PROF. CSABA JUHASZ (Orcid ID : 0000-0002-5067-5554)

Article type _su€ase Study

Deep cerebral vein expansion with metabolic and neur ocognitive recovery

in Sturge-Weber syndrome

Flora JohnyM.D, Mohsin Magbool, ND.2, Jeongwon Jeong, Ph.B. RajkumarAgarwal
M.D.%, Micheel E. Behen, Ph.B,.Csaba Juhasz, M.D., Ph'D.

'Department®f PediatricsandNeurology,WayneStateUniversity School ofMedicine,
Childrer's Hospital of MichiganDetroit Medical Center Detroit, Michigan
“Texas Child Neurology, Plano, Texas

Running headDeep veinand neurocognitive recovery 8WS
Number ofseharacter86 (title); and45 (running head)
Word count: 1,509main text);100 (abstract)

Number of figures: 33 color figures)

Corresponding-Author:

This is the author manuscript accepted for publication and has undergone full peer review but has
not been through the copyediting, typesetting, pagination and proofreading process, which may
lead to differences between this version and the Version of Record. Please cite this article as doi:

10.1002/acn3.546

This article is protected by copyright. All rights reserved


https://doi.org/10.1002/acn3.546�
https://doi.org/10.1002/acn3.546�
https://doi.org/10.1002/acn3.546�

Csaba Juisz, MD, PhD

Professopf Pediatricsand Neurology

Wayne State Universitgchool of Medicine

PET Center and Translational Imaging laborat@fyildren’s Hospital of Michigan
3901 Beaubien, St., Detroit, MI, 48201, USA

Email: csaba.juhasz@wayne.edu

Tel.: 313966:5136; Fax: 313-966-9228

This article is protected by copyright. All rights reserved



Abstract

We presentongitudinal imaging data of ehild with SturgeWeber syndromeSWS. At age 8
months, 3 weeks after initial seizurasd prolonged motor deficiMRI showed extensive right
hemispherie.SWS involvement Wwitsevereglucose hypometabolism d?ET. She was treated
with levetiracetam and aspirirollow-up imagingat age 29monthsshowed a robusnterval
expansion ofenlarged deep medullary veinsrébighout the affected hemisphemtong witha
dramatic recovergf hemispheric metabolisi@nd normalized neucognitivefunctioning.These
findings demonstrate rmbust, multilobahemispheric remodelingf deep venous collaterals that

likely contributed taeversal of initial metabolic and neurocognitive deficits.

I ntroduction

SturgeWeber syndromgSWS)is acongenitalneurocutaneous disorder characterized by facial
venous capillary malformation (pewine birthmark, leptomeningeal venous malformation
(angiomatosis)and glaucoma Recently,a somaticmutation ofthe GNAQ genehas been
describedassthelikely cause of the diseds@hediagnosis is usually suspectetbirthbased on
the facial portwine birthmark and therestablishedby neuromaging typical SWS brain
involvement on’' MRI includeseptomeningeal cordst enhancement, enlarged deep veansl
choroid plews, focal atophy, and calcification$ The clinical course andutcomeof SWSis
highly variable, ranging from no aminimal neurological signs to severe impairment with
uncontroléd seizures, hemipariss visual fieldcut andlearning disability. Crosssectional and
longitudinal-=Reuroimagingstudies showed that some children with SWS @k good
neuraognitive.outcomelespite extensive unilateral brain involvement, presumably due to early,
effecive*fundional reorgaizaton in the contralateral (unaffected) hemispféreln a recent
study, using susceptibty-weighted imaging (SWI), aMRI sequence uniquely sensitive to
small veins in_the bral, we have also demonstrated a modesttnatal expansionf deep
medullary veins in the early clinical coursetwb children withSWS and its possible protective

effect against progressive cortical danfage

Herewe describea dild with SWS who underwent longitudinal multimédeanaging (starting

shortly afterinitial seizures)that demonstrated alust interval expansion afeep cerebral
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venous system in the affectaght hemigphereduring the early disease course coincidwith a
dramatic improvement of the irali severe hemspleric hypametabolism andconplete

normalzation ofneurocognitive functions.
Caserepeort

The girl was born fulkterm with no complication during pregnancy or at birth. She was
diagnosed.with. SWS due to her exime portwine birthmarkscovering the right side of her
faceextending.® the scalp and right ear, as wellthsright side of her chestndback andhe

right arm(Fig 1). Clinical MRI at age four monthgat another institutefhowedextensive
leptomeningeal contrast enhancemienthe right hemispherealong witha few enlargeddeep
medullaryveins in the rightentrum semiovalen postcontrast Tiweighted imagesShewas

