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Sturge-Weber Syndrome: A Review

Kristin A. Thomas-Sohl, BA*, Dale F. Vasow, MD', and Bernard L. Maria, MD, MBA*

Sturge-Weber syndromeisarare disorder that occurs
with a frequency of approximately 1 per 50,000. The
disease is characterized by an intracranial vascular
anomaly, leptomeningeal angiomatosis, most often in-
volving the occipital and posterior parietal lobes. Fa-
cial cutaneous vascular malformations, seizures, and
glaucoma are among the most common symptoms and
signs. Stasis results in ischemia underlying the lepto-
meningeal angiomatosis, leading to calcification and
laminar cortical necrosis. The clinical course is highly
variable and some children experience intractable sei-
zures, mental retardation, and recurrent strokelike
episodes. In this review, we describe the syndrome's
characteristic features, clinical course, and optimal
management. © 2004 by Elsevier Inc. All rights
reserved.
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Introduction

Sturge-Weber syndrome (SWS) is a rare, sporadic
neurocutaneous syndrome affecting the cephalic venous
microvasculature. An estimated frequency of 1 per 50,000
live births have SWS, athough experts believe many more
people have the disorder but have not yet been identified
[1]. The hallmark intracrania vascular anomaly is lepto-
meningeal angiomatosis, most often involving the occipi-
tal and posterior parietal lobes, but it can affect other
cortical regions and both cerebral hemispheres. An ipsi-
lateral facial cutaneous vascular malformation usually
affects the upper face in a distribution consistent with the
ophthalmic division of the trigeminal nerve. Other clinical
findings associated with SWS are seizures, glaucoma,
headache, transient strokelike neurologic deficits, and
behavioral problems. Hemiparesis, hemiatrophy, and
hemianopia may occur contralateral to the cortical abnor-
mality.

Clinical Presentation and Diagnosis

A child with Sturge-Weber syndrome typically presents
at birth with a facial cutaneous vascular malformation, a
port-wine nevus, usualy affecting the upper face ipsilat-
eral to the angiomatosis. However, it is important to
observe that most children with afacia cutaneous vascular
malformation do not have SWS. When the cutaneous
malformation is unilateral or bilateral and includes the
ophthalmic division of the trigeminal nerve, the likelihood
of SWSincreases. The overall risk of SWS associated with
any kind of facial cutaneous vascular malformation is
approximately 8%. Children with the involvement of the
eyelids are at elevated risk for eye and brain disease [2].
Rarely, some children with SWS lack a facial cutaneous
vascular malformation but have the neurologic or ophthal-
mic components. The intracranial leptomeningeal angio-
matosis is a key diagnostic feature in SWS.

When a child is born with a facia cutaneous vascular
malformation covering a portion of the upper or the lower
eye lids, imaging should be performed to screen for
intracranial leptomeningeal angiomatosis. Leptomenin-
geal angiomas may not be apparent early on ininfancy, but
longitudinal studies have not yet been undertaken to define
the optimal age of screening with magnetic resonance
imaging. Imaging studies can indicate the degree and
amount of cerebral calcification, atrophy, neurona loss,
and gliosis [3]. Computed cranial tomography provides
adequate evaluation of brain calcifications [4]. However,
calcifications may be absent or minimal in neonates and
infants. Therefore magnetic resonance imaging with con-
trast is the preferred imaging modality for evaluation of
the leptomeningeal angiomatosis. Metabolic imaging stud-
ies with single-photon emission computed tomography,
positron emission tomography, or magnetic resonance
spectroscopy may also assist in characterizing the extent
of brain disease in SWS.

Seventy-five to 90% of children with SWS develop
partial seizures by 3 years of age [5]. Of the longitudinal
studies published, none demonstrate that early onset of
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seizures indicates poor prognosis. In fact, retrospective
studies do not support the widely held belief that seizure
frequency early in life in patients who have SWS is a
prognostic indicator. However, some patients develop
intractable epilepsy, permanent weakness, hemiatrophy,
and visual field cuts, glaucoma, and mental retardation
[6,7]. The hemiparesis and hemiatrophy are thought to
arise from chronic cerebral hypoxia. Other findings com-
mon to patients with SWS are vascular headache (40-
60%), developmental delay and mental retardation (50-
75%), glaucoma (30-70%), hemianopsia (40-45%), and
hemiparesis (25-60%) [8].

Diagnosis of SWS is made on the basis of the presence
or absence of ophthalmologic or neurologic disease. The
disease course, however, is variable and the patient must
be continually monitored for complications.

