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ABBREVIATIONS

FDG-PET __ 2-deoxy-2-{°F]fluoro-D-glucose positron emission tomography
FDR Falsediscovery ate

SWI Suseeptibility weighted imaging

SWS SturgeWebersyndrome

[abstradt

AIM To evaluate clinical and metabolic correlates of cerebral calcifications in children with
Sturge-Webersyndrome (SWS).

METH ODFifteen children 11 female, 4 male; age rangec-9y 0Oma, mean 4ylma) with
unilateral SWS'underwent baseline and follow-up magnetic resonance imsigtihgwith
susceptibility weighted imaging (SWI), glucose metabolism positron emissitography

(PET), and neurocoginve assessment (mean follayp 1y 7mg. Calcified brain volumes
measured.on SWI were correlated with areas of abnormal glucose metabolism, seizure,variables
and cognitive functionirftelligence quotienti(J]).

RESULTS Ten children had brain calcification at baseline and 11 at follow-up. Meahethlc
brain volufme increased from 1.67 to 2.7¢m=0.003) in these childretthe rate of interval
calcified volume increase was associated with early onset of epilepsy (Spearman}s+ho [
0.63,p=0.036).Calcified brain regions showed a variable degree of glucose hypometabolism

with the metabolic abnormalities often extending to naltified cerebral lobes. Larger calcified
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brain volumes at baseline were associated with longer duration of epilsg®%®;p=0.004)

and lower outcome 1Q &—0.53,p=0.042.

INTERPRETATION Brain calcifications are command progress faster in SWS children

with early epilepsy onset, and are associated with a variable degree of hypom@tabblch is
typically more.extensive than the calcified area. Higher calcified brain volumes may indicate a

risk for poorer.neurcognitiveoutcome.

[first page“footer]
© Mac Keith Press 2017
DOIl:

[Left page footer]
Developmental Medicine & Child Neurology 2017, 59: 006000

[Right page-footer]
Progressive Cerebral CalcificationsSturge-¥WWeberSyndrome Vinod K Pilli et al.

What thisspaper adds
= Brain calcifications progress fasterdhildren with SturgeWebersyndrome $WS and
early-onset epilepsy
= Hypometabolism often extends beyond calcified brain regions.

= Calcified brain volume may be an imaging biomarker for cognitive outcoi8&/ia

[main text]

Sturge-Webersyndromg SWS)is a sporadic neurocutaneous syndrome with a facialvpog
birthmarkand. ipsilateral leptomeningeal vascular malformatmotihe brainThe nost common
neurologicalisymptoms includeizures, hemiparesis, avidual field deficit The intracranial
pathology in'SWS is most commonly unilateral, and about 50% of chiddterSWShave
impaired cognitive developmehf significant proportion of these children has progressive

cognitive decline during thearly course of the disease, but the individual course is highly
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variable? A recent, longitudinal study identified a number of potential clinical and
electroencephalagphy EEG) predictors of neurocognitive outcorhe.

Magnetic resonance imaginglRI) is most often usetb detect intracranial involvement
in SWS conventional MRI can demonstrate abnormal congalincing leptomeningeal
vessels, enlarged choroid plexas,well as cortical and white matter atropfiCerebral
calcifications are also common and can be detectédthycomputed tomography and M.
Although pregressive calcification in SWS has been demonstrated by computed tomégraphy,
the timing;rateandclinical correlatef such progressioremainto be determined.

Susceptibility weighted imagingWI) is an MRI techniquesensitive to small changes in
local magnetiessusceptibility in the brain tissu is used to enhance the native contrast of
different tissue‘typeSWhen comparedith other MRI techniques, SWI has been shown to have
superior sensitivityo detect calcificationand small venous abnormalitieschildren with
SWS"®In our previousgrosssectional study,evere calcification on SWivas associated with
decreased.perfusion in the affec&/Sbrain regions.Calcification has also been implicated in
epileptogenesis in brain lesions with various etiologresudingneurocysticercosiand
SWSQ,lO

The.maingoal of the present study was to evalwaiebral calcificationguantitatively
in childrenswith unilateral SWS. We tested whet8VI is able to detect progressive
calcification during the early disease coyi@madwe also assessed the metabolic correlates of
calcified Brain regions using 2-deoxy-2H]fluoro-D-glucose positron emission tomography
(FDG-PET)Finally, weevaluated whether the volumeddicified brain tissueould be an

imaging marker for neurocognitive functioning.