also diagnosed with glaucoma on the right eye. She developed well until 7.5 robaiipes
whenshesuffered fronrepeated episodes lefit-sidedarmtwitchingfollowed by prolongedeft

arm weaknessand eventually a focal seizure involving left face and left arm twitching and left
sided eye_deviation. Athat time levetiracetam(20mg/kg/day and aspirin (40.5mg/day)
treatment'was. started hree weeks after these seizures (at age 8 months), she underwent
multimodal imagingat our hospital as a part of a longitudinal research study approved by the
Wayne State*University Human Investigation Commjtiged written informed consent was
obtained from the parén At that time, she strongly preferred using her right hand, her left arm
hada slight spasticity, but her legs appeared symmetric in strength and motgeef 3T MRI

(on aSiemens MAGNETOM Verio scannaxith a 32ehannel head cgishowed extensive right
hemisphericSWS brain involvement with leptomeningeal enhancement oncpastast T1
weighted imagesinvolving portions of all four lobes along with lack or paucity of normal
cortical "Veins™extensively(Fig 2A). SWI (double gradient echosequencé voxel size:
0.5x0.5x2.0 mm slice number: 64, acquisition time: 5.0 m®monstrated severahlarged
deepmedullary’ and subependymal veins in tight frontal, parieta] and temporeccipital
regions Fig 2€). The right choroid plexus was enlarged, andtilobar atrophy was most
prominentsin theanteriortemporal lobe in the right hemisphere.PET scanwith 2-deoxy-2-
[*®F]fluoro-D-glucose (FDG) showed extensivesevere right hemispheric hypometabolism
affecting all four lobes with a relatively preserveedial frontal andslightly decreased medial

parietaland inferior temporal glucose uptak&ig 2B). EEGrecorded during the FDG uptake
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period showed righthemisphericattenuation with no epileptiform activity. Caregiver report of
adaptive behavioral functioning revealgadodcommunication skif (standard scoren Vineland
Adaptive Behavior Scald [VABS-II] testing 112), and borderline daily livingsocialization
and motor skill scores (72, 77, and 76, respectively).

The child sinderwent aecond follow-up multimodal imaging and newognitive evaluatiorat
29 month®ofage."She had redditionalclinical seizurs since thanitial cluster and heteft arm
weakness: has resolvedllso, she had ncspasticityor abnormal reflexesShe had no signs of
visual fieldsdmpairment on clinical examinatioHer glaucoma was controlled with eye drops
and she reeeived laser therapy for her facial-pore birthmark She has been maintained on
levetiracetan?25-30 mg/kg/day dividetlvice a dayand aspirin 40.5ng daly. SWI performed on
the sameMRI_scannershowed a dramatic interval expansiontioé enlarged deep medullary
veinsencaompassingnuch ofthe right hemispherewith multiple enlarged subependymal veins
(Fig 2C).gPostcontrast Tiweighted MR images again showed extensil@ptomeningeal
enhancement andight choroid plexusenlargementand it also visualized numerous medullary
veins Fig/2A). Perfusion imaging also documented blood flow in the enlarged deep Vbins.
right hemispheric multilobar atroplsgened tobeslightly less pronouncethan at age 8 months
with less asymmetric CSF spaapparentespecially in theanteriortemporalregion Fig 2A).
Fiber tractography fromiffusion tensor imaging (64 diffusion directionsyalues: 0 and 1000
s/mnf, voxel size: 2.0x2.0x2.0 miinacquisition time: 9 min 26 sjemonstrated a dominant
arcuate fasciculus in the left hemisphere and slightly diminished csginal and central visual
tracts in the right hemisphere esmpared to the leffFig 3). FDG-PET scarshowed amuch
improved metabolic activity throughout the right hemisphemnpared to thdirst scan with
some residual hypometabolisim the parietaland occipital cortex and slightly higher
metabolismeinportions of theright frontaland superiotempaal cortexas compared to the left
(Fig 2B). EEGrecorded during the FDG uptake period showed focal attenuation and slowing of
the background activity over the right hemisphere without epileptitbschargesShe remained
to havegood communication skillg(score: 113on VABSI), and improved,adequate daily
living, socialization and motor skill scores (104, 100 and 96, respectiuRigdct assessment of
early learning singMullen Scales of Early Learningestimated heoverall cognitive ability in
the “very high” range with relative strength for expressivelanguage(high average), and

receptive languagesisual perception, gross and fine motor skiéisch measured within the
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average rangeShe alsoscoredwithin normal limits across domainsn caregver report of
behavioral problems on the Child Behavior Ciiist. At the time ofpaper submissiorshe was
34 months oldremained seizur&ree, and continued to develop well without any new issues on

unchanged medication.