Neuropathologic Deterioration

The leptomeningeal angiomatosis usually involves the
occipital and parietal lobes, but can affect the entire
cerebral hemisphere. In gross section, the leptomeninges
appear thickened and discolored by the leptomeningesl
angiomatosis. Enlargement of the choroid plexus is com-
mon. Calcifications are observed in meningeal arteries and
in cortical and subcortical veins underlying the leptomen-
ingeal angiomatosis. Laminar cortical necrosis can accom-
pany calcifications, suggesting ischemic damage second-
ary to venous stasis in leptomeninges and in the cerebral
vascular bed. With continued progression, neurona loss
and gliosis can occur. Some of the pathologic findings
result from the primary leptomeningeal vascular malfor-
mation. Obstruction occurring within the vascular malfor-
mation can cause stasis, decreased venous return, hypoxia,
and decreased neuronal metabolism [9,10]. In addition, the
absence of normal leptomeningeal vessels may hinder
neuroglial oxygenation, especially during seizures, when
there is increased oxygen demand. Ischemia is associated
with severe physiologic changes, including abnormal
drainage into the deep cortical veins and hypertrophy of
the choroid plexus, increased capillary permeability, hyp-
oxia in the adjacent tissue, alterations in pH, calcium
deposition, cerebral atrophy, and disruption of the blood-
brain barrier [11-13].

Pathologic deterioration occurs in some patients with
SWS; however, disease progression varies widely. Salta-
tory neurologic decline and strokelike episodes can be
attributed to recurrent thrombotic deterioration, in which
venous stasis in the leptomeningeal malformation causes
repeated thrombosis, resulting in progressive, recurrent
infarction that underlies loss of neurologic function [14].
Although cases of subarachnoid hemorrhage in SWS have
been reported in one study, it is rare and not well
documented [15].

In SWS, abnormalities of the skin, leptomeninges, eye,
and cortex can be traced to malformation of an embryonic
vascular plexus within the cephalic mesenchyme between
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the epidermis (neuroectoderm) and the telencephalic ves-
icle[16]. Itis presumed that at approximately 5 to 8 weeks
of gestation interference with the development of vascular
drainage of these areas subsequently affects the face, eye,
leptomeninges, and brain. Low-flow angiomatosis involv-
ing the leptomeninges best describes the typical imaging
findings associated with SWS [5]. The angiomatosis is
accompanied by poor superficial cortical venous drainage,
and enlarged regional transmedullary veins develop as
aternate pathways for venous drainage [9,10,17,18]. The
ipsilateral choroid plexus may become engorged [19-22].
Microcirculatory stasis promotes chronic hypoxia of both
the cortex and the underlying white matter [18,20,23,24]
and hinders neuroglial oxygenation, particularly at times
of increased demand, such as when seizures occur. The
resulting hypoxia is associated with several physiologic
changes: disruption of the blood-brain barrier, increased
capillary permeability, and alterations in pH [11-13].
Ultimately, there is tissue loss and dystrophic calcifi-
cation. The key radiologic features, therefore, are vas-
cular abnormalities, atrophy, and cortical calcifications
[23-25]. The actual leptomeningea angiomatosis is usu-
aly an anatomically static lesion, but documentation of the
progressive nature of SWSis clear [26,27]. With increas-
ing hypoxia, disease progression and neurologic deterio-
ration may occur.

Neurologic Complications

Children with SWS suffer from a variety of neurologic
abnormalities, including epilepsy, mental retardation, and
attention-deficit hyperactivity disorder, migraine, and
strokelike episodes. Seventy-five to 90% of children with
SWS have epilepsy. Focal seizures are initially observed
in most children who have SWS. Fever and infection often
precipitate seizure onset. If noncontrasted computed to-
mography obtained in the emergency room setting after
seizure activity is reported as norma or reveals foca
cacification ipsilateral to a cutaneous angioma, more
complete cerebral imaging is warranted. Most seizures are
focal, because the lesion responsible for the epilepsy in
SWSis focal. Seizures are likely caused by hypoxia and
microcirculatory stasis. Children with radiographic find-
ings of intracranial angiomatosis usualy develop seizures
by the age of 3 years. Approximately half these children
have frank mental retardation [28], whereas others display
learning disabilities, attention disorders, or behavioral
disturbances.

Seizures typically begin in early infancy and may occur
in conjunction with other focal deficits, namely hemipa-
resis. Some reports suggest that mental retardation may be
more common in children whose seizures begin before the
age of 2 years or who have seizures that are not controlled
with antiepileptic drugs [29]. However, it is important to
underscore that longitudinal studies have yet to be con-
ducted to define the true implications of early-onset
seizures. Prior research has linked the extent of cerebral



angiomatosis with neurologic outcome. Although wide-
spread vascular lesions may be associated with more
severe seizures, there are no prospective studies that have
examined correlates of seizure onset and mental outcome.
Some children experience saltatory neurologic decline
separate from overt seizure activity. Venous occlusions
and hypoxia may account for this decrementa neurologic
deterioration. In summary, prior research findings do not
clearly support the correlation between early-onset seizure
and poor prognosis [26].

