5300 3300560l BsdgoEobm »Mboggdlodgdo

b9wbsfgeol maegdom

05005 5gBML0AY

390005300 sGEGHIMOYmo 0d900v)Go 0blEol
930MEMA0M0, 3000b03MM0 ©s 5g0MmMZ0BYYIBsGOWGO
053090996H90900, 3o3mlisgz3e0 S FMGYMEO 35dmlsgEol
36900JBHMM9d0

99003060L EMIGHMMOL 5350098049M0 badolbol
mb53Mm398Wd HoMygbowo oLYME o300l
53BMM9BIOSEGHO

doolo, 2023



Bsd6mdo  JgbOMgdMEos @30 B30wEosbol  BsdgoEobm
1b6039MLoEgGHOL ©s 3. 059300l Lobgermdol ds3d3ms  (39bGHGsWMEO
15535003Y4MGBML doBobyY.

L539360960m bgeddegsbgagdo:

6565 BHo@0Izomwo - Igoiobol dgEboghgdsms mIG™mMo, 3MHmaglmto,
©5300  BH30wEo0sbol  Lsdgogobm  bogzg®LodgBo, 9. 008300l
LobgEmdol 8533300 396G MMO  bosg30IYMmBmb  ByoMmdgbogMadols
0935035396 0b bgaddegsbgwo, LodsMmmzgeml 8539305 bgzdmEMAms
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Lbegom Go¢0dz30¢o - 39003060l 936090 9d5ms MJEH™MMO, sLm30MHgdwEwo
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5emqdusb®g  3olgsModg -  dgoEobol  dgEbogMgdems  mdEm®o,
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160390L0EJEHOL dodEOMmY3sdo.
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653 @Aol Dm0 Esbsl0smYds

390005¢M0Mmo  obbm@o  LsdgoEobm  wo@gMsdmMsdo
30039wo©  s0figMowo odbs 1667 g, Thomas Willis dog6,

LEoBoodo - “Pathologiae cerebri et nervosi genereis specimen”. 956
50P9Ms  9bosedmdoo  aMaymHgdom, OMIGELsg  90960dbgdm©s
06@®53960900o  390mEog0s. M350 farol  gobdogenmdsdo
05303ms 0bberEGHol d9dmbggzqd0 2obobowgdms FMmBOEOWm
»93039Jbool” 56 bbgs ©9350gdsms  FMowdo. 390sGHOOI0
06l EHoL, HMAMOE ©8MM300)dgJo bmBmEmyool dgbfogars
v3530060©gds 1973 (5., Gold-obs o 1978f., dgomb 3awobozol
056593OMIgdol JogH Bo@oMgdren 33939, Loog 30MH39Ws©
0465  dmfmgdMmo  3bmdgdo  Bsgdzms  SLBZOL  9MEHIMHOEO
0399099600 06l EoL (500) 353039 gdolL, Jerobozm®mo 60dbgdoLs
5 ©O05BMLE030L Ly30MbYdOL Gglobgd (Schoenberg et al., 1978).
390053HM0Mmo  obbwGHom  (390mMsgyomo,  0d9904960),
4m39wHerom®oe©, ymzgero 100 000 85393006 1.3-13.0 53500009d9;
500-0b 99dmbgg35d0 qbs doB39b909wo 1.2-7.9 99500990l (Agrawal et al.,
2009; G. A. deVeber et al., 2017; Fullerton et al., 2003; Giroud et al., 1995;
Krishnamurthi et al., 2015; Mallick et al., 2014a; Steinlin et al., 2005).
990056090000 Jo@owos 12 ™399y sLo30L d539398d0 (Mallick et al,,
2014).

36Md930L 5gG¥9™dsl 89990 BoJGHMOMYOO0 256530M09gdL:
1033000056MmdoL  3sh39bgdgero:  39O0sBHEOMO 00 oL
103300056MdOL s8mA[393 W535JOsMs BHM3-smgr)edo (Kirton
& deVeber, 2015; CDC.Accessed January 8, 2018, n.d.; National Center
for Health Statistics, 2021; Steinlin, 2012); bo330056mds 2.6-14%
0950096L (Beslow et al., 2018; G. A. deVeber et al., 2017; Goeggel
Simonetti et al., 2015, 2020; Greenham et al., 2016; Mallick et al., 2016).
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53500000l 3sBz969dge0: Fgdmbggzsms 30-74%-00 5303005 dBO30L
500  dbMEOMYOME0S 3Ys®  FMGHMOM, 3ma60GHMO ©s J39300
©M39390056, 13-24%-80 300056005 g30wgnLos (Cnossen et al.,
2010; Everts et al., 2008; Felling et al., 2020; Goeggel Simonetti et al.,
2015; Hajek et al., 2014; Mallick et al., 2014; Nasiri et al., 2016; Pavlovic
etal., 2006; Steinlin et al., 2005). 0Bl Eoliddymdo gMdgem3s0sbo
39D0MMwo GgLodegdEMdIOO YISMYMBOMSQ S0LObYdS, MrYME3
0530305 @5 mxsbol, sB939, LemEoMm-93mbmd03MOH  BodEMmM9dbY,
LobgedFogmlbomgzol Fomdmoygbl o 93mbmdozME ©sbsbatrxls
(Gardner et al., 2010; Hamilton et al., 2015; Lo et al., 2008; Plumb et al.,
2015).

39689m69000 0BGl GMolgo:  296dgmMHgdomo  0blIEEGO
3005005 900bgg35ms 2.7-21%-80 (Bohmer et al., 2019; G. deVeber
et al., 2019; Fullerton et al., 2016; Stacey et al., 2018; Steinlin et al., 2017;
Uohara et al., 2017), 653, 0530bdb603, 5350000065 ©5 @O0
95839690¢0l BOEL J9bs30MMdYOL.

©5330509090  ©0sbMLB03s:  OHmameE  ddmdwol, g3,
30639WSO Lodg0E0bm 0ol 30515305600
06830HI0MHgdM™ds s dbomds (Martin et al., 2011; Mackay et al,,
2016; Stojanovski et al.,2017) obbwyan@ol d03sGm, (335050 S
965350 M03bM3960  9BHOMWMAO0MMO  BodBHmOmgdo s 0bLbEEoL
»090000053% 535 gdsMs  BoBmm  B3gdBHoo,  139E0BOINO
3060396 Lod3FGHMIYOb ghmo, (Fink et al., 2019; Mackay et al,,
2011a; Steinlin et al. 2012) 560w gdl O™ ©ORIOIHE0ME
©O05bMBL.  EOMMO  sTMEbmds 30, IMM3MOEFOMWOE  S0LObYdS
90Bsbdodsmmer  33MEmbsemdsBY, 360939630 wMmbolidogdsms
9909999539055 Q5 odMBOgOL 3OMbmBBY.

g4m390039  H990mo0bodbmosb  godmdobsdg,  OMMEo
©053bMBEG030Ls s IFMOBIWMdOL  bgeTgfymdolsmzols, ds3d300
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sbo30L  500-0b  3e0bo3MMo  0dEObIMGMBOL,  gEHOMEWMYOWEOO
R399 BHMM9d0L,  630MM30H950Bs30MMO  Boboloomgdergdols o
36bmbols dgbfagers 3609369wmgsb 259mf3935L FomBmaygbl.

06l Goldgdamdo 58mbogwol 3M90dGHMMmgdoL  goblsbrgzMs
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0530390L5 5 Fom MR SHBYIL AMIYEZ500560 godmbogerols dglobgd o
MBHOHWD39wyml SMgMo JoBsBI0TsOmMEo 0bGHIM39b309, M3

bgwl 99mHgmdlL 0bbyeEolidgdymdo yMmdgargsosbo 3sdmbisgerols
3999x MdIBYO.

33930l dobsbo:
e 3530305  sbO3OL  500-0L  GBHOMEWMAOMMO  GodEHMMgdOol
39bLsBO3MY;
e 353035 5bd30L  500-0b  AMAJZoEOsbo  BgomMysbzoms-

090000 (Bm@MOY0o, d9@Y39wgdol, 3maboGMM/J3930m0
1339OML IMM393900 s J30IRBLOS) FTMBogErol FJRolgds
@5 29dMbsg ol 3690dGHMMGOOL 2obLEBOIGS.

33Ol Bembyo:

1. 05303ms b3l 500-0L  3wobozmE®o  JodEobsmgmdol,
9GHOMLMP0MOM0 BodBHMMgdoL s bgoMm30BMeoBI30GmO
dobolosmgdgdol dgbfogans;

2. 2463935000560 459mbogeols dgxsligds mEo goblibgzogqdmeo
4350l dobg3000  ©@s  3vdMbE3Eol  3Mg0JGMEMdOL
396LsBO3M;

3. 0blbyw@GHol  JmEwwmdol  gBsbgds  Lsdo  Lbgosbbgs
9900m©OoL 459mygbgdom;

4. B93OMmwMYoMM0  IBOEOAIOOL (3300 gdol  Fgzoligds
53306039000 3960MmEObL 4563530 Md530;

5. 930@9x8LoOL 3M:Y0JEH™MIOOL gobloB®3Mo.
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390053600 0Bl ol dglobgd, wo@gModemsdo Wiy
sMLgdmwo  Bsdgsboghm  IOMIGIOL  sbsEroBol  FgRo,

Nolitetotel dbmem 930390 GdMS 111 mbols
93396530900, 53 Ib30OHMdGIMos  3OML3YIGHEo

330939008 LoBEOoMOm; oS s3oLs,  ORWABYOME0S
353096@ ™o 39396M™g6Mw ©s I3009M0EbMm30  XamBgdbY;
09092900 56059OHMY356MM35605, ©L33Dg00 56 MOl T3d>3MO©
396LSBOZOMO s FmoMbM3l sBNMLEHYOSL. Tglsdsdols,
0blwEHOL  Fomm30L  gOmosbo  sewamMomdo 96 sMOL
3909998539990, 530@MI 390005@M0o 0blmEEol amydo
gmgz9eo  sbowo  33e93s 046900  Hobasoydmeo  bsdoxo
0030690 wgdIRYY  ©BIBIPRNwo  O3mIgbEaEogdol
039999353900LbmM30U;

LodoM39w™To 96 GOl sAJBOWO 39P0sGHMOMWO 500-0l
399m3mgbols 31530, dobo 3wobozmemo Qo
6906HM30H5e0Bo30MO 0530L90M909d0, mbdoMglio
9GHOMMP0MO0 BogdGHMMIO0 O 259Mbdgol 3MYE0dEMMYdO.
3830g46OMdm, 53 sb39dGHgool glfogws 36033690 m3z56 (zemowls
d903obl 3538300 SOl 500-0L B0  (36MBdSMOOL
5050qd0l, JoMmM30L s 0Bl EOLdgdamdo 3bmgmgdol
boGobbol gordxmdgligdsdo.

30639, B396L 33293580, godmlisgeol d9x8sldol BoMmMm
3900yg9bgde M6 dgomEL IMEOOL dIO3M0 3MMGEIS300 ©S
056b390M0L 5B39690900 godmzeobs, glgbos: os35wgds -
13930803M0, 39P0GHMOMEO 500-0b  Fodmlogol dgasly-
d0bL bEobodGHWwo  J3ocws  (PSOM), MmIgeos  9535L9dL
6936 MyomE 259mbogsl s M963060l dmogozotMgdmwo
d35ems  (mRS), G™Igeog Fo0dmoagbl 0bbvyw@Eolidgdoymdo



d9b0MEMwo  Fgbodergdemdgdol  dgnslgdol oo E
9900l InbdOHEoEgddo (Banks & Marotta, 2007); 250m0y9gbgds
390053HM0Mo  0bly@ol 33939080,  omdzs  dobo
35¢0EMdS 053939030 YT IHBMVBEJIWO 56 5GOL. B39b0
332J30L  99©gpgdb)  ©IYOEEMBom,  ™Goz) 3w
d9L5degdgos 498t YgbgdIeo 0gbsli 350sGHMOMEO 500-0b
3900530l 95351900LsM30U.

B39b BogM, 306M39ws©, IMbs  39POGHOOMO  500-0b
dmEMmdol 995358900l Lsdo  dgomob  godmygbgds  dsmo
006509 qd0lL, Bo®FINBbmMdOL s godmbisgwol 36Mgodizool
26560l LRI, gugbos: FMPOROEFOMIIMO SBYGOE L
0blmwEol  3GMmaMsdol s gMo  3m33099GHIOHME0
AMIMaMx5300L 9355 (ModASPECTS), 35056039890 ABC/2
RMOIMWS s bYR9bEE0s. 500 MOl JAWH3MHO JMMGES300
299m3e0obs.

65dMM3ol  mgmMomo ©s  3MogdEHolMEo

QOOIDYLIVS

B3960 330930l 8999 98Mm3obs B53d30 SLv3oL 500-0l
5653900 l5039M  58Mmbo3E0l  SOMYMMO  3MYPOIEMMYd0,
Gmdgms  9gxslgds  Homdmoyabl  sMgmwo  30Bsbdodoe)-
00 95000 ES30M0 ©Mbolidogdgdol agqad3ol fobsdo-
GMBL, M53 bl Fgmfymdl  0blwe@olidgdoymdo aMdgen-
35000560 360HMABMBOb o) MdYLdL;
36MH0MM0GHYGHMIW0s 330093500 250Mmygbgdmo  dgmmEgdols o
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LSEOLYOESEOM FoLogdo s F99gd0 JmMbligbgdyEo 0dbs:

1. “Long-term Clinical Neurological Outcome and Predictors of
Outcome following Arterial Ischemic Stroke of Childhood”,
50960306 Bggdmmmyms 83509000l  (AAN)  farow®o
d9b390060, 23 53000 -1 dsobo, 2020

2. ,Outcome Predictors of Arterial Ischemic Stroke in Children®,
93630l dgbeomwo dglodwgdemdols ddmbg 35393000
539009300l (EACD) {erom®o 30-g 9gbggcs, odoeolo,
bodomomggem, 28-31 dsolo, 2018

3. ,Arterial Ischemic Stroke Outcome in Children”, obbvyeo@ol
dbegom  3mbydgbo (WSC), dmbegswo, 356ss, 17-20
Md@mddgmo, 2018

4. “Outcome of Childhood Stroke: Prospective Cohort Study”,
05333m5 B33MMEmyool LogMmsdmmolem 3mbacmgbo (ICNC
2016), 53LGH96M530, 3mwsbos, 1-5 dsobo, 2016

LoEOLYOEHOEOM bsIOMIOL 06303 259MJ399bgd0s 3 LGoGH0S S
4 53LEOJGO.

8


https://n.neurology.org/content/94/15_Supplement/2548
https://n.neurology.org/content/94/15_Supplement/2548

33935 gbHIes Imms HMBME39w0l bodsMmzgwmlb gemgbsremo
Bsd9360gOH™m  Fmbool 3OmgdBoL ,,PhD_F_17_121% gstywmgddo,
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L539EOE0bm  MbogzgMloGgEBol  gmozMMo  3mdolool  doge.
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SBWo©  ©0sbmliGoMgdwo 3530963900l (2015 {ierosb)
06830635300l FgaMm3z90s oBLMM(3090s 93500900l 3obolwmEmo
al3EgEMdol EOMUL.

0bbyem@ols 9f3537 39Mom@do Jgx3sbs 75 35309630. F9x3sligds
Bo@otrs IPSS  3Gm@Gm3meols  dobgzom. dmbsggdms  dsbol
RMOI0MYOO0LLL  s0Lobs 980 0bBMMToE0s:  YIMAMITOIEO
9939690900,  3wobozm®o  bodbgdo,  obbeEol  Loddody
ds60g39LGHoEo0LSL, OBMEMBGHMOOMMO  ©s  0bLEGOWIbG Mo
3°9Mm330930L d9939%0, 0L3-835dBHMMJO0/JBHOMWMYO0S,
BoBoMgdo 93Mmboermds, 49639mMmgd0mo 0blyan@ols s®lgdmds,
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I 9gg3sL5gds - gsfigMol MML (n=61): 3900sGHGOMo 0blEEOL
399030l 95351900L d35¢ms (PSOM).
IT 3gxolgds - >2 femol 39909y (n=60, 3MEO330Eo 353096¢30L
3903 gd0m):

e PSOM

o 5630608 dMmEO0R0E0MIOMWO J35es (mRS).

33€2030b 303730
2003 §eroob 2021 ool Bsmzaom ms30L #3060l dsgbodwm®-
9BMbsblweo GMIMPOOBOIO (06) 3309300

©LEGHMOIOME0 B53d3000 S1530L 500-000 MJAOLEHMOMGdIMWwoO 75
3530963H0sb, 3393580 Boghmm 61  353096¢)0. 14 Bsmysbo
39900603bs 565969B0 263050900l Fgz396bgdol (n=6) sSGLYdMdOL
Q@5 5M3LEOEO 139O 30bM BsbFgMgdOL (nN=8) godm.

Bo®rn30l 300GHgM0wdqdo:

* 360 33w)300 ©IQBGYIOIOILO 500;

e 5b530: 28 P0sb 16 (ersdy;

*  35309630L/dddol/8gm30L 06bIMds.

3°3mMoibz0l 3Mo@gMomdgdo:

*  396M0b5@sm0 06856JG0;

e 303mgbovM-0d9d0)MH0  JEPMIMIMIS  ORMBMOO b
BOSBHIMWIMH0 06RO BH0m, HMIGEoE 56 T9glodsdgds
6Ige0dg sOGHIO00L LMY BMbIL;

e 565969Bd0 BgoMMYB30m6gd0L J9z39MHbgdOL sOBYOIMDY,
OmIgog o6 SbmEoMEgds ™oz30L  G30bol  0dgdowE
06l G sb.

30603960 dmbs3gdgdo
303539 39600, 30bozMe 60bgd by IYMHPbMdOM, 0bLYIEE 0L
Lboddody d9535bs  693OMWMPOMMO  ©IBOEOGHOL  Fggsligdols
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35¢00YYM0 935¢00l PedNITHSS-0b dobggom; 83sesbg Jwanmdmogo
953969090 dgMyggmdl  0-sb  (gxzoEo@GOlL  do6gdg) 42-8g
(05g05IHO IROGFOAO Y39 39BHIFMOM0530). 0blIEEOL GOl 3-
254 BHMMJO0 JWSBOROEOMOS 1533305 SBO3IOL 500-0b BESBIO MO
300b0g03300L s O0RBMLEBH03MMO  seamMomdol (CASCADE)
d9L50530L5.  693MMEMPOMOO  godmlogowo  dgxslbos PSOM-ol
dobgz300, OMIgeroi ImoEogL 5 bd3eEgyMMosl, qugbos: doMx39bs
@5  3o6Ebgbs  LbLmImEGHMOMEo,  9JudMglbomeo  8gGY3gegds,
I3IBEONLO FIHY39wIV> ©d 3MpbodO/J333000 bggHm;
0000M))o bggemb 6330MmEMma0OH0 ©IR0E0GOL Loddody
301 YdS 0-sb 2 Jmarsdey (Kitchen et al., 2012); bogGom Joyems
3obOGOEOMS, HMYMEO ,,30000¢bs0dgm* (PSOM 0-0.5) o
»960539m0wbs0dgom”“ (PSOM  >1), obgzg, Omam®E doomo-
09005 o BIMsGMsdo (Kitchen et al. 2012).

