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Introduction

Abstract

Background: Sturge-Weber Syndrome (SWS) is a neurocutaneous
defect involving facial Port Wine Stain (PWS) with vascular deficits in
the brain and ipsilateral eyes. Facial PWS can be the initial marker and
help predict the severity of SWS.

Aims and objectives: To study the association of facial PWS char-
acteristics, neurological and ophthalmological deficits in SWS with the
degree of severity.

Materials and Methods: A retrospective descriptive study of pa-
tients with SWS was conducted at Dr. Sardjito Hospital between Janu-
ary 2010 - December 2020. Facial PWS characteristics were assessed
from photographs. Assessments of neurological and ophthalmological
deficits used physical and supportive examinations, including Electro-
encephalogram (EEG), Magnetic Resonance Imaging (MRI), and Intelli-
gent-Quotient (1Q).

Results: From 19 female patients aged 1 month to 26 years with
facial PWS, seven fulfilled the inclusion criteria. “High risk” facial PWS
V, and P.b distribution patterns were found in all patients. Most pa-
tients had neurological deficits of rare focal seizures (83%). Fine motor
disorders (50%) were the most severe motoric deficits found. All pa-
tients experienced glaucoma with decreased visuality to blindness and
hemianopsia. EEG epileptiform patterns, MRI showing angiomatosis
and brain atrophy, and low 1Q scores were recorded.

Conclusions: Pathogenesis and degree of severity in SWS were re-
lated to facial PWS, neurological and ophthalmological deficits.

Keywords: Sturge-weber syndrome; facial port-wine stain; neurological
deficit; ophthalmological deficit; neurocutaneous disorder.

Sturge-Weber syndrome (SWS, OMIM 185300) involves neu- somatic mutations in the guanine nucleotide-binding protein
rocutaneous defects characterized by facial capillary malforma-  alpha-q (GNAQ) gene, which occur sporadically and not heredi-
tions in the form of a port-wine stain (PWS) accompanied with  tarily [2]. The mutations cause hyperproliferation and apoptosis
vascular malformations in the brain and ipsilateral eye. The inci-  inhibition of vascular cells that lead to the vascular malforma-
dence of SWS is estimated to range from 1 in 20,000 to 50,000 tionsin SWS [2].

births without sex predisposition [1]. The disease is caused by

The facial PWS is one of the SWS components which can be
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an initial marker and help to predict the severity of SWS (Figure
1). Classically, the distribution of PWS on the face is a “high risk”
area for SWS due to the involvement of the ophthalmic nerve
dermatome (V1) of the trigeminal nerve [1]. Waelchii et al. re-
ported that the distribution of PWS according to facial embry-
onic vascularization (placode) is a more accurate predictor for
SWS, because embryologically the vascularization of the skin,
brain, and eyes are derived from the same embryonic protru-
sion [3]. The extent of facial PWS that occurs in patients with
“high risk” area distribution may also help to predict SWS sever-
ity [4].

Neurological and ophthalmological deficits in individuals
with SWS are progressive and occur due to vascular malforma-
tions. Neurological deficits can manifest clinically as seizures
and stroke-like episodes with hemiparesis, whereas ophthalmo-
logical deficits occur as visual field defects or decreasing visual-
ity due to glaucoma. In more severe condition, SWS can lead
to cognitive disorders such as decreasing intelligence and social
adaptive function. Neurological and ophthalmological diagnos-
tic examinations need to be performed as early as possible to
assist the management plan in the prevention of SWS progres-
sion [1,4].

To assess the severity of the disease, the characteristics of
facial PWS, neurological, and ophthalmological deficits were ex-
amined in patients with SWS. By assessing the characteristics
of facial PWS, it is expected that dermatologists can predict the
possibility of complications and team up with other specialists
(in ophthalmology, pediatrics, neurology, psychiatry, and psy-
chology) to determine the most effective management of SWS.

. ™

| Figure 1a,b: Facial port-wine stain.
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Subjects and methods
Subjects and study design

A descriptive study was conducted with a retrospective
design. The subjects were patients who were admitted to the
dermatology and venereology polyclinic at Dr. Sardjito Hospi-
tal, Yogyakarta between January 2010 to December 2020. Sub-
jects’ data were collected through medical records, clinical pho-
tographs, and diagnostic examinations. The inclusion criteria
were: SWS patients with facial PWS who had been diagnosed
through ophthalmological, neurological, and/or radiological
examination. The exclusion criteria were: Patients with incom-
plete medical record data from illness or dermatological exami-
nation, and incomplete clinical photographs (complete clinical

photos consist of 1 anterior side and 2 lateral sides of the face).
Clinical assessment

The characteristics of facial PWS were assessed through dis-
tribution patterns and scores based on the latest clinical pho-
tographs. The distribution pattern of facial PWS was based on
the trigeminal dermatomal and facial embryonic vascularization
(placode) patterns [3]. The scores of facial PWS were obtained
by assessing the extent of percentage of PWS lesions in each
distribution pattern, with score 0 if the area was without lesion,
1 if the extent of lesion area was 1: -25%, 2: 26-50%, 3: 51-75%,
and 4: 76-100%. Scores from 6 areas of the distribution pattern
were summed with a total score ranging from 0-24 for the facial
PWS score [4].

