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Pesume

AyTHU3MOT € HEBpPOPAa3BOjHO HAPYIIyBamke KOE TO
KapakTepu3upaaT HapylLlyBamba BO COILMjajHaTa
WHTEPAKIH]ja, ja3UKOT U OmceroT Ha uHtepecu. llo-
HOBH CTYIUM CyrepupaaT IeKa MO30LHTE Ha ay-
TUCTUYKHUTE MAIMCHTH WMaaT 3roJieMeH Opoj Ha
MHUHHKOJIOHH. OBa OTKPHUTHE ITOMara Jia ce 00jacHH
MPUCYCTBOTO Ha MakpoeHUedalnja WiIn 3rojeMy-
Bamke Ha MO3OKOT Kaj 3HaYHMTeNIeH OpOj MalleHTH
co aytuzam. [IpomeHnuTe Ha rojeMuHaTa Ha MO30-
KOT W rupudukanyjata oOMYHO C€ UCTOBPEMEHHU.
Bo oBaa crynuja MMIUIEMEHTHUpPaBME alrOpUTaM
IITO TO MepHU TUPUPHUKAIHUCKUOT TPO30per] BO
MO30LUTE Ha 23 MOCTMOpPTEM ayTUCTHYKH U 16
MIOCTMOPTEM KOHTpOJHM Mo3ouu. Ha HuBO Ha
noBepOa o1 85% anropuTMOT TOYHO KiIacH(HUIHpa
22/23 ayructmuku, cranka Ha TouHocT 0,96, u
15/16 xontponHwm, cranka Ha TogHOCT 0,94. [Ipet-
XOIHUTE CTPYKTYpalHH CTyIMHd HAa HEBPOBU-
3yenu3alMja Kaj ayTHM3MOT T'M HarjiacyBaa BOJY-
METpHUCKHUTE MEpKU. OBUE METOIOJIOTUU CE MHOTY
JyBCTBUTEJIHU Ha CEIMEHTHpamE Ha apTedaxty,
HapyIlIeHu o OykaTa Ha IpeTcTaBara, HelI0CTaTo-
KOT Ha CHJIHU paboBH M mojendata Ha 00ja/TKUBO
Melry pasnudHH CTpykTypHu. CeramHaTa cTyauja
HYJIM HOB TIPWOJ KOH Kiacu(uKalnujata Ha ayTH-
3aMm OaszupaHa Bp3 cTpykrypHata MHP.

OTKpUTHETO My HOCH Ba)KHOCT Ha KIMHUYKOTO
MPETCTaByBame Ha ayTU3MOT OMIejKU 3roieMeHaTa
rupuduKanyja To HaManayBa THPAJIHUOT MPO30per]
W ja OrpaHu4YyBa MOBP3aHOCTa BO KOPUCT Ha KyCH-
T€ KOPTUKOPTHKATHH BJIaKHA.

world experience and current events
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Abstract

Autism is a neurodevelopmental disorder charac-
terized by impairments in social interaction, lan-
guage, and range of interests. Recent studies sug-
gest that the brains of autistic patients have an in-
creased number of minicolumns. This finding
helps explain the presence of macroencephaly or
increased brain size in a significant proportion of
autistic patients. Changes in brain size and gyrifi-
cation are usually concurrent. In this study we
have implemented an algorithm that measured the
gyrification window in the brains of 23 postmor-
tem autistic and 16 postmortem control brains. At
the 85% confidence level the algorithm correctly
classified 22/23 autistics, a 0.96 accuracy rate, and
15/16 controls, a 0.94 accuracy rate. Previous
structural neuroimaging studies in autism have
emphasized volumetric measures. These method-
ologies are very sensitive to segmentation artifacts,
being compromised by image noise, lack of strong
edges, and sharing of color/texture among different
structures. The present study offers a new ap-
proach to the classification of autism based on
structural MRI.

The finding bears relevance to the clinical presen-
tation of autism as increased gyrification reduces
the gyral window and constrains connectivity in
favor of short corticocortical fibers.

HAEDEKTOJIONKA TEOPUJA U IIPAKTUKA 2006; 1-2: 85-101

85


https://core.ac.uk/display/26974686?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

WORLD EXPERIENCE AND CURRENT EVENTS

Knyunu 360posu: aymuzam, macHemua HyKieapHa
pezonanya (MHP), neoxopmexc, MUHUKOLYMHU

Boegeo

AyTH3MOT € UAMONATCKO Pa3BOJHO MCUXH]aTPUCKO
HapyIlIyBamke KOE TO KapaKTepu3upaar 3a0eIeKm-
BA Ne(UIIUTH BO KOMYHHKAIlHjaTa, COIHjajHATa
WHTEpakija U uaTepecu. OBHE HEAOCTATOIN TH-
MUYHO c€ MaHU(ECTHUPAAT BO CTEPCOTHITHUTE MIPH-
MEpOIIM Ha OJTHECYBamE IITO CE OrPAHUYCHH, TTOB-
TOPJIMBU U PUTYTHU. BO TEKOT Ha MOCTHATAITHUOT
pa3Boj, 3HAYWTENEH TMPOIECHT Ha Jenara co
ayTH3aM TOKa)XyBaaT Makpouedainja u mpuapyx-
HO 3roJIeMyBam¢ Ha TEXKHHATA U BOJYMEHOT Ha
M030KOT (MakpoeHuedanuja) (1, 2, 3, 4). Pacnpoc-
TPaHETOCTa Ha Jiela JUjarHOCTUIIMPAHH CO ayTH-
3aM Op30 ce 3roJeMH BO TEKOT Ha MOCICIHUTE He-
KOJIKY Jiekaau. Mako Bo uTeparyparta ce nedatupa
3a MpUYMHATA 33 3TOJIEMYBambETO Ha pacipocTpa-
HETOCTa, HajIoOpUTE MPOIICHKH MOKaXyBaaT JieKa
aytu3moT noroaysa 1 ox 300 mema (5, 6). ETromno-
rijata 3a ayTU3MOT OCTaHyBa HEjacHa, HO HCTpa-
KYBAaWETO Cyrepupa MyITH(HAKTOPCKa Iujaresa,
T.€., B3aCMHO JI¢jCTBYBamhe HA TEHETCKH, Pa3BOjHU
n (akropu Ha xuBOoTHata cpemuHa (7, 8, 9). He
MOCTOM JICKYBamkhe Ha ayTU3MOT, Mel'yTOa, TepareB-
TUTE KOHM CE HACOYYBAaT HA CICU(PUYHU CHMIITO-
MU MOXKE J]a IOCTUTHAT PEe3yIATaTH CO OUTHO MO0~
OpyBame, MoceOHO Kora ce MOYHyBa BO paHa BO3-
pacr.