Clinically, most children reach age-appropriate devel-
opmental milestones in the first few months of life, but
approximately half of al patients with SWS will not
maintain this pattern [28-33]. The degree of developmen-
tal delay and mental retardation in SWS patients is
dictated by the extent of neurologic involvement. Delays
are much more common in patients with bilateral disease.
Approximately 50-60% of patients with SWS will have
developmental delay or mental retardation, or both. Anec-
dotally, patients who develop debilitating aspects of SWS
often do so before grade school; hemiparesis, hemianopia,
retardation, and epilepsy are often apparent but infre-
quently severely worsen before grade school.

Attention-deficit hyperactivity disorder is another co-
morbid condition associated with SWS. As with attention-
deficit hyperactivity disorder patients in the general pop-
ulation, SWS patients need to be monitored for medication
requirements to minimize impulsivity and inattention.
Management of attention-deficit hyperactivity disorder
can be achieved and may significantly improve daily
functioning in some SWS patients.

Headaches affect 30-45% of patients with SWS. The
temporal relationship between headaches, seizure clusters,
and strokelike episodes is related to the pathogenesis of
SWS[34]. An animal model of migraine demonstrates that
dural stimulation causes distention of crania vessdls,
stimulation of trigeminal afferents, and release of vasoac-
tive peptides, resulting in vascular dilatation [35]. The
leptomeningeal angiomain SWS patients may predispose
them to neuronal hyperexcitability, causing changes in
cortical perfusion and oxygenation consistent with theo-
ries on pathogenesis of migraine [36]. Patients with SWS
are at increased risk of stroke because preexisting perfu-
sion and metabolic defects subject them to prolonged
phases of oligemia, a characteristic of migraine-induced
stroke [37,38]. Vomiting, fever, and dehydration can
create a hyperviscous state, placing the patient at further
risk of thrombosis.

Transient focal deficits (strokelike episodes) are a
unique feature in SWS, with the most common manifes-
tation being transient episodes of hemiparesis or visual
field defects not directly associated with epilepsy. These
episodes may last hours to severa days. Electroencepha-
lography obtained during times of weakness indicates
focal slowing but does not typically demonstrate epilepti-
form activity that could account for acute motor deficits.
Importantly (and in contrast to Todd's palsy), strokelike

episodes precede the onset of seizures. Recurrent throm-
bosis is a hypothetical mechanism of strokelike episodes
and neurologic deterioration in SWS. Prevention of throm-
bosis may delay or prevent neurologic deterioration. As-
pirin and other antiplatelet drugs are thought to limit the
number of recurrent strokelike episodes, thereby prevent-
ing further neurologic damage [39]. Prospective controlled
trials are required to test relevant hypotheses on efficacy
of antiplatelet therapies in SWS.

Ocular Complications

Ocular complications arise primarily from vascular
abnormalities of the conjunctiva, episclera, retina, and
choroid. When the facial cutaneous vascular malformation
involves the eyelid, vascular abnormalities of ocular cir-
culation may occur. Glaucoma is the most common
ophthalmic complication of SWS, occurring in 30-70% of
patients [29,33]. Presentation of glaucoma is bimodal;
60% develop glaucoma in infancy when the eye is sus-
ceptible to increased intraocular pressure, 40% develop
glaucoma in childhood or early adulthood. Early-onset
glaucoma causes infants to develop enlarged corneal
diameters and myopia. Late onset glaucoma prompts little
to no eye enlargement [6,33].

Two mechanisms for development of glaucomain SWS
have been proposed [40]. In one scenario, anterior cham-
ber angle anomalies, which are consistently observed in
infantile glaucoma associated with SWS, increase resis-
tance to outflow of aqueous fluid and consequently raise
intraocular pressure. In contrast, patients with late-onset
glaucoma usually have normal anterior chamber angles or
only mild abnormalities. These patients, however, have
clinical signs of raised episcleral venous pressure, a key
factor in the second explanation for glaucoma develop-
ment in SWS: elevation of intraocular pressure as a result
of increased episcleral venous pressure caused by arterio-
venous shunts within the episcleral hemangioma [41].
Patients with early-onset glaucoma treated surgically or
medically may develop elevated intraocular pressure as
conjunctival or episcleral hemangiomas become more
evident. Table 1 summarizes the recommended treatments
for associated complications in SWS.