RMBI30M0 499mbsgswo Fgx3sLs 6 JMwosbo mRS Jzseom,
Los3 0 50bodbogl LOd3GHMAGOOL HMVMLYIMBSL, brmerm 6 -
boggombl (Bigi et al., 2011; Goeggel Simonetti et al., 2015).
399mb035¢0  3esllogoEoM©s,  MMAMOE  ,30000¢ 0T M
(mRS 0-2) @5 ,560539m0wbsodgom” ( mRS 3-6) (Bigi et al. 2011).

Bgo®mgz0BsEobsgos

690mMAsdMbbgs Fgbmems 1.5 96 3-@glews Boddeog®mols @
1395690, bgEdolsfzgmdmdol s 0bFOIBEHMWIEHMOOL Fglods-
dobs. 459tmy9gb9gdeo 0gbs ©9700930, HMYMEMOES: SFB0SEXMEMO O-
RYbYO  dgfmbocro  (DWI)  9o8mlsbgs  bowgso  ©@oxgmbool
3M995303096¢0m (ADC), T2 FLAIR, T1 g50mUbobgs, TOF 6@ sbyomy-
(58000 s bgedobsfzomdmdol dobggom: T2* 46msogbd gdm
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(GRE), echo planar-spin echo-T2, s6 susceptibility-weighted imaging
(SWi).

6906030 b95¢70bsgool  sbse¢robo
399mygabgdmmo  0dbs DWI  FMHowgdo ADC  250mbsbwyargdols
35MOWYMO©  IB0sDbYdIMEo 39M0L BMLEO Tgn3sLgdolm3zol;
d9935b0 06g3569BHol WMII0DI309, WOBHIM0DI(309,
om©gbmds,  9MGHIOHO0L  LEOMOYSFOM BMbs, LobberdsMmMzm3s60
5H056300L s 399MMR0Y0 EGHGMIBLBMOTSF00L sOLYOMDS.

3O GHIOOM35M00 3960L5BO3Mo, QI OIOT Lobberds®gzol
39300603905 (LEHIEMBO, 9MIMIAMIIOMDS, 56 ,,banding”) 56 LHo
™30 Hos.
MGHYOHool  Bmdolb  dobgzom  3webOGOEOMEs,  OHMYMOS:
£3600/b5850M 35€0dMOL LOLbEPIsMM39dOL LEOMOYSF0M BMbols
obbw@o,  OHmIgwosz  ImoEs3l  39MGOOMEO  9OEGHIM0JdOL
©OoLEYO 3009 BHMGIOL 96 39MRMOIGMONE SOEGIOHOYOL (To.:
©96@03MNWMBEGHO0GHMWO 5OGHIM0900) /b 3H30bol g™, o
abbgoo  35¢0dM0L  Lolbwds®mE3zqgdol  0blww@Eo, GMmIgwos
90m03o38 ACA/MCA/PCA Bso6Mogs3om bmbols s/sb Bombgdls (IPSS,
Gordon et al., 2015).
390065300 GHOBLEBMOT5305 T9RBIBS, 33EP0gd7d0L Jobg300
T2* 96500096 9Jm (GRE), echo planar—spin echo-T2, 56 susceptibility-
weighted (SWI) 200mbobmergds®g o Jwobogogo®os European
Cooperative Acute Stroke Study (ECSASS) 3¢0ob0g3035300b dobggom
(Neeb et al., 2013).
0blman@ol loTeTylugptelely d9939L900 b53039 9900 MOm
36bmdEogws DWI FMowgdbg. o308 33060l dmEwmermds
998505 Fo@owo  goMBg350mdol T1 o6 T2 FLAIR 259mbobgom
FOH0wqdby.
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063563590l dmagraermdols Fggsbgbs
modASPECTS-ob dobgcogoo

3900053Mommo  ASPECTS-ol  8m@©on030o6mgdmwo  3960Los
(modASPECTS) dm03o3L dbmermE L3653 9bGH™Momwo
WMIO0BO300L  B0sbgdsL;  goblbgeggdom  dmbOowms
3960L00LOYD, sT5EOOm, 51939, - M3Bs (39M9dOMWO SOGHIMO0L
LS0MOYSFOM BMBLL O MO HTMUL. K 5T0 Fgogbl, doduodwxad, 15
gl mommgmeo 3900LggMmbogol (Beslow et al., 2012; Wusthoff
et al., 2011). bogrm 0686053 9bGH®M0wM@wo sH0sbgdgdolmgol, B39l
33w93530, 35dm309496900 oBNBME-dghmboro Jmagdol Loli@gds
(BERN DWI Score) (Karameshev et al., 2011), ®m3dgeroi dmogoegl,
dodbodmad, 8 -  JMosh 935l moommgmeo  39d0LggMmls
068365396 GH™M 0o ©H05bgd0LOMZ0L; d9L505d0LS,
modASPECT-ol dmeosms xsdo 8950p9bL 23 Jmamsl ovommgmeo
3900LggMmbsmzol. LmE.1.

Modified pedASPECTS + Bern DWI score

B A
Stk TRE U2

f<1 if 1/3

beyBomo 1. 8mogogo®gdremo s¢n8gidol 0blryendols 36mgksdol
3G9m0 GgRsligbols 3¢ Gsems

;;;;;
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0635650l dmgeaemmbols Gggsligbs ABC/2 Readeyemols
dobyz000
6@ 3319300 doegdge DWI FHowmgdbg 0bgs®d@ol dmgwmemds
39935b009, GMAME3 Jolo LoRMAOL (A), Logsbols (B) s Lodswerols (C)
BmIdgdol Bsdmsgeol bobggzoto (ABC/2) (godmomgws §o0dmgds
99900930 gmGIMwoo: 4/3*3*(A/2)*(B/2)*(C/2) = ABC/2). asBmdoo
©H0567x00L BMIG00 oMb 0ym MHMAMEM S JELORLMOWIdO.
295000300 LadME MM JMFMEMBIOO Fos©Y3560e 046 Ld3-Jo.

06R5(9Hob dmgraecrmdols dgnsligds Ugsdybdszool dgormoo

9900m©0 dgbOEs LsdR6DMI0gd0sb0 bobgzdo s3BMIs@EHwe0o
30330993H9Owo  3OmaMsdoo: 3D Slicer  (Version 4,
https://www.download.slicer.org) (Fedorov et al., 2012), ®mdgwog

2300lbIMOL EsH0sbYdIMo 39M0L bgwrom FgamgBsMA3wsl. DWI
390mbobmEqdol  FMowgdHg  0blyGHol  Bmds  obolisBrzs
00MMIM  FOHowbg  IMHgMdMH0350,  F9dmgsdymmeo 3900
AEMEmds  godmmzwowo  0dbs  FOowgdol  MomEgbmdols
250350Lffobgd00 3G90l JogM 53BMIsE Mo (183). bwy.2.

41.6796mm

of r 3 | [mm3] (1) Volume [cm3] (1) Surface area [mm2] Volume [m

2/ Gad 19337 132019 132.019 19364.4 128585

by®Hs00 2. 06bryendol deagraemmdol Gggsligds liggGabsgool Ggoemeoo
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https://www.download.slicer.org/

0530l Bg0bols  deagryemmds

000l gomzseolfjobgdom, ®md 0539308 ™o30L  BHZ30bol  Bmds
396Lb35390)0s Ss30L dobggom (Jordan et al., 2009) gobolisBmg®o
©H05690M0 3900l JgsMgdomo  dmiEmEmds (%), OH™IgEos
39dmmzowo  0dbs:  Bgadgb@ogoom  domgdmeo  0blvme@ol
9 3Mmdol 993500000 0530l 33060l LogMmm dmEIEMdLD
* 100. 565erma0©ms, 3030l 33060l LogMomm mEMEEMds (e3-
BH2GH3060L Lodbol hsmzwom) 2560LsBO3MS 3D slicer 3GMyMsdoc
T1, 56 T2 flair 69500y (Fedorov et al., 2012);

BGsGoLEGH03MM0 sbsgrobo
BAHOGHOLEGH0ZNM0  BsEOBo  QobbmME0gms  SPSS  3GmyMsdols
Lodmoengdoo (IBM SPSS  Statistics, Version 21.0, Armonk, NY).
500960 Md0m0 LEGOLE035 0gb5 59MYgbgdEo YIMAMIR0YO
(33%5@930LsM30L. 30MOLMbOL HBo-3350MEOL GHguEo (Pearson’s Chi-
squared test) odbs 250mygbgdmo 353gamOomE 33WwogdL dmeol
bmE05300L  GgbBHOMYdOLIMZ0L  (BodgMHol BMLlGo GHIbGo 0dbs
390mygbgdo 3063094 9900mbg939000). 30 BMYMOM3-
LIoMBMZoLs S Fo30MM-9o 3ol BHILGHOL bsdMsEgdom FgBILS
®0o3b30m0 33WsYd0L A9BsFowgdol BraMPsE®mMds; b3oMagbols
30O9gw5300L  3095303096@0 0465 399MmYgbgdIEo 565356533 MYE
6oEbz0m  3305©IdL  JmMOL  3MMYEs300L  ©IEJJ300LMZ0L;
390053HM090 0B EHOL  godmliogerol  dgz3sligdol  (PSOM)
©0gmGH™MIobgome  LIssls @ IMPOGBOE0MGOMIE  M3B3060L
b3oeoo (mRS)  JoEgdmer  Imbs3gdgdl  dmeol,  sbmEosgool
oISzl FGLoRLYIWSE  Fodmygbgdmer o0dbs 3oMbmbols bo-
3390060530bs s  3MsdgMol  (Cramer’s V) Gqb@gdo. 95%-0560
LsOHIMBMMOOL 0bEgMZ5om Fgx3sLs, PSOM-Us 0o mRS-U 935¢090L

16



dmeol,  msbbdmdol 356396900l 3mdowgdol  bBr3z™9do;
5B5Mds  <5%-Bg  BsomZows  bAoGHOLEGH03MMo©  Lo®fidmbme.
dmEMEmdol  dgx3olgdol  Lsd  IgomEL  FmMolL  odmzmzogo
1306 Igbol 3MEMgEs300l (Spearman’s rho) 3m9R030g6EO. MBHL3gMS
ABC/2  gm®dnwobs s  bgadgbdsgool 99093908 dmGol
0 MLGHMH0M9dos Bland&Altman (2010) a6ox303bg.
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332030L 8)©)a980
©99M®m5530vw0, 3¢0603MMO0 S MIPOMEMYOMMO
dmbs3gdgdo

33w93530 Bsromero 61 353096@096, 33 (54.1%) ogm 3536MdOO
(890560 sbsgo 1.75 [IQR 0.8, 9.7], ©0s35Bmbo 0.1-sb 15.6
Perodg) o 28 (45.9%) 89O Md0mMO (8900056mE0 sbs30 6.1 [IQR -
1.0, 8.6], sL53MdM030 O3sDMbo 0.1-sb 13.4 fersdg) Lguob.
390056m®0o pedNIHSS Jwams 0blwgen@ol dsbogqli@sgoolsl ogm 9.0
(IQR 8-12). 3930356m5B0 FoMdmygbowo ogm dgdmbggzsms 90.2 %-
do. ©9IMAM9R0o s 30bozmMo  dmbsggdgdo ob. gbMogro 1.
Byo®mMsommwmyomdo 3obsliosmgdgdo Domdmagboos
gb®owdo 2.

500-0  3560x9gLEGO3000 IOEG 33930l RoBoMgdsdg MMOL
06@& 9635000, G90mbgzg3500 Mdg@ gl Bofioerdo (72%) dmoEogl >24 bod.-
©6 >7 ©©g0g ©O™MoL  063M35wlL: <24 Lm.-o  Bo@oMs
d9000b39350m 27.9%-80, 24-48 Lo.-8o - 39%-3o s >48Lbo.-do - 32.8%-
do.
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gbtocemo 1. so0 (n=61) n (%) ©0535Dmbo
@993 G3502)0 858396980980, 500
3bs30 (o), bLodmsem (b), Os35BMmbo 5.14 (491)
loogg-2.11 §. 33 (54.1%)
3-9.11 §%. 16 (26.2%)
10-166%. 12 (19.7%)
Bgglo 33(54.1%)
050600000
103300 056Mds 1(1.64%)
©OHM 06l EHOL doborgbBsE000b (Fgwro), bLodrmowm
(L), ©Os35BMbO 3.38 (2.44) 2-11
5b530 G9x8sLgdoL >2 Farol 9999y (Fgwro) bodrysanm 852 (5.24) 21-18.8

(L), O3sBMbO

em0bozco bodbydo

39903569%0

Labol bgPz0l 3oMgbo

8909930@0d0b ©IBOEOGHO

JDYHYOO

3600gMgdoL g3gers

530L (33030000

0900690

abowgds

s®dguos

359039@md0L 3gerol ©IBOEOAO

60l 3-R39(520900l gdomemmgos (CASCADE)
§3G0wo LolbEds®®3gdol SOEHIOHOM35005
9B0EGIOQIO0 IO 3IHIPOWO
5O GHIHOM350005

B0HEGHYMIWIO0 (3909060 SOHGHIOOM3SM0S
50OGHOL/30LM0L 5GEHIMO0IOOL SOEINOMISM0s
(©obgdsod)

3960MgIdME0s

3GOBIHNOo*

bbgo sBHLEHIOMO 96 Lbgs svbLE OO

55 (90.2%)
30 (49.2%)
21 (34.4%)
20 (32.8%)
16 (26.2%)
10 (16.4%)
11 (18%)
6 (9.8%)
2 (3.3%)
2 (3.3%)

3 (4.9%)
13 (21.3%)

6 (9.8%)
I (1.6%)

6 (9.8%)
5 (8.2%)
32 (52.5%)

* B 090m0 35309630 b5bLbgdos 2-xgM
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abdogmo 2.

bg06mksomanmgorytio dsbsbosagdengbo n (%)

9G53 MdO0M0 068OIEO 22 (36.1 %)
B30WdGIMMH0 0bBsMIGHO 8 (13.1 %)
MBoWGHYMoMEO0: B bgbs 3930LggMH™/AsMK 3965 32/21 (52.5%/34.4%)
3990LggHm

fobs 306031ws30s/396s (306 3MWwsE0s/mMo3g 51/713 (83.6%/11.5%/4.9%)
b)3003gbGMM0v)0/0653Mo@ bEHMMmowwo/m®mogy 55/0/6 (90.2%/0/9.8%)
bR 3OEH0399¢00 (DD MMO dBOMMZYVO, b Bogboms 36/25 (59%/41%)
39BBMS, 56 05¢530)/30:0GH03M-b)d30MEH0390

ALb30e0 sMEgMH0S/H3M0o SOEHIM0s 22/39 (36.1%/63.9%)
39006530990 0bgsGJGHo 8 (13.1%)
39699mOg00m0 06l EHO 9 (14.8%)

MoL3-85dBHMMYd0/JBHOMEMY0s

0L 3-BodBHMM9d0/9gBHomEmyos  0IbGHoxnogomhs 32 (52.5%)
09000bg935d0. o  ImOOL, yzgesbg bdoMo  MoL3-GodEHmMo,
39O9OOMO  SOGHIOO0M35M0d, M3 gbowo 0dbs 3530963 gd0L
37.7%-80;  0MGHIM0M35»0900L  bobg3o0-Bg  dgBo  d9dmbggzgae
Pomdmy9boo 0gm BM3IWMMHO (39MH9OIOME0  SOGHIMOMISMD00,
L5390 MOME,  BMYGdomo  gbgHol, MBI  BoPOMYIL
390MEGH0EMEO  MEGHIO00L  EOLEIMOmO b Tmo  39MgdOHYIEO
3OGHIMool  3OmJuodsmo  bgadgbGHol  Mbows@gMswm®o
5006905 (bEBHIEMBO /  9OIOYYMWIOMDS [/ ™3gD0s), sbY39,
5535900 IMbMBsHMHo  80dE0bEMYMd;  3OEHIMOM350009d0l
d900bgg35ms 1/3-80 500b08bs 3m058Mm0sl ©5350gds, obgdiool
dbmwm 9H»O d90mbgz939; P360-bobberds®mzm3zsb
3OGHIO0M3s005©  JgBobs  dgbobymgbagBoodol  gmbby
3963000060900 0bLEE 0oL 99mmbgg3900.

LbobdoMoom  IgmOg  9BHOMEMAONMHO  FodBHmOo - 4ol
0565900 56 9999600 3500MmeEmy0s, odmgzerobs 9dal (9.8%)
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d9000b3935d0. LOLEGJIMMHO s53500)09B0L X AMBOEID ME 353096FHL
509b08bs  sMGHYMHoMEo 303960 FHI6bos  M0E3IIol  305G0LMdOL
RmbbY, MOl - 303m3mwgd05; 9O 353096¢Mb  Bmy30569000
LGOS ND3 4960L do@mdmbotmomwo ©bd-ol dm@sgos (MT-
ND3 m 10197 G>A). g3s-000 ©0sabmbGo®gdmem mmb 353096@L
3Jmbs Bm@Y3930@sl 30O 0blvIEEHOL 4963005609058 drenm
96000  faol  20b3sgemdsdo.  bmo 35309631 509bodbs
IMWAHORIIHMOMWO  gBHoMmEmaos:  ghmo  dgdmbggzs —
BOWSBHIMIWNMH0 SOEBHIOO0M35M0s O 3MGIMH0Mo 3039603H96B0y;
dgm6Mg dgdombggzs —  3mM0sdMosl 993950905, V  (goqbols)
R9dBHMOOL  IBOGOGHO O MBIYMoEo EOLGZOdMHObMYgbgdos
(3530960 2o650335¢); Lod 353096 BMZs MO (3969060
5HGIO035m00m - 303m3mgdool,  3039HEGH96boolbs s oo
™35O0 B3Ol MbssMLYdMds.  CASCADE 3a0slogozszool
dobg300 MoL3-GodEHmMmgdo ob. gbMoro 1.