Ctyauure 3a HEBPOBH3yallu3allMja W HEBPOIATO-
JIOUIKUTE CTYAHU OOENIOJIeHH]ja rojieM el IITO ce
OJTHECYBa Ha MaTOreHe3aTa Ha ayTU3MOT. 3roJjieMy-
Bambe MPU COOUPAHETO HA KIIETKATA U HAMayBarhe
Ha TOJeMHUHATa Ha KJEeTKaTa ce OTKPUEHH BO
JUMOUYKH CHCTEM Kaj Jimiarta co aytu3am (10).
Cryouute Ha MHP naBaat u3Bemirau 3a HaMmanyBa-
Ba BO KOPIYyC KajJo3yM Kaj CyOjeKTHUTE CO ayTHh-
3aM, HO OTKPUTH]jaTa ce HeJOCIEeIHU OKOIly TOa KOj
cerMeHT e abHopmareH (11, 12).

Key words: Autism, magnetic resonance imaging (MRI),
neocortex, minicolumns

Introduction

Autism is an idiopathic developmental psychiatric
disorder characterized by marked deficits in com-
munication, social interaction, and interests. These
deficiencies typically manifest themselves in
stereotypic behavioral patterns that are restricted,
repetitive, and ritualistic. During postnatal devel-
opment, a significant percentage of autistic chil-
dren exhibit macrocephaly and a concomitant in-
crease in brain weight and volume (macroen-
cephaly) (1, 2, 3, 4). The prevalence of children
diagnosed with autism has rapidly increased during
the last few decades. Although the reason for this
rise in prevalence is debated in the literature, best
estimates indicate that autism affects as many as 1
in 300 children (5, 6). The etiology of autism re-
mains unclear, but research suggests a multifacto-
rial diathesis (i.e., the interplay of genetic, devel-
opmental, and environmental factors) (7, 8, 9).
There is no cure for autism; however, therapies
targeting specific symptoms may result in substan-
tial improvement, particularly when started at a
young age.

Neuroimaging and neuropathological studies have
revealed a great deal concerning the pathogenesis
of autism. An increase in cell packing and a reduc-
tion in cell size have been found in the limbic sys-
tem of autistic individuals (10). MRI studies have
reported reductions in the corpus callosum in au-
tistic subjects, but findings have been inconsistent
as to which segment is abnormal (11, 12).
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HamanyBame Ha ryctuHata Ha [lypkuHHeBUTE
KJIETKH € OTKPHEHO BO MaJHMOT MO30K Ha ayTHC-
THIKHOT MO30K (13, 14). MeryToa, mpHUCYyCTBOTO
Ha Hamaau Ha OoiecTa M KOPUCTEHETO Ha aHTU-
KOHBYJI3aHTH MOXe€E Ja NpeTCcTaByBa 00jacHyBame
3a oBHe OTKpHUTHja. IHTepecHo, ctyaunte Ha MHP
MOKaXkaa 3rojieMeH BOJIYMEH Ha IlepebenapHaTta
Oena Maca Kaj MaJid Jielia Co ayTu3aM BO OJHOC Ha
KOHTPOJIHUTE, [10JieKa He € HajleHa HUKaKBa pas-
JIMKa BO BOJYMEHOT Ha IepeOenapHaTa cuBa maca
OCBeH Kkaj mocrtapu manueHTH (15). 3romemysa-
BETO Ha KOpTHKalHAaTa CHBa Maca, HOceOHO BO
(pOHTANHUTE U CIETIOOYHU PETUH, € IpyTra abHOp-
MaJlHa KapaKTepPHCTHKA Ha MO30KOT Kaj ayTHCTHY-
ku manueHTy (16).

[ToHoBu Teopuu Bo oOMJ Ja ja 00jacHAT CHUIIHATA
CHMIITOMATOJIOTHja Ha ayTU3MOT ce 0aszupaar Bp3
a0HOpMaJTHa MMOBP3aHOCT Ha HeBpoHuTe. Om Heo-
JaMHA TIOCTOM TEOpHja JeKa 3roJeMyBameTO Ha
BOJIYMEHOT Ha MO30KOT HW3MEpPEH Kaj ayTH3MOT
MPUMAapHO C€ JODKM Ha aOHOPMAHO TOJIEMUOT
BOJIyMeH Ha Oemata maca (17). Merfyroa, uHTEp-
nperanyjaTa Ha oBaa aOHOPMAHOCT C€ pa3jiMKyBa
Kaj pa3nuyHu HCTpaxKyBadu. Hekow ctyamu my ro
MPUIAIITYBaaT Toa Ha TIPEeKyMepHHOT Opoj Ha
Bpcku (18, 19), noneka apyru cMeTaar Jieka Toa ce
JOJDKY Ha Ace(UIMEHIMja Ha MOBP3aHOCT HAa HEB-
ponute (20, 21). Cenak npyru cyrepupaar aeka
KOMOMHaIlMjaTa Ha JIOKaJHAaTa MpeTepaHa MoBp3a-
HOCT W TOJIEMHOT OIICEI Ha HEJOBOJIHA ITOBp3a-
HOCT, ce 00jacHyBame 3a a0HOPMAITHUOT HEBPAJICH
3aTBOpPEH KPYr HAjACH Ka] ayTUCTHYKUOT MO30K
(17, 22, 23).

Oaa crynuja e oOua Aa ce Hajae MaKpPOCKOIICKH
HEBPOMATOJIONIKK KOpeJaT Ha ayTH3MOT BO OJTHOC
Ha TIOBP3aHOCTA: TUPATHUOT Tpo3opel. Tpaauimo-
HAJIHUTE TEXHWKH Ha BU3yallu3alldja 3aBHCAT O
BOJIYMETPUCKUTE OIUCH Ha CTPYKTYpHTE Ha
MO30KOT IINTO C€ YyBCTBHTEIHH HAa METOAWTE Ha
cermeHTanuja. OBaa CTyJuja TO KOPHUCTH T€OMET-
PUYKHOT METOJ[ TMO3HAT KaKO eNacTHYHa pPerHc-
Tpalnmja 3a J1a ce U3MepaTr pa3lIuKuTe Ha opmara
kaj OenmaTa Maca Ha THPyCHTE Ha 23 MOCTMOPTEM
ckerorpadun Ha MHP kaj nanmenTu co aytuzam u
16 xoHTposHM. XuUIoOTe3aTa € JeKa THUPAIHHUOT
MPO30per K& ce cMajy Kaj MO30IUTe Ha MaI[UeH-
TUTE CO ayTH3aM 3apajyl 3rojieMeHara rupuduxa-
nuja.