Psychosocial Aspects of SWS

Families of patients with mild impairments are often
ableto easily adjust to living with SWS[42]. However, for
others, SWS is devastating, especially when children
experience recurrent seizures, pervasive learning and be-
havioral problems, and disabling visual impairment. Also,
classmates may taunt children with SWS because of
apparent physical and social disabilities. Because the
effects of SWS on individual patients and families are
difficult to predict, support and education tailored to each
family’s specific needs are key [43]. The Sturge-Weber
Foundation offers support for families dealing with this
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Table 1. Recommended treatments for associated complications in Sturge-Weber syndrome

Partial
Therapy Glaucoma Epilepsy’
1st choice Beta blocker drops Carbamazepine
2nd choice Adrenergic drops or Valproate
carbonic anhydrase Tobiramate
inhibitor drops P
Phenobarbital
Phenytoin
Other options Trabeculectomy* Epilepsy surgery

Headache/Migraine*

Strokelike Episodes Neur obehavior

Ibuprofen Aspirin 3-5 mg/kg/d® Methylphenidate

Abortive therapy with Unknown Clonidine
sumatriptan

Preventive therapy Unknown Dextroamphetamine

with propranolol or
nortriptyline

Risperidone

* |f drops fail, consider trabeculectomy. Surgery is associated with a high risk of complications because of elevated episcleral venous pressure from

the hemangioma.

T Children with SWS may have generalized seizures or infantile spasms, but partial epilepsy (with or without secondary generalization) is most

prevalent.

* Approximately one third of children with SWS meet diagnostic criteria for migraine. Management in SWS is similar to management of common

migraine not associated with SWS.

§ Anecdotal evidence suggests that children with SWS receiving aspirin therapy (antiplatelet dose) have fewer strokelike episodes.

Abbreviation:
SWS = Sturge-Weber syndrome

disorder and up-to-date information regarding research
progress (www.sturge-weber.org).

Radiologic Findings

Advances in neuroimaging techniques have afforded a
more precise look at the pathology of SWS. Magnetic
resonance imaging and computed tomography are the
imaging modalities most widely used, although single-
photon emission computed tomography, positron emission
tomography, and magnetic resonance spectroscopy are
also of value. Plain skull x-rays and angiography are less
useful. Plain skull x-rays illustrate the classic “tram-line”
or “tram-track” calcifications but are not helpful in the
diagnosis of SWS early in life because calcifications may
not appear until later. Angiography demonstrates an over-
all lack of superficial cortical veins, nonfilling of the dural
sinuses, and tortuous course of veins toward the vein of
Galen. Angiography also reveals evidence of venous stasis
characteristic of SWS, athough arterial flow is normal.
Angiography, however, is no longer used to visualize the
vascular anatomy because vascular anomalies can be
observed more clearly and noninvasively with magnetic
resonance imaging.

Magnetic resonance imaging is best for structural im-
aging and allows perspective on al aspects of SWS,
except for calcifications, which are still best viewed using
computed tomography (Fig 1) [5]. Complete evaluation of
SWS includes spin-echo T,-weighted and T,-weighted
images with administration of gadolinium contrast. T,-
weighted images after enhancement are essentia to defin-
ing the extent of the vascular maformation (Fig 2)
[44,45]. Gradient recalled-echo images with a long echo
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time are helpful in detecting calcifications. Magnetic
resonance venography may be useful, but the flow within
the malformation is generally too slow to be imaged using
this technology. White matter abnormalities are common
in patients with SWS and are thought to be caused by

Figure 1. An axial computed tomographic image demonstrates abnor-
mal calcification of the right occipital cortex (arrow) in a so-called
gyriform pattern. The right hemisphere brain sulci are prominent,
indicating brain atrophy.



Figure 2. Coronal and axial T,-weighted
(TR = 516 ms, TE = 11 ms) gadolinium-
enhanced postcontrast images demonstrate
prominent leptomeningeal enhancement over
the surface of the right occipital and parietal
lobes. In the posterior horn of the right lateral
ventricle, the choroid plexus is enlarged (ar-
row).

chronic ischemia and ischemiarelated gdliosis. T,-
weighted magnetic resonance imaging demonstrates both
hyperintense and hypointense white matter lesions.
Atrophy ipsilateral to the leptomeningeal angiomatosis
isalso common in SWS patients (Fig 3). Cerebral atrophy
is accompanied by widening of the subarachnoid space
and compensatory enlargement of the ipsilateral lateral

Figure 3. An axial fast spin echo T,-weighted (TR = 4000 ms, TE =
103 ms) image reveals lateral right frontal lobe atrophy and large
centrally draining veins.

ventricle. Significant atrophy may result in hypertrophy of
the cranium on the side of the vascular malformation
[20,21,45].

