 (27.0-33.0) 32.5(29.0-33.8) 33.5(30.3-37.5) p=0.32
(years)
Diagnostics p=0.005
Age at diagnosis 5.0 (0.2-9.0) 45(02-83) 18.5(10.5-20.5) 1.5(0-3.8)
(months)
Medical discipline 1. Children’s hospital 1. Children’s hospital 1. Children’s hospital 1. Children’s hospital
that made the diag- 2. Child neurologist 2. Birth clinic 2. Child neurologist 2. Birth clinic/child
nosis (order of rela- 3. Birth clinic 3. Child neurologist 3. radiologist neurologist/other*
tive frequencies)
Epilepsy/seizures
Age at first seizure 6.5 6.0 (4.0-9-0) 13.0(13.0-14.0) 7.3(23-11.9) p=0.026
[months]
Current seizure p=0.091
frequency
Never had a seizure 4 (8.5) 3(86) 1016.7)
> 1 prior seizure, 19 (404) 17 (48.6) 2(33.3) 0
now seizure-free
Breakthrough 4(6.5) 129 2(333) 1016.7)
seizures
Monthly seizures 12.8) 14.3) 1(16.7)
Weekly seizures 12.8) (14.3) 106.7)
or more
Unknown 8(17.0) 4(11.4) 2(333) 2(333) p=0.692
Types of seizures
Focal 21(44.7) 15(42.9) 5(833) 1(16.7)
Generalized 5(10.6) 5(14.3) 0 0
Focal 13(27.7) 9(25.7) 1(16.7) 3(50.0)
and generalized
Antiseizure medication
Number of ASM 2.0(1.0-2.0) 2.0(1.0-2.0) 20(1.3-2.0) 20(1.3-2.8) p=0.924
(median, IQR)
Use of aspirin 21 (44.7) 15(42.9) 3(50.0) 3(50.0) not eval
Epilepsy surgery
Surgery performed** 4 (8.5) 3(50.0) 1(16.7) p=0.65

Type of surgery

1: hemispherectomy
1: hemispherotomy
2: cortical excision

1: hemispherectomy
1: hemispherotomy
1: cortical excision

1: cortical excision

Sums < 100% are due to missing values and rounding

*Other: caregiver reported common diagnosis by internal specialist and dermatologist

**2 further patients were evaluated for epilepsy surgery, 1 further patient was planned for surgery at study inclusion

both with significant sequelae. Severity of paresis in these
patients ranged from grade 3—4." SW'S neuroscores in the
operated subcohort ranged from 5-11. Two of the oper-
ated patients also suffered from congenital glaucoma.

! Paresis grade 3: gross and fine motricity significantly affected, grade 4:
gross and fine motricity severely affected, independent gait severely com-
promised or not possible.

The number of currently required ASM ranged from
0-3, and none of the patients received additional aspirin.
After surgery, at least two cases were “seizure-free” at the
time of study conduct, one patient still reported “weekly
seizures” (NA =1 for this item, in a normally developed
Type III patient without paresis). The number of used
ASM in operated patients were 0, 1, 2 and 3, respectively.
The median number of ASM in nonsurgical patients was
2.0 (IQR 1.0-2.0, range 0—4), but the very small number



Disse et al. Orphanet Journal of Rare Diseases

Table 3 Comparison of clinical characteristics of different SWS types in 47 pediatric patients

(2025) 20:336

Page 7 of 13

Patient characteristics

N (%)—all

SWS Roach Typel SWS Roach Type

Atypical cases

Comparison Roach Type

types (n=47) (n=35),% I (n=6), % (n=6), % I versus Roach Type lll
Cerebral involvement p=10
Cerebral atrophy 35(74.5) 25(714) 4(66.7) 6 (100)
Cerebral calcifications 18 (38.3) 16 (45.7) 1(16.7) 1(16.7)
Stroke-like episodes 8(17.0) 3(8.6) 2(333) 3(50.0)
Migraine 7(14.9) 7 (20) 0 0
Neurocognitive status/development
SWS neuroscore 6.0 (3.0-9.0) 6.0 (4.0-9.0) 3.0(2.8-3.8) 7.5 (4.5-93) p=0.164
Cognitive impairment p=0.158
None 11(234) 6(17.1) 4(66.7) 1(16.7)
Slight 12 (25.5) 8(22.9) 2(5.7) 2(33.3)
Moderate 6(12.8) 4(11.4) 0 2(333)
Severe 12 (25.5) 12 (34.3) 0 0
Paresis* p=0.297
0:none 16 (34.0) 12 (34.3) 3(50.0) 1(16.7)
1: mild, body posture affected 6(12.8) 4(114) 1(16.7) 1(16.7)
2: only fine motricity 5(10.6) 3(8.6) 2(333) 0
3:significant, fine and gross motricity 11 (23.4) 10 (28.6) 0 1(16.7)
4: severe, fine and gross motricity 6(12.8) 5(14.3) 0 1016
Language development p=0.160
Normal 17 (36.2) 11(314) 5(83.3) 1(16.7)
Speech difficult to understand 120 1.9 0 0
Autistic 12.1) 1029 0 0
No speech 4(8.5) 4(114) 0 0
Too young 3(64) 2(57) 0 1(16.7)
Complex, but mild impairment 11(23.4) 9(25.7) 0 2(33.3)
Complex, severe impairment 1(2.1) 0 1(16.7) 0