A reduction in Purkinje cell density is found in the
cerebellum of the autistic brain (13, 14). However,
the presence of seizures and use of anticonvulsants
may account for some of these findings. Interest-
ingly, MRI studies have shown an increased vol-
ume in cerebellar white matter of young children
with autism relative to controls, while no differ-
ence was found in the cerebellar gray matter vol-
ume except in older patients (15). Cortical gray
matter enlargement, particularly in the frontal and
temporal lobes, is another abnormal feature of the

brain of autistic patients (16).

Recent theories attempting to explain the pervasive
symptomatology of autism are based on abnormal
neural connectivity. It is currently theorized that
the increase in brain volume measured in autism is
primarily due to an abnormally large white matter
volume (17). The interpretation of this abnormal-
ity, however, differs among investigators. Some
studies attribute it to an excess number of connec-
tions (18, 19) while others consider it a deficiency
in neural connectivity (20, 21). Still others suggest
that the combination of local overconnectivity and
long-range underconnectivity account for the ab-
normal neural circuitry found in the autistic brain
(17,22, 23).

This study is an attempt at finding a macroscopic
neuropathological correlate to autism that relates to
connectivity: the gyral window. Traditional imag-
ing techniques depend on volumetric descriptions
of brain structures that are sensitive to segmenta-
tion methods. This study utilizes a geometric ap-
proach known as elastic registration in order to
quantify shape discrepancies in the white matter of
gyri in 23 postmortem MRI scans of autistic pa-
tients and 16 controls. The hypothesis is that the
gyral window will be diminished in the brains of

autistic patients due to increased gyrification.
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Mamepujanu u memoou

Cpeodysarve na nooamouyu u npumepouu

[MocTMopTem Mo3o1u O6ea qoouenu co [Iporpamara
ayructnuku TkuBa (ITAT). Jujarnosara 3a cexoj
MaruedT Oemre MmocraBeHa o AYTHCTHYKOTO M-
jarHocTHuko WHTEpBjy-peBuaupano (AJINP). bea
AHATM3UPAHHA TIOCTMOPTEM MO30IH Of 23 TaIueH-
TH cO ayTh3aM (CpeleH MHTEpBaN Mely CMpPTTa H
ayromcyjara: 25.8 waca) m om 16 KOHTPOIHH
(cpenen wHTEpBan Mery CMpTTa M ayToIlcHjaTa:
20.4 gaca) (Tabena 1).

Tabena 1. Knunuuku xapaxmepucmuku Ha ciyyaesume

Materials and methods

Dataset and specimens

Postmortem brains were obtained from the Autism
Tissue Program (ATP). Diagnosis for each patient
was established by the Autism Diagnostic Inter-
view-Revised (ADIR).

Postmortem brains from 23 autistic patients (mean
interval between death and autopsy: 25.8 hours)
and from 16 controls (mean interval between death
and autopsy: 20.4 hours) were analyzed (Table 1).

Table 1. Clinical characteristics of the cases included

BKIYUEHU 80 08ad cmyouja

in this study

= <
s 3 5 8
- £n £ % =233 Gl £z
£2 -7 £5 IziZ =232 sz  S3
§C E8 2< £3FCE 83 = 22
Al M 56  AHokcuuHa eHuedaonaTuja Benadryl/ , Cogentin/1 mg, Haldol/5 mg, 1630 19.5
™M) (Anoxic Encephalopathy) Lithium/300 mg, Lithonate/300 mg,
Thorazine/50 mg, Xanex/
K1 M 14  Enextpokyuuja/cMpT Of HU 1464 20
Cl ™M) €JIEKTPUYHA CTPYja (NH)
(Electrocution)
A2 M 44  AxyTeH MHOKapjeH HH(pApKT Mellaril/50 mg, Mellaril/100 mg 1530 30.8
™M) (Acute Myocardial Infarction)
K2 M 27 beceme HU 1330 21
C2 ™M) (Hanging) (NH)
A3 M 27  JaBewe Synthroid/ 1575 8.3
™M) (Drowning)
K3 M 43 Tpombo3a Ha JieBaTa IpeHa HU 1600 24
C3 ™M) HaJI0JIHA KOPOHApHa apTepuja (NH)
(Thrombosis of Left Anterior
Descending Coronary Artery)
A4 M 20 CamomoBpenyBambe Benzamycin Gel, Minocin/100mg 1144 23.7
™M) (Auto Trauma)
K4 M 45 HU 11.5
C4 ™M) (NH)
A5 M 64  Cemnca Ferrous Sulfate/0.325 mg, Furosemide/40 mg, 1450 18.5
M) (Sepsis) Hyoscyan/0.375 mg, Lanoxin/0.125 mg,
Mellaril/, Paxil/10 mg, Phenobarbital/,
Risperdal/3 mg, Verapamil/40 mg, Warfarin
Sod./5 mg
K5 M 24 HU 19
Cs5 ™M) (NH)
A6 M 16  TlpecraHok Ha AWIICHE Orap (Pimozoide)/2 mg, Orap (Pimozoide)/6 1990 47.9
™) (Stopped Breathing) mg, Orap (Pimozoide)/4 mg, Orap
(Pimozoide)/4 mg
Ko6 M 14 HU 18.5
C6 ™M) (NH)
A7 XK 11  Haman u maBeme BO Kaga Adderall/ , Dexadrine/5 mg, Dilantin/, 1460 12.9
) (Seizure & Drowning in Tub) Klonopin/0.5 mg, Lamictal/, Tegretol/,
Topomax/25 mg
K7 M 17 HU
C7 ™M) (NH)
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A8 M 13  Hamanx Depakote/, Dilantin/, Ritalin/, Tegretol/325 mg, 1470 8
M) (Seizure) Zoloft/6 mg
K8 M 27  Aptepuockiepo3a Ha KopoHapuure ~ HU 16
C8 ™M) apTepuu U aopTara (NH)
(Arterioslerosis of coronary arteries
and aorta)
A9 M 5 Acoukcuja 3apagu 1aBeme Prozac/1.75ml 1560 25.5
™M) (Asphyxia Due To Drowning)
K9 M 18 HU 20
C9 ™M) (NH)
Al0 M 8 Capkom HU 1570 22.2
™M) (Sarcoma) (NH)
K10 M 48  Aprepuockiepo3Ha cpuesa 6bomect  HU 1412 24
C10 ™M) (Atherosclerotic heart disease) (NH)
All M 5 AKyTHO pecriipaTopeH ITUCTpec Depakote/250mg, Prednizone/50mg 1250 15.58
™M) (Acute Respiratory Distress)
K11 M 59  Cpues 3acT0j HU 1622 24
Cl1 ™M) (Cardiac arrest) (NH)
Al2 M 32 MoKeH TOILIOTEH yaap HU 1694 28.65
™M) (Possible heat stress) (NH)
K12 M 1.8 HU 24
Cl12 ™M) (NH)
Al3 M 10  XepHujauuja Ha MO304HOTO cTeOno  Prevacid, Prozac, Zyrtec 1680 74.5
™) (Brainstem Herniation)
K13 X 4 JlumdouuteH MUOKapAUTHC HU 1222 21
C13 (F) (Lymphocytic Myocarditis) (NH)
Al4 M 8  AKyTeH MHOKapIuTHC Depakote, Resperidone 1525 20.3
™M) (Acute Myocarditis)
K14 M 6 HU 1600 19
Cl4 ™M) (NH)
AlS M 27 HesponenTuueH MaluTHEH Chlorpromaz/100mg, Dalmane/30mg, 1420 30
M) CUHJPOM Lorazepam/2mg, Prolixin/10mg
(Neuroleptic Malignant
Syndrome)
K15 M 45  ®neborpoMb03a, 1Ta00KH BEHH, Dilantin/ , Tegretol/ 1530 20.3
C15 M) JIOJIHU €KCTPEMHUTETH
(Phlebothrombosis, Deep Veins,
Lower Extremities)
Al6 M 25 HerpaymaTtnyHa enuiencuja Clonazepam/1mg, Depakote, Dilantin/50mg, 1220 26
™M) (Non-Traumatic Epilepsy) Risperdal/2mg
K16 M 42 Cpues 3actoj Clariton, Provental Inhaler, Singular Standard, 1476 24
Cl6 M) (Cardiac Arrest) Skelaxion, Synthroid, Ventolin Inhaler, Vioxx
Al7 M 9 JlaBeme HU 1620 39
™M) (Drowning) (NH)
Al8 M 15 TpombGo3a BO maHKpeacoT Depakote/250mg, Depakote/100mg, 4
™M) (Blood Clot in Pancreas) Depakote/750mg, Depakote/250mg ,
Methylphenidate/20mg, Ritalin/10mg,
Ritalin/15mg, Ritalin/10mg
Al19 K 16  T'pann man emunerncuja NH 1230 9
(F) Seizure Disorder (Grand Mal (NH)
Epilepsy)
A20 M 13 HU
™) (NH)
A21 M 5 aBeme Reminyl/4mg, Zyprexia/10mg 1620 39
™M) (Drowning)
A22 XK 5  CamornoBpenyBame 1390 13.25
(F) (Auto Trauma)
A23 XK 21 OncTpyKTHBHA ITyJIMOHAITHA Depakote/125mg, Depo-Provera, Mellaril/25mg, 1108 50
(F) Gonect Ritalin, Zoloft/50mg, Zyprexa/25mg