399mbogsmo

Mo 359mbogso JgxsLis, 0blvme@ol 3s60x8qLES300s6 >2
fol 89909y, 60 35309630 (39MOE3WOwo 35309bG0L godm3-
Wwgdom); Lodrsem 3ghomo - 3.38 fgwo (osdsbmbo 2-11). 30
35309630, @idsBHgoom, d93g Fgxnsls PSOM-om  obbvyem@ol
9560839353000 6 ™30l g0y MO39 9350l dmbsigdgdo
Domdmygboos: 3bHowo 3 s 0sMsds 1.
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3btoemo 3. 3s8mlbsgsero PSOM-ols beydzshga o980l dobgozoo

Lo (SD) ©O535Pmbo
25P9M0L OGH™L 6 39 >2 Gogero
(n=61) (n=30) (n=60)
8>6x3965 0.64 (0.73) 0.25 (0.57) 0.25 (0.51) 0-2
LYBLMAMGHMGYIEVO
BomHEbybs
LBLMBMEBMGEO 0.46 (0.7) 0.19 (0.54) 0.12 (0.36) 0-2
0dL3GLoYro 0.25 (0.45) 0.03 (0.13) 0.07 (0.24) 0-2
890Y30wId>
©06IBEOTLO 0.05 (0.28) 0.03 (0.13) 0.07 (0.25) 0-2
99GY30w 0>
360G/ 0.07 (0.31) 0.06 (0.17) 0.08 (0.24) 0-2
Jaogooo
1.45 (1.13) 0.52 (0.7) 0.61 (1.07) 0-2
LsgGHomm PSOM
Jos
mRS 1.28(1.63) 0-6

(n-61)

G96038365. SD: LEsbsMEI0 ©Y305305. PSOM: 3900050090 06bvyan@ol 3sdmbsgeol 89i3oLgd0l 83w,
mRS — 65630606 dmoR00MADMEO 5w

0330505 1. 590535¢»0 PSOM-0ls s mRS-ol dobgegoom (n=60)

#30000@5099©m” (6m®senm®o/Asmdmdo)
2063390015099 (LsBgoE/3dody)

PSOM g¢sffgtolsls 4 16 BoGIseryGo
PSOM >2 figeeo 33 Agdrydo
B b53yeEm
mRS 52 oo 33 = 0008
0% 20% 40% 60% 80% 100%

0blmw@olb 990y  Y39wsdg  bdoMo  ©gnoEo@o  500bodbs
InGmOe BggOHmdo; Ho®dmoygboeo ogm dgdmbgggzoms 90%-do

23909608 O™ s 38%-30 gMdger3500560 ©s330603930L drenmls
Lodmoerm s ddodg IBOEoG0m bobgzembg dg@ dgdmbggzsdo.
22



9dudGgbomo (10%) 89@Y39wgdol sM393s MBOM bdoMo ogm,

300009 ©939BE0o (8%) d9¢Y39w9gdol IBOE0E0, 850 dmMob,
>50% ULs3operm s ddodg bsGolbob. 3mabodmMo s J3g30000

©M0393900 59Mm3w0bEs 353096GHMs 11.7%-80. aMdger3s00560
393mbog35¢00 PSOM 193 35393060930l dobggom foddmepqbowos:
©O05yM53s 2.

03530585 2. 359cbs35¢00 PSOM bgd 35¢93mH09d0L dobgegom

(0 ©980GOGOL 35698y, 0.5 Abvyddo , 1 bsdmsene, 2 8dody)

60
40
20

0o6x3960 do3bgbs 9Judtgbowo M939BGON™O 360G wIM/Ji3930m0
SRV CRVIeviY CRIVERINGIE CAIVERANGIS

EPSOM0 =PSOM 05 ®mPSOM1 mPSOM 2

mRS-o  dobgzom  Jwobozm®o  6odbgdo  FgdgabsoMoo
2905bsfows: ghmo 3s3096¢0 - mMRS-6 (FoMEO33w0w0); ™
35309631 (mRS 5 dJmaws) 909bodbs 8dodg  39do3engaos, ddodg
39(939IO0L ©IOXZYZ> ©d 3MIBOGIO/J3330000 ©IBOGOGO- 9ON-
96 3530963, 30009 B3bJ30M0 IO Emdom (MRS 5 Jrywy),
509b6083690Mm©s  39MOMYIBMEOMOHO  dOWHEIMOXMMO 0bBsMIE0
@5 3YMH9d0 0bLbrenE ol sboggliGszooLsL, s1bg3g, >2 ferols 9999y
99335L9d0L; M6 353938 50gb0dbs ddodg 39dodwgyos (mRS-4), mOL -
LodMoem ba®olbols 3g3035M9B0 MTs 3ab0GMM0 s 393Y39w9d0L
©M393000  (mRS-4); 93000 353096FH96  500b0Tbs  LodSE™
bsGolbol 393035090  (mRS-3); ,,39000bs0dgm”  253mbagarol
dJmbg 47 (77%) 353096306 11-d0 szgodbods bsfowmdmogzo
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503965 s 500603bs Abyddo 390035090 (MRS-2); LAl 3Jmbs
Abgddo 3mabo¢O/d3a30m0 96 d9¢hy39wrgdol @ggogodo (mRS-1)
5 6sMRY6 33 899nbgg35d0 Ixz0JLOMES LMo sOAJbs (MRS-
0).

>2 fewob 89909y 990mbggzsms 11.5%-80 500060865 g30gxzlios, 15%-
do - gobdgmMgdomo  obbyyen@o, gbomo  (1.64%) 353096¢)0
39M50(3355 39689MEMgd0m0o 0Bl E ol 3f3939 39M0mdo.

399mbogmol 3MgEodBHmemgdo
3w0bozmMmo  60dbgdosb  3BMd0gMYdol  mbol  sd39009ds
(p=0.021) s Amery®gdo (p=0.048) obLwmeEHol TsboggliEszoobsl
SbmEoMm9dMEo 0ym 5653900¢l50dgOM 23090b535M3b.
6906HMm30H950Bsgool  dJobgwgzom  IMs3ermdoMO  0bgsdEHo
(p=0.015), abbgoo Lobberds®mMzqd0lL LooMogsiom Bmbol (p=0.008)
@5 3M3d0boMmgdmwo  3mOHEH03M-bB3MOEGH0IMO  IBOSBYdS
(p=0.008)  561539000¢l50dgE™  2odMbOZOlL 3090 EHMEMYO0S.
399M3w0bs 3MOIWsE0s, 3)3539 39M0m©do, 0blEEol Loddodgls
(PedNIHSS-ob dobggom) Qo 339350056
6930 Mmy0M©OH/BMbJ3006 250mbsgowls Mol (mRS: Spearman's
rho = 0. 464, p <0.001; PSOM: Spearman's rho = 0. 436, p <0.001).
PSOM-0l Log®om g29emgdls s 9GH0mEmao® Rod@mmgdl dméol
56 ©IBEGHIOS bASGHOLEGH03MME db0TIZbgEm3zs60 Js3doMo. S1939,
3968969300 06l EHLS S FoTMBOZ35el FMOL LbESEHOLEGH03IMS©
LOOHIMBM 3530060 56 EOILEMES (FMbIBOZMY dEYMISMIMDS -
p=0.07).
553500900l ©9009EHT0 g 9dol sOLYdMds (Fisher's Exact Test
10.05, df 1, p=0.004) 5 3MIdObOOYPIMWO,  33MOGHOIM-
LB 3MOEH03MWO sH0BYds g30EgBLOOL 3MYEO0dEHMEMYd0s (Fisher's
Exact Test 7.76, df 1, p=0.009). 930@9x300l sGBgdMds, 9330603900
24



39600MmEOL  dMEML, 5353000900 0gM ,5653900bo0dgE M
3900bog5emsb (Pearson’s chi squared 4.8; df 1; Fisher's exact test
p=0.048).

PSOM-0Us cos mRS-0b 3695305 5 0056bImdols
3sBg9690¢rgd0

60 3539300096 (9M5(33c0E0 35:309DE0L godmzwgdom), 56 (93.3%)
353096¢do,  ®mMogzg 9350l Imbozgdgdom,  godmgrobs
MOH0gHNIGLodsdobo 990 (95% CI 87.0% - 99.6%). 309960l V
3095303096¢0m 0.836 (df - 1) 90mmomgdl SbmEosEool domo
bseolbbg ©odm@mdobgdew  bsgom PSOM-ols ©s mRS-ob
J9@gdl dMob. 58 mMo J9xsL9008 odmEHMIobgdEo 39MLO0YdOL
990056900l Mmmb 9980b393580 25dmM3w0bs 99mLsdsdm 9909900,
396dm: PSOM-0l 5653900005039 m 459mbs35c0 gobolbsBmzdo,
OHMQMO3 39000Bs0dgom mRS-ol dobggzom.

LogH MM JMwgdol dobgz00 (sM3odm@™Mdobgdwmwo), s0bodbme
3350090l dmM0lL 500bodbs IdszMo 3mOMgws3os (Spearman's rho =
0.983, p<0.001), ®d3s, PSOM-ol  Ubgsalbgs bgg®mls dobgwogom,
©5530JL0MES 256353980 Fggagd0 MRS - Msb dodsONgdsT0:
3MOHg5300L 3098303095630 439w sbHy 0505¢00 0ym
LYBLMIMGHMOMo (Spearman's rho = 0.949, p<0.001), B9d9Q,
99®Y3gwgdol  (Spearman's rho = 0464, p<0.001) o
3Mab0@MO/J3930m0 Lggoml AbGog (Spearman's rho = 0.363, p=0.004).

693Om@mpo®o  ©IB0EOAHIBOL  BZLOWIBs  ©5330M39BOL
3960mEol  356353@md5d0

390960056 >2 {erols 99909y 3g9Mom@do LyblmIm@Gmemwo LggoHm

ogm  860d3bgermgbo  omdxmdglgdmwo  (p<0.001).  owdEs,

393Y39w9d0bs s 3MFboEIO/J393000 LBYMHM9dol I60d369wm3560
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39X MBYBYdS 56 500b0dbs. ob. OB 3.

693HmEMa0MHo ©YROFOGHIOOL 50©agbs (n=60)

% 2 O O 8 o 1o O gsfig®ols
‘;(3 (o) ©OHmL
O ® O O (0]
N O O O o Q
O

ddHmBawo 895y39agds 3m360GN6/J393000

39M5 530Ls, B39b Fg30835L900 30 353096@E0L Bmbsggdo, PSOM-ol
dobgz000 MMl Lbgoslbgs 39MHom@do - 25gmol O™,
0BGl 2963000009306 6 ™30l s >2 farol F99gy:
b9bbmberdemmyemo  bgghm  360d3bgermgbs  gogdxmdglios
350960056 6 mz0l 9999y (p<0.001), »wI3s, 6 306 >2 Harol
3960030 bAHGHOLEGH03MMs© 603369 mzsbo  2oblbgoggds oG
500b0dbs. 3949439900l dbG03, sbsema0Ms, PSOM-ob Jmwgdo
9600836936500 o350 0ym gofgM0sb 6 ™30l 9999y, 3006,
350960L MM (p=0.026); 5oL LESOMOL30MME, A5FMBOZIEO S6 OY™M
3obLb353900, 0BGl 8999y 6 ™30l s >2 Herol 999y
3953509090l FmEMOUL. 56 0gm bESGOLEH03YMS LHMHIMDbM A5BLLZs39ds
3736009796-Jpaz30000  PSOM-ob 3539360530 2603903500560
0533063900l 396MH0MmEdo (6 ™39, > 2 {9u0). ob. @osg®sds 4.

0O g5§9®ob
©OHML

LgBLmdm@eEo 890y30wgds  3mpbodnt/jsggomo
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0blymEol  dmgemdol 9gigslgdol Lbgsalibgs  Igormels
dmmolb  3mOYES30s s MIBLAMdOL  IsB39bgdergdo

0bbMEGoL IMEMEMmdol dgxslgds BoGom®s 31 353096&d0, 9(3939
3960m©do Bo@o09d)emo GIOTo) ORMHBMGO-d9fmboero
3900bobmEqdoll FHowgdol 2sdmygbgdom. oblmwm@ol dgosbmemo
dmEMEmds  dsmswo oym ABC/2 (8.07 [IQR 2.7-19.88]) dgom@om
993359d0LL, 30MY, LYadgbEogoob (4.23 [IQR 2.45-16.13]) dgonmeobL
990mbgz935d0; 99000569960 modASPECT-ob gmws - 3 (IQR 2-5).

6b®oemo 4. byl dngrymmds
(modASPECTS, ABC/2 qos ligad9b@og0os) (n=31)

L3S ™ (SD) 990565 (IQR) @O0535Bmbo
modASPECTS 4.16 (2.82) 3(2-5) 1-13
ABC/2 22.9 (41.83) 8.07 (2.7-19.88) 0.59-189.7
LYRAYEBSEOS:
0bLYIEXEHOL FMEMEMdS 21.65 (42.17) 4.23 (2.45-16.13) 0.43-179.74
LYRAGEBSE0S:
FY@>MHIBOO B™Bs (%) 2.59(0.06) 0.43(0.21-1.47) (0.03-26.95)

dm3MEmdol Bbgoalbgs dgomm@om 99xsligdol 99wgagdl dmemol,
y39ws d9dmbgnzsdo, ddwsgzmo  IIOOMO JMOIWSE0S ©IRO]-
LoMo. 4Y39wsHY FoPWO 30MHGES300L 3MgBOE0IEEGHO Fodmzwobs
ABC/2 @5 gad9b@o3ool dgmmom domgdmer 3s5639690cgdl Mol
(Spearman’s rho 0.827; p<0.001).

3b®ogro 5. 1530609960l 3egms3Eool 3mgBE0Y6E0 0blaEol dmEmemmdols
B9x35Lgd0L bgsslibgs d9mm@oo Jorgdme 39w9agdlL dmGol.

998351900l Igom©o L9 d9bBSG0s modASPECTS
ABC/2 0.827* 0.708’
19ad9bBoE0s 0.595*

30093000 3029530309630 Lo®fidMbms p<0.001mbgby;
** 3006995 300L 39803096 E0 BLo@idbms p<0.01mbyby; 30836M9d0 Fomdmoygbls
130MIGE0L JNGYWs300L 3953030963 (Spearman’s rho)
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Oob-5¢Gdsbols 3b5eroBols d992900 sbobagls
MOH0YHNMBBIMOOL  FoB3969dgeml  ABC/2 s  b9adgb@ogool
d90OMOMEMP0000 Jogder dmbs3gdgdl ImEOol. ob. E0sa®msds 5.
50LB0dBS305, OMI MmO TgxsLdoL FobB39690egdl ImGOL Lbgzomds
SbMms 699emob, oMo 530Ls, oBMAZsms 1TgEHILMBS IEJOSMGMBL
1.96 LEB9BIMGH0 25bMOL RsMYWdT0, MO3 58 MO TgmmEols
MOHM0YHNMIBHZIMOL Fowowr Fsb3z96909w b Jormomgdl. Igmeg
dbm03g, 4M5x3039wo sbobgs 5B39690L, MMI MBbggMmOL boMolbbo
WRO®  dsoos  93060g  0bxgomJBHgdol  d9dmbggzsdo,  bmerm
0693504 BHol  FmEmEmdol BOEILMD gohmo Imbs39dgdo wRm™
390  ©0535DMbomMsdy  ITMMGPOMWO  39MGH0ZO OO ©gMHIoL
Bmemgsbo 35639693 0bogsb. s©0bodbero dommomgdl, GMI ®mG
dgomEl  dmMol YO0 IOHDmMBbbIMdOL  by3dsm  Fomowro
95639690905 83069 B0l sH0sBYd0L dgdmbggzsdo (50 der.-8¢Y),
©5H05630M0 3900l BOILME gMMsE MBHBAMBOL  boMobbo
MR3O® I3060900.

@©0330585 5. 8emsb-s¢n§dsbol §Gs%030; ABC/2 s Uggd9bchsgool 8ebspgdydo

30 +1.96 SD
20 258

ation

10f o o
Mean
-1.3

O [S]
-10F °
-20 |

I -1.96 SD
80 284
40 |

-50 b 1 1 L 1
o] 50 100 150 200
Mean of A*B*C/2 and Segmen tation
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3MM9m530s  0bEEol ImEEmdsls ©s
3530535l ImMol

B396 299m30ygbgm 0blyen@ol dgsmgdomo dmawemds (%) (PIV),
19ad96@s300L FgMEOm OBLYEIEOL IMEMMBOL Fodmbogsemsb
3938060l 965¢00BoLOL (06l EHOL  FMEMEMdS/Mo30L  BH30bol
9m3Mmd5*100). 9905699MH0 dmEmds bgadgb@oEool dgomm@om
ogm 4.23 (IQR 2.45-16.13) s d90s6m6o PIV 0.43% (IQR 0.21% -
1.47%). ob. sbGowo 4.
06l Eol 99osbmMo PIV 39000ebosodgom godmbogerols ddmbg
x3153do (PSOM 0-0.5 dmes) ogm 0.33% (IQR 0.17%-0.73%),
5653900ls0dgM  25dmbsgeol xawndo (PSOM =1 dmes) - 1.5%
(IQR 0.76%-7.12%); 990005660 modASPECT-ol Joews - 3 (IQR 2-4)
@5 5(IQR 4-7), 89L50530b5©, MOMNMIY ¥ A53T0.
LodMoemEsb  dowoo  BsMOLbOL  3MHgs30s  godmzwobs
modASPECTS-ob dmemd®mog dmbs3gdgdls oo PSOM-ob 99535590l
6oL, 0blEob gob300050900s6 6 ™30 (Spearman’s rho 0.544;
p=0.036) s 2 {erols 9999y (Spearman’ rho 0.436; p=0.016); Lsdooem
bs6obbol 39300 290Mm3w0bs >2 {erols 99dgy modASPECTS-
ol Jmwmd©Hog dmbszgdgdls s PSOM-ol dm@memme 30m33mbgb@L
dmeol  (Spearman’s rho 0.385; p=0.036); 59539 MM, godmzwobs
Lodugom  boobbol  3mGgasgos modASPECTS-ol  Joemd®og
95B396909wls @5 mRS 935000l Mol dmeol,  obbyen@ols
3963000009006 >2 farol 909y (Spearman’s rho 0.425; p=0.019);
Lodmoemmbg  Fomoo  BsMOLbOL  3MEgEs30s  godm3zwobs
192d9b@o300»  BoEadME  JmEvyEMmdol  3sB3969dgwls o
dm@mOHo PSOM dmeosls meol 0bbvyen@ol 296300069306 6
030l 3999y (Spearman’s rho 0.534; p=0.040);
ABC/2 9900m©memao0m 3983590 d58396989wbs s 0blwan@ols
3990535l dmMoL  LESGOLEH03MS© LIOHIMDM 3MMHGEsE0s 56
3°9m3eobo.
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olgnlsos

m39BsL3bge  (egddo,  WoBHIMIGMMSTo  Q9BLOIM MO0
g4om5mads 9GOl godobzowgdero 33109390,  OHMIgdos
©IGHOMS© SOl  0blaEHol 493wqbsls dogdzms  3mabo@w,
bLMEosO, 9393000 ©S InGHMOM  BMb3090Dg.  SOLYdIMO
33w93900L AMe3glbmds IMo3o3L 830MY XAMBIOL, X39M90bo
©@0Bs0bobos,  bdoMs  godmoygbgds  Asdmbogerol  dggsligdols
3MBEGHBIOGMO  935900; qos  sToLy, 33193900
33935000560  450mbogErol  Fgbobgd,  dzoMgs s dsmdo
Pomdmoygbocro  0blyen@Holiddymdo 330603930l  39M0M©O
9600369cm36500 goblbgogqdmeos.