Unless otherwise stated, median and interquartile range (in brackets) are given

*For 1 patient each, child neurologists reported paresis scores of 1.5 and 2.5, here classified/rounded to 2.0 and 3.0. Sums < 100% are due to missing values and

rounding

of operated patients precludes statistical tests for com-
parisons. Figure 1 (online-content only) illustrates the
number of ASM in surgical and non-surgical patients.

Multivariable model of seizure frequency as a function

of SWS type

Our multivariable model included SWS type, current
number of ASM and epilepsy surgery as predictors of sei-
zure frequency. Binary logistic regression showed a sig-
nificant, positive association between seizure frequency
and the number of administered ASM (p=0.0056), with
a regression coefficient of 1.33 (i.e. OR 3.77, 95% CI 1.64;
11.22). SWS type and epilepsy surgery each were not
associated with seizure frequency.

Discussion/conclusions

To the best of our knowledge, our cohort is the first mul-
tinational cohort to systematically investigate different
SWS types. Comparing Type I cases (classic form) and
Type III cases (no skin involvement), we present detailed
clinical data on epilepsy including ASM, aspirin use and
surgery, cerebral and ophthalmologic involvement, and
neurocognitive outcomes.

Key epidemiologic data of our cohort

Our pediatric cohort is composed of 47 pediatric SWS
cases including 87.2% Type I (FPB positive) cases and
12.8% Type III (FPB negative) cases, and is thus compara-
ble to the U.K. cohort by Powell et al. (85.7% FPB positive
cases) [17] and to published U.S. SWS cohorts [6, 8, 9]
regarding the proportion of FPB positive/negative cases.
We have described other key demographic and epidemi-
ologic data of the cohort in our previous publication [29].
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Table 4 Comparison of clinical characteristics of different SWS types in 47 pediatric patients

Patient characteristics

N (%)—all types SWS Roach Type |

SWS Roach Type lll  Atypical cases Comparison Roach Type

(n=47) (n=35), % (n=6), % (n=6), % I versus Roach Type lll
Ophthalmologic involvement*
Congenital glaucoma 14 (30.0) 9(25.7) 5(83.3) p=0.079
Glaucoma in further course 9(19.1) 7 (20.0) 2(33.3) p=0.669
Visual field loss 15(31.9) 12 (34.3) 2(333) 1(16.7)
Blindness 2 (4.3) 2(5.7) 0
Retinal or corneal pathology 2 (4.3) 2(5.7) 0
Therapy for glaucoma
Surgery 1.0 129 0
Drugs 7(14.9) 5(14.3) 0 (333)
Combined surgery and drugs 12 (25.5) 8(22.9) 0 (66.7)
Other 1(2.1) 1(2.9) 0
Use of visual aid 16 (34.0) 11(31.4) 1(16.7) 4(66.7)
Supportive measures** p=1.0
Physical therapy 34 (72.3) 26 (74.3) 3(50.0) 5(833)
Speech therapy 19 (40.4) 13(37.1) 3(50.0) 3(50.0)
Manual therapy 25(53.2) 19 (54.3) 4(66.7) 2(333)

Unless otherwise stated, median and interquartile range (in brackets) are given

*Visual field loss is usually of central origin, but perimetry is usually performed by an ophthalmologist