(Obstructive Pulmonary Disease)

A aymuszam, K xonmpoanu, M mawxu, K scencku, TM meorcu- A Autism, C control, M male, F female, BW brain weight, PMI
na na mosox, IIMH nocmmopmemcku unmepgan, 200 200utu, postmortem interval, y years, g grams, h hours, NH no his-
ep epamosu, ¥ yacosu, HU nema ucmopuja. tory.
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Oopabomka na mkueo

Mo3onure Oea moxarorsenu Bo 10% mydepupan
(hopmanuH BO BpEMEHCKH Orcer of 6 Heaenu u 15
Meceld. Bo TeKOT Ha MOCTMOpPTEM CIHKAamETO, MO-
30LMTE CE YyBaa BJIAYKHU BO TEKOT HA CKEHOT 3a Ja
Ce 3adyBaaT CBOjCTBaTa Ha TKHBOTO. Tue He Oca
€IHOCTaBHO MOTOHATH BO TEYHOCTA, OMJIEJKH MTOBP-
3yBameTo (MHTEepdejcoT) Mely MOBpIIMHATA Ha
MO30KOT U T€YHOCTa HE € JIECHO BHJUIMBA IIPU CKe-
Hoeute Ha MHP. 3a na ce pemu oBoj npo0Oiem, Oe-
11e KOHCTPYUPaH caj o IMJIEKCHUTJIAC CO MPHIPYK-
HH CTPYKTYpH H BojeHa Oama Ha 120° F Ha qHOTO
3a J1a ce OJIp KyBa BIIAYKHA CPEeIMHA IITO Ke ja 3ady-
Ba BJI&KHOCTa HA MO30KOT BO TEKOT Ha MPOLECOT
Ha cKeHupameTo (24). Mo3onure 6ea uceyeHu BO
cepuja o 1.6 mm neGenn KOPOHAITHH PE3CHKH CO
MerypeseHckd mporien o1 0 mm, Koj J03BOJH Iie-
JIOCHO orm(aKkame Ha MO30KOT.

Coouparve na nooamouu

Cepuja Ha moctMopTeH MHP cekBeHIM KOpUCTEHH
BO OBaa CTyJuja BO JeTaiu ce onumanu ox llly-
MaH u copabotHunm. (24). 3a ma ce onTUMH3Mpa
KOHTPACTOT Ha CYICTaHIIaTa BO Oelo-chBaTa mMaca
Ha MO3OIUTE HATOIICHH BO (OPMAJIMH, C€ KOpHC-
TeIllle cepyja CIMKama Ha TEKWHATA Ha TYCTHHA Ha
poTOHOT Bo koe bM (Oemara maca) ce mojaByBa
temHa, CM (cuBara Maca) ce IojaByBa CBETJIa, a
LHCT (uepeOpocnmHamHa TEYHOCT) C€ jaByBa
MmocBeTa. 3apaau mpobieMuTe Ha QuKcanujata u
OTCTPaHyBamkeTO Ha MO30KOT OJ YepernoT, TOJIeMHU
1aboKM Tpeceny c034aBaaT HCKPUBYBama LITO
Oo0OMYHO ce OTKpuBaaT mpu ckeHoBuTe Ha MPC.
CnukameTo ce u3Belle Ha JIBE MecTa: eIHOTO KO-
puctenie Signa Genesis (GE memuruncku cucte-
MH) co MarHercko mone ox 1.5T, Bpeme Ha
noBTopyBame (BIT) 6700 ms, Bpeme Ha oxek (BO)
8 ms, u 7 moBropeHu HazapasHyBama (NEX). Cnu-
KWTE HalpaBeHH CO OBOj CKEHEpP MMaa rojieMuHa
Ha Bokcen ox 0.3125 mm x 0.3125 mm x 1.6 mm.
Hpyroro mecto ymorpedbu MAGNETOM Allegra
(Siemens) co 3 T marnercko none, BIT = 600 ms,
BO = 32ms, and NEX = 1. T'omemunara Ha
BOKCEJIOT Ha CIMKHUTE BO OBaa cepwja Oere
0.781 mm x 0.781 mm x 1.5 mm.