Cadlcifications underlie the leptomeningeal angiomatosis
and may manifest as a diffuse increased density suggestive
of microcalcifications, or as gyriform calcification. Gad-
olinium-enhanced T,-weighted spin-echo magnetic reso-
nance imaging is best for evaluation of the vascular
malformation.

Advances in single-photon emission computed tomog-
raphy demonstrate areas of hypoperfusion in patients with
SWS [3,5,22]. Single-photon emission computed tomog-
raphy measuring cerebral blood flow demonstrates hypo-
perfusion underlying the leptomeningeal angiomatosis and
may detect latent angiomas not visible with other imaging
studies. Single-photon emission computed tomography
identifies areas of hypoperfusion before calcifications can
be observed. Magnetic resonance imaging and single-
photon emission computed tomography, used in conjunc-
tion, can reveal more remote areas of involvement [22].

Disturbances in glucose metabolism also can be visual-
ized with 2-deoxy-2 ®fluoro-p-glucose positron emission
tomography or single-photon emission computed tomog-
raphy. Perfusion abnormalities observed with single-pho-
ton emission computed tomography and positron emission
tomography may precede clinical symptoms and the atro-
phy or calcification observed on computed tomography
and magnetic resonance imaging [46]. Functional neuro-
imaging can revea early abnormalities theoretically pre-
dictive of prognosis. Longitudinal studies are required to
establish whether such imaging modalities can identify
patients at increased risk for neurologic deterioration.
Researchers are using positron emission tomography and
single-photon emission computed tomography to evaluate
the need for early resective surgery, which may aleviate
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seizures and facilitate normal cognitive development in
select patients.

Positron emission tomography scans have demonstrated
that SWS patients with larger areas of mildly hypometa-
bolic cortex paradoxically have more frequent seizures
than those with severe asymmetric cortical hypometabo-
lism [46]. This finding suggests that the extent and
severity of the structural lesion does not directly indicate
the severity of epilepsy, whereas the functional abnormal-
ities beyond the structural lesion shown on magnetic
resonance imaging are more prognostic. An association
between higher cognitive function, shorter epilepsy dura-
tion, and a larger area of severely asymmetrical cortical
metabolism has been demonstrated in a study performed
by Lee et a [46]. Severely hypometabolic lesions that
develop at younger ages seem to facilitate effective reor-
ganizational processes, providing the patient with more
normal cognitive abilities.

Treatment

Patients with SWS require consistent and thorough
monitoring for development of glaucoma, seizures, head-
ache, and strokelike episodes. Medical and surgical man-
agement of glaucoma associated with SWS continuesto be
challenging (Table 1). Lifelong medical treatment coupled
with frequent surgeries is standard. The goal is to control
intraocular pressure to prevent optic nerve damage. Med-
ications should be administered to decrease the production
of aqueous fluid or promote the outflow of agueous fluid.
Beta-antagonist eye drops, adrenergic eye drops, and
carbonic anhydrase inhibitors are the treatments of choice.
Trabeculectomy and goniotomy are typical surgica op-
tions.

Laser therapy for facial cutaneous vascular malforma-
tions should begin soon after diagnosis for the best results.
A vascular-specific pulsed dye laser can improve the
appearance of the facial cutaneous vascular malformation,
typically within 10 treatments. The location of the facial
cutaneous vascular malformation predicts the response to
laser therapy. Central forehead lesions respond best,
whereas central facial lesions do not respond as well
[47-51]. Many patients benefit psychologicaly from re-
moval of the facial cutaneous vascular malformation [52].
Without laser therapy, the lesion grows and typically
darkens, developing vascular ectasias that promote nodu-
larity and superficia blebbing. This development may lead
to overgrowth of the soft tissue and bone beneath the
lesion. Hypertrophy and nodularity within the lesion
develop in 65% of patients by the fifth decade [52].

Prevention of recurrent seizures may diminish the ef-
fects of hypometabolism and hypoxia; therefore, the goal
is complete seizure control. Management principles for
recurrent seizures associated with other conditions also
apply to seizure prophylaxisin SWS. Children areinitialy
placed on carbamazepine, with phenobarbital and phenyt-
oin as second-line therapies (Table 1). If control is not
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achieved, valproate or topiramate may be added to car-
bamazepine, with the ultimate goa of monotherapy sei-
zure control with valproate or topiramate. Children who
receive no relief from frequent, debilitating seizures are
candidates for epilepsy surgery. Although there is no
conclusive evidence that surgical management in infancy
provides a better prognosis, delay of surgical treatment
may result in further cognitive deterioration [53]. A
retrospective clinicopathologic review of infants requiring
epilepsy surgery indicated that in 7 of 8 patients, epilepsy
was absent or significantly diminished postoperatively,
supporting the benefits of early surgery [54]. Hemi-
spherectomy is definitive surgery for recurrent seizures,
yet substantial operative risk remains [39]. Most candi-
dates for epilepsy surgery have significant developmental
delay. Few data are available, but anecdotal experience
suggests that surgical relief of catastrophic epilepsy may
result in resumption of developmental progression. For
each patient, the timing of surgery must be carefully
considered after fully assessing the procedure's relative
risks and benefits [55]. The retrospective study by Kossoff
et a. concluded that hemispherectomy did not affect the
outcome [56].