**Combinations possible

Epilepsy in different SWS types
Age at first seizure in our whole cohort (6.5 months) is
also comparable to the literature® [9, 17]. In concordance
with these findings, Smegal et al. [6] reported a seizure
onset <12 months in 196 out of 268 patients (73.1%)—in
one of the to date largest cohorts. Most published SWS
cohorts did not investigate epilepsy in different SWS
types [6, 8]. A statistically non-significant, yet numeri-
cally later seizure onset in Type III/FPB negative patients
was recorded in our own cohort, i.e. 13 months. Like-
wise, in the UK cohort by Powell et al. [17] (9 months)
median age at onset of status epilepticus was signifi-
cantly later in FPB negative patients, but the number of
episodes with status epilepticus was comparable. Day
et al. [9] also found a later seizure onset in FPB negative
patients (17 months) versus patients with unilateral PWB
(10 months) or bilateral PWB (5 months). In the litera-
ture, there is a strong agreement that early seizure onset
is associated with a strong negative impact on neurocog-
nitive development [9, 17, 35, 36]. Hence, delayed seizure
onset is SWS Type III may contribute to a better intellec-
tual function in these patients (see below).

Regarding seizure type, Our Type III cases reported
nearly only “focal seizures”; “focal and generalized

seizures” were rare, however, our questionnaire did not
assess “focal seizures with secondary generalization”
Classic SWS Type I in our cohort also reported a pre-
dominance of focal seizures (42%), but generalized or
mixed types of seizures were common in classic Type I as
well. Due to our small sample size of Type III cases, sta-
tistical analysis of seizure types did not achieve statistical
significance.

In the literature, many case reports, series and studies
depict a predominance of focal or focal onset seizures®
in FPB negative patients [37] and in SWS in general [7,
36, 38, 39]. In some studies, the types of seizures are not
explicitly stated [6]. The UK cohort by Powell et al. [17]
specified that first seizure semiology was focal motor in
16 out of 20 FPB negative cases (80%), as compared to
69/120 (58%) FPB positive cases. We did not assess the
frequency of seizure clusters, but this is another common
type of seizures in SWS [36] that probably occurs slightly
more frequent in classic SWS [17]. A predominance of
focal seizures in Type III cases can be explained very well
through the—as reported by Powell et al. —fewer affected
cerebral lobes by the leptomeningeal capillary cerebral
malformation as compared to classic SWS [17].

2 Powell et al: seizure onset at 7 months [17], Day et al
5 months/10 months for bilateral/unilateral PWS [6].

% In some publications, the old terminology is used: simple partial or com-
plex partial seizures.
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Seizure frequency (as a binary variable—i.e. controlled
versus uncontrolled seizures) was independent of SWS
type in our multivariable analysis. In our whole cohort,
only 48.5% were seizure-free at study inclusion; further
32% suffered from seizures with different frequencies
(for detalils, please see Table 2). As expected, our model
showed that the odds for an additional ASM were more
than threefold higher in uncontrolled versus controlled
seizures (odds ratio=3.7). In the Powell cohort, the num-
ber of seizures also did not differ between FPB positive
and FPB negative patients [17].

Neurocognitive outcomes in different SWS types
SWS is an often progressive [40] neurovascular disor-
der which puts neurocognitive development of affected
patients at risk. In our study, two thirds of patients
showed various degrees of intellectual impairment (64%),
and among these, severe impairment was frequent (43%).
However, two thirds of our Type III patients showed
normal cognitive function (66.7%), and none of Type III
patients showed severely or moderately impaired cog-
nitive function. The findings agree well with the results
from the UK cohort by Powell et al. (n=140) [17]: 25%
of FPB-positive cases were not impaired (in our own
cohort: 17.1% of Type I cases not impaired), and 50%
of FP—negative cases were not impaired (in our own
cohort: 66.7% of Type III not impaired). Intellectual sta-
tus was not addressed in some of the other cohorts [6].
However, one of the so far largest published SWS cohorts
by Day et al. with 277 pediatric (85.6%) and adult partici-
pants—recruited from 7 U.S. sites—reported a far smaller
proportion of patients with “intellectual disability”
(14.8%), and 41.9% with a “learning disorder”—despite a
relatively high proportion of patients with bilateral FPB
(35.7%) and a similar proportion of Type III patients.
Even so, the authors estimated their results to be “likely
skewed toward the more severely involved subjects” due
to patient recruitment from tertiary centres. The higher
rate of impaired patients in our and the above-cited stud-
ies is most likely due to the large sample size in the Day
cohort [9]. Additionally, our patients” younger age, possi-
bly points towards a more severe involvement and thus, a
selection of more severely affected cases in our study (see
below) might contribute. Click or tap here to enter text..
Analysis of 11 published cases with SWS Type III
reported on as single case reports or as small series
shows that their intellectual status was mostly within
normal limits [3-5, 41-44]; only very few cases depicted
intellectual impairment [45] or progressive deterioration
[46]. This may be explained by the fact that, on average—
as shown by Powell et al. [17]—Type III patients show
significantly reduced brain involvement as compared to
classic Type I patients, i.e. fewer lobes with CM, which
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is always unilateral. On a molecular basis, an intact intel-
lectual function and less extensive leptomeningeal CM
are compatible with the smaller mutant allele frequen-
cies of the causative GNAQ gene mutation found in SWS
Type III cases (0.42-7.1%) [20] as compared to the allele
mutation frequency described in classic Type I cases
(1-18.1%) [18]—presumably, due to a later occurrence of
the shared somatic mutation.