METHOD

Participants

Fifteen children11 female, 4 male; age rang®md-9y Omo, mean 4ylmo) with unilateral SWS
were selectetbr the study (Table S, online supporting information) from a pool of children
enrolled in"a prospective, longitudinal neuroimaging study of children with &WHe
Children’s Hospital of Michigan betwe@©04 and 2014All patients met the following
inclusion criteria: (1) MRI evidence of unilate@WSbrain involvement; (Ravailability of

MRI including a good quality SWI sequence both at baselinaafudlow-up (mean follow-up
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1y 8mo, range 1-3y)(3) availability of interictal FD&ET, and (4) detailed neucognitive
assessment. No apparent MRI abnormaliies2seen in the contralateral hemisphere in any of
the patientsThe study was approved by timstitutional review boardt Wayne State University

and written informed consent of the parent or legal guardian was obtained.

Neuropsychological evaluation

All children"underwent a comprehensive neuropsychosbgissessment within 1 day of the
follow-up MRY¥Fstudies, as describgueviously. Childrerirom 2 yearsé months to 7 yars3
monthsof age were administered the Wechslerstgooland PrimaryScale of Intelligencéll
(WPPSHII); and children older than 7ears3 months, the Wechsler Intelligence Scales for
ChildrenIlIfWISC-III) . Both Wechsler scales provide indices of global cognitive functiorsing a
expressed by amtelligenceguotient (Q); for simplicity, we used the full scale 1Q in this study,
because our previous study in childwith SWSfoundthatperformancend verbalQs show
similar correlations with imaging and other clinical variablesdodinot significantly differ by

laterality of+thebrainlesion

MRI acqusitions

MRI studieswereperformed on &iemensSonata 1.5 T or IAGNETOM Verio 3T scanner
(Siemens Medical Solutions, Erlangen, Gern)dagated at thélarper HospitglWayneState
University: Repeated images were acquired on the same sdaralebut one patientOn both
scannersMRI"acquisition included an axial T1 3-dimensional magnetization prepared rapid
gradient ech@lmm slice thickness), an axial fluid attenuated inversion recovery, an axial T2-
weighted turbo spin-echo acquisiti@\VI, followed by posEontrastdynamicmagnetic
resonance perfusion-weighted imaging amhl magnetization prepared rapid gradient echo.
SWI parametersiere (1) 1.5 T scanner: SWI acquisition was performed with a 3-dimensional
fully balanced. gradient-echo sequence with flip a2@® echeplanar imaging factor 5;
acquisition.matrix 512256x48:field of view 256x256x96 mrh voxel size 0.5x0.5% mnt;

TR/TE 89/40ms; bandwidth 160Hz/pix2(2) 3 T scannerfield of view 224x168x128m; base
resolution 448; voxel size 0.5x0.5mn7; partition number 96; TR/TE 30/18ms; bandwidth
90~120Hz/pixel, 2x accelerated GRAPPA paralleling imaging with 24 referemss dnd 6/8

partial Fourier along phase encoding.
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FDG-PET acquisition

The details of FD&ET acquisitioin SWShave been described previousiyn brief, PET
scans were acquiredthin 24 hours oMRI acquisitionsusing an EXACT/HR PET scanner
(CTI/Siemens; Hoffman Estates, IL, Up#& a GE Discovery STE PEG@mputed tomography
scannefGE Medical Systems, Milwaukee, WUSA). Both scanars have a I&nfield of view
and generate 47 imaglanes with a slice thickness of 3mFhe reconstructed image resolution
was 5.5£0:35mm at full width at hatiaximum inplane and 6.049mm afull width at half
maximumin the axial direction. Scalp EEG was monitored in all children during the tracer
uptake period-and showdhat all studies wermterictal. Forty minutes aft€r.143mCi/kg FDG
injection, asstatic 2@nin emission scan was acquired. Calculated attenuation correction was
applied to the images using automated tho&kfits to the sinogram data.

During both MRI and PET acquisition, children were sedated with pentobarbitaB (1.5
mcg/kg) and midazolam (G-0.2 mcg/kg); or by midazolam (0.1-0.2 mcg/kg) followed by
dexmedetomidine (1-2 mcg/kg), titrated slowly to achieve mild to moderate sedation. In some
cases, fentanyl’ (1 mcg/kg) was used as necessary in conjunction with either pentobarbital or
midazolamAll sedated children were continuously monitored Ipediatric nurse specialized in
sedationgand physiological parameters (heart rate, pulse oximetry) were gtbthitoughout
the study.