Transient focal deficits presenting with hemiparesis or
visual field defects not directly linked to seizures should
be monitored diligently. Prophylactic aspirin is recom-
mended for the prevention of these episodes. Aspirin may
delay the neurologic deterioration that often accompanies
SWS. Anecdotal data suggest that aspirin therapy is safe
and effective. However, no randomized, controlled clinical
trials have tested its use in children with SWS. We
recommend the antiplatelet dose of 3 to 5 mg/kg/day for
children with recurrent strokelike episodes. Children pre-
scribed aspirin should receive varicellaimmunization and
yearly influenzaimmunizations because of the association
with these infections and with Reye's syndrome [39].

Headaches can be debilitating in patients with SWS.
The frequency and severity of headachesis higher in SWS
than in the general population. Many children report a
temporal relationship between their headaches and seizure
activity. The leptomeningeal angioma may predispose
children to neuronal hyperexcitability, which may account
for the migraines. Children with SWS often respond to
standard abortive and preventive migraine management to
cope with headaches (Table 1). To the best of our
knowledge, there are no reported serious adverse events
from the use of triptans in SWS.

Prognosis

The prognosisin SWS varies widely. Although patients
with widespread hemispheral disease or bihemispheric
disease are at greatest risk for neurologic complications,
many function virtually normally. Clearly, a subgroup of
patients with limited central nervous system involvement
as defined by neuroimaging studies has a particularly
malignant clinical course, with intractable epilepsy, head-



ache, strokelike episodes, and cognitive deterioration. A
longitudinal study must be conducted to identify risk
factors for neurologic deterioration.

The authors thank the Kaufman family for support of this project, and
Danny Liu and Melanie Fridl Ross, MSJ, ELS, for editorial assistance.

References

[1] Haslam R. Neurocutaneous syndromes. In: Nelson WE, Behr-
man RE, Kliegman RM, Arvin AM, eds. Nelson textbook of pediatrics,
15th ed. Philadelphia: W. B. Saunders, 1996:1707-9.

[2] Tallman B, Tan OT, Morelli JG, et a. Location of port-wine
stains and the likelihood of ophthalmic and/or central nervous system
complications. Pediatrics 1991;87:323-7.

[3] Maria BL, Neufeld BS, Rosainz LC, et a. High prevalence of
bihemispheric structural and functional defects in Sturge-Weber syn-
drome. J Child Neurol 1998;13:595-605.

[4] Bodensteiner JB, Roach ES. Sturge-Weber syndrome: Introduc-
tion and overview. In: Bodensteiner JB, Roach ES, eds. Sturge-Weber
syndrome. Mount Freedom, NJ: The Sturge-Weber Foundation, 1999:1-
10.

[5] Maria BL, Hoang K, Robertson RL, Barnes PD, Drane WE,
Chugani HT. Imaging brain structure and functions in Sturge-Weber
syndrome. In: Bodensteiner JB, Roach ES, eds. Sturge-Weber syndrome.
Mount Freedom, NJ. The Sturge-Weber Foundation, 1999:43-609.

[6] Boltshauser E, Wilson J, Hoare RD. Sturge-Weber syndrome
with bilateral intracranial calcification. J Neurol Neurosurg Psychiatry
1976;39:429-35.

[7] Bebin EM, Gomez MR. Prognosis in Sturge-Weber disease:
Comparison of unihemispheric and bihemispheric involvement. J Child
Neurol 1988;3:181-4.

[8] Rivello JJ. Sturge-Weber syndrome. Emedicine [serial online]
2001 Oct [cited 2002 Oct 11]:1(1): [47 screens]. Available from: URL:
http://www.emedi cine.com/neuro/topic356.htm.

[9] Bentson JR, Wilson GH, Newton TH. Cerebral venous drainage
pattern of the Sturge-Weber syndrome. Radiology 1971;101:111-8.

[10] Probst FP. Vascular morphology and angiographic flow pat-
terns in Sturge-Weber angiomatosis: Facts, thoughts and suggestions.
Neuroradiology 1980;20:73-8.