Neurological deficits assessments included the type, fre-
quency of seizures and the presence of motoric disorders. The
ophthalmological deficits were measured by assessing visual-
ity, intraocular pressure, and visual field defects. All data were
taken from the latest physical and diagnostic examinations. The
neurological score was assessed in subjects with complete neu-
rological and ophthalmological deficit data (Table 1) with a total
score ranging from 0-15 [4].

The latest electroencephalogram (EEG), Magnetic Reso-
nance Imaging (MRI), and Intelligent-Quotient (IQ) data were
assessed as additional data. The MRI score assessment was
performed in four brain regions (frontal, parietal, temporal,
and occipital) in subjects who had MRI data. Score 1 indicated
no asymmetry was found, 2 for mild asymmetry (angiomatosis
only), 3 for moderate asymmetry (angiomatosis and mild cere-
bral atrophy), and 4 indicated severe asymmetry (angiomatosis
and severe cerebral atrophy). Scores from all four brain regions
were summed for a total MRI score ranging from 4-16.

Ethical considerations

All subjects were asked to provide informed consent prior to
the study.

Results

From January 2010 to December 2020 there were 19 SWS
patients with facial PWS who were admitted to the dermatology
and venereology polyclinic at Dr. Sardjito Hospital, Yogyakarta.
Further searching through medical record, clinical photograph,
and diagnostic examination data obtained seven patients who
met the inclusion and exclusion criteria. All of the subjects were
female with age range between 1 month to 26 years old. Com-
plete data of neurological and ophthalmological deficits were
found in 4 and 3 subjects, respectively. Additional diagnostic
examination data of the subjects consisted of EEG, MRI, and IQ
examinations (Table 2).

All subjects (100%) had facial PWS distribution pattern at
V, and V, (Figure 2). The placode distribution patterns showed
more specific results, in which the P, pattern was found in 100%
of subjects and P__pattern in only 57% of subjects. Focal seizure
was found in 83% of subjects with rare frequency of seizures.
Fine motor disorders occurred in 50% of subjects. Glaucoma
occurred in all subjects accompanied by partial or total visual
impairment, blindness and/or hemianopsia as ophthalmologi-
cal deficits (Table 3).
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(Table 1: Neurological score to assess the severity of the Sturge- \
Weber syndrome [5]. J

Assessment | Score Range Score Description
0: No visual field defect
Field of view 0-2 1: Partial homonymous hemianopsia
2: Total hemianopsia
0: No weaknesses
1: Intermittent mild posture disorder
Hemiparesis 0-4 2: Fine motor disorders
3: Severe gross and fine motor disorders, dif-
ficulties or unable to walk
0: none ever
1: one or more that has been controlled at this
Frequency 0-4 time
of seizures 2: Breakthrough seizure
3: Monthly seizure
4: Weekly seizure
Infant or pre-school age
0: Normal
1: Mild speech delay but comprehends well
2: Mild delay in speech and comprehension
3: Moderately delayed speech
4: Severely delayed speech
5: Profoundly delayed speech with little or no
comprehension
Children
0: Normal
1: Difficulty learning at school, but still able to
take regular classes
Cognitive 2: Need resource help in regular schools
function 05 3: Requires special education / school
4: Can only be trained for daily activities
5: Requires full maintenance and care
Adult
0: Normal
1: Live and work independently with a little help
2: Work with the help of parents and live with
parents
3: Have significant difficulties in maintaining
employment or social relationships
4: Only at home and requires supervision in
work, trainable
5: Requires full maintenance and care

Figure 2: All subjects with facial PWS distribution pattern at V! and
V2,

N

There were two subjects with complete data of neurological
and ophthalmological deficits, EEG and MRI. In both subjects
neurological and MRI scores were assessed. The complete char-
acteristics, scores, and diagnostic examination results of these
subjects are presented in Table 4. Epileptiform finding in EEG
examination was identified in three subjects and only one sub-
ject showed normal EEG results. Other diagnostic examination
data collected included IQ test, from which only 1 subject had
the result of 50 1Q score.