Discussion

Here we used_longitudinal MRI with SWto demonstrat@ robustexpansion ofdeep venous
collateralsin the affectedright hemisphere o& young child withSWS Thesevascularchanges
were associated witlthe recovery of early severe hemispheric glucose hypometabolism along
with normaized neura@ognitive developmeribllowing an initial cluster of seizuresnd motor
symptoms These findings documena massivenemispheric deep venous remodeling during the
early SWS.disease course and suggest et expanded deep cerebral veaosystemmay

effecively.cempensate for th@lockedsuperficial hemispheric venous drainage.

Children ‘with SWS are at risk for progressive neuroognitive deficits Bilateral brain
involvementswand early-onsef frequent seizures are major predictors of pooclinical
outcomé&*%* "However, studiesin unilateral SWS (representing the majority of SWS cases)
suggesteceffective compensatorynechanismdeading to réatively preservedneuraognitive
functioningin a subgroup of patientgith extensive damage, presumably due to early functional
reorganization in the contralateral (unaffected) hemisffie@ontralateral changes have been
alsodocumented by FD®ET in the form of increased cortical metabolism, mostly affecting
posterior regions including the vidueorteX?** In addition, DTI fiber tractographgtudies
showedsigns.of strengthening of the contralateral central motor and visual pathways in some

SWS children"with preserved motor and visual functions, respectively

In the present study, waocument theevolutionand potential beneficial effexiof robustdeep
cerebralveneus expansion evolvirgfter the onset dhefirst SWSrelated seizureshe ability
of deep medullary veins to enlarge in the postnatal pefi®@NVShas been demonstratedour
recent stud¥ In those cases, howevéhe changes were confined &ofew enlargedmedullary
veinslocatedin the frontal lobe. In the preseahild, the expansion was extensigad robust

involving all four lobes in the affected hemisphere. Thesscular changdsllowed a clusterof

This article is protected by copyright. All rights reserved



initial seizures and prolonged motor weakness associated with severe hemispheric
hypometabolismdetectedby PET weeks after the cessation eéizures.Normalization of
hemispheric metabolismwasmarked (although ingcoplete) onthe follow-up PET scan,and the
remainng mild metabolicand structurabbnormalities(along with abnormal EEG background
activity) were.clinically conpensated with no apparent necognitiveor behaviorableficits. It is
reasonable to assumeatithe venous flow compensation provided by the enlarged deep venous
systemcontributed to this remarkable recoveifjne mechanismgoverningsuch a massivand
effective deep“venous remodelingp the early symptomatic disease stamfeSWS remain
unclear it is also unknown whether early, aggressive antiepileptic and aspirirménmiat
contributegd: tathis processNevertheless, these data indicate that multilobar expans$ideep
cerebral veins in SW3n the symptomatic stagenay contribute toreversal of mitial

neurocognitivedeficitsin children with extensive unilater8WS brain involvement.
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Figurelegend

Figure 1. Extensive skin manifestation of Sturyéeber syndrome (SWSRightsided facial
venous malformation (pewine birthmark) extending to the scalp, esrdright arm, chest and
back

Figure 2. Multimodal neuroimaging at age 8 months and 29 months.

A: PostcontrastT 1-weighted images shomg leptomeningeal enhancement and lack of normal
surface veins#in the right frontal, parietal and temporaldabdoth time pointsMoreover, tke
right hemispheric multilobar atrophy at ag® monthsseemed to be slightliess pronounced

than at age-8-months, with less asymmetric CSF space.

B: On interictal 2deoxy-2-{%F]fluoro-D-glucose (FDGPET scans (coegistered with post
contrast T1 images), severe right hemispheric hypometabolism was observed, with a relatively
preserved medial frontal and parietal cortex at the age of 8 months. Glucose metabolism at the

age of 29 months showed a dramatic improvement of metabolic activity.

C: Susceptibilityweighted imaging (SWI) minimum intensity projection (MIP) images
visualized-enlarged deep medullary veins in the right hemisphere (enhanced onithe right
panels also its skeleton is displayed next to #rancedmages in yellow contralateral deep
medullary=veins are enhanced in purpleThe rightsided deep veinbe@ame much more

extensive/by 29 months of age, encompassing the whole right hemisphere.

Figure 3. Diffusion tensor imaging (DTljiber tractographyt 29 month®f age(superimposed
on SWI images)Three major tractgcorticospinal, arcuate and centraluad), reconstructed in
both hemisphereshoweda slight asymmetrywith preponderance in the left hesphere.The

direction_ofsthe fiber tracts is colamoded.
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