[11] Norman MG, Schoene WC. The ultrastructure of Sturge-Weber
disease. Acta Neuropathol (Berl) 1977;37:199-205.

[12] Alexander GL, Norman RM. The Sturge-Weber syndrome.
Bristol, UK: John Wright and Sons, Ltd, 1960;55-70.

[13] Sperner J, Schmauser |, Bittner R, et al. MR-imaging findings
in children with Sturge-Weber syndrome. Neuropediatrics 1990;21:146-
52.

[14] Garcia JC, Roach ES, McLean WT. Recurrent thrombotic
deterioration in the Sturge-Weber syndrome. Childs Brain 1981;8:427-
33.

[15] Anderson FH, Duncan GW. Sturge-Weber disease with sub-
arachnoid hemorrhage. Stroke 1974;5:509-11.

[16] Gomez MR, Bebin EM. Sturge-Weber syndrome. In: Gomez
MR, ed. Neurocutaneous disease: A practical approach. Boston: Butter-
worth, 1987:356-67.

[17] Segall HD, Ahmadi J, McComb JG, Zee CS, Becker TS, Han
JS. Computed tomographic observations pertinent to intracranial venous
thrombotic and occlusive disease in childhood. State of the art, some new
data, and hypotheses. Radiology 1982;143:441-9.

[18] Barkovich AJ. Phakomatoses. In: Barkovich AJ, ed. Pediatric
neuroimaging. New York: Raven Press, 1990:140.

[19] Wagner EJ, Rao KC, Knipp HC. CT-angiographic correlation
in Sturge-Weber syndrome. J Comput Tomogr 1981;5:324-7.

[20] Griffiths PD. Sturge-Weber syndrome revisited: The role of
neuroradiology. Neuropediatrics 1996;27:284-94.

[21] Griffiths PD, Blaser S, Boodram MB, Armstrong D, Harwood-

Nash D. Choroid plexus size in young children with Sturge-Weber
syndrome. Am J Neuroradiol 1996;17:175-80.

[22] Griffiths PD, Boodram MB, Blaser S, Armstrong D, Gilday
DL, Harwood-Nash D. ®®™Technetium HMPAO imaging in children with
the Sturge-Weber syndrome: A study of nine cases with CT and MRI
correlation. Neuroradiology 1997;39:219-24.

[23] Marti-Bonmati L, Menor F, Mulas F. The Sturge-Weber
syndrome: Correlation between the clinical status and radiological CT
and MRI findings. Childs Nerv Syst 1993;9:107-9.

[24] Stimac GK, Solomon MA, Newton TH. CT and MR of
angiomatous malformations of the choroid plexus in patients with
Sturge-Weber disease. Am J Neuroradiol 1986;7:623-7.

[25] Roach ES. Neurocutaneous syndromes. Pediatr Clin North Am.
1992;39:591-620.

[26] Maria BL, Neufeld JA, Rosainz LC, et a. Central nervous
system structure and function in Sturge-Weber syndrome: Evidence
of neurologic and radiologic progression. J Child Neurol 1998;13:606-
18.

[27] Reid DE, Maria BL, Drane WE, Quisling RG, Hoang KB.
Central nervous system perfusion and metabolism abnormalities in
Sturge-Weber syndrome. J Child Neurol 1997;12:218-22.

[28] Roach ES, Bodensteiner J. Neurologic manifestations of
Sturge-Weber syndrome. In: Bodensteiner JB, Roach ES, eds. Sturge-
Weber syndrome. Mount Freedom, NJ. The Sturge-Weber Foundation,
1999:27-38.

[29] Sujansky E, Conradi S. Outcome of Sturge-Weber syndromein
52 adults. Am J Med Genet 1995;57:35-45.

[30] Uram M, Zubillaga C. The cutaneous manifestations of Sturge-
Weber syndrome. J Clin Neuroophthalmol 1982;2:245-8.

[31] Peterman AF, Hayles AB, Dockerty MB, Love JG. Encepha-
lotrigeminal angiomatosis (Sturge-Weber disease). JAMA 1958;167:
2169-76.

[32] Aicardi J, Arzimanoglou A. Sturge-Weber syndrome. Internat
Pediatrics 1991;6:129-34.

[33] Roach ES. Congenital cutaneovascular disorders. In: Bogous-
davsky J, Caplan LR, eds. Stroke syndromes. London: Cambridge
University Press, 1995:481-90.

[34] Klapper J. Headache in Sturge-Weber syndrome. Headache
1994;34:521-2.

[35] Kaube H, Keay KA, Hoskin KL, Bandler R, Goadsby PJ.
Expression of C-Fos-like immunoreactivity in the caudal medulla and
upper cervical spinal cord following stimulation of the superior sagittal
sinus in the cat. Brain Res 1993;629:95-102.