Image analysis
All SWIimages were processed offline using SPIN (Signal Processing in Nivih-house
software These posprocessed SWI images were usedfother evaluatioi.Areas of
calcificationwerge visualized as loantensity (black) areas on the SyWHase and magnitude
images’ The SWidetected calcified lesions were visualized and verified on correisgpnd
planes of computed tomograpbsyans where available, for comparisbig(1).
Calcificationvolumewasmeasured by regioms interestplaced on filtered SWI phase
images manually in each plameludingall voxels consistent withalcification, sing AMIDE
software (version 1.0;4ttp://amide.sourceforge.net)his analysiswasperformed by a single
investigator (VKP) who was blinded to the clinical data of the subjectstotéieolume(mnt)
of calcified brain tissue the affected hemisphere was calculdieth at baseline and followp.
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Finally, to evaluate glucose metabolic abnormalities in areas with and without
calcification, SWI images were gegistered with corresponding FDRET imagesisng Vinci
software(VINCI 3.80.0, Max Planck Institute, Cologne, Germanybar locatioks) and
severity (mild/moderate/severe) of hypo- or hypermetabolism (compattethe homotopic
cortex in the.contralateral, unaffected hemispheaxnoted for each PET scéwy the

consensus,dive of the investigators.

Seizure frequency and EEG severity scores

Seizure frequency and EEG severity scores were determined as deg@ibedsly” In brief, a

seizure frequency score was assigned to each patient based on clinical seizures occurring during
the 1-yearperiod prior to the imaging study. The scores were determined as follows: 0, no
seizuresin thepreviousyear; 1 oneto 11 seizures per year; 2, one to feeizureper month; 3,

more than fouseizures per montAs most patients presented with focal motor seizures, seizure
type was not separately asses&d#iG severity was scored on a scal® od 3,where 0, normal

EEG; ] foealwoltage asymmetifyvith or without slowing)without epileptiform discharges; 2
sporadic, unilaterapileptiform activity £10/min); 3, frequent epileptiform activity (>10/mjn

The frequency of epileptiform discharges was based on the areafsidagkhe highest spike

frequencys

Statistical'analysis

Thetotal hemispheriwolume of calcified brain tissue on SWI imagesscorrelated with

clinical variableqage at epilegy onset, epilepsy duratioseizure frequency score, EEG score,
andlQ) using Spearmais rank correlation. Monthly rate of change in calcified volume was also
calculated. from _baseline and follewp volume differenceglivided by the time interval between
the two scans.(in months; only in those patients who showed calcifieatiolow-up) and
correlated with/age at seizure onset and duration of epilepsy. To control foditfigia in the
testing of multiple correlations, afkediscovery ate(FDR) procedure was employéd.
Unadjustedran@ DR adjustedp-values are presentedifferences between baseline and folow
up calcified volume were assessedly Wilcoxon signed-rantest.All statistical analyses were
performed using SPSSasistics for Windows (Releas@&®; SPSS, Chicago, [lUSA), and go-
value less thaf.05 was considered to be significant.
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RESULTS

Clinical correlates of baseline calcification

Ten patients (67%) had cerebral calcification detected in the affected hemisphere on baseline
SWI (see lobar locations and measured volumes in Tglilee mean volume of these calcified
regions was_1.69ch{standard deviation [SD] 1.95€mLocation and extent of the calcified

areas matched 'well with calcification detecteccbgnputed tomographigee example oRig. 1).
Larger calcified'brain volume dBW!I at baseline was associated with longer duration of epilepsy
at baseline§pearman’s rho {[=0.69,p=0.004, unadjustedyounger age at seizure onsgt{
0.68,p=0.008sunadjustgdand lower 1Q measured at follow-up=%+0.53,p=0.042,

unadjusted)this latter correlatiomnly showed a trendfter FDRadjustment§=0.070)(Table

I1). No correlation was found between baseline calcified brain volume and seigurenicg

scores or EEG severity scores

Longitudinaliehanges of calcified brainvolume

Eleven of the a5 patients had calcification detected on follow-up SWI, including one who had no
visible caleification at baseline and a small area of new calcificaty@ars later (patient#in
TableS|).dnthese 11 children, mean calcifiein volume increased to 2.47&¢8D 2.23cnd)

at follow-up (p=0.003); the monthly rate of interval calcification volume increase varied widely
across patients £267mn? per month; meam56 mni per month) and was more robust in those
with younger-age at epilepsy onset(0.63,p=0.036, unadjusted)ablell). Larger calcified

brain volumesat follow-up was associated with longer duration of epilepsy anddatgeme 1Q
(Tablell)./In contrastgalcified brain volume at follovap did not correlate with seizure
frequencyscores Patient #3 had a third followp MRI with SWI 10 years after the second scan

and demonstrated the continuing progression of calcificafiign 2).