603 50360869, INDBOHOOEGdM6 FgsMg00m, 3g0EHMOMEO
0BGl 250mbogeols  Fgxnoligds  R9EOWGI0m  MHMYW0S.
053939000 8MbJ30IM0 359390 IFMIOWIOWO0s, 56> FoMEGHM
50960l boMobbby,  9Msdg 39630050900l  Slo3MIMOZ
3309090Ls s 30l 33060l 3eslBHoOHMdsBy (Bulder et al.,
2011; Kirton & deVeber, 2015; Malone & Felling, 2020; Slim et al. 2020).
3965 530Ls, 4o8Mmbogwrol dsB396909e0 56 9oL LEBHIGHOWMEMO
Sbo30L  Fo@gdobsb ghmo 693MMwMmPoMMo s BgoMmgliodm-
WMR0OMH0 IBOEOG0 dgLsdErgdgaros RoMdsggl (Cnossen et al.,
2010; Felling et al, 2020; Kirton et al., 2007); 8ma30569000
399m3mgbowo ©gnoEo@OL dobgzom, FGlodwgdgwros, sMILMS-
Bocom@  Fgg3obogl 0Bl EBHOl  F9damdo  aodmlsgswro  (P. .
Anderson, 2010; Greenham et al., 2016; Felling, 2020; Westmacott et al.,
2009). 2960 530Ls, ©sB0sbgdMwo 3960l IMEWWMdOL, Wm3s-
@0oBs300Ly S BIBEWGIO 55350JIJOOL OO  (335CYOSOMDS
SOMMEgdL godmbogarol dglfogersl. aMdgE3s0sbo odmbogwrols
5QGIN0 3M90dGHMMIO0L 4obLsB3Mms dB0dzbgrmgsbos os3s-
©900L 3MMABMDBOL QobLOBOZMOLS s OHMMWo 0b3gM39630ME0
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©mbolidogdgdols o®dsmmzolsmz0b.

3309308 39009907 ©IgMbmdom  s0bodbme  moegdo  Dgxo-
3900 7 doMomoo mgds: 1) dsgdgms  sbozol  s00-0b
33935000560  693MMMA0MMH0 s BMBI30MOHO  FodMbogso,
2)  3590bogol  3OMbmbwo  BodBHmEgdo  390005GHMOo
0Bl GOl 259mbogerols Fgx3sgdol  BEBBIMEGHMO 35O WIOHO
9d3s5cmols (PSOM) dobggom, 3) g3owgxbool 36MGgoddmegdo,
4) 6936 MEMYO0MO IBOEOGHIOLS s FMBI30IO QoFMbOZoeL TGOl
3930060 Mo 935¢ol (PSOM s mRS) dmbs3gdgdol dobggzom,
5) Bgghmmyommo  ©IBR0E0AJI0L  s©0©agbol  EGHMogd@ Mmoo,
6) dmEMEmdol dgxsLgdol bodo dgomeol (modASPECTS, ABC/2 s
19ad96B9309)  VOMPRIMGdS @S LIMHIMBbMMdOL  Jobgzgbgdgro,
7) 993050690990  0ogbmlE0ozs. 9999y, 39bbowmwo  0dbgds
51336900 S 3MJdE03 M0 M93mTgbo3E0gdO.

0533300 513306 sOGHYMoEo 0dx30vMo 0Bl E ol
259mbsg5¢m0

299mbs35e0, MMIgGoE ©g0s d53d3ms  slv3ol  soo-ob (3939
LoA3GMIgOOL  STMMM30L  F99gy, Y3gwsby oo LobdoGoom
50Lobgds Jm@MOME bygdmbg (Cnossen et al., 2010; Cooper et al,,
2017, 2019; Ganesan et al., 2000; Gordon et al., 2002; Kirton et al., 2007).
33193990L 0965H3o, 399035690l Lobdocg dgeygmdl 40%-sb
90%-00g @5 gl 95B39690900  ©M30YIM0Os 5330603900l
©OMOL 063 gM3s5cwbg (Boardman et al., 2005; Yvon et al.,, 2018).
@0 3JM5GIM580, IMGHMOHWE EsMM3935ms Lodd0d] Foblibgzs39dmwo
boeobbom 560l FoMdmagbowo, mmdEs, Mbos 50obodbml, Hma
MBowW @M@ 0bbEol  ©0sabmBol  dJmbg  dsgdzomo
MAMO3WglMds  bgMbgdl  TMY0IOMISE  JIIIWOAOWGISL,
Bofoerl 30, 30050905 bsGHogo InGmOwo gzoisodo (Cooper
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et al., 2019; Ganesan et al., 2000; Mallick&Ganesan, 2008; Yvon et al.,
2018).
B30b0  ©9330603900L  Msbsbo@, Yzgwsby oo  LobdoMoom

399m30bs Im@GMmOHMwo LEgOH™Mb ©IBOEOG0, M3 MbbzgMsdo

3ol Hgdmombodbmwo 53EHMMgd0L 3309390056. B3z960 330930l
9900929095 5B3965, O™ 853030 90%-U 4obmz30mM©S 399035M9B0

303039 39Mom@do (G500 FmEOL, 65% Lsdmoeom s  3dody);
909H9535 5d0bs, JMIJE3500056 39ML39JEH03500 500b60dbs 3560

39905350, 3mb3M9E s, 0BLMEEOL gob30msMJO0IL >2 ol
3990092, 48 (80%) 353331 509b0dbs ,,39000l50dgM* (BMGOIseMO
56 Abddo IBOEOGO, OMIJO 3939bsL 56 sbgbl dm399eo
LBIOML FMbJ305Dg), bmem 12-l (20%) - 5693900 Ls0TJEM
(Lodwmogrm s 3dodg IBOEOGHO, BMbJgool bsfowrmdmogo b
LEOMO  S39MY300)  FMGHMOMWO  ASTMBIZIWO.  bIEIMYOMMO
09003900 9b3965 2021 §geol Bo@o®mgdmeds 33009350, GMIEooL
0565b3o R0JLOMPS 3500 A5TMLO3eol 49 (71%), bmewm (399000
3o0mbogeol 20 (30%) Tgdobgggzs (Blackburn et al, 2021),
06l G0, Lodmsem, 7 ool d90gy. 33390 dmbsfogng
Y39 353836 500-0b (3539 3960Mm©A0 509603693 JmGHMOHVO
bgOML 3d0dg IBOEOAO.

3Mdga3500560  ©5330603900L  dMEMU, »39NOL0TJOM
399mbsgseo (LOMEo S096s5, PSOM-ob Juws - 0 s dbwgdvydo
©9830303H0, PSOM dms — 0.5) ogodboms 990mbggzoms «mdg@ gl
Bofoendo: PSOM-ol dobggoo 43 (70%) s mRS-ob dobggom 47
(77%) 3530963 30.

B3960 899900 0sbbggMsdos 331939008 F9gag0msb, Loss
51939 398mg9bgdIE0s Bgdmobodbmero 93segdo s Jgdmbzgzoms
68-75%-30 ,,30000l50d9M* 3OMabmbo  sxgodlo®ms: IPSS-ol
930000 Bs@GoMgdmmds gsMmm dsbdGHodol 339358, MHMIgwdos
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Bomwo ogm 413 053930, PSOM-ol dobgz0m, MmdMsgwgl
990mbg93090, 563965 ,,39000L0TGEM 253Mbsgsw0, Fgdmbggzsms
24.7%-30 30, ,96539000b503gEM"*  2odMLogso  IBOJLOMS,
06l GO 2ob3056M900©6 2 (erol 890wy (Felling et al., 2020).
33193530 BsMomemo 30630963 0L = 60%-b 509603690m©s dmEGHm-
o, bowm 30%-b - 993Y39wgdol oM 393900. d9dmbzgzsms
~35%-80 50mbodmwo ogm Ubgo@albgs bsdolbol  3mybodw®-
94393000 ©M©3939d0 (Felling et al., 2020). 939035000l d53d3005
sbo3ol  s00-0L 2 33930l dobgz0m, LYFMeerm s  ddody
39D0MMwo 9gbsdEgdemdgdo (Roblsbgmmo, Gmamecz mRS
>2) 990mbggzoms 20-30%-do (Goeggel Simonetti et al., 2015; Steinlin et
al., 2004) 5006086s; 35309630 21%-b 5©09b0dbgdMm©s dgBHY39wgdol
©IBOGOG0, 350 IGO0, 6%-U - 8d0dg sM393s (Goeggel Simonetti et
al., 2015). 999w@GHogab@®wmwo  35650wMm0  MguoLEBMOL  33¢9350,
0530305 500-0L  35dMb350 FEYMIsMgMdOL  Fgliobgd, sb39bs, MmaI
Lods™ s 8d0dg EIBOEOGO 363050 353096GMs 32%-L (G.
A. deVeber et al., 2017). 6oy sb@gddo Bo@sMrgdwds 33¢09350 56
399053w0bs 3dodg I9bemmo Jgbodegdemdgdo (mRS>2) (De
Schryver et al., 2000).

B3960 990093900 o6 gdmbgzgzs Bmyogdmo 33wg30L (Ganesan et al.,
2000; Christerson & Stréomberg, 2010; Mallick et al., 2016) dmbs39993L
33935000560  2o8MbogEols  dglsbgd: 2000 gl  @mbombdo

BoGoMmgdmo 33930l dobgo3000 3O godmbogswo  (goblsb-
0360, OHMYMOE IBOEOE0, MMIJEoiE 50LIHYdS YM39LE OO
4mRom 53@03md90bg) sx30gboMEs 35309bGMs 60%-do (Ganesan et
al., 2000). Mallik-obs @5 3mgaqgdool  d0ge  BoGSMGOE0
3M3)530IM0 3330l dobgzom  50%-3o  sobodbs (39900
399mbo35¢0 (PSOM Joyems > 1), 06lwgen ol dsbogglogoosb ghmo
feool 99009y (Mallick et al., 2016).
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0533305 515530l SMEHIHoEo 0d990vHo 0blirye@ols
299mb53ol 3M90dEGHMMYd0

sbsz0

Blackburn-obs @ 3mgaqdol  dogh  BoGo®mgdmeo  33w930L
09002500, 99IgOMLO SLO30 SBM30MYIMO 0gm 3 dMEHMOHYIE
3900bo3wmsb (Blackburn at al. 2021). IPSS-olb dobggzom, 6 ogm
Sb53mOM030 bbgomds A5dmMbogerol mzsbsb®olboom (Felling et al.,
2020). Cooper-obs Q5 3mga900L doge, InEmOweo LggHml dbMog,
g39wsbHg 3900  200mbOgoo o v©0Egbs R0 JLOM©S
L3ME53EYEO sL530L d530390d0 (Cooper et al., 2017). B39bL 33¢93580
5b530L AobgO300 25dMLOZIW DD 3538060 56 OIBEVIMDS.
d019b905350 030Ls, ®MA B39l 33¢035L 56 205Bb60s dogws 9h39b9d0bs
96003bgcmgobo  goblibgseggds  sbogmdMog xRl FmEOU,
959MmMmd0m0  bgbol M30MIBHIBMBS 500b0dbs  3560EOMYTIdMEO0YGHO
0bl»GHoL s 3EIOMO0MO bJgbol - sMEGHIOOM3smool IJmbg
d900b393908d0, CASCADE-0b 439w 353930600l dobgwozom, obgzy,
Q63 BMISWNO0  (39090OWo  SMEGHIMO0M35D00L  EOMU.
3OGHIM0M3500900, Y3gwsbg bdoMs, 33b3wgds LMol slszol
0533390L5 O IMDBMYdT0, berenm 35MEO0MYIMIMEO0IHO 0BLYIEE O
5 farsdg sbs3ol 853839080 (Chung et al., 2019; Rafay et al.,2020).
d9L50530L5 S0bLBYdS, 1) MroEMA 5MOL B39BL 33eg35d0 FoTOMBOMO
Ldgbo MBOM oMy SB130L, 300MY BEIPOHMDdOMO.

3060329650 bodbgdo
3wo0bogmmo 60d69d0sb (3539 39M0Mm©To  56M5390WwLE0TYOM
399mbogeol  30M9od@m®mgdos:  qmwy®mgdo  (Lopez-Espejo &
Hernandez-Chavez, 2017; Mallick et al., 2016), 3039603990 (Grelli
et al., 2016), 36md09M9gd0oL F9;33c0e0 dMmToMgmds (Goldenberg et
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al.,  2009). Goldenberg-olo @S 39900l dobgzom
3 E0E9bGHOMEo 33009308 IMbs3999d0m, MMIgerdos RsGoveo
0Ym  500-000 ©ORBMLEHOMGdIMo 612 353930, 75%-U 509bodbs
Bozdmemyom®do ©IBOGOGHO 30960l OB, (3O
6930M@Myom®mo  453mbogsero  SbMEoMdMEo ogm  36mdogMgdols
d933wo  3MIoMgmdslosh  0blrar@GHol  dsboggliGogoobsls
(Goldenberg et al., 2009). Bggbo 330930l T99agd0 J05EHLAGDdS
50bodbyo  33wg3gd0L  Bggagdl,  39AIME, FMIWYHIOO  ©d
3bMd0gMHgdol  J933wrowo  AEEMIMIMBS 96539000 B0TYM
399mb35e0l  301900GHMMJO0s, M3 33035wolfjobgdmwo mbws
0YmUl ©553509d0L JoMr30L 3OmEgLdo.

303039 39M0omdo, 0bbmwEol boddodg PedNIHSS-ob dobggoom
SbME0MYOM0S 5053900 L50TIEM QodmLogowmsb (Bigi et al., 2011;
Goeggel Simonetti et al., 2015; Beslow et al., 2021), sbsqrmyom®o

890920 @sgodboMs Rz9bL 33wg3580G.

H0U3-R59H980/9H0MEmg 05
d019bgs350 0dobs, MHMI sOBYOMEo IMbs(399930m 2503390
9GHOMWMPOMO0  BoJBHMMYO0,  OHMPMOMOES  SMEGHIOOMISMOS O
39O©0MgddMEomEGO  0bbEG0, 39533009 0s  0blyeE ol
39639mM9d0L oo Golzmsb (Elbers et al., 2014; Friedman, 2009;
Fullerton et al., 2007), bsyee 6590096009 3300935 5GLgdMBL, HMIgeros
9B39693L  9BHOMWMY0MOO  FodBHMmMmgOol 4939l 2odmliogown
9paMdogmdsbY:  0bIYMWOomo  gol  3sMEMY0gdO O
905905l Q0553500905 5OMYMBOD 393965L sbqgbl
0639wgdBH o 9gbsdergdermdgdbg (Fuentes et al., 2016);
LogOMsIMOOLM  IMWEHOEIBGHOM 33193500  IOEGHIOOM35MO0S
SbME0MYOMO 0YM (3990 SMYY 3odmMmbogswmsb (Goldenberg et al.,
2009) (b033OE0BMdS S (3O bgIOMEMAOMEOO  FSTMBOZIWO
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35096M0L MOM™L), 1939, JON-9OMO0 BOHBYMwo 33eg30L Jobggzom
39OOMWMYPOMEGO  ©O935©JOJO0 S FM05FMOSl 535S
565390005039 M 458MLOZWol 3Mg0dBMMgdos (Chabrier et al.,
2000); Elbers-obs @ 30¢093900L 3096 ©0o0b@s, ™A 536m6M3meo
RbJgommo 2990bogols 0L 3-BodBHmMgdl dMO(393009
3O GHYHOM3500008 5 0BLMEIEOL 2ob30msM9d06 1 Herols 999y
PSOM 2 dmamols s0lgdmds (Elbers et al., 2014); sdob Lsdo®obdoMm,
©OQE d¥M0EBgmdo (Ganesan et al., 2000) s 93903500530 (Goeggel
Simonetti et al. 2015; Steinlin et al. 2004) Bs@s69demo 3393900l
dobg300m 96O Y0bEs 3538060 13930803 MOLI-BodEHMMYOU,
96 3500 969BL o odMbogael ImGOU.

B396 3960 93500306900 LBHOGHOLEH03MMI©  LsMHIMbm  3sg3doco
9BHOMEMY0sls, S1939, 396TGMMHGdo® 0bLLIEEHIOLS O AoTMUsgols
dmOob.

690030 Y15¢70 YsgosH0 Isbsbosogdengdo
6906Mm309995¢0Bs30M0  Fsbsliosmgdwgdols  dobgwz0m (3110
3990530l 309G MMYO0S:

5) 0685690l emsemobsgos - Asbzowo sOEGHIMooL 0bbmw@o,
mAIHO030 068356EH0 O BB 2560 qd0L hsGINZs (Boardman
et al., 2005); dubgoo s6@H9M00L 06l Eo 0gm (39900 4odmbogwols
360900JdGH™OM0 12 m30L, Jo®5d 565 5 ool d9dgy (Cooper et al.,
2018b); IbM@ME  d5HINYHO  dOOMZOOL  IB0sbgds  (bo@ozo
dm@mOo) (Cooper et al, 2019); Jgodob, Jgcddzgds omgmco
6030009M930L s MoWsdMLoL sBosbgds (Steinlin et al., 2005);
d5BowMHO 0MHmM3900L Qo 3MOG030-03MOEH 03O
96HOMI030 IB0sbgds (Jiang et al., 2021; Vazquez Lépez et al., 2017);
J96dob, Jo@ddzgds mgom®o 503m0gMHgdoL, dsBo Mo dBoMH™M39d0L
d0aboms  3oglwaol m356s ggbol 3mIBOboMGOdMWO  sB0sbYds
(Mallick et al., 2016); 3mO@039o 0bgsed@o (K. P. J. Braun et al,
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2008); 993539 39600Mm©T0 0BLOWSEHIMIMEOSQ 3MME03ML306YMHO
G590 B35 (36935 gm0 ©YR)bgMo30s) (Domi et al., 2009);
35¢9MH0)0 ©IYAG69GMs300 (Blackburn et al., 2021).

B39b0 33930l dobgzom, ULbgs 3393900l ALs3Lo®, bbgzoo
OGHYMHool  obbmEGo s 3mIdoboMmgdMwo  3mMEGH03M-
1B3MOGOIMNO  EIDB0sDGdS  96539000B0TYM  A9TMLOZ3EOL
36MHMabmb Mo Bogdmcmgdos.

8) en5(3G5¢m0Y5G0s - SOIOH005, 0D BOWSGHIOI MO 0Bl Eo
560 31900 259mbsgzeol 3Mgod@memo (Cooper et al., 2019; Kim et al.,,
2009; Goldenberg et al., 2009). B39bL 33093500 IMHSIELOMIOMO
0blwBo ogm (30 39dmbegerol  3MMAbmBwo  Bod@mMo,
30195905350 B0EEHJMIIMHO EIHB0BIIOL b oYM DBIGOOS.
d) 0685GdAHol  dmgeaemmBs - SHsEdMdOEgddo Mmmbds 3309350
99003085 0BLMYE@EGHOL  BmEmEmds @O IERObEs,  MMI ol
3603369mgbs  9M0OL 35300600 ,,00539NOELE0TYOM
2590bo35¢0msb (Dinomais et al., 2016; Wusthoff et al., 2011; Mackay et
al., 2020; Wiedemann et al. 2020), Dm0 259mbog35cmsb (PSOM-ols
dobg30m), 01939, HMYMOG 39MJOIMVIO HFOXOL S J30WIBLOOL
39630056900 MHob3msb.  LsobEHgMgLMms, Gmd Mackay-obs o
309900l BodMM™MIds 583965, MMI modASPECT-ob 8-%g dg@o Jwmwms
3930060905 3N  odmbozsl, Bgdmo  smbodbmwo  Lsdogg
393930600l dobgzom.