Discussion

Sturge-Weber syndrome involves neurocutaneous defects
caused by GNAQ gene mutations that encode the Gaq protein
(alpha subunit of the guanosine-5-triphosphate protein). Stimu-
lation of the G protein coupled receptor (GPCR) causes phos-
phorylation of guanosine diphosphate (GDP) that binds to the
Gagq protein to form guanosine triphosphate (GTP). The Gag-
GTP component is an active form that activates the mitogen
activated protein kinase (MAPK) pathway. The MAPK pathway
plays a role in proliferation and vascular growth by regulating
transcription factors and preventing apoptosis. Mutations in
GNAQ cause hyperproliferation and apoptosis inhibition in vas-
culogenesis which leads to vascular malformation [2,6].

CTabIe 2: Subject characteristics.

Gender Age | Facial Photo | Neurological Deficiency | Ophthalmological Deficiency EEG MRI Q
1 Female 1mo (+) (+) (#) (n/a) (n/a) (n/a)
2 Female 3yr (+) (+) (+) (+) (n/a) (n/a)
3 Female 14yr (+) (+) (+) (+) (+) (n/a)
4 Female 13yr (+) (+) (+) (n/a) (n/a) (n/a)
5 Female 26yr (+) (£) (£) (n/a) (n/a) (n/a)
6 Female 8yr (+) () (+) (+) (+) (+)
7 Female 16yr (+) () () (+) (n/a) (n/a)

(+) complete data, (+) incomplete data, (n/a) no data
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\/ Table 3: Facial PWS characteristics, neurological deficiency, and ophthalmological deficiency. )
\\\ //
Facial PWS Neurological Deficiency Ophthalmological Deficiency
Distribution pattern (n=7) Type of seizure (n=6) Intraocular pressure (n=7)
1. Trigeminal Focal 5(83%) Glaucoma 7 (100%)
vV, 7(100%) General 1(17%)
Vv,  7(100%)
V,  3(43%)
2. Placode
P, 4 (57%) Seizure frequency (n=4) Visus (n=6)
P, 7 (100%) One time/rarely 3 (75%) Decreased visus 4 (67%)
P, 7 (100%) Monthly 1(25%) Blindness 2 (33%)
P,  3(43%)
Facial PWS Score (n=7)
6score 3 (44%)
8 score 1(14%) Motoric disorder (n=4) Visual field (n=4)
16 score 1 (14%) None 2 (50%) Partial hemianopsia 3 (75%)
18 score 1 (14%) Fine motor 2 (50%) Total hemianopsia 1 (25%)
24 score  1(14%)
e - N - N
( Table 4: Characteristic scores and subject investigation scores. |
\_ /
Facial PWS Score MRI Score Neurological Score Epileptiform Waves Cerebral Cortex Involvement
1 18 12 9 (+) Frontal, Temporal, Parietal, Occipital
2 8 2 7 (-) Occipital

The GNAQ mutations in the progenitor cell are thought to
play a role in the extent of vascular malformations. Earlier mu-
tation will cause vascular malformations in more organs com-
pared to late mutation [2]. Roach et al. classified SWS into 3
types: (1) Type | (Classic) which is the most common type found
with vascular malformations in the form of facial PWS, lepto-
meningeal angioma (brain), and angiomas in choroid (eyes), (2)
Type Il vascular malformations in the form of facial PWS and
choroidal angioma, but without leptomeningeal angioma, and
(3) Type lll (forme fruste) is the rarest type with vascular mal-
formation in the form of leptomeningeal angioma only. The hy-
pothesis about the timing of this mutation can explain all three
types of SWS with the involvement of these varied organs [7].

Our study found that the distribution patterns of trigeminal
and placode were almost similar. However, the placode distri-
bution pattern showed more specific results, in which 7 sub-
jects with V, facial PWS can be specified into 7 subjects with
P, facial PWS only and 4 subjects with P,_and P, . This result
is in line with previous studies [3], since embryologically the fa-
cial skin area of P,_and P, vascularization are derived from the
same neural crest as the cerebral cortex and eye. This similarity
in vascularization causes the placode pattern to be more spe-
cific than the trigeminal pattern [3]. The involvement of facial
PWSin V, P, and P patterns as SWS's "high risk" areas were
also found in all subjects, similar with the cases described by
Dymerska et al [4].