FDG-PET eorrelates of calcified areas

All 15 patients.showed abnormal glucose metabolism in the affected hemisphere, inbkiding t
four children with no calcification on SWTableSI; Fig. 3). Altogether all 28 calcified lobes in
the affected hemisphershowed some level of hypometabolismPET(varying from mild to
severg (TableSI, Fig. 3). In additionabnormal glucose metaboligmostly mild/moderate
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hypometabolism) extended beyaihe calcified lobe in6 outof 11 patientswith calcifications
(details inTableSl).

DISCUSSION

To our knowledge, this is the first study to document the progrestlBWSassociated brain
calcification using a quantitative MRI approach. Our findings demonsttaggh inter-individual
variability 'of'the rate of progressiwalciumbuild-up in affected brain regions, and show that
children withearly onset seizureare at high risk fogreater calcification volumes affaster
progressionin addition, ourrombined MRI/PET analysis demonstratest while calcified brain
regions oceupy,a relatively limited brain volume, they commonly show metabolic abitie@snal
extending intornorcalcifiedregions.Importantly,the association betweealcified brain volume
and cognitivdunction indicates thaBWI-detected calcifications may serve as an objective
imaging markefor cognitiveoutcomeduring the early diseasm®urse.

Our.group has previously reportdek relation betweecorticalglucose hypometabolism
and cognitivesfunctions in SWS childrena crosssectional study” In that cohort,tie extent of
overall hypometabolism showed a negative correlation with 1Q, similar to o@ntdimdings
with the calcified brain volumeédur MRI/PET comparative resulis the presnt studyshowing
that calcifieation ioftenassociated with mild or moderate hypometabolism that often extends to
adjacent lobess consistent with the notion that hypontetic (but still functional) cortexnay
exert a “nociferous” effect on the rest of the bramconcept originally introduced by Penféld
and supportethby our previous SWS PET dhtaPartly preserved metabolism in calcified
regions cansalso explain the observation that such regions can retain languageoand mot
functions'® presumablybecaus®f remaining functional neuronal tissue. On the other hand, our
previous study also demonstrated a ndéinear (‘U-shaped) curve betweeiQ and hemispheric
extent ofseverelyhypometabolicortex,wherefunction began to increase ab®@% extent of
severehypometabolisnin the affected hemisphend/e suggestethat the bottom of the ‘U’
indicated the'point at which intrahemispheric reorganization switched to interhemispheric
reorganization, a notion that has received some support in the work of others usingatdiffe
model of brain injury-"*® Taken togther, our results demonstratetwhile calcified regions

cansustain some degree mietabolic activitythese areatypically are compromised
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functionally, with mild/moderate hypometabolism often extendinigrger areathusleading to
brain dysfunction andeura@ognitiveimpairment.

Calcium depositshn SWScancontribute to brain damage through various mechanisms.
Calcification is typically perivasculawith deposit§orming a sleeve encrusting small vess@ls
Calciumconeretionsalsomay beobserved in thérain parenchyma along with gliosis in
adjacentegions with focal necrosis and dystrophic dadation. Therefore, alcium deposit€an
be surrounded by areas of neuronal damage and gliosis that may contribute to hypometabolism
observed ofPET. In addition, tle impact of calcified areas on brain functroay beenhanced
by their location indeep cortex and subcortical white mattenere they are positioned to disrupt
cortical conneetiondn our previous study, severely calcified cortex aig® associatedith
low perfusion in the subcortical white mattddypometabolism in nowcalcified regions may
also becaused bhynechanisms not related to calcium deposits. For example, a recent study
demonstrated that microscopic (type kype lla) cortical dysplasiwas common in SWS
surgical specimensven ifMRI could not identify cortical developmental abnormaliti&Such
mild dysplastiecrareas may be hypometabolic on PET even in MRI-negative regions and
contribute to hypometabolism in the affected hemisphere.