5MLYOMBL  MOPO0YOMPIMIM0EbIZ30  FggRqd0  Bogd3ms  sbv3do
06l oL 499mbozsby s M3LIEMBdSL Mol 353d06MH0L dgliabgd.
3063900, 1999 (gl  Ganesan-ols s  3megaqdol  doge,
95699560 1gadab@o00l dgommom, dglfogwrowo odbs ds3d3000
315300 500-0L  FMEMEEMdOL  (JOmbozmer  g3obsdo)  do3egbs
399035 dMAoMgmdsBg. F0HgO35, IB0sbYdOL BMAol, 56
WMIS0B300L 983994BHoL 365ML9dMBOLS 390mbogsemby,
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06@®530b0mmo  dmmemdol  >10%  ©sBosbgds,  ygzgams
39000b3935d0, SLMEOMIOMEO 0Ym 39 OIMBOZWmsb (Ganesan et
al., 1999); 9dmagz056900m, 2014 5., 09039 FMVsDMYdS, dsHyml
399mbogwol  935¢wol  Jobg30m, OOEILEMGS Zecavati-by  ©d
0565533 ™MMgd0L 339350 (Zecavati et al., 2014). 0935, ©@O™MOL
06@9M35t0  99op9bs 30 mgl; Long-0s o  3megaqdds
©55Q069L, M 5oL gdgo BbJ30mboMmgds MBO™ (370
0ym, OMOYLbSG IB0HJBIO0 FMOE3WS BH30bol dmErmdol >25%
(Long et al.,, 2011); Lo-bs 5 30¢93900L doge Bo@s®mgdwends 3oy
X29580L 33009350, 515939 99LEHWMS, I OO HBMIol 0bxIOIGO
053930060900 ogm oo PSOM  dmegdmsb, 0b@gargd@ol
0o 3095303096¢s6  (IQ) s LmEosw®mo  dmbsfowrgmdols
LoMMMEYgdsb (Lo et al, 2014); 0bx3sGJEHOL MBOHM OO
dm3M0Md900 SBME0MEI0S 3D 3MRBOGHME godmliogowmsb (Hajek
et al., 2014); sbg39, 3969POMO bobgz5OLGFGOHML IglsdgEby IgEHo
5056905 (311000 39MBO3Ol 3MgodE™Mos (Ghotra et al., 2015);
Grelli-bs @5 3Mm93900L 3096 ©sRObES dEogMo 3538060 (391
693M@myomE  458mbogoels ©@d  G30b0l  dmiEmemdol  >4%
©3H05H705L In®ob (Grelli et al., 2016); Filippi-Ubo oo 3margaqdols doge,
2015 ., 390mygbgdemo  odbs  3md3oGHgerywo  dgoom©o
dm3Mmdol  dgLogoligdes@. Bo@oMgdmmo 33wg30l dobggzom,
Omdgwdog  BMOMIMO  oym  d53d3m5  sbd3oL  500-00
©053b6MLE0MGdMOo 23 53030, 390090 0dbs 3mA30BHIMH Mo
d3MMd0M0  sboeoBo  FsbsemEo  bgadgb@szool  39dbogzol;
3309359 LGOS 96033690 m3zs60  3mMgEsEos  890Mm©gdL
dmeol, 91939, 0bxgsOIEHOL ImEMEMdLS s PSOM-ol  Jwmargdl
6ol (Filippi et al., 2015); msbergbo 3393900 dmoEegt 2021-2023
Panogdol  3gomel: 2021,  VIPS  36GmUL3gdénmer  33eg35d0
30330GH9OMwo  1gadgb@ozool dgom@om JgBsbs 288 853030
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30639005  0RBMBEGH0MGOMWO  500-00. 33930l F9OIRO©
©oy0bs  Lodmogrm  boMolbols  3mEgwszos 0blve@ol

dEMEMdLS s 593OMEMmA0® 35dmbogsel dmemol, oblvme@ol
903539 396006 1 ferol d9dgy (Jiang et al., 2021); 2023 §. Everts-
0bd Q5 3293900l og® 9351900 0965 25 353096@0, JOMbo M
B3H570, bgAdgbGsEooLs s ABC/2 8900m©Yd0m. Mm6M039 J9gmNMEOO
399350900 dmEmEmds 3603369wmgbs 0gm 3538060930
56539000ls0dgOMm  3MIJ35006  4odmbogocmsb (Everts et al.,
2023).

B309b0 33c0930L M9bsbds, Lgadgb@oEool dgmmol Asdmygbgdom,
©3H056x0ME0 39gMHOL FMEMEMBLS O AMAYEZ506 QoTMLsgols
dmO0L,  LBEAIGOLEBHOIMNMOE  Lo®fdMbm 35380600  45dMm3e0by,
dbmm, d@GMOHWE 250mbogsemsb, 6 130l 9999y, o650 565 >2
ool 99009, 9939, 9O OILEGHMM©s 3938000  ABC/2
390MEMEMyo0m  99x3sbgde  Fobgzgbgdgwlis s oblv@ol
3990bog5¢l ImGOU.

modASPECTS-o» 99g3sLgdmeo  obbvyen@ol dmEoeomdols 99bsbgd
5MLYOMBL  MOMOYONVBHObssWIYaMm  Fggagd0:  Beslow-Lo o
3009900l doge  Bo@ocmndmemds 33e935d 9B396s sB0sbYdMEo
3960L ImEMEMmdol 3530060 BMBI30MM  49dmLsgEmsb (12-0m30L
d90092) (Beslow et al., 2021); Blackburn-ols s 3megagdol doge
BoGoM9dme 330093580 56 OIIBEGHWIOS 3MOYIWS30s 33539 B0
modASPECTS-ol 9mbs3gdlbs o dm@Gmewgar  459mbogsel  dmeols
(Blackburn et al., 2021).

B39b0 33930l Bobg3000 IYHObEs BEIGHOLEIMMI®E LsMHIMBM
3938060 modASPECT-00 9953590 0bbyen@ol dmEwermdsls @
3393500056 58mbog5el FMEOL, HMYMOE 6 ™30, 1939, >2 fiewol
9990092, 00939, OMAMOE FEGHMOMEOo LBIOML IBOGOGHMD >2
ficwol 8990d.
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0dol 3om35¢olobgdom, 60d modASPECTS 6oL
Bobg3MoMoMm©abmdMmogo  gusligdol  LobGgds, dgxuolgds bgds
565@™30mo LEGHOWJEHMOIOoL dobgz0m. LElEOZ39w0s, Bo@omgl
MROM 0o 3M3mOGHolL 330935,  OMIgwoi ©sB0sbgdol
@WM3o0BH300LS o 2odmLogsel  JmMol MMM mIs3d0MmOl
©IAHOIO0 565¢0BOL LodoEgdsly Imy339aL.
930¢9x8bool 30g0dGHMMId0

053d3m5  500-0L 4963006930l d9dgy, Fgdmbgzgzoms 13-24%-do
30050905 10d3BHMINMO g30wgnos (G. A. deVeber et al., 2000; Fox
et al., 2013; Hsu et al., 2014; Morais et al., 2013; Goeggel Simonetti et al.,
2015; Mallick et al, 2014; Nasiri et al, 2016). g3ogznbools
369©0dHMMPO0s:  ggMgdol  sMLgdMds  9f3039  3959M0m©T0
(85607391 O300LSL, 96 24-48 Lm.-80), @Yol  bsbyMderozmds,
5QMG0 515530 0BLYYEEOL Foboggldszoolsls (Fox et al., 2013, 2017)
S 30OGH03M0 EsH0sBYds. 930gxLos, Megol dbMog, bayodow®
3939gbsl  sbgbl 0533301 0Bl EHoLdgdamdo  3gMmomol
3b™3mgdol botolbls (S. E. Smith et al, 2015) s 3mabo@w®
399mbogoebg (De Schryver et al., 2000).

3Bomy0md©, B3gho  33wwy3oL  dobgrgom  Fwy®gdo  3e39
3900m©do s 3m33060MGdwo 30603 030-bdIMMEH 03O
@H0sBYds  SLMEFOMYOIMWO0os 930w gBLOOL  Qo630mMaMgdOL  Fowown
olL3msb;  Fglodsdolo@,  9g3owrgRLos - (539000 B0TIOM
399mb535m9b Md9e350056 39ML3gdEH03sd0.

PSOM-0ls @5 mRS-0l 3mGges30s o 0056bdmdols
3sB396g0¢mgd0
B30b 893085900 FgBYMEMwo  FgbsdEgdmdgdo,  MHMIYEOE3
39bLsbW3OME0s,  OMymOE  ,0M039000bsodgom“  (mRS>2)
3o0mbogomo o BoFoMmmgdls  obdoMmgdol Ym39EE®O©
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59303009030, 593MMEMQ0OH IBO(30EJOMB 3538060 (PSOM-o0l
dobg30m). 809bgs350 0d0Ls, HMA 50b0dbmwo G35egd0 531G
396Lb353900 58mbogoel (MRS 6oL Bmyswo 0bpgdbo, bmenm,
PSOM-o0  bggods 99x3sgds bwyd3539Mm®m0gd0L dobgzom), oo
oMol g9dm3zw0bs  BEIGHOLEH03MMs©  Lodfdmbm  mbbggoms
3990bo3wol  99x85L9d530; A9BLSIMMMGO0m, FMGHMOwOo LEgO™l
©MP393900 0ym SLM306090990 39O BB 2odMUBogsE™b.
Bulder-obl o 3megaqdol  dogh  Bo@Godmgdmaro  33arg3s 960l
OO0, OMIG0E 95965¢0BIIL o 9IMgdl PSOM-obys o
mRS-ob  99990L, MmIwol dobgwzom, PSOM-3s 9godegds
3953503  JJogBolmL 3o 3sdMbsgsero  mRS-0sb
990056Mg000. 53 330093500 MROM oGO0 MBb3xMS 4503w 0by,
OmEgbsg  mRS-b @©535BHL 93509300 FmLOGOOL 3omblzsM0
L3mEob sbozol ds3d390do (Bulder et al., 2011). B39bL 33¢n93500 ™M
935000l ImMolL  bASGHOLEH03MNMS© dWszmo 39530060 IYOb-.
boom, mombogg dgdmbggzsdo 9gmlsdsdm 990930  ©R0JLOM©S
L3Ol sbs30l 353839000.

mRS-0l 9930653 lemdsl bLsBO3M3L M™Ol Lodizotyg  (<5(om.).
39OS5 5doby, ol Sbobogl BMb30MEm  9dGH03MOL  YM39EOLOY©
3536090530 s 3900 39AMB39IL INPHHBM3boEIGdY3L 353330L5 S
Mxobol 390L39dH0305b, B3 VoMmIPdMWOos 39MHLMbIOBYdIMO
LMY OES30M BYM30LgdoL FMMAGOOLMZ0L. Flodsdolo®, MO39
4355 0900@gds  290mygbgdeo  0gbsl 35303005 dlogol  s00-0l
393mUogol 99535L900LsmM30U.

0blym@ol dmgnemdols dgusligdols 3gommegdls dmGols

3MOJE305 s 0s6bIMdOL sB3z96gdgEo
0blywEHol  ImEMEmdol  bgssbbgs  dgomom  Jgisligdol

090093908 dmeol, ygzgws dgdmbggzsdo, ddws3zmMO  OIIOONO
3MOHIW5305 IBOJLOMOS. IW0IHO JMEOHIWH30 odmzwobos ABC/2
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@5 99963300l IgmmEom  FgxolgdIE  IHB0sBIdOL  BrmIgdl
dméol  (Spearman’s rho 0.827; p<0.001). ov, ©s99bs
056000093Mmwo  ogm gl I9gMEIO0 IB0BYOOL SBLMEEHWEOO
bmdob  dgxolgdsdo,  sobsbs  db-se@dsbol  dgomols
3990yg9b9000m. 019935, AOLIMZ90oLf0bYdIE0s, HMI oo Bmdol
©H0sBxd0L  F9dmnbggzedo  Mabbdmdol  dsB39b9dgo  MeMgliogds
(0F96dg0L Bgs BEZsML). Fqlodsdolo sbLbs Fgodrgds Im0dgd6MmULs
Zhao-Ubs S 393500l d0ge IMfrmEgdmeEe dmem bsddmddo (B. Zhao
et al, 2020), ®mdwolb dobgzom ABC/2 9gmmo doMg30mos
5M5MGYE0OHYCO 1m©dol ob QOO Im3md9d0L
3953560390 s© JgBslgdolzgb 0dol aodm, GMA, LsgsMmerIEMC,
90BLMOEYIOHO FMEOHIMWS 50JJ39G IO 39O HBMTogl sBObGdOL
396033999 Jobolosmgdergdls (B. Zhao et al, 2020). gb 3bgds
dbsOEoF Mooy  Bggbo  dmbsggdgdoom.  Abgogbo  F9ga0
©5830JL0MES, Sg39, Everts-ols s 09bss3¢™Mm9d0l 3393500 (Everts
et al., 2023).

Beslow-0 s 3m999ds 995035598 mod ASPECTS-0bs s 0bg356dEob
192d96@9300  FMEWWMdOL  FgxBoLgdgdL  TmGol  LsbmMdOl
30983030960 sbsedmdowgdls s 053339000, 8()3539 39M0Mm©I0
Bo@ogdmo IOEG-I dobgzom (Beslow et al., 2012). dowbgsgs©
090y, HMI SOBYOMDPS IPJO0MNO JNOYJWS305> ModASPECTS-Us o
0685MJAHOL  FmEmEmdsl  dmmol  (bgydgb@ogool  dobgzom),
399000935 5BM0, ®MmI modASPECTS-35 d90degds Lomsbsm 396
095935bml  IB0BYdOL  BgormEo  JmEEmds,  FgxsLgdols
JM@md6H030 LobGHYFoEb go8MmIEobsdy, 39MHdm, gMmo  JMs
9603905 ©B0sb6gd0L 396M5L sBsGHMTomMo biGMd@ ol dobgzom.
3o39o 9dsbo 30, 99odgds 8moEs3gL 33060l Jumzowols
Lbgoolbgs dm3Emdsls, HmIol 95355905 3mbagds 9MHmMO0I0Y039
Jmoom (Beslow et al., 2012;). gl sDGM0 oI5 F9M00s, 515939 bbgs
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33w939%00 (Barber et al, 2000; Schréder & Thomalla., 2017).
930569000, 03039 900 Yd0 45dMmYgbgdIcmo 0dbs Mackay-ols o
3009900l dogH  sbsedmdowgddo.  Bo@oMgdands 339350
©553LGMS BmE3MEmdol dg9nsL9gdol me dgomel (modASPECTS
@5 063564 BHol dmEmemdol bgadgb@oEos) dmMol LobmMmds s
51939, 3MOIEE00 J9MLOZW ™Mb 3ogdoMTo (Mackay et al., 2020).

633OM@My0MH0 ©IBOGOGIVOL  (3EOEgds
dogdmds 39990ds 583965, M3 PSOM-ol Lgblmdm@meMmero
199935392005 LEHSd0E0DBEYOS 0Bl EOL A9B3005M9d0L d9dg 6
030056 96 farsdg 396H0m©To, M3 0deg3zs SHBOOL Logwdzqel,
60 M@ MOMEo BEgOML 5©0ERIHOL GobX 9GS TgodEgds oyml 33539
3960m0d O™l 3 0b@gemzsewdo (Cooper et al., 2017, 2018).
B3060s 33009350 5B39b6s Alyoglo Fggao, M®A LbLlmImEMOMEro
RmbJgool  360d3zbgarmzsbo o dxmdgligds bgds 33539
3960m©0sdh 6 ™308 F90gy WOMOL 063))M35¢do; SIMOYS,
5QMGMEds  M9OdOE0GSE0OTs  MYM3053,  goblogzmmMgdom,
0bbM@ob 8999y 300390 G59gbodg ™30l  9bIsgzEmdsT0
d90dgds, 9600369 m3bs  gosmdxmdgliml  0blvwEoldgdomado
399MUo35¢0.
090939 gdoly o 3MRboGO-J393000  ©IORZY3IVO 56
3999x OB Y350 0560 533003900 deagnmls. B396L 33eg35L
56 o0hbos  dogms  498Mogwwobmll  PSOM  Jomengdol  dobgwzom
29bLbg03905  sLS3MIMOZ X ARl TGOl FgxsLgdol Lbgswolbgs
©OML. M3, SOLYIMO  WOEBHIMGHMOMEo Imbs3909d0m, od
L530MbMsb  F0FsMINYdsdo, 3BMdOWOs, MMI  FgBY3gwgdols
3M60&M6/J3930000 458mbog5¢n0, 853030l 29630560 gdOL 9ES3900L
39035¢0b{i0bgd0m, G90degds, 396 F9g8LEIL s 5O Fodmzwobwgl
QMG 9BHO3Dg LOYYO FslEOd0M, QoBLOIMMMGOOm, 2 HersdY
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31530 153939090 S 50LObMU 53 LRGOMGIOL 96300569d>BY COHM™MS
3968530 Md530, L339 YOM®, MO ferol sBs3oL 9909y (Westmacott
et al, 2009, 2010). IPSS-ol dobggzom, dbgoglo ©9z03E0GJd0L
50dm39bgds BdoGmo 0ym 9Mm Hersdyg sbs3ob dogdzqddo (Felling et al.,
2020).

OMaMO3 30D03MEM0, 1939 3MboGHMMO ©IBOEOGOL  SMYMEO
399351905 §oMIMY oL dmboEM©BIE0 A5 gd9d0L 530 gdOLS
@S  30Bsb3odsrmmo  Mgsd0WOGS30M0  0mboldogdgdol
©5392030L  §obsdo®mmdsls, ®mIgwog  Mbs  AobbmM09wgl
39 GHoobE3eoby®o ambools dogé (Royal College of Physicians.
Stroke in Childhood Clinical Guidelines 2017. Accessed April 20, 2018).
390050630, HMIgeog gbgdm©s 0blivyaen@oldgdoymdo 3gHomool
695000 5300L 15300bgdl, 2015 (g, 30MH39ws, (3939 MO30
3Jmbs ©smdMdowo 390sdMome 0bba@ls (Hebert et al. 2016).
39050630 dm(39999e0 35350 ©930M9b3006, JoMOMO
@5 3608369wmgzs60  ©oli336s  aodmobods  Ggdgao  BOIBom:
00383900 0BMHYO05b 15305600 IBOEFOEHJOMNB gPmoE™ (“grow into
their disability”). 0530308 96300056900L  Lbgoslbgs  9&93bY,
©5353)900m0  BOBOIMMO  ©s  3maboGMMo  Jmmbmzbowgdgdols
d9L50530L5,  FgLoAEGOYE0s,  259M3w0bEIL  IROEOGHJdO
L5F0MOM OBV MJSOOEOESF0YO Mbold0gdgdoL 3mMgdiz0s (Hebert
et al. 2016; Ferriero et al., 2019). 5803 ®0, 35383900 0Bl ol 99992
Mbs 09ymyqdm©bb bsbyMmdwogo dgmzowy«emgmdol J3qgd (Ferriero
etal., 2019).