Ananuza na ciuka

IlenTa Ha aHanu3aTa Ha clMKaTa Oelle Ja ce U3Me-
pH pasnukaTa Mery popmara Ha OenaTa Maca Ha

Tissue processing

Brains were fixed in 10% buffered formalin for a
range of time between 6 weeks and 15 months.
During postmortem imaging, brains were kept
moist for the duration of the scan in order to pre-
serve the properties of the tissue. They were not
simply submerged in liquid because the interface
between the surface of the brain and the liquid is
not easily discernable in MRI scans. To solve this
problem, a Plexiglas container with supporting
structures and a 120° F water bath at the bottom
was constructed in order to maintain a humid envi-
ronment to sustain brain moisture during the scan-
ning process (24). Brains were cut into a series of
1.6 mm thick coronal slices with 0 mm interslice
gap, which allowed full coverage of the brain.

Data Collection

The post-mortem MRI sequences used in this
study are described in detail in Schumann et al.
(24). In order to optimize white-gray matter sub-
stance contrast in formalin-fixed brains, a proton
density weighted imaging sequence was used, in
which the WM (white matter) appears dark, the
GM (gray matter) appears light, and the CSF
(cerebral spinal fluid) appears brighter. Due to
fixation problems and removal of the brain from
the skull, large deep cuts create distortions com-
monly revealed in MRI scans. Imaging was per-
formed at two sites: One used a Signa Genesis (GE
Medical Systems) with a magnetic field of 1.5 T,
repetition time (TR) 6700 ms, echo time (TE)
8 ms, and 7 repeated excitations (NEX). Images
produced by this scanner had a voxel size of
0.3125 mm x 0.3125 mm X 1.6 mm. Site two em-
ployed a MAGNETOM Allegra (Siemens) with a
3 T magnetic field, TR = 600 ms, TE = 32 ms, and
NEX = 1. Voxel size of images in this series was
0.781 mm % 0.781 mm x 1.5 mm.

Image Analysis

The objective of image analysis was to quantify
the difference between the shape of white matter
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Cy0jexTuTte cO ayTu3aM M KOHTPOJHHTE (HOpMa-
HUTEe) 63 J]a ce KOpUCTaT TPAAUIIMOHATTHUTE BOJTY-
METPUCKH MEpKH. 3a Ja ce MOCTUTHE OBaa IIeJ
Npe/UIOKeH Oelle CHCTeM 3a aHaln3a Ha CIHKa
IITO CE COCTOM O]l TPHM MOCTANKH: 1) HaMalyBame
Ha Oykata W e(EeKTOT O JCIyMEH BOJyMEH, 2)
cerMeHTanuja Ha OeynaTa Maca, U 3) aHamu3a Ha
(dhopmara. OBOj KOMIUIETCH CUCTEM € NMPUKaKaH HA
Crnuxa 1.

for autistic subjects and controls (normals) without
using traditional volumetric measurements. To
achieve this goal an image analysis system con-
sisting of three steps was proposed: 1) reduction of
noise and partial volume effect, 2) white matter
segmentation, and 3) shape analysis. The complete
system is shown in Figure 1.

MPC
CKEH
a
1

Cnuka 1. [Ipeonooicen cucmem 3a aHanu3a Ha CiuKd

Edgexmom na namanyeare na 6ykama u Ha
O0eJIYMHUOM 80Ty MEH

enTa Ha ciukara Ha ,HaMalyBamke Ha OykaTa“ u
e()eKTOT Ha PEAYLUPAKE HA ISTYMHUOT BOJIYMEH €
Jla c€ OTKpHUE CHBOTO HHMBO INTO ja MUHUMH3UpA
pasimkara Mery BOKCEIWTe W HUBHOTO COCEICTBO
(26-Bokcenn), mpuKakaHu Ha ci. 2. 3a ;ma ce
MOCTUTHE OBaa 1en Oemre yrmorpeOeH MOAEIOT Ha
I'mbc xaxo Mozen 3a cekoj ckeH Ha MHP. Ce ko-
pHcTelIe MEeTo/ia Ha CIylITake Ha KocuHa (Tpa-
JIMEHT) 3a JIa Ce HajJe CUBOTO HHUBO INITO ja MUHH-
MH3Hpa cienaHara enepruja Ha ['moc (25).

Figure 1. The proposed image Analysis System

Reduction of Noise and Partial Volume Effect

The goal of image “denoising” and reduction of
partial volume effect is to find the gray level that
minimizes the difference between the voxels and
their neighborhood (26-voxels), shown in Fig. 2.
To achieve this goal a Gibbs model was used as a
model for each MRI scan. A gradient descent
method was used to find the gray level that
minimized the following Gibbs energy (25).

min
p(FF)={a:F,(d-a)-a<F,(d)<F,(d+a)+a}
a

Kaoe b,o,q, p,u A ce xoncmanmu. Pesynmamom 00

Kopucmere Ha 080] NPUOO 34 PA3IUYHU CEeMOSU HA
nooamoyu e npuxaxcar va Cnuka 3.

A%

Cnuxka 2. 3/] Cucmem na coceocmeo (N )

Where b,o,q, p,and A are constants. The result of

using this approach is shown in Figure 3 for different
data sets.

V

Figure 2. 3D Neighborhood System (N )
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Cnuka 3. Pesynmamu 00 Memooom Ha HaMAysarse Ha
bykama: caukama npeo (2o0pe) U no HAMALy8arbemo Ha
b6yxama (0ony).