Cortical calcium depositare alsdchighly epileptogenicaccumulatiorof calcium
phosphate-crystatsan raisaonized calcium concentrations in the brain parenchyadméent to
neurons)thus leading tancreasd neuronal excitabilityfocal seizuresand neuronal
dysfunction*2* Thus, calcium deposits in the SWS brain have the potential for an impact on
both epilepsy“and neurocognitive dysfunctidhis effect may be diminished in areas which
progress tahespoint of severe atrophy with no or minimal metaboli&ternatively, such
calcified areas may be stabilized by pharmacologic treatment. A beneficial clinical effect on
symptomatic brain calcifications has been reported with the use of the calcium chelator
etidronate,.@ommon drudo treat diseases of bone and calcium metabdfigkithough
anecdotal, theggilot results mayustify clinical trials with similar drugs to alleviate SWS
associatedsneurological symptoms such as seizures and headaches in patients with massive
cerebralkaleifications.

MRI-detected calcified brain volume adds to the list of clinical and imaging parameters
found to have prognostic value in aecentiongitudinalstudyof children with SW$ In that

study,early seizure onset, high seizure frequency, early &t&p abnormalitiesand frontal
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lobe involvement on MRWvere associated with poor 1Q at follayp. The current study adds
calcified brain volume as a potential imaging marker of cognitive outdeatere studies with a
larger patient group should determine if calcifications are independemigstagimaging

markers of neumognitive outcome in SWS.

Study limitations

Despitetherospective, longitudinal design andvel findings, our study has some inherent
limitations: The“study populatiomasrelatively smallbecause of thearity of SWS.To address
the potential issue of type | statistical error, we calculated-&@)Bstedo-values, some of which
showed a trend but were not significaMhile thesdrends are of interest, we acknowledge that
a final, definitive conclusion could only be made with a larger patient populationisTais
common issue in rare conditions and warrants the design otemitr studiesThe age of the
patients varied widelyhowever, all 15 patients were tested by WRRISbr WISCHII at follow-

up and, thereforeoutcome 1Qs are comparable across the entire group. The MRI studies were
performedsonstwo different scanners, but the samenstavas used in all but one individual
caseln addition, none of the clinical or imaging variabtifered significantlybetween the two
scannergdata not shown}herefore, variations in the MR scanmagee unlikely to have
substantiallyaffected theoverallresults. Finally, calcified brain volumes SWIiwere delineated
manually. Although not operator-independent, this procedure was performed by a single
investigatowho was blinded to the clinical data. Therefore, while slight inaccuracies in the
absolute velumes may have occurred, dverall result of the consistently progressive
progressionsef‘calcified volume aadsociations with clinical variables should be valid.

In conclusion, our data demonstrate thexebral calcificatioms common and progressive
in young children with SWS, progressipgrticularly rapidlyin those with early epilepsy onset.
Despite its,modest overall voluneglcified brain isoften associated with larger areas of
hypometabolism detected by PET. Calcified brain volumag be used as an objective MRI
biomarkertes-assist the clinical evaluati@md prognosticatioof children with unilateral SWS.

ACKNOWLEDGEMENT S

We thank Cynthia Burnett ar@@athie Germairior assisting patient recruitment ascheduling;
Jane Cornett and Anne Deboard for performing sedafinare also grateful to tisturge—

This article is protected by copyright. All rights reserved



12

WeberFoundation and the families who participated in these stuthesstudy was partially

funded by a grant from the National Institutes of Health (RO1 NS041922). HTC changed
affiliation during the writing of this article, from Wayne State University to Nemours/Alfred |
DuPont hospitall he authors have stated that they had no interests which might be perceived as

posing a conflict or bias.