Diagnosis in SWS Type lll

In our cohort, all Type III cases were diagnosed within
the first two years of life. However, analysis of pub-
lished case reports on Type III cases shows numerous
late manifestations [5, 41, 44] and/or delayed diagno-
ses [4, 41, 44, 45], often with many years between first
symptoms and final diagnosis—up to 26 years [41]: One
patient showed first symptoms at the age of 6 years (with
status migrainosus; initially suspected for encephalitis
[4]), and was diagnosed with SWS Type III three years
later. Another patient became symptomatic at the age of
10 years with headaches and visual aura and was finally
diagnosed with SWS Type III at the age of 36 years [41].
Finally, a 62-year old man was diagnosed with SWS Type
IIT after a first generalized seizure and typical MRI find-
ings; his first manifestation three years before had been
misclassified as a culture-negative “focal leptomeningitis”
[47]. To conclude, diagnosis in SWS Type III can be par-
ticularly challenging and requires regular counselling of
medical staff regarding clinical signs and pitfalls in cer-
ebral imaging. Beyond that, a revision of current guide-
lines could potentially accelerate the diagnosis of SWS
Type III patients. As outlined by others, “currently, no
guidelines* recommend contrast-enhanced MRI in the
evaluation of focal seizures or stroke-like episodes” and
it is “important to keep a high index of suspicion in cases
presenting with focal epilepsy with no detectable foci in
plain MRI or stroke-like episodes with normal MRI” [49]
The same may hold true for patients with migraine—a
potential first symptom of SWS Type III [50]—and pro-
longed focal symptoms.

Aspirin therapy and epilepsy surgery in different SWS
types

In our cohort, aspirin was administered equally frequent
to patients of both SWS types. This was also recorded in
the U.K. cohort by Powell et al. [17]. The finding can be
explained by similar occurrence of stroke-like episodes.

4 The German National Guideline on Diagnostic Principles in Epilepsy in
Childhood [48]—currently under revision—also does no not state routine
contrast application, but recommends it in cases with “tumours,vascular
malformations, inflammation or infections.
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Epilepsy surgery included SWS patients of both types
(four patients). Both surgical patients which remained
seizure-free after surgery (i.e. 50% of the operated
patients) were Type I SWS patients (no information
available on outcomes of the operated Type III patient),
and one had received hemispherotomy, the other a cor-
tical excision. Hemispherectomies were the most fre-
quently used surgical technique in the Powell cohort [17].
A recently published study by Ramantani et al. including
36 patients with SWS found no difference in outcomes
with regard to surgical technique in pediatric hemispher-
otomy [51].

Potential sources of bias

As we used a non-obligatory neuropediatric network for
patient recruitment, we acknowledge that registration of
SWS cases may be incomplete. Yet, estimation of com-
pleteness is difficult as no obligatory reporting system
exists in the German-speaking countries. Notably, we
cannot rule out an increased inclusion of more severely
affected SWS patients for this cohort as severely affected
patients tend to seek medical attention in tertiary cen-
tres and university hospitals more often than mildly
affected patients [52]—where rare disease networks such
as ESNEK are more well-known. A differential recruiting
completeness-depending on the disease severity—could
result in selection bias. Vice versa, less severely affected
patients—may have been missed by the reporting sys-
tem. Potential selection bias would also explain why no
patients with SWS Type II (no neurologic involvement)
were reported in this cohort.

Using capture-recapture methods, the experience from
other German pediatric rare-disease networks such as
ESPED (transl.: German Pediatric Surveillance Unit)
showed that overall completeness of registration ranged
between 37 and 44% for Kawasaki Disease [53]. Such
methods are not available for this study, as no other inde-
pendent estimates for SWS prevalence are available for
the German-speaking countries. For future research, an
analysis of hospital records could potentially provide a
remedy here.
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As Type III patients display no externally visible signs
of the condition, this type is especially prone to detection
bias. Undiagnosed patients with Type III SWS, e.g. cases
misclassified as migraine [4, 41] or as meningitis [47]
(s.a.), escape every reporting system, resulting in under-
estimation of SWS Type III prevalence. Additionally, we
cannot rule out underreporting of mildly affected pheno-
types which may lead to overestimation of disease sever-
ity in SWS Type III cases.