Cecmenmauuja na 6enama maca

Ilenta npu UMIIEMEHTHPAKETO HA OBaa MOCTAIKa
Oeme TOYHO Jla ce cerMeHTHpa Oenara maca BO
cimkute Ha MHP. 3a 1ma ce mocTurae omaa 1ien,
MpeTXOAHO C€ MPUMCHHU METOJO0T Ha CTOXACTUYCH
m3o0mmayBadku Mozen (26, 27). Cunata Ha anro-
PUTMOT BO OJTHOC Ha BPEMETO 3a MPECMETYBAE H
pobycHOcTa ce JOKM Ha ymoTpebaTa Ha B3aeM-
HUTE BEPOjaTHOCTH HA CUTHAJIUTE U PETHOHATHHUTE
o0erexxyBamba BO WHAMBHUIYyAHUTE TOYKH KaKo
HAJBOPEIIHU CHUJIM IITO ja BOAAT CBOJyIMjaTa Ha
MozaenoT. OBHE B3aeMHH BEpOjaTHOCTU C€ W3BIIC-
YeHH O] MOJIEJIOT Ha CIIMKa Ha CIy4ajHO I0JIe Ha
Mapkog-I'u6ec (CIIMI') mro moapa3zbupa ciuka
KaKo MPUMEPOK OJT ABa MeT'yCceOHO MOBP3aHu IIPOC-
TOPHHU CTOXaCTHYKHU Tporiecu. [Iporecor Ha HUCKO
HUBO CO YCJIOBHO HE3aBHCHU U IPOM3BOJIHO pac-
TIpeNIe]IeHn CHTHAIM Ce€ TIOBpP3yBa CO HAOJBYIy-
BaHATa CJIVKa, JI0JIeka HeroBara CKpHeHa KapTa co
PErHOHU € MpeTcTaBeHa co BUCOko HUBO Ha CIIMIT
O] HE3aBHUCHU PETHOHATHHM o0enexyBadn (25).
MapruHaiHUTe BEpOjaTHH AHUCTpUOyHpama Ha
CUTHAJIM BO CEKOj PETHOH Ce MpuOUpaar on AMC-
TpuOyHpame Ha MemaH EMIIMPUYKH CHTHAII Bp3
1enara CIimKa.

Figure 3. Results of denoising approach: images before

(top) and after (bottom) denoising.

White Matter Segmentation

The aim in implementing this step was to accu-
rately segment the white matter in the MRI im-
ages. To achieve this goal a previous stochastic
deformable model approach was implemented (26,
27). The power of the algorithm in terms of
computation time and robustness is owed to the
use of joint probabilities of the signals and region
labels in individual points as external forces guid-
ing the model evolution. These joint probabilities
are derived from a Markov—Gibbs random field
(MGRF) image model which considers an image
as a sample of two interrelated spatial stochastic
processes. The low level process with condition-
ally independent and arbitrarily distributed signals
relates to the observed image whereas its hidden
map of regions is represented with the high level
MGRF of interdependent region labels (25). Mar-
ginal probability distributions of signals in each
region are recovered from a mixed empirical signal

distribution over the whole image.
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[IpaBejku Taka, cekoe MapruHaIHO OUCTpHOymMpa-
BE Ce MEpH MPHONIMKHO CO JTMHEapHaTa KOMOMHa-
uuja Ha [aysujanc (JIKI') uMajku TM ¥ TO3UTHBHU-
Te U HeraTuBHUTE KoMmrioHeHTH (28). [lapamerpure
Ha JIKI ce mpecMmeryBaaT KOPHUCTEjKH ja TPETXOI-
HO TIpe/uIokeHara Mmoaudukanuja Ha EM anropur-
MOT, @ BUCOKOTO HMBO Ha ['MOCOBUTE MOTEHIN]jaIH
ce IpecMeTyBaaT aHanuTHYku. KommapaTuBHuTE
SKCIIEPHUMEHTH TOKKYBaaT JAeKa IPEIOKEHHOT
MOJIeJ TH UCHPTYBa KOMIUTUIIMPAHUTE TPAaHULU Ha
Pa3InYHUTE MOJAIHU 00jeKTH MHOTY MOTOYHO OJ
Ipyru no3Hatu meronu. Ciamka 4 mpukaxysa MpH-
Mep Ha cerMeHTanuja Ha Oenata Maca KOPHCTEJKH
T'O OBOj METO]I.

Cnuxka 4. Cezauenmayuja Ha benrama maca KOpucmejrku
20 memooom npeonodcer 60 (26, 27); (a) yen Mo30k, u
(6) nonosuna Mo30K.

Ananuza na gpopma

Jla ce cHUMM pa3nuKaTa Ha TycTHHaTa Ha Oenara
Maca Mel'y ayTHUCTHUYKUTE M KOHTPOJHHTE CyOjex-
TH, Oellle IpenBHIcHA KapTa Ha pacTojanue Bo 3 /]
cermeHTUpaHa Oena mMaca. bunejku rupudukanmja-
Ta e npuMapeH (aktop Ha nudepeHnrjanuja Mery
AyTHCTHYKATE W KOHTPOJHHUTE CYOjekTH, Oere
MpeBUJICHA KapTa Ha pacTojaHue 3a paboT Ha Oe-
nara maca Bo rupycute (Cnmka 5). Kaprata Ha
pacTojaHWe Ha Koja OWJIO TOYKa BHATPE BO CeT-
MEHTHUPAHUOT 00jeKT ce NeUHHpa KaKO MUHUMYM
EBknmnoBo pactojanue o rpaHunata. MeTogoT 3a
IIpecMeTyBame Ha T'yCTHHATa Oellle KOPUCTEH 3a Ja
Ce HajAe ONTHMAIHHUOT Ipar IITO MPaBH Pa3iuKa
Merly pacTojaHujaTta oXl THpHQHKanyjaTa Ha Oenara
Maca M pacTojaHujaTa OJ] APYTUTE TKHBa Ha Oemara
Maca Kako LITO € npukaxaHo Ha Ciuka 5.

In so doing, each marginal is approximated with a
linear combination of Gaussians (LCG) having
both positive and negative components (28). The
LCG parameters are estimated using the previously
proposed modification of the EM algorithm, and
the high-level Gibbs potentials are computed ana-
lytically. Comparative experiments show that the
proposed model outlines complicated boundaries
of different modal objects much more accurately
than other known counterparts. Figure 4 shows an
example of white matter segmentation using this
approach.

(6)

Figure 4. White matter segmentation using the ap-
proach proposed in (26, 27), (a) Full brain, and (b) Half
brain.

Shape Analysis

To capture the thickness in white matter difference
between autistic and control subjects, the distance
map inside the 3D segmented white matter was
calculated. Since gyrification is the primary differ-
entiating factor between autistics and controls, the
distance map for the edge of the white matter was
only calculated within the gyri (Figure 5). The
distance map at any point inside the segmented
object is defined as the minimum Euclidian dis-
tance from the boundary. The density estimation
approach was used to find the optimum threshold
that discriminates between the distances from
white matter gyrification and the distances from
the other white matter tissues as shown in Figure 5.
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(6)

Cnuxka 5. Kapma na pacmojanuemo 3a pabom Ha 6ena-
ma maca npedsuden 60 NOBPUUHAMA HA KOPMEKCOm
(ypsena), uckiyuysare Ha jaopomo (bena); (a) nono-
8UHA MO30K U (0) yen MO30K.