SUPPORTINGINFORMATION
The following additional material may be found online:
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Table I: Imaging findings of the 15 children with Stur§@ebersyndrone

15

Calcification FDG-PET areas of hypometabolism
Volume at | Volume at
LMA.lobe(s) Lobes baseline follow-up

Pt.no. «on MRI involved (mmd) (mn?) Baseline Follow-up
1 RETPO TPO 1112 3463 mild FTP? mod/sev TPO; mildr
2 RETPO F 362 578 mild FP? mod/sevTPO; mild/mod F
3 R TPO TP 75 1162 mild TPO mild TPO
4 =TPO none 0 0 mild O mild O
5 LP P 0 75 mild TP mild TP
6 LRIPO FTPO 822 2826 mod/sev F; sev TPO mod/sev F; sev TPO
7 =TPO TPO 861 1111 n/a mod/sevF; sev TPO
8 RP P 194 244 mild P mild P
9 L FTPO TPO 5720 6876 mild FTO; mod P mild F; mod TPO
10 R FTPO FTPO 1893 2504 mod/sev FTP; mild O mod/sev FTP; mild O
11 R-TO none 0 0 mild TPO mild TPO
12 L FTPO TPO 1175 2471 mild TP; mod O mod TO; mild P
13 LFP none 0 0 mild/mod TPO mild/mod TPO
14 L ETPO FTPO 4728 5839 mod TPO mod TPO; mild F
15 RTPO None 0 0 mild/mod TPO mod/seviPO

Lobes initalic indicate norcalcified lobes with glucose metabolic abnormalitfesbe showed hypermetabolism BBG-PET.Mod,

moderate; se\severe (hypometabolisrl§WS, Sturge-WebersyndromeLMA , leptomeningeal angiomatosMRI, magnetic
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resonance imaging:DG-PET, 2-deoxy-2-}*F]fluoro-D-glucose positron emission tomographyright; F, frontal; T, temporal; P

parietal; Q occipital; L, left.
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Table Il : Spearman’sankcorrelations between calcification volumes and clinical variables

17

MRI variable

(calcification volume)| Clinical variable Spearmais rho Unadjusteq FDR-adjusted

Baseline Epilepsy duration 1n=15) 0.69 0.004 0.039
Age at onsefn=14) -0.68 0.008 0.039
1Q (n=15) -0.53 0.042 0.070
EEG severity(n=15) 0.41 0.127 0.182
Seizure frequency (h=14) 0.21 0.462 0.577

Follow-up Epilepsy duration 2n=15) 0.56 0.028 0.070
1Q (n=15) -0.61 0.016 0.053
Seizure frequency =15) 0.06 0.842 0.842

Monthly-rate-of

volume chafige Age at onsef(n=11) -0.63 0.036 0.070
Durationof epilepsy(n=11) 0.14 0.679 0.754

Age at onset was not included in one child who never had seizures. Monthly rate ofataloiffolume change was only cdktied

for 11 children who showed calcification during follow-up. MRI, magnetic resonanceng)&fIR, falsediscovery ate 1Q,

intelligence quotientEEG, electroencephalogram.
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Figure 1: Demonstration of brainadcification oncomputed tomograph§CT) and susceptibility weighted imaging (SVidbth
magnitude and phase images are showme images are from&yearold female(patient #10) with extensive right hespheric

involvement. Both computed tomograpaydSWI detected calcification ithelateral frontaland temporgarietcoccipital cortex.

Figure 2y EnlargedMRI (susceptibility weighted imagingWI) magnitude and phasmages at baseline and follewp in a 21-
month-oldmale(patient #3)with right posteior hemispheric involvement amdinimal calcificationat baseline. SWI showed
progressive-calcification in the right parietal dachporal lobgarrows), withcalcifiedbrain volumencreasng on follow-up images

at age 3years this patient also had a second follayw MRI at agel3 years, demonstrating further progression in the calcified area.

Figure 3{ Co-registered axiadusceptibility weighted imaging{V!) phaseand 2-deoxy-2fF]fluoro-D-glucose positron emission
tomography®DG-PET) image planefrom threeSturge¥Webersyndrome $WS§ patients. (A) Patient #9 had left parietal (along

with temporaoccipital, not shown) calcification (white arrows). Tie# parietal cortex showed moderate hypometabotisnPET
(green area; red arrow), while the awaicified frontal cortex showed mild hypometabolism (red arrowhead) ceaéh the
contralateral unaffected sid@) Left temporeoccipital and also frontal calcificatisiiwhite arrows) in patient #14. Whitaeleft
temporoeceipital cortex (along wittheleft thalamus) showed severe hypometabolism (blue area, red arrow), the calcified frontal
cortex showed largely preserved glucose metabolism, efaregimilddecrease in the posterior frontal region (red arrowh¢&dl).
Patient#15"had no evidence of calcification on SWI, while PET shawederate (green argto severelflue area) hypometabolism
(red arrows)n the right temporaccipital (and also parietaipt shown) cortex.
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