Strengths and limitations of our study

Our multinational cohort gives insight into detailed clin-
ical profiles not only in classic SWS Type I, but also in
SWS Type III, which has so far been mostly described
in case reports. We included data on SWS neuroscores,
use of aspirin, ASM and epilepsy surgery. As main limi-
tations, we acknowledge that incompleteness of registra-
tion through a non-obligatory, though well-established
neuropediatric network may lead to potential bias.
Given the rarity of SWS, the small sample size of Type III
patients may increase the probability of chance findings
and it may decrease the power for the detection of sig-
nificant findings. The achieved sample size restricted our
possibilities for multivariable modelling. Yet, our explor-
atory analyses serve as a valuable basis for new directions
in future research.

Conclusions

Our findings are compatible with an incomplete, some-
times milder phenotype in Type III, FPB negative patients
as compared to classic SWS Type I. The hallmarks of this
to date poorly investigated SWS type are a later first diag-
nosis, an on average better neurocognitive development
despite otherwise overall comparable epilepsy charac-
teristics as compared to classic Type I SWS. Increased
awareness and counselling on typical symptoms and
imaging characteristics are necessary for more timely
diagnoses in SWS Type IIL

Appendix
See Table 5.
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Table 5 Detailed clinical characteristics of six patients with SWS included into this study which we classified as “atypical”due to
additional features as shown in column 8

Patient Leptomeningeal Facial CM:number  Age (years) Sext Seizures Glaucoma Criterion for classification as "atypical"
number CM of affected

segments *
1 Yes 7 4 f Yes Congenital Diverse additional congenital malformations:

1. Cardiologic: Tetralogy of Fallot, diverse
intrathoracic arterial malformations
including retrograde perfusion of the left
subclavian artery via the left vertebral artery,
an absent connection of the left subclavian
artery to the aortic arch, a large MAPCA
(major aortopulmonary Collateral Artery)
originating from the left subclavian artery
to the left pulmonary artery with a high-
grade stenosis and a small, tortuous MAPCA
originating form the left vertebral artery

to the left lung — these malformations fulfill
the criteria for "possible PHACE(S) Syndrome”
as described by Haggstrom et al,, Pediatrics,
2010 (but this would not consider the facial
birthmark, ipsilateral leptomeningeal CM and
congenital glaucoma, i.e. the hallmarks of SWS)
2. Other: low-set left ear with microtia

This unique case was presented at Annual
Meeting of the German Society for Neonatol-
ogy and Pediatric Intensive Care Medicine,
Bonn, Germany in 2014 by author SD

2 Yes 7 3 m Yes Congenital Classified as "systemic angiomatosis"
and shows signs of Klippel-Trénaunay
spectrum:
1. Extensive CM on the skin of right body
half, beyond the face: occiput, back (cross-
ing the midline), buttocks, and right upper
and lower extremities — classified as signs
of systemic angiomatosis
2.Signs of Klippel-Trénaunay spectrum, e.g.
leg length discrepancy right > left

3 Yes 8 2 f No Congenital Diverse additional malformations:
1. Synostosis of the metopic suture
2. Macrocephaly without hydrocephalus
3. Hypoplasia of the right vertebral artery
and sinus transversus links (variants?)

4 Yes 10 0 m Yes Congenital Signs of Klippel-Trénaunay spectrum:
Entire upper body, upper extremities edema-
tous but lower extremities hypoplastic
CM on skin extends over the whole face,
arms and upper body

5 Yes 11 1 m Yes Congenital Classified as “overlap phacomatosis” due
to additional signs of Klippel-Trénaunay
spectrum:
Whole right side of the body CM on the skin
Hemihypertrophy of the right side
of the body, especially right lower extremity

6 Yes 9 1 m Yes In further course  Classified as "systemic angiomatosis”
Extensive, irregularly shaped CM of the skin
over the whole body

*All respective facial localizations are available in our internal database but are not presented in order to maintain the clarity of the table

t f=female, n=male

Abbreviations Kindesalter”; English translation “Survey of Rare Neurological Disor-
ASM Antiseizure medication ders in Childhood")

@] Confidence interval FPB Facial portwine birthmark

(@] Capillary malformation SWS Sturge-Weber Syndrome

ESNEK  (German “Erhebung Seltener Neurologischer Erkrankungen im
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