TounoTo mpecmeTyBame Ha d(i,j) 6apa Bpeme, mo-
ceOHO Kaj rojieMHd BOJYMEHH. 3aroa, d(i,j) MOXe
JUCKPETHO MPHONMKHO J1a C€ M3MEPH KOPHCTEJKH
kiebeH MeTpuukd cucteM (29) Wi KOHTHHYHpa-
HO IpUOIMKHO MEpeme co pellaBame Ha Enkona-
JoBaTa paBeHKa, KOPUCTEjKU IO METOJOT Ha Op3a
mporpecuja (MBII) (30). Mako MBII e HajcTabu-
JIeH W TIOCTOjaH METO]l 3a pelllaBare Ha OBaa pa-
BEHKA, TO] T0jaByBa MHOTY HYMEPHUYKH TPEIIKH
JOJDK AWjarOHaJJHUTE HACOKH. 3a Ja ce IMONpaBH
0BOj mpo0JieM, OBaa CTy/Hja UMIUIEMEHTUPA MTOHA-
npenHa Bep3uja Ha MBII koja e co BicOKa TOUHOCT
Ha Kapresujanckurte nomenu. OBOj HOB METOJ ce
HapeKyBa MYyJITHMAaTpudHa Op3a  mporpecuja
(MMBII), xo0j TO mpecMeTyBa CEKOe pelleHre MPH
CeKoja TO4Ka co pemaBame Ha EukoHanmoBaTa pa-
BEHKA JOJDK HEKOJIKY MaTpHULM U IO oa0upa pele-
HUETO MITO ja 33J0BOJTyBa Kay3allHaTa MOBP3aHOCT
Ha Op3ara mporpecuja. MaTpunure ce HeHTPUPAHH
Ha CEKOja TOYKA U T MMOKPHUBAAT IEJIOCHO HajOuC-
kute cocemu. Bo 2/ mpocroport, 2 marpuitu omnda-
kaar 8 cocenu (2 cocea XOpU30HTAIHO, 2 BEPTH-
KaJHO M 4 I1jaroHallHO). 32 OHME MATPHIIH IITO He
ce CIUIOTEHH CO HPUPOAHUOT KOOPAMHATEH CHC-
TeMm, EMkoHanoBara paBeHKa ce JOOMBa KOPHUCTE]-
KU (UKCHpaHU JCPUBATH, a TOTOA € PeIlIcHa KO-
pHcTejku 1IeMa 3a (UHUTHA pa3inKa OJ MOBHCOK
pexn. (31)

-

Figure 5. Distance map for the edge of white matter
calculated within the cortex surface (red), excluding the

core (white) (a) half brain and (b) full brain.

The exact computation of d(i,j) is very time con-
suming, especially in large volumes. Therefore,
d(ij) can be discretely approximated using cham-
fer metric (29) or continuously approximated by
solving the Eikonal equation, using the fast
marching method (FMM) (30). Although the FMM
is the most stable and consistent method for solv-
ing this equation, it suffers from large numerical
error along diagonal directions. To rectify this
problem, this study implements an improved ver-
sion of the FMM that is highly accurate on Carte-
sian domains. This new method is called multi-
stencils fast marching (MSFM), which computes
the solution at each point by solving the Eikonal
equation along several stencils and then picks the
solution that satisfies the fast marching causality
relationship. The stencils are centered at each point
and cover its entire nearest neighbors. In 2D space,
2 stencils cover the 8-neighbors (2 neighbors hori-
zontally, 2 vertically, and 4 diagonally). For those
stencils that are not aligned with the natural coor-
dinate system, the Eikonal equation is derived us-
ing directional derivatives and then solved using
the higher order finite difference scheme. (31)
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Kymynamuenama oucmpuodyyucka gpynkyuja
(K/I®) kako ouckpumunamopcka
Kapakmepucmuxa

Kymynarunara auctpubynmcka gpynkumja (KAD)
¢ rpaduuKo MpETCTaByBamke Ha KapTara Ha PacTo-
jarueto. Kora ce mpuMeHr Ha KapTHTE Ha pacToja-
HHAETO Ha CerMEHTHpaHaTa Oeira maca Kaj ayTHC-
TUYKUTE W KOHTPOJHHUTE CYOjeKTH, CEKoja Kjaca
oerrre rienocHo omaeneHa (Ciouka 6A).

AyTHCTUYHU
(Autistic)

0.9

0.8
0.7
0.6
0.5¢

KonTponuu
0.4F (Controls)
0.3
0.2]

0.1F,

DyHKIHja Ha KyMyJIaTHBHA JUCTPUOYIHja
(Cumulative Distribution Function)

2

o5

Pacrojanue
(Distance)

Cnuka 6. (neso) Kymynamuenama oucmpubyyuja Ha
Kapmama Ha pacmojanuemo 60 14 ceemenmupanu cyo-
jexmu (cedym HOpMaAnHu u cedym co aymuszam) u (Oec-
Ho) coodsemen npocex Ha KAD (pyuxyuuu na xymyna-
muera oucmpubyyuja).

Knacugpurxayuja kopucmejru

00NOIHUMENHO pacmojanue

3a na ce kopuctu KJI® 3a xnacuduxanmja Ha cyo-
JEKTHTE KaKO KOHTPOJHU U ayTUCTHUYKH, C€ IIpec-
MeTa JOTOJHUTEIHO pacTojaHue. J{ONOIHUTETHO-
TO pacrojanue ce aeduHHpa Kako pasiuka Mery
KJI® Ha pacTojaHHja O HaieH 00jeKT U MPOCeK Ha
KAD® nHa ayTHCTHYKH M KOHTPOJHHU CyOjeKTH
(Cnuxa 3b). MaTemMaTH4KH, TONOJHUTEIHOTO pac-
tojanue mery KJI® Ha HemosHar oOjekt F, u
mpocek Ha KJ/I® Ha aytucrmuku cyOjektu Fn ce
neUHUPa KaKO IITO CIICIH:

TIpoceuna (yHKIM]ja HAa KyMyJaTHBHA JUCTPUOYLIHja

The cumulative distribution function (CDF) as a
discriminatory feature

The cumulative distribution function (CDF) is a
graphical representation of the distance map.
When applied to the distance maps of segmented
white matter for autistic and controls subjects, each
class was completely separable (Figure 6A).
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Figure 6. (Left) Cumulative distribution of distance
map inside segmented 14 subjects (seven normal and
seven with autism) and (Right) the corresponding
average CDFs.