Vascular malformation in the form of leptomeningeal angio-
matosis in SWS is a major cause of neurological deficits. Parsa
proposed the absence of any bridging vein as a cause of lepto-
meningeal angiomatosis in SWS [8]. If venous blood flow from
the cortical vein to the superior sagittal sinus is impaired due to
the absence of a bridging vein, this condition results in enlarge-
ment of other leptomeningeal blood vessels as compensation.
This compensatory mechanism leads to increased venous pres-
sure accompanied by decreased arterial perfusion and hypoxic
ischemia in the involved brain lobe. In the acute phase, symp-

toms of seizures can arise which will further increase the oxy-
gen demand and the brain’s metabolic rate. In the late phase,
as the seizures occur repeatedly and the brain cannot compen-
sate, progressive atrophy and calcification in the cerebral cortex
will occur ranging from acute stroke-like episodes to motor dis-
orders manifestations [4,8].

Neurological deficits correlate with the location and extent
of brain involvement. Generalized seizures with frequent, un-
controlled frequency and accompanied by motor disorders
indicate extensive and progressive brain involvement [9]. The
neurological deficits found in our study included focal seizures
in five patients (83%). Fine motor disorders are the most se-
vere degree found in motoric function deficits. Limited and
non-progressive brain involvement was found in the majority of
subjects. Most of the subjects aged more than 6 years old had
neurological deficits that were non-progressive similar with the
study of Kavanaugh et al [5]. Our study found that the progres-
sion of neurological deficits may be continued in subjects aged
less than 6 years old with frequent generalized type seizures.

The choroid layer is a vascular-rich layer between the sclera
and retina of the eye. Vascular malformations in the form of
angiomatosis of the choroid will cause mechanical angular ob-
struction in the eye and increasing episclere venous pressure
that can manifest clinically as visual field defects and glaucoma.
Retinal detachment may also occur due to untreated progres-
sive glaucoma and lead to blindness [10,11]. Glaucoma was
found in all of our subjects as the main ophthalmological defi-
cit. Decreased visual and partial hemianopsia were found as the
mildest degree of glaucoma progression. These results are simi-
lar with the study conducted by Bachur et al., in which glaucoma
in the early phase of SWS was asymptomatic. Patients realized
the presence of an ophthalmological deficit only when the dis-
ease had progressed and this delay made the ophthalmologic
examination performed late [9]. Diagnostic and therapeutic in-
tervention delays can result in total blindness and hemianopsia
as seen in our patients.
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Facial PWS scores along with MRI scores may predict neuro-
logical and ophthalmological deficits that are described by neu-
rological scores [4]. Scoring assessments in two of our patients
showed that PWS and MRI scores have a positive correlation
with neurological scores, similar with the study conducted by
Bachur et al [9]. Higher neurological scores were also found in
subjects with more extensive lesions in the cerebral cortex [9].
None of subjects have unique facial PWS distribution patterns
limited to the P__distribution, which tend to have very low facial
PWS scores with very high neurological scores [4].

EEG abnormalities in SWS were found in the form of asym-
metric epileptiform waves ipsilateral with facial PWS. This epi-
leptiform finding becoming more abnormal with more frequent
epileptiform activity, resembles the extent of brain involvement
that progressively increases with age [12,13]. Our study found
that epileptiform findings were in line with the extent of brain
involvement, which in one subject with all four brain regions
involvement showed EEG abnormalities. No EEG abnormality
was found in subjects with only involvement of the occipital
region. Neurological and ophthalmological deficits with low in-
telligence (1Q 50) were also found in one patient with no EEG
abnormalities. Previous study reported that white matter focal
damage in just one brain region was enough to reduce 1Q [5].

Some of the limitations of our study were incomplete data
from neurological, ophthalmological, and radiological exami-
nations. The limitations of MRI data also made all subjects to
be diagnosed as type | SWS (classic) and there was a possibility
that non-classical SWS (types Il and Ill) could be missed. MRI
examinations for neurological and ophthalmological deficits are
recommended to be performed to provide a better clinical as-
sessment, prognosis, and management of SWS cases. Our study
demonstrated that the characteristics of facial PWS, neurologi-
cal, and ophthalmological deficits are clinical features that were
associated with the pathogenesis and severity of SWS. Facial
PWS is the most visible sign in patients with SWS and can be
an indicator for screening of neurological and ophthalmological
deficits. Examinations of EEG and MRI play an important role
in screening of brain function deficits and assessing structural
abnormalities in SWS.

Conclusion

Sturge-Weber syndrome involves neurocutaneous defects
characterized by facial capillary malformations in the form of a
PWS accompanied with vascular malformations in the brain and
ipsilateral eye. The facial PWS is one of the SWS components
which can be an initial marker and help to predict the severity
of SWS. Pathogenesis and degree of severity in SWS were re-
lated to facial PWS, neurological and ophthalmological deficits.
Therefore, facial PWS can be the initial marker and help predict
the severity of SWS.
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