43900039 H908mo0bodbmwo 80vmomgdl, 85383ms sb530L 500-0l
3990092 693 MY0MOHO s BY6J30M0 35TMLIZ3EOL bLYHOYIEO S
3Mdg3500560  3wobozm®o  ImboGMmEmobyol  LoFoMmgdsby

LEobsMEHWwo d9x35L9d0L  F3ogdom,  MVMS  OOMEISQ
2560L5BEOZzOMUL ©H0sbydols dslidEodo, Bo@otgl
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0600300095 MEo©  dmMRgdMwo  sEMgMwo 0bGgm39630s o
990999530098 3639350560  ©9500E0GHSE00L  BLEMOGIR09dO0.
J9mdM030 9835L9ds LEIBEIOEHWMEO F35¢gdom MbEs BodoMmgl
439w 353095@0L 99dmbg935d0 MmEoboeo 3mobobyols Laboom.

0533056900 E0s3b6mMLEG03s
39G0WYOOm  Fooe0d  BESE30MbsMTdo  0sgbmbBol  Moomerm-
30O OEIBEGHIOYOOL  Lodmoem O™ (15-24 Lo.), 30069
0bbE@ol Bod3GH™MIJOPOL HY9d0s6 LodgoEobm Ibdstmgdols
396@®00 dmbgz906Msd9 M™OL 0bEGHgMzswo (1.7-21bm.) (Ferriero et

al., 2019). Bggbo 33w930L dobgzom IOE 33wg3s Bos@sts >24
Losol 3999 d9dmbgagoms >72%-do.
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sl336s
053035 sb530L  SMEHIMOMo 0dgdowemo 0blyeEol (500)
©053bMBE035 bgds ©i3056900m. OHMYMWO TIM3Eb™dOL
035BsHOOLOm, 93009690005, 3b™dSMdOL
5350gds, OHMPMOE  30039Ws©0  1ddgEOE0bm Mmoo,
51939, P99 YOJ0 sdYE0E0bMm IHTsMYdOL 9J0dgdols s
390053 M900Lm30U;
396M90OM0  5OGHIO0MI>005 (37.7%) s 35MEOOMYIdMEOS
(9.8%) 353035  SLd3OL  v00-0L  Yzgasby bdoMo  MHoL3-
R9JBHMM9d00;
0530305 5Ll v00-0b  F90IYY  9M539000BE0TIOM
399mbsgoeo  (bLsdworm s ddodg bsGOLbboL IBOEOEO)
Pomdmoygboero ogm dgdmbgzggzoms oty bsfowdo - 30%
(PSOM) @5 (mRS) 23%-8o. 9o6dgmMHgdomo oblmwe@o
sgodbotms  14.8%-do, 930gnLbos - 11.7%-8o0 o
9GO0 3563969090 - gdmbgzgzoms 1.64%-00;
399m3m0bs  96539000eLs0dgEM  godmlogwol  d9dwgao
36900g4GHMMJd0:
903939 39M0mdo: 3) 36md0gMgdol G933wowo dyMmdsMg-
05, 8) 3Mygdo, ) PedNIHSS dsmoo s, ©) 963-
@WMdOMO 06x35MJGH0, 9) Abgzowo Lolbeds®3ggdol LsoGo-
39530™ Bmbol 0bbEo, 3) 3m3d0boMGIMo  3OHEH0IM-
bB3MOE0IMWO  IB0sBYds, b) ModASPECT-ol dsmoero
JMs (0o Bmdol EsH0sbgds); 330603900l 3gHomools
dEmb: m) 930w gRLOOL SOBYOMDY;
©99mMsx30me 3583969090, 9BHOMEMAOMO BodGHmOmgOL,
39639mMgdom  0bLmwEL @5 393mbogoel  dmeol
LEOGOLEGH03IM5 LEOHIMDM 353006M0 56 OPIBEWIMPS;
3MYMGO0 Q9935009008 ©gd0GHTo s 3MIdoboMYdMEOo



30O G030-103MOGH 03O ©H0sbyds 9309xLooL
36900JGHMMYO0;

InGOON@Wo  ©s F9BHY3gwIdol  ©IBOGOGHOL ,50EEIbOL
RobX M Im0o393L 0bLEEHOL 9909y 300390 6 ™MZ0L
3963530 mdsdo 3gHomb;

®6039 935wy (PSOM, mRS) 6oL 350©MO0  ©
d9L5dEgdg0s 23dMYgbgdeo 0gdbsls B53d3ms SBs3oL S00-0l
3990530l 99535L930LL;

modASPECTS o  go3sG@0390wo  ABC/2  gm&Gdwmwms
d9L5dEgdgE0s J5dMYgbgdIeo 04bsl, MMaMOE LHGMIxZO s
91%393GMM0 IgnmEo, OHMIgEog Bosbogzwgdl dsbwmsermEo
192d96G 9300l Fg™EL.
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65090, ,50yIboL BBX M sGOL 306390 6 M3, LsFoMHMs,
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9600369036500 go5w99xMmdIBYOL o0MboZoe0l;
3MGHJMH0M35000900 5MHOL 85303m5 500-0l Fob30MMYdOL 9o~
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6906Mm30999500Bo30IMH0 3OMEHMIMWOm;
9608369 m360s, 999853009l LogobdsbsmErgdm 3Gma®msd9d0
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3OWOIOJIIO ©IHTMGOOL godxMdIGOOL d0DBbOm; BrrdME (3
306139C05©0 15d90E0bm MEOb, 23909©GOIO
©obdoMgdol  9Jodgdols o 3905BHMGOoLm30L,  Slg39,
139(3000LEBHJOOLOMZOL,  OMIMGOOE  EIBTMYOSL 79396
053035 00 XaMBIOL, OMIgdo3  godmomBgzs 0Bl ol
3omHE0 GHolgom (3985 Mmmyqdo, 39MOMWMY930,
0639bLoMHo MgMmsdool 9Jodgdo, LsdgoEobm 3gMlmbowro).
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Relevance of the Problem

Pediatric stroke was first described in the literature in 1667 by Thomas Willis
in the article "Pathologiae cerebri et nervosi genereis probe". He described a
newborn with seizures and intracerebral hemorrhage. For many years, stroke
in children was considered in terms of adults’ "apoplexy" or other
diseases. The research on pediatric stroke as a distinct pathology dates back
to 1973, a study by Gold, and later, by Schoenberg (1978), who was the first
to report on the epidemiology of pediatric arterial ischemic stroke (AIS).
Incidence of childhood AIS varies from 1.2-7.9 children per 100 000
children per year (Agrawal et al., 2009; G. A. deVeber et al., 2017; Fullerton
et al., 2003; Giroud et al., 1995; Krishnamurthi et al., 2015; Mallick et al.,
2014a; Steinlin et al., 2005).

The relevance of the problem is defined by several factors:

Mortality: Childhood stroke ranks among the top 10 causes of death (Kirton
& deVeber, 2015; National Center for Injury Prevention and Control,
CDC.Accessed January 8, 2018, n.d.; National Center for Health Statistics,
2021; Steinlin, 2012); the mortality rate is 2.6-14% (Beslow et al., 2018; G.
A. deVeber et al., 2017; Goeggel Simonetti et al., 2015, 2020; Greenham et
al., 2016; Mallick et al., 2016).) and may be higher in the first year of
life and in recurrent strokes (Mallik et al., 2016).

Morbidity: Childhood stroke is associated with motor, behavioral and
cognitive disorders in 30-74% of the surviving children, and 13-24% of the
survived may develop epilepsy (Cnossen et al., 2010; Everts et al.,
2008; Felling et al., 2020; Goeggel Simonetti et al., 2015; Hajek et al., 2014;
Mallick et al., 2014; Nasiri et al., 2016; Pavlovic et al., 2006; Steinlin et al.,
2005), which results in major long-term personal, family, and social
consequences and significant social health costs (Gardner et al., 2010;
Hamilton et al, 2015; Lo et al, 2008; Plumb et al, 2015).

Recurrence: Childhood AIS carries a risk of recurrence in 2.7-21% of
cases (Bohmer et al., 2019; G. deVeber et al., 2019; Fullerton et al., 2016;
Stacey et al., 2018; Steinlin et al., 2017; Uohara et al., 2017), which leads to
the increased risk of morbidity and mortality (Bohmer et al., 2019; Nasiri et
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al., 2016).

Delayed diagnosis: Lack of awareness and rare suspicion of childhood
stroke among parents, as well as health care providers (Martin et al., 2011;
Mackay et al., 2016; Stojanovski et al., 2017), heterogeneity of etiology and
risk factors, the non-specificity and the wide range of (age-dependent)
symptoms, and the broad range of “stroke mimics”, comprising more
common pediatric disorders (Fink et al, 2019; Mackay et al., 2011; Steinlin
et al., 2012), makes timely diagnosis difficult. Timely recognition has a
proportional impact on planning preventive measures, targeted treatment,
and prognosis of outcome.

Based on all of the above, the study of the clinical course, etiology,
neuroimaging features, and prognostic factors of childhood AIS will
facilitate timely diagnosis and relevant management. Identification of early
predictors of outcome allows clinicians to provide children and their families
with an understanding of the prognosis and to facilitate timely intervention,
to optimize long-term outcomes.

Aim of the Study
o Determine etiologic factors of childhood AIS;
e Investigate early and long-term neurodevelopmental outcome
(motor, language, cognitive/behavioral disorders, and epilepsy) after
AlS and explore predictors of long-term outcome.

Objectives

e Investigate the clinical course, risk factors/etiology, and
neuroimaging features of childhood AlS;

e Assess long-term neurological and functional outcome according to
two different outcome scales and define predictors of long-term
outcome;

o Estimate stroke volume using three different volumetric methods;

e Asses changes in neurological deficits over time;

o Explore predictive factors of post-stroke epilepsy.
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Scientific Novelty of the Research

e Existing scientific papers in the pediatric stroke literature are based
on level 1l recommendations due to the lack of prospective studies,
limited by heterogeneous and small sample sizes. The results
are controversial and conclusions need clarification. Any
new research in the field of pediatric stroke will be a step forward in
the development of evidence-based recommendations;

e Demographic characteristics, clinical and neuroimaging features,
the most common etiology, and predictors of outcome of childhood
AIS, have not been yet evaluated in the Georgian population. We
assume, that the knowledge of these aspects will improve alertness
and thus care for children with stroke and the outcome;

e For the first time, our study showed a strong correlation and
concordance level between two widely used outcome
assessment scales: the standardized Pediatric Stroke Outcome
Measure (PSOM), which assesses neurological deficits, and the
Modified Rankin Scale (mRS), which is a well-validated in adults to
measure disability after stroke (Banks & Marotta, 2007). It has been
used in pediatric stroke studies, but its value in children has not yet
been established. Based on the results of our study, both outcome
classifications can be applied to assess the outcome after childhood
AlS;

o We are the first to use three different volumetric techniques on acute
DW1 in childhood stroke to determine their accuracy and reliability,
and ability to predict the outcome: the modified Alberta Stroke
Program Early Computed Tomography Scale (modASPECTS), the
simplified ABC/2 formula, and segmentation. There was a strong
correlation between the three methods.

Theoretical and Practical Value of Expected Results

e Asaresult of our study, early predictors of unfavorable outcome in
childhood AIS have been identified. Recognition of these early
predictors of poor outcome is important for planning early targeted



interventions and improving long-term prognosis;

Clinical and radiological assessment with the methods and
standardized outcome scales used in our study allows early
identification of deficits after stroke which is the key to preventing
avoidable complications and to planning personalized rehabilitation
therapies;

Including the results of this study in the continuous medical
education program will improve awareness amongst primary care
physicians, emergency physicians, and pediatricians for better
recognition and timely diagnosis of ischemic stroke.

Approbation of the Research Work

The approbation of the dissertation took place on January 20, 2023 at lashvili
Central Children's Hospital.
Dissertation data and results were presented:

1.

“Long-term Clinical Neurological Outcome and Predictors of
Outcome following Arterial Ischemic Stroke of Childhood”, AAN
Annual Meeting, April 23-May 1, 2020

,outcome Predictors of Arterial Ischemic Stroke in Children*, 30th
Annual Meeting of the European Academy of Childhood Disability
(EACD), Thilisi, Georgia, 28-31 May 2018.

,,Arterial Ischemic Stroke Outcome in Children”, World Stroke
Congress (WSC), Montreal, Canada, 17-20 October 2018,
“Outcome of Childhood Stroke: Prospective Cohort Study”,
International Child Neurology Congress (ICNC 2016), Amsterdam,
the Netherlands, 1-5 May 2016

Three articles and 4 abstracts have been published around the dissertation.

The research was conducted with scientific and financial support. We want
to thank Shota Rustaveli National Science Foundation of Georgia (project
»PhD_F_17_121”), European Stroke Organisation (ESO) and European
Academy of Neurology (EAN).
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Structure and Size of the Dissertation

The scope of the dissertation is 135 printed pages. The work is preceded by
a table of contents and divided into three main parts: a literature
review preceded by a discussion of the relevance of the research, a
description of the conducted research (aim, objectives, design, results),
conclusions, and practical recommendations. The work is accompanied by a
list of references - 360 sources, a list of publications published by the author,
tables, figures, appendices, and a list of abbreviations.
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Methodology

Study Design
This is a prospective cohort study with a retrospective case ascertainment
component and consecutive sampling.

Ethical Statement
The research has been reviewed by M. lashvili Central Children's Hospital
and David Tvildiani Medical Univeristy Ethical Committee.
Informed consent was obtained from each patient/patient’s parents/guardian.

Data Collection
Clinical data were collected from the Internatational Pediatric Stroke Study
(IPSS) registry. Department of neurosciences at lashvili Central Children's
Hospital is participating in this study since 2003. Data collection of newly
diagnosed (from 2015) patients was reviewed during the acute clinical
course of the disease.
At the time of the acute phase, 75 patients were investigated according to
IPSS criteria. During the creation of the electronic database, variables such
as demographics, clinical presentation, the severity of stroke at
manifestation, neuroimaging data, results of laboratory and instrumental
investigations, presumable risk factors / etiology, treatment, presence of
stroke recurrence, and PSOM scores at discharge, and >2 years of follow-up
were included.
| assessment — at discharge (n=61): PSOM.
Il assessment - >2 years (n=60, dead patient excluded):
PSOM and Modified Rankin Scale (mRS)
Participants
Of 75 npatients, from 2003 to 2021 registered with AIS confirmed
by magnetic resonance imaging (MRI) in the department of neurosciences at
lashvili Central Children's Hospital, 61 were included in the
study. 14 patients were excluded because of a history of developmental
delay (n = 6) prior to stroke and incomplete medical records (n = 8).

Inclusion criteria:
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e AIS confirmed by MRI;

o Age: 28 days to 16 years;

o Informed consent obtained from patient/parents/guardian.
Exclusion criteria:

e Perinatal cerebral infarction;

e Children with neurodevelopmental problems, prior to the stroke,

interfering with outcome prediction;
e Hypoxic-ischemic lesion with diffuse or bilateral infarction, which
does not correspond to the territory of any artery.
Clinical Data

The severity of neurological symptoms on admission was evaluated
according to the Pediatric National Institutes of Health Stroke Scale
(PedNIHSS). The score on the scale ranges from 0 (no deficit) to 42
(maximum deficit in all categories) (Ichord et al., 2011). Risk
factors/etiology were categorized according to the Childhood AIS
Standardized Classification and Diagnostic Evaluation (CASCADE)
primary criteria (Bernard et al., 2012, 2016).
Outcome assessment was performed with the PSOM subscale, which is the
only tool standardized for neurological impairment outcome measurement
that is validated for the pediatric stroke population (Kitchen et al.,
2012). Neurologic deficit severity based on the PSOM scores is assigned for
5 ‘spheres’: right and left sensorimotor; language production; language
comprehension; cognitive and behavioral performance, ranging from 0 to 2
for each subscale. The sum of the scores of the five subscales is a total score
ranging from 0 to 10 (Kitchen et al., 2012). It was dichotomized and
classified as ,,Favourable - 0-0.5 and ,,Unfavourable® - >1, as reported in
literature (Kitchen et al. 2012).
The functional outcome in the study was assessed with mRS, which is a
functional outcome six-point ordinal scale, that measures global disability,
particularly physical abilities, and needing assistance in daily activities (Bigi
et al., 2011; Goeggel Simonetti et al., 2015); where 0 means — no symptoms
and 6 means death. It was classified as ,favourable mRS 0-2 and
,unfavourable” 3-6 (Bigi et al. 2011).
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Neuroimaging
The following sequences were used in our analysis: Axial diffusion-
weighted images (DWI) including Apparent Diffusion Coefficient (ADC)
map, T2, FLAIR, and T1 weighted images, time of flight (TOF)
angiography, and according to availability T2* gradient echo- or
susceptibility-weighted images (SWI1).

Neuroimaging Analysis
For better resolution, DWI images were cross-checked with the ADC
maps. Following findings were analyzed: Infarct location, lateralization,
number of infarcts, arterial involvement, vascular territory, vasculopathy,
and presence of hemorrhagic transformation.
Arterial involvement was defined as narrowing (stenosis, irregularity or
banding) or complete occlusion of the vessel.
Artery size was classified as small-vessel (a distal small branch of cerebral
arteries or perforator arteries (e.g., lenticulostriates) and brainstem or large-
artery stroke (partial or full territory of main cerebral arteries -
ACA/MCA/PCA (e.g., involving the cortex and white matter) and
cerebellar arteries (IPSS, Gordon et al., 2015).
Hemorrhagic transformation determined by hypointensity on susceptibility-
weighted imaging (SW1), T2* gradient echo or echo planar—spin echo-T2.
Stroke volume assessment was performed on DWI slices, and whole brain
volume was assessed by high-resolution T1 or T2 FLAIR imaging of the
slices.

Infarct Volume Measurement with the modASPECTS Method
A modified version (modASPECTS) has been adopted in children from
adults, which evaluates only supratentorial lesions, but in addition to the
adults’ version, the territory of the posterior cerebral artery and thalamus
are included (Beslow et al., 2012; Wusthoff et al., 2011). The highest score
is 15 for each hemisphere (Beslow et al., 2012; Wusthoff et al., 2011). For
infratentorial lesions, we used a modified diffusion-weighted scoring system
(BERN DWI Score) (Karameshev et al., 2011) in our study. The Bern DWI
Score includes a maximum 8-point scale for infratentorial lesions in each
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hemisphere. Accordingly, in our modified version the sum of the highest
total score is 23 points for each hemisphere.

Modified pedASPECTS + Bern DWI score

{ = ’ . »
\\J

Picture 3. Modified Alberta Stroke Program Early Computed Tomography Score

Infarct Volume Measurement with the ABC/2 Method

Infarct volume measurement with the ABC/2 formula was performed by
placing linear diameters in three perpendicular axes on the slice where the
lesion appears largest: the length (A), width (B), and depth (C) of the lesion
were measured in an ellipsoid manner with the simplified formula
(4/3*%3*(A/2)*(B/2)*(C/2) = ABC/2) - the three measurements A,
B, and C are multiplied and divided by 2, which yielded the volume of the
lesion in cubic centimeters.