[36] Lauritzen M. Pathophysiology of the migraine aura: The
spreading depression theory. Brain 1994;117(Pt 1):199-210.

[37] Welch KM. Relationship of stroke and migraine. Neurology
1994;44(10 Suppl. 7):S33-6.

[38] Hamberger A, van Gelder NM. Metabolic manipulation of
neural tissue to counter the hypersynchronous excitation of migraine and
epilepsy. Neurochem Res 1993;18:503-9.

[39] Maria BL. Current management in child neurology. London:
BC Decker, 2002, 411-5.

[40] Cheng K. Ophthalmologic manifestations of Sturge-Weber
syndrome. In: Bodensteiner JB, Roach ES, eds. Sturge-Weber syndrome.
Mount Freedom, NJ: The Sturge-Weber Foundation, 1999:17-26.

[41] Phelps CD. The pathogenesis of glaucoma in Sturge-Weber
syndrome. Ophthalmology 1978;85:276-86.

[42] Appolone C, Gibson P, Dreifuss F. Psychosocial considerations
in childhood epilepsy. In: Dreifuss F, ed. Pediatric epileptology: Classi-
fication and management of seizures in the child. Boston: John Wright,
PSG Inc., 1983:277-95.

[43] Gibson PA. The psychosocial issues of Sturge-Weber syn-
drome. In: Bodensteiner JB, Roach ES, eds. Sturge-Weber syndrome.
Mount Freedom, NJ: The Sturge-Weber Foundation, 1999:71-7.

[44] Elster AD, Chen MY. MR imaging of Sturge-Weber syndrome:
Role of gadopentetate dimeglumine and gradient-echo techniques. Am J
Neuroradiol 1990;11:685-9.

[45] Wasenko JJ, Rosenbloom SA, Duchesneau PM, Lanzieri CF,

Thomas-Sohl et al: Sturge-Weber Syndrome 309



Weinstein MA. The Sturge-Weber syndrome: Comparison of MR and
CT characteristics. Am J Neuroradiol 1990;11:131-4.

[46] Lee JS, Asano E, Muzik O, et a. Sturge-Weber syndrome:
Correlation between clinical course and FDG PET findings. Neurology
2001;57:189-95.

[47] Fitzpatrick RE, Lowe NJ, Goldman MP, Borden H, Behr KL,
Ruiz-Esparza J. Flashlamp-pumped pulsed dye laser treatment of port-
wine stains. J Dermatol Surg Oncol 1994;20:743-8.

[48] Moréelli JG, Weston WL, Huff JC, Yohn JJ. Initial lesion size as
a predictive factor in determining the response of port-wine stains in
children treated with the pulsed dye laser. Arch Pediatr Adolesc Med
1995;149:1142-4.

[49] Nguyen CM, Yohn JJ, Huff C, Weston WL, Morelli JG. Facial
port wine stains in childhood; prediction of the rate of improvement as a
function of the age of the patient, size and location of the port-wine stain
and the number of treatments with the pulsed dye (585 nm) laser. Br J
Dermatol 1998;138:821-5.

[50] RenfroL, Geronemus RG. Anatomical differences of port-wine

310 PEDIATRIC NEUROLOGY Vol. 30 No. 5

stains in response to treatment with the pulsed dye laser. Arch Dermatol
1993;129:182-8.

[51] Batta K. Management of large birthmarks. Semin Neonatol
2000;5:325-32.

[52] Geronemus RG, Ashinoff R. The medical necessity of evalu-
ation and treatment of port-wine stains. J Dermatol Surg Oncol 1991;17:
76-9.

[53] Kramer U, Kahana E, Shorer Z, Ben-Zeev B. Outcome of
infants with unilateral Sturge-Weber syndrome and early onset seizures.
Dev Med Child Neurol 2000;42:756-9.

[54] Prayson RA. Clinicopathological findingsin patients who have
undergone epilepsy surgery in the first year of life. Pathol Int 2000;50:
620-5.

[55] Saneto RP, Wyllie E. Epilepsy surgery in infancy. Semin
Pediatr Neurol 2000;7:187-93.

[56] Kossoff EH, Buck C, Freeman JM. Outcomes of 32 hemi-
spherectomies for Sturge-Weber syndrome worldwide. Neurology 2002;
59:1735-8.



	Sturge-Weber Syndrome: A Review
	Introduction
	Clinical Presentation and Diagnosis
	Neuropathologic Deterioration
	Neurologic Complications
	Ocular Complications
	Psychosocial Aspects of SWS
	Radiologic Findings
	Treatment
	Prognosis
	References