Infarct Volume Measurement with the Segmentation Method
Segmentation of the acute infarct was performed on DWI images, using the
semi-automated 3D Slicer Software (Version 4, 3D Slicer image computing
platform), which is an open-source software for processing images that
supports volume quantification (Fedorov et al., 2012). The area of the
lesion was determined by drawing the lesion manually in each layer in the
axial plane, through which the volume of the segmented area was calculated
by the software (cm3) automatically taking into account the number of slices.
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Picture 4. Stroke volume estimation with the segmentation method

Whole Brain Volume
Similarly, whole brain volume (including ventricles) determined by 3D
slicer software (Fedorov et al., 2012). Due to the variations in whole-brain
volumes depending on the age of children (Jordan et al., 2009), the
percentage of infarct volume (PIV) was defined in each case: the infarct
volume obtained by segmentation was divided into whole-brain volume and
multiplied by 100.

Statistical Analysis
Descriptive statistics were used for demographic variables. A Pearson’s chi-
square test was used to test the association between categorical variables
(Fisher’s exact test was used when appropriate). A Kolmogorov—Smirnov’s
test and Shapiro-Wilk’s test was used to assess the normality of the
distribution of continuous variables. Parametric tests or nonparametric
alternatives were used to detect differences between means of independent
continuous variables. A Wilcoxon’s signed-rank test was used to detect
associations between related variables. Spearman’s rho was used to detect a
correlation between nonparametric variables. To measure the strength and
direction of association between pediatric stroke outcome obtained from the
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dichotomized PSOM and outcome obtained from the mRS values, we used
a chi-squared test with Cramer’s V coefficient; in addition, 95% confidence
interval (Cl) was calculated to assess margins of concordance between
PSOM and mRS values. A probability of less than 0.05 was considered
statistically significant. Statistical analyses were performed using SPSS
(IBM SPSS Statistics, Version 21.0, Armonk, New York, United States. We
calculated Spearman’s Rho coefficient between the three volumetric
methods. The agreement between the ABC/2 formula and segmentation
results is illustrated with Bland&Altman (2010) plot.
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Results

Demographic, Clinical, and Neuroimaging Characteristics
Out of 61 children, 33 (54.1%) were males (median age 1.75 [IQR: 0.8, 9.7];
age range, 0.1-15.6 years) and 28 (45.9%) were females (median age 6.1
[IQR: 1.0, 8.6];age range, 0.1-13.4 vyears). Despite the apparent
difference in median age between male and female patients, there was no
statistically significant difference (Mann—Whitney’s U test, 420; p=0.543)
in the age of stroke onset between males and females.
Median pedNIHSS score on admission was 9.0 (IQR: 8-12, range, 2—
28). Hemiparesis was the most common clinical signs at stroke presentation,
noticeable in 90.2% of children. Demographic and clinical characteristics
are summarized in Table 1.
Table 2 provides detailed information on radiologic features.
In most cases (72%), the time interval from AIS manifestation to MRI
examination was >24 hours - >7 days. MRI was performed within <24 hours
in 27.9% of cases, after 24-48 hours - in 39%, and after >48 hours - in 32.8%
of cases.
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Table I. AIS (n=61) n (%) Range
Demographic characteristics

Age (year), mean (SD), range 5.14 (4.91)
Imo-2.11 year 33 (54.1%)

3-9.11 year 16 (26.2%)

10-16 year 12 (19.7%)

Gender 33(54.1%)male
Mortality 1(1.64%)

Time since stroke (year), mean (SD), Range 3.38 (2.44) 2-11
Age at >2 years follow-up (year) mean (SD), Range 8.52 (5.24) 2.1-18.8
Clinical signs

Hemiparesis 55 (90.2%)

Facial nerve palsy 30 (49.2%)

Speech deficit 21 (34.4%)

Seizures 20 (32.8%)
Decreased level of Consciousness 16 (26.2%)
Headache/ Vomiting 10 (16.4%)/11 (18%)
Fever 6 (9.8%)

Ataxia 2 (3.3%)

Visual fiels deficit 2 (3.3%)

Risk factors/Etiology(CASCADE)

Small vessel arteriopathy 3 (4.9%)

Unilateral focal cerebral arteriopathy 13 (21.3%)

Bilateral cerebral arteriopathy 6 (9.8%)
Aortic/cervical arteriopathy (Dissection) I (1.6%)
Cardioembolic 6 (9.8%)
Multifactorial* 5 (8.2%)

Other 32 (52.5%)

*Some patients are mentioned twice

Table 2. n (%)
Neuroimaging characteristics

Multiple stroke 22 (36.1 %)

Bilateral stroke 8 (13.1 %)

Unilateral: left hemisphere/right hemisphere 32/21 (52.5%/34.4%)
Anterior circulation/Posterior circulation/Both 51/7/3 (83.6%/11.5%/4.9%)
Supratentorial/Infratentorial/Bolth 55/0/6 (90.2%/0/9.8%)
Subcortical (Basal ganglia or Internal capsule ot 36/25 (59%141%)
Thalamus)/cortico-subcortical

Large artery/Small artery 22/39 (36.1%/63.9%)
Hemorrhagic infarct 8 (13.1%)

Recurrent stroke 9 (14.8%)
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Risk factors/Etiology

Risk factors/etiology was identified in 32 (52.5%) cases. Among them the
most common risk factor was cerebral arteriopathy, which was identified in
37.7% of patients. More than half of the cases of arteriopathy were focal
cerebral arteriopatny (FCA), probably of inflammatory etiology,
characterized by unilateral involvement (stenosis/irregularity/occlusion) of
the distal carotid artery or the proximal segment of the middle cerebral
artery, as well as the monophasic course of the disease; Moyamoya disease
was found in 1/3 of cases of arteriopathy, with only one case of dissection;
Small-vessel arteriopathy was identifined mainly in strokes that occurred
due to meningoencephalitis.

The second most common etiologic factor - congenital or acquired cardiac
disease was found in six (9.8%) cases. From the group of systemic diseases:
two patients had arterial hypertension due to renal failure, and two had
hypovolemia; One patient was later confirmed to have mitochondrial DNA
mutation of ND3 gene (MT-ND3 m 10197 G>A). Four patients with FCA
had varicella infection within one year before stroke. Five patients had co-
existence of various risk factors: one case bilateral arteriopathy and arterial
hypertension; the second case moyamoya disease, factor V deficiency
(Leiden), and congenital dysfibrinogenemia (the patient died); Three
patients with FCA had coexistence of hypovolemia, hypertension, and patent
foramen ovale. Risk factors according to CASCADE criteria are presented
in table 1.

Outcome
The assessment was done at discharge (n=61) and >2 years after stroke
(n=60). The mean time between stroke and long-term follow-up was 3.38
years (range, 2-11).
Thirty patients assessed with PSOM, in addition at 6 months after stroke.
Data from both scales at each time point are shown in detail in Table 3
and fig.1.
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Table 3.
Outcome (PSOMmRS)

Mean (SD) Range
At discharge At 6 months At 2 years
(060 (=30 ) (n=60)
Right 0.64(0.73) 025 (057) 025 (0.51) 0-2
Sensormotor 0w
Left 043(0.68) 0.13(0.54) 013 (036) 2
sensorumotor
2
Language 9510 46) 0.03 (037) 011(024) 0
exXpression
Language . R 0.08 (0.26)
cepion 05029) 0.03 (037) 0“
Cogmtive/ 5 0-2
bebvioural | 008(032) 0.07(0.39) 008 05)
Total
PSOM 145 (L14) 052 (1.84) 061 (L07) 0-10
Scores .
mRS (n-61) 128(1.63) 06

NOTE. SD: Standard deviation; PSOM: Pediatric Stroke Outcome Measure; mRS — Modified Rankin Scale

Figure 1. Outcome: PSOM and mRS (n=60)

Favorable (normal/mild)
Unfavorable (moderate/severe)

PSOM discharge | 4 16 17 _ Normal
PSOM 2 years 33 10 11 . Mild

Moderate
mRS 2 years 33 14 7 .
M Severe

0% 20% 40% 60% 80% 100%

Sensorimotor deficit was the most frequent neurological abnormality
presented in 90% of cases at discharge and in 38% of patients at long-term
follow-up, with moderate to severe deficits in more than half of them. The
deficit was more prominent in language expression than in comprehension,
and was moderate or severe in half of them. Cognitive or behavioral deficits
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were presented in 11.7% of patients. PSOM subscales results are shown in
fig.2

Epilepsy at evaluation (>2 years) was reported in seven (11.5%)
patients, nine children (15%) had recurrent strokes, and the mortality rate in
our study was 1.64%.

Figure 2. PSOM subscale

(0 no deficit, 0.5 mild deficit, 1 moderate deficit, 2 severe deficit)

60 | a8 49 54 55 53

Right sensorimotor ~ Left sensorimotor ~ Language production Language Cognitive/behavioral
comprehension

EPSOMO0 =PSOMO0.5 ®mPSOM1 mPSOM 2

According to mRS, in the group of unfavorable outcome, one patient died
(1.64%) of stroke complications (MRS-6), two patients with mRS of 5
suffered severe hemiplegia and problems in cognitive and language
performance. One of the patients with the mRS score 5 had bilateral
infarction of cardiac origin and suffered seizures at the stroke presentation
and epilepsy after 2 years assessment; two children had severe hemiplegia
(mRS-4), two - moderate hemiparesis with profound cognitive and language
disturbance (mRS-4), and seven moderate hemiparesis (mRS-3). Out of 47
(77%) patients with a favorable outcome by mRS, 11 had partial recovery
and suffered from mild hemiparesis (mRS-2), three had mild cognitive or
language deficits (mRS-1), and 33 showed normal functional outcome
(mRS-0).

Prognostic Factors

From clinical signs, decreased level of consciousness (p=0.021) and seizures
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(p=0.048) at stroke manifestation were associated with the unfavorable
outcome; according to neuroimaging features, multiple infarcts (p=0.015),
large artery stroke (p=0.008), and combined cortico-subcortical involvement
(p =0.008) were associated to an unfavorable outcome.

There was a modest correlation between stroke severity (according to
PedNIHSS) at manifestation and long-term neurological/functional outcome
(mRS: Spearman's rho = 0.464, p < 0.001; PSOM: Spearman's rho = 0.436,
p <0.001).

Seizures (Fisher's Exact Test 10.05, df 1, p=0.004) at manifestation and
combined cortico-subcortical lesions (Fisher's Exact Test 7.76, df 1,
p=0.009) were predictive factors for epilepsy at long-term follow-up.

The presence of epilepsy at the end of the observation period was associated
with an unfavorable outcome (Pearson's chi-square 4.8; df 1; Fishers’s exact
test p=0.048).

We analyzed the possible association between a total PSOM at >2 years of
follow-up and various etiological factors, including etiology according to
CASCADE criteria; however, there was no significant association of those
factors with the outcome.

No statistically significant association was found between the total PSOM
scores and recurrent stroke (p=0.07).

Concordance of PSOM and mRS

Out of 60 children (dead patient excluded), 56 (93.3%) patients showed
concordant results (95% CI: 87.0— 99.6%). Cramer’s V with a coefficient of
0.836 (df-1) indicates a strong association between dichotomized total
PSOM and mRS scores. In these four children, with discordant results, - an
unfavorable (moderate deficit) outcome by PSOM was defined as favorable
(mild deficit) by mRS. Fig.1.

Although the correlation between the total scales (non-dichotomized) was
strong (Spearman’s rho=0.983, p<0.001), the different PSOM domains
provide distinctive information. The correlation coefficient was highest for
sensorimotor (Spearman’s rho=0.949, p<0.001), then for language
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(Spearman’s rho=0.464, p<0.001) and cognitive (Spearman’s rho=0.363,
p=0.004) subscale.

Improvement of Outcome over Time
The sensorimotor PSOM scores improved significantly at >2 years from
stroke when compared with scores at discharge (p<0.001). However, there
was no statistically significant difference in language and cognitive PSOM
scores during the follow-up period. Figure 3.

Neurological recovery over time (n=60)
3

8 (o)
P
S 2 4 O (e} (e} o) ©)
w
= © O Discharge
o1 4 O O o O O W 2 years
&L N O O O O 0

O

motor language cognitive

In addition, we analyzed 30 patients whose PSOM records were available at
different time points—at discharge, 6 months, and at >2 years after stroke:
The sensorimotor PSOM scores improved significantly at 6 months
compared with discharge state (p<0.001), however, we were not able to
detect a significant difference between PSOM at 6 months and 2 years
follow-up;

Language PSOM scores were significantly lower at 6 months compared with
discharge state (p=0.026), in contrast, there was no difference between
PSOM at 6 months and after >2 years;

There was no difference in cognitive PSOM scores during the follow-up
period (6 months, > 2 years). The PSOM scores within subcategories at each
time point are shown in Figure 4.
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Correlation and Concordance Between modASPECTS, ABC/2
formula, and Segmentation Method

Stroke volume measurement was done in 31 patients, using diffusion-
weighted MRI slices performed during the acute phase.

Median infarct volume measured by the ABC/2 formula obtained larger
values than the segmentation method and were 8.07 (IQR 2.7-19.88) and
4.23 (IQR 2.45-16.13), respectively. Median modASPECT score was 3 (IQR
2-5). Infarct volume characteristics obtained by different methods presented
in Table 4.

Table 4. Stroke volume (modASPECTS, ABC/2, and Segmentation) (n=31)

Mean (SD) Median (IQR) Range
modASPECTS 4.16 (2.82) 3(2-5) 1-13
ABC/2 22.9 (41.83) 8.07 (2.7-19.88) 0.59-189.7
Segmentation: 21.65 (42.17) 4.23 (2.45-16.13) 0.43-179.74
Infarct volume
Segmentation: 2.59(0.06) 0.43(0.21-1.47) (0.03-26.95)

PIV

NOTE. PIV: Infarct volume/Whole brain volume*100; SD: Standard deviation IQR:
Interquartile range; modASPECTS: Modified Alberta Stroke Program Early CT Score

There was a significant association between all three methods for measuring
stroke size: The highest correlation coefficient revealed between ABC/2 and
the segmentation method (Spearman's rho=0.827, p<0.000). Table 5. shows
the correlation coefficients between different methods of volumetry and their
statistical value.
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Table 5. Table Spearman's correlation coefficient between the results obtained by

different methods

Method Segmentation modASPECTS
ABC/2 0.827* 0.708"
Segmentation 0.595*

* Correlation is significant at the p<0.001 level,

** correlation is significant at the at the p<0.01 level;
For more clarity, we used the Bland-Altman method and its graphical
illustration to evaluate the reliability of the results obtained by different
assessment methods. The results of the Bland-Altman analysis are given in
Figure 5. It shows that the difference between the values of the two
measurements (ABC/2 and segmentation) is close to zero, and most of the
measurements are within 1.96 standard deviations, which indicates a high
degree of agreement between the two methods. On the other hand, the
graphic represents that the degree of concordance is higher in the case of
small infarcts, and as the infarct volume increases, the data are further away
from the zero value of the vertical axis. This indicates that the degree of
agreement between the two methods is quite high in the case of small lesions
(up to 50 ml.), while the degree of agreement decreases with the growth of

the lesion size.
Figure 5. Bland-Altman plot ABC/2 and Segmentation
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Association Between Stroke Volume and Outcome
We used the percentage of infarct volume (PIV) for the segmentation to
define the association of stroke volume to the outcome. The median stroke
volume was 4.23 (IQR 2.45-16.13) and the median PIV was 0.43% (IQR
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0.21% — 1.47%) (Table 4.).

The median PIV was 1.5% (IQR 0.76%-7.12%) in the group of an
unfavorable outcome and a median of 0.33% (IQR 0.17% — 0.73%) in the
group of a favorable outcome at >2 years follow-up.

The median modASPECTS was 5 (IQR 4-7) in the group with an
unfavorable outcome (PSOM >1 score) and a median of 3 (IQR 2 —4) in the
group with a favorable (PSOM 0-0.5 score) outcome after >2 years.
Moderate to high correlation was found between modASPECTS and PSOM
scores at 6 months (Spearman’s rho 0.544; p=0.036) and >2 years
(Spearman’s rtho 0.436; p=0.016) after stroke; A moderate correlation was
found at >2 years between modASPECT scores and PSOM motor subscale
(Spearman’s rho 0.385; p=0.036); At the same time, moderate correlation
was found between modASPECTS and mRS, at >2 years (Spearman’s Rho
0.425; p=0.019) after stroke;

There was a moderate to high correlation between the volume determined by
segmentation and the motor PSOM score at 6 months after stroke
(Spearman’ Rho 0.534; p=0.040), but not at >2 years.

There was no correlation between the stroke outcome defined by ABC/2
methodology and the outcome.
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Discussion
In recent years, research has emerged on the impact of stroke in children on
cognitive, social, behavioral, and motor outcomes, with impairments in
children lasting a lifetime. The existing literature is limited by small sample
sizes, cross-sectional designs, and the use of non-standardized outcome
measures. In addition to this, there is a lack of long-term follow-up studies,
and the time since stroke varies significantly.
Compared with adults, childhood stroke outcome assessment is challenging
as the functional outcome is not only determined by the degree of recovery
but also by changing age-specific functions over childhood and across
normal development, and by cerebral plasticity (Bulder et al., 2011; Kirton
& deVeber, 2015; Malone & Felling, 2020; Slim eta al.2020). In addition,
outcome measures are not static in children as many young patients grow
into neurological and neuropsychological deficits with increasing
age (Cnossen et al., 2010; Felling et al., 2020a; Kirton et al., 2007b). The
late emergence of deficits as neurodevelopment continues may
underestimate the consequences of pediatric stroke.
Pediatric stroke is often associated with comorbid medical conditions, such
as cardiac, sickle cell disease and a variety of other problems. Variations in
lesion volume, location, and comorbidities add complexities to studying
outcomes after childhood stroke.
Understanding predictors of the outcome can help in early recognition of
stroke's impact to target interventions and rehabilitation.
This chapter will summarize the 7 main key themes, explored from this
study: (1) long-term neurological and functional outcome (>2 years after
stroke), (2) prognostic factors of outcome in accordance to PSOM, (3)
prognostic factors for epilepsy at long-term follow-up, (4) association
between neurological and functional outcome by comparing the results of
two different scales (PSOM, mRS), (5) neurological recovery over time, (6)
accuracy and reliability of three different volumetric methods in measuring
stroke size, (7) delayed diagnosis. Conclusions and clinical implications will
then be discussed.
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Outcome
Sensorimotor functions are often affected following childhood AIS, with
hemiparesis being a common outcome (Cnossen et al., 2010; Cooper et al.,
2017, 2019; Ganesan et al., 2000; Gordon et al., 2002; Kirton et al.,
2007). The incidence of hemiparesis ranges from 40% to 90% and this rate
depends on the time of the follow-up period (Boardman et al., 2005; Yvon
et al., 2018). The severity of the motor impairments varies in the literature;
however, most children with unilateral stroke will gain or regain independent
mobility (Cooper et al., 2019; Ganesan et al., 2000; Mallick & Ganesan,
2008; Yvon et al., 2018).
Our results highlight that although 90% of children had hemiparesis acutely,
most have a good outcome in the longer term. 48 (80%) had good
(categorized as normal or mild deficits that did not impact function) and 12
(20%) poor (as moderate or severe with partial or complete loss of function)
motor outcome.
Similar results were reported in a recent study by Blackburn et al., - the good
motor outcome was reported in 49 (71%) and poor 20 (30%)
patients (Blackburn et al., 2021), 7 years after stroke. All children had poor
motor function initially.
According to our study, the long-term neurological outcome was favorable
in most patients, with no deficit or mild impairment in 70% (PSOM) and
77% (mRS) of children > 2 years after stroke. Our results are similar to some
of the previous outcome studies in childhood stroke using similar outcome
measures such as PSOM and mRS, which showed that 68-75% of patients
with AIS have a favorable outcome (normal or impairments that did not
result in disability or affect function): A recent IPSS study with a large
registry of children with AIS, including 413 children, showed normal
outcome in most of the patients according to PSOM and moderate to severe
neurological deficits in 24.7% of childhood AIS patients two years after
stroke (Felling et al., 2020). Of the children with deficits,~60% had motor
deficits, 30% had language expression or comprehension deficits and ~35%
had cognitive/behavioral deficits (Felling et al., 2020a); two studies from
Switzerland reported moderate to severe disability (mRS >2) in 20-30% of
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childhood AIS (Goeggel Simonetti et al., 2015; Steinlin et al., 2004). 21%
of patients had language difficulties, and among them, 6% had severe
impairment (Goeggel Simonetti et al.,, 2015); a multicenter Canadian
registry’s data on outcome, which was based on clinical assessment, showed
moderate-severe deficits in 32% of patients including both neonatal and
childhood stroke (G. A. deVeber et al., 2017); while a study from the
Netherlands found no severe disability (defined by mRS > 2) (De Schryver
et al., 2000).

However, we found a lower neurologic sequel rate (30%) compare to reports
of some other studies (Ganesan et al., 2000; Christerson & Stromberg, 2010;
Mallick et al., 2016). A single-center study from London reported poor
outcome (defined as deficits interfering with daily life) in 60% of their
patients (Ganesan et al., 2000); a Population-based study by Mallik et al.
reported thirty-nine of 78 (50%) had poor outcome (total PSOM score >
1) after one year from stroke (Mallick et al., 2016).

Such variability can ascribed to differences in methodology including small
population sizes, length of follow up, and inclusion criteria.

Predictors of Outcome after Childhood Arterial Ischemic Stroke

Age
According to the study by Blackburn et al., younger children were more
likely to have poor motor outcome (Blackburn et al. 2021). According to the
IPSS, there was no age difference in terms of recovery (Felling et al.,
2020). Cooper et al. reported that preschool-aged children may have better
motor outcome. We have not found a relationship between age and outcome.
Although our study was underpowered to show a significant difference
between the proportions of age groups, male predominance was in
cardioembolic stroke and the greatest proportion of females was among
cases with an underlying arteriopathy to all of CASCADE criteria and in
focal cerebral arteriopathy as well. Arteriopathies are the
predominant etiology with the highest prevalence in school-aged
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children and adolescents, while the highest prevalence of cardiac disorders
was reported in patients under the age of 5 years (Chung et al., 2019; Rafay
et al., 2020). This might explain why males are younger than females in our
study.

Clinical Manifestation
Among the clinical symptoms, predictors of unfavorable outcome in the
acute phase, are seizures (Lopez-Espejo & Hernandez-Chavez, 2017,
Mallick et al., 2016), hyperglycemia (Grelli et al., 2016), altered state of
consciousness (Goldenberg et al., 2009). A large multinational observational
study of 612 children with AIS found that almost 3 quarter of children had
neurological deficits at the time of discharge. Poorer neurological outcomes
were more common in children with altered consciousness at
presentation (Goldenberg et al., 2009).
The results of our study are consistent with the findings of the above-
mentioned studies; in particular, seizures and altered state of consciousness
are predictors of an unfavorable outcome that should be considered during
the management in acute settings.
Acute stroke severity according to PedNIHSS is associated with unfavorable
outcome (Bigi et al., 2011; Goeggel Simonetti et al., 2015; Beslow et al.,
2021). A similar result was observed in our study.

Risk factors/Etiology
Although certain etiologic factors, such as arteriopathy and cardioembolic
stroke, are associated with a higher risk of recurrent stroke (Elbers et al.,
2014; Friedman, 2009; Fullerton et al., 2007), few studies report that
etiologic factors influence outcome: Congenital heart disease and
Moyamoya disease have a negative impact on intellectual quotient (1Q)
(Fuentes et al., 2016). Arteriopathy was associated with increased odds of
adverse early outcome, defined as death or neurological deficit at discharge,
in a large international multicenter study (Goldenberg et al., 2009). Cardiac
disease and Moyamoya were associated with higher rates of neurological
impairment in another French study (Chabrier et al., 2000). According to
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Elbers et al. arteriopathy and PSOM score 2, was associated to the poor
functional outcome at one year after stroke (Elbers et al., 2014). In contrast,
the studies from the United Kingdom (Ganesan et al., 2000) and
Switzerland (Goeggel Simonetti et al. 2015; Steinlin et al. 2004) found no
association between specific risk factors or pathogeneses and poorer
outcome.

We haven’t found a statistically significant association between risk
factors/etiology, recurrent stroke and outcome.

Neuroimaging Features

According to neuroimaging characteristics, the following predictors of poor
outcome were explored:

a) Lesion localization - Following studies have identified neuroimaging
features that might have influence on outcome: large artery stroke, bilateral
infarcts, and involvement of basal ganglia were associated to poor
outcomes (Boardman et al., 2005). Large artery stroke was predictive of
motor outcome at 12-months but not at the 5-year time point (Cooper et al.,
2018). Isolated basal ganglia involvement (fine motor deficit) (Cooper et al.,
2019) and involvement of the cortex, subcortical white matter, and
thalamus (Steinlin et al., 2005) was associated to worse neurological
outcome. Both basal ganglia and cortical-subcortical involvement were
associated with a poor prognosis (Jiang et al., 2021; Vazquez Lopez et al.,
2017). Study of 43 children with AIS, 82% with combined involvement of
the cerebral cortex, basal ganglia, and posterior limb of the internal capsule
had hemiparesis at follow-up (Mallick et al., 2016). Cortical infarcts (K. P.
J. Braun et al., 2008). Acute downstream involvement of the ipsilateral
corticospinal tract (CST) (pre-Wallerian degeneration) predicts poor
outcome (Domi et al., 2009). The presence of Wallerian degeneration on
follow-up imaging is predictive of poorer motor outcome (Blackburn et al.,
2021).

Similar to other series, large artery stroke and combined cortical-subcortical
involvement in ischemia were predictors of unfavorable outcome in our
study.
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b) Lateralization - It has been reported that bilateral stroke is a prognostic
factor for a worse outcome (Cooper et al., 2019; Kim et al., 2009;
Goldenberg et al., 2009). In our study, multiple infarcts were predictors of
poor outcome, regardless of bilateral lesion or laterality.

c) Lesion size - Four studies in neonates investigated the volume of stroke
and found them to be significantly correlated with outcome (Dinomais et al.,
2016; Wusthoff et al., 2011; Mackay et al., 2020; Wiedemann et al. 2020) for
overall outcome (by PSOM), presence of cerebral palsy as well as the
presence of epilepsy. Interestingly, the paper of Mackay et al. showed that a
modASPECT cut-off score of more than 8 is related to poor outcome
concerning all three categories above (Mackay et al., 2020).

However, there are contradictory results in childhood stroke on stroke
volume and outcome (Beslow et al., 2021; Blackburn et al., 2021; Filippi et
al., 2015; Ganesan et al., 1999; Jiang et al., 2021; Lo et al., 2014; Long et
al., 2011; Slavova et al., 2020; Zecavati et al., 2014): For the first time, in
1999, Ganesan et al. investigated chronic infarct volume in 38 patients using
manual segmentation. Despite no effect of lesion size or location on the
outcome as a whole, they found that children had a poorer outcome when
infarction was >10% intracranial volume (Ganesan et al., 1999), this finding
was later confirmed by Zecavati et al.. In their study of 40 children with AlS,
PIV >10% was associated with poor neurological outcomes by the Glasgow
Outcome Scale (Zecavati et al., 2014). However, the latter study looked at
outcome at 30 days; Similarly, Long et al. reported that executive
functioning was worse when lesions were >25% brain volume (Long et al.,
2011); A study limited by small samples found that a larger percentage of
infarct volume correlated with worse PSOM scores, lower 1Q, and poorer
social participation (Lo et al., 2014); Larger infarct volumes were associated
to poor cognitive outcome (Hajek et al., 2014); Greater than one-third of the
cerebral hemisphere affected (Ghotra et al., 2015) and an infarct size of 4%
or greater of brain volume (Grelli et al., 2016) was associated to poor
outcome, as reported in other studies; In the study by Flippi et al., the
computer-assisted volumetric analysis was used and compared to the manual
segmentation technique. In 23 children with AIS, there was a significant
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correlation between the techniques, and between the infarct volume and
PSOM (Filippi et al., 2015).

Recent studies cover the 2021-2023 periods: in 2021 in the “Vascular effects
of infection in pediatric stroke” (VIPS) prospective study, 288 children with
AIS was evaluated using a computer-assisted segmentation method. A study
found that greater infarct volume was associated with worse neurological
outcome at 1-year post-stroke (PSOM); however, the strength of the
relationship was modest (Jiang et al., 2021); Everts and colleagues evaluated
25 patients in the chronic phase using segmentation and ABC/2 methods.
Volume assessed by both methods was significantly associated with
unfavorable long-term outcome (Everts et al., 2023).

According to our study, a statistically significant correlation between lesion
volume and long-term outcome using the segmentation method was found
only with the motor outcome at 6 months but not at >2 years after stroke;
Also, the correlation between the ABC/2 and stroke outcome was not
confirmed.

There are two studies that evaluated modASPECTS in relation to outcome
in childhood AIS with contradictory results: A study by Beslow et al. showed
an association between modASPECTS and a 12-month functional outcome
(Beslow et al., 2021), in contrast, in the study by Blackburn et al. no
correlation was found in the acute phase between the modASPECTS and
motor outcome (Blackburn et al., 2021).

According to our study, a statistically significant association was found
between stroke volume assessed by modASPECT and long-term outcome at
both 6 months and >2 years and with motor deficits >2 years after stroke.
Since modASPECTS is a semi-quantitative scoring system depending on
anatomic structures, each structure includes different volumes of brain tissue
and is scored with the same score. A larger cohort study would allow a
detailed analysis of the relationship between lesion localization and
outcome.

Predictors of Epilepsy
Remote symptomatic epilepsy complicates childhood AIS in 13-24% of
cases (G. A. deVeber et al., 2000; Fox et al., 2013; Hsu et al., 2014; Morais
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et al., 2013; Goeggel Simonetti et al., 2015; Mallick et al., 2014; Nasiri et
al., 2016). Younger age, multifocal or cortical infarction, and presence and
duration of symptomatic seizures at the time of diagnosis (at
manifestation, or within 24-48 hours) are associated with an increased risk of
epilepsy (Fox et al., 2013, 2017).

Children with epilepsy complicating AlS have poorer quality of life (S. E.
Smith et al., 2015) and cognitive outcomes (De Schryver et al., 2000) than
those who do not.

Similarly, according to our study, seizures in the acute phase and combined
cortico-subcortical involvement are associated with a higher risk of
developing epilepsy and epilepsy, on its own, - with an unfavorable
outcome.

Concordance Between PSOM and mRS
We evaluated the presence of disability defined as unfavorable (MRS>2),
requiring help in daily activities in relation to neurological deficits according
to PSOM. Although we were aware that they are measuring different
outcomes, as MRS is a general index, whereas the PSOM has domain-
specific evaluations, we found that they still have a correlation. In particular,
the motor deficit was associated with poor functional outcome.
There is the only study by Bulder et al., which investigated outcomes by
PSOM and mRS, showed that PSOM may overestimate poor outcome when
compared with mRS. The better concordance between the two scales was
revealed when a school performance questionnaire was added to mRS
(Bulder et al., 2011).
Discordant results between the two scales were revealed in four school-aged
children in our study.
MRS is easier to obtain than PSOM and takes less than 5 minutes to be
completed. It reflects functioning in daily life and better corresponds to the
outcome from the child and family perspective. Exploring the needs from
the child’s and family’s perspective would be valuable to adjust appropriate
rehabilitative therapy. Both outcome classifications are applicable for
assessing outcome after childhood AlS.
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Relationship Between Three Methods of Volumetry

In our study, the three methods were compared for their accuracy and their
prognostic value. There was a significant correlation between all three
methods. The highest correlation was revealed between ABC/2 and the
segmentation method. The association was strong in particular for small
lesions (>50ml.), with increasing the lesion size agreement between the
techniques reduced. An explanation may be found in the study by Zhao et
al., which suggested that the ABC/2 formula tends to overestimate large or
irregularly shaped lesions (B. Zhao et al., 2020) because the ellipsoid
formula does not adequately measure certain lesion characteristics, which is
supported by our study. Similar results were reported by Everts et al (Everts
etal., 2023).

Beslow et al. evaluated the interrater reliability of modASPECTS and actual
infarct volume on acute MRI in neonates and children. Although there was
excellent agreement between the two methods, this suggested that
modASPECTS may overestimate or underestimate actual stroke volume,
depending on the same scoring system (one point) based on location, despite
the size and extent of the lesion (Beslow et al. 2012). This idea is supported
in other studies (Barber et al., 2000; Schroder & Thomalla., 2017). Recently,
Mackay et al. investigated the reliability of the same two volumetric
techniques in neonates and defined the correlation between modASPECTS
and segmentation of infarct volume using 3D volumetric slicer software
(Mackay et al., 2020).

Trajectories of Recovery
Reported outcome data showed that the sensorimotor domains of the PSOM
stabilized between 6 months and 1 year after stroke, suggesting the window
for recovery may be inside this time point (Cooper et al., 2017, 2018b). Our
study showed similar findings that significant improvement of sensorimotor
function happened within the period from onset to 6 months of follow-up,
while the frequency of sensorimotor impairments did not substantially
change from 6 months to >2 years, although improved modestly. Thus, early
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mobilization of rehabilitation interventions, especially during the first few
months after stroke might improve the outcome.

There was no statistically significant difference in either language
or cognitive PSOM scores during the long-term follow-up period (>2 years)
in our study. Our study lacks the power to detect the significance of the
differences in PSOM scores between assessment time points across age
groups. But it is reported that the outcomes in speech, cognition, and
behavior may represent an underestimate of deficits and may not be
identified in the short-term follow-up after stroke, particularly in children
under the age of 2 years, since these are more likely to emerge after the age
of 2 years (Westmacott et al., 2009, 2010). According to the IPSS study,
emerging deficits were most common under the age of 1 year, but there was
otherwise no age difference in terms of recovery (Felling et al., 2020).
Early evaluation of a physical and cognitive disability is the key to
preventing avoidable complications and to planning rehabilitation, which
should involve a multidisciplinary team (Royal College of Physicians.
Stroke in Childhood Clinical Guidelines 2017. Accessed April 20, 2018).
The Canadian stroke best practice recommendations on stroke rehabilitation
included a section on pediatric stroke for the first time in 2015 (Hebert et al.
2016). The guidelines review many options, from which the most important
takeaway message is that after stroke children may “grow into their
disability.” With growth, development, and additional physical and
cognitive demands, deficits may emerge and new rehabilitation needs may
be present (Hebert et al. 2016; Ferriero et al., 2019). Long-term follow-up is
required for children with stroke (Ferriero et al., 2019).

Our results highlight the need for long-term serial monitoring of neurologic
and functional outcome after childhood AIS with standardized outcome
measures to identify the impact of stroke in a timely manner, implement
individually tailored early interventions, and develop long-term
rehabilitation strategies.

Evaluation with standardized outcome measures should be performed in all
patients as part of routine screening.
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Diagnostic Delays

The average time for radiological confirmation of the diagnosis in the
hospital is much higher (15 to 24 hours) than the time interval from stroke
symptom onset to arrival at the medical care center (1.7-21 hours) (Ferriero
et al., 2019). According to our study, MRI was performed after >24 hours in
>72% of cases.
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Conclusion
The diagnosis of childhood arterial ischemic stroke (AIS) is often
delayed. In terms of timely recognition, it is recommended to raise
awareness amongst primary care proffesionals, emergency
physicians, and pediatricians;
Cerebral arteriopathy (37.7%) and cardiac disease (9.8%) were the
most common etiology of childhood AIS;
Unfavorable outcome after childhood AIS (moderate and severe
deficits) was observed in a small number of cases — in 30% (PSOM)
and 23% (mRS), recurrent stroke - in 14.8%, epilepsy - in 11.7%
and mortality rate - in 1.64% of cases;
The following predictors of unfavorable outcome were identified: In
the acute phase:

(a) altered state of consciousness,

(b) seizures,

(c) higher scores of PedNIHSS,

(d) multiple infarction,

(e) large artery stroke,

(f) combined cortico-subcortical involvement, and

(9) higher scores of modASPECT (large lesion size),

At the end of the observation period:

(h) epilepsy was associated with an unfavorable outcome;
There was not a statistically significant association between
identified demographic variables, risk factors/etiology, and
recurrent stroke to outcome;

Seizures at manifestation and combined cortico-subcortical
involvement are predictors of epilepsy;

The “recovery window” of motor and language deficits was during
the first 6 months after stroke;

Based on the results of our study, both outcome
classifications (PSOM, mRS) are valid to assess outcome after
childhood AIS;

Being fast and feasible modASPECTS and the simplified ABC/2
formula might replace technically demanding and time-consuming
method, such as segmentation.



Practical Recommendations
Seizures and altered state of consciousness at stroke presentation are
strong predictors of an unfavorable outcome that should be
considered during the management in acute settings.
The PedNIHSS and modASPECTS add prognosis to the outcome
and should be used in acute phase.
Long-term serial monitoring, at least 6 months and 2 years after
stroke is recommended with standardized outcome measures;
Since the "recovery window" is the first 6 months, early
mobilization of appropriate rehabilitative therapy, especially during
the first few months after stroke might improve the outcome;
Arteriopathies are one  of  the most  common risk
factors for childhood AIS, therefore, it is reasonable, to assess
children with AIS with an appropriate neuroimaging protocol for
arteriopathies;
It is important to develop programs of education to improve
knowledge and awareness in diagnosis and emergency management
of pediatric stroke for frontline providers, including pediatricians
and emergency physicians, and for subspecialty providers who care
for children at high risk for stroke, including cardiologists,
hematologists, and pediatric intensivists, as well as the nursing staff
caring for these children.
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