Classification using

Levy distance

In order to use the CDF to classify subjects as
control or autistic, the levy distance was calcu-
lated. The levy distance is defined as the distance
between the CDF of the distances of a given object
and the average CDF of autistic and control sub-
jects (Fig. 3B). Mathematically, the levy distance
between the CDF of unknown object F, and the
average CDF of autistic subjects F, is defined as
follows:

min
p(FF)={a:F,(d-a)-a<F,(d)<F,(d+a)+a}
o
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Cnuyno KD 3a F, ce cnopeaysa co KJI® na Fy
32 HOPMAJTHUTE Cy0jeKTH.
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Cnuxka 7. Knacugukayuja na nenosnam (3eneHo) Kopuc-
mejKu 0ONnoaHUmenHo pacmojarnue (p).

Pezynmamu

Kako mro ce mpermocraByBamie, neOennHaTa Ha
KOpTHKagHaTa (THpaigHa) Oema Maca Oerre moroie-
Ma Kaj KOHTPOJHHUTE M MOoMayia Kaj CyOjeKTUTe Cco
ayruzaMm. OBa ce TpemnuIla Ha MoroieMara TUPH-
(ukamnyja HajIeHA Kaj AyTHCTHIKUTE CYOjeKTH IITO
T'0 3aTBOpa THPAIHUOT MPO30peEl] TaKa J03BOTYBaj-
K1 Tioman mpocTop 3a Oenara maca. Tabenara 2 ja
MPUKaXyBa TOYHOCTA Ha PE3yNTATHTE OJ] KIACH-
¢ukanmjaTa 3a CEKOj MOCTMOPTEM MO30K. Tou-
HOCTa Ha KinacudukanujaTta Oemle mpukaxxana Ha 3
HUBOA Ha JoBepOa - 85% moepba, 90% nosepda u
95% noBepba. Kako mro ce ouexysae, 85% HUBO
Ha JoBepOa najze HajmoOpu pe3yaTaTd — TOYHO
knacudunupajku 22/23 ayTUCTHYKH CyO0jeKTH, CO
0.96 cranka Ha TOYHOCT, ¥ 15/16 KOHTpOIHH CYO-
jextu, co 0.94 cranka Ha TouHoct. Ha 90% HuBO
Ha goBepOa, 22/23 ayTucTHYKHUTE CyOjeKTH cC yII-
Te 0Oea KOPEKTHO KIacHU(pUIMpaHH, MeryToa, Kaj
14/16 xoHTpOJHU CYOjeKTH KOPEKTHO KJIACH(PHUITH-
paHu, cTankara Ha TouHocT JocturHa g0 0.88. Hu-
BOTO Ha JoBepOa on 95% wmmare moManu CTamku
Ha TOYHOCT 3a JIBETE TPYITH; KOPEKTHO KIACHU(DHIIH-
pajku 20/23 aytuctuuku, co 0.87 cramka Ha TOY-
HocT 1 14/16 koHTpOdHHU cyOjektu, co 0.88 cramka
Ha TOYHOCT.

Similarly the CDF for F, is compared to the CDF
of Fy for normal subjects.

JlononuuTenso _
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(Levy Distance)

0.8

0.8p
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Figure 7. Classification of unknown (green) using levy
distance (p).

Results
As hypothesized, the thickness in cortical (gyral)

white matter was greater for controls and smaller
for autistics. This is attributed to the greater gyrifi-
cation found in autistics which closes the gyral
window hence allowing smaller room for white
matter. Table 2 shows the accuracy of classifica-
tion results for each postmortem brain. Accuracy
of classification was performed at 3 confidence
levels — 85% confidence, 90% confidence and 95%
confidence. As expected, the 85% confidence level
yielded the best results — correctly classifying
22/23 autistics, a 0.96 accuracy rate, and 15/16
controls, a 0.94 accuracy rate. At the 90% confi-
dence level, 22/23 autistics were still classified
correctly, however, 14/16 controls were correctly
classified, bringing the accuracy rate for controls
down to 0.88. The 95% confidence level had
smaller accuracy rates for both groups; correctly
classifying 20/23 autistics, a 0.87 accuracy rate
and 14/16 controls, a 0.88 accuracy rate.
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Tabena 2. Tounocm na knacuguxayujama

Table 2. Accuracy of classification

90% HK

95% HK

ycmex (success)

ycmex (success)

ycmex (success)

ycnex (success)

ycmex (success)

ycmex (success)

ycmex (success)

ycnex (success)

ycmex (success)

ycmex (success)

ycmex (success)

ycnex (success)

ycmex (success)

ycmex (success)

ycmex (success)

ycnex (success)

ycmex (success)

ycmex (success)

ycnex (success)

ycnex (success)

ycmex (success)

ycmex (success)

ycnex (success)

ycnex (success)

ycmex (success)

ycmex (success)

ycnex (success)

ycnex (success)

ycnex (success)

ycnex (success)

ycnex (success)

ycnex (success)

ycnex (success)

ycnex (success)

ycnex (success)

ycnex (success)

He ycnesa (fail)

He ycnesa (fail)

ycmex (success)

ycmex (success)

ycmex (success)

ycmex (success)

He ycnesa (fail)

He ycnesa (fail)

ycmex (success)

ycmex (success)

ycmex (success)

ycnex (success)

ycmex (success)

ycmex (success)

ycmex (success)

ycnex (success)

ycmex (success)

ycmex (success)

ycmex (success)

ycmex (success)

ycmex (success)

ycmex (success)

He ycnesa (fail)

He ycnesa (fail)

ycmex (success)

ycmex (success)

ycmex (success)

ycmex (success)

ycmex (success)

ycmex (success)

ycmex (success)

ycmex (success)

ycmex (success)

He ycnesa (fail)

ycmex (success)

ycmex (success)

ycmex (success)

ycmex (success)

ycmex (success)

ycmex (success)

Ciyuaj 85% HK
Al ycmex (success)
K1 ycmex (success)
A2 ycmex (success)
K2 ycmex (success)
A3 ycmex (success)
K3 ycmex (success)
A4 ycmex (success)
K4 ycmex (success)
AS ycmex (success)
K5 ycmex (success)
A6 ycmex (success)
K6 ycmex (success)
A7 ycmex (success)
K7 ycmex (success)
A8 ycmex (success)
K8 ycmex (success)
A9 ycmex (success)
K9 ycmex (success)
Al0 He ycnesa (fail)
K10 ycnex (success)
All ycmex (success)
K11 He ycnesa (fail)
Al2 ycmex (success)
K12 ycnex (success)
Al3 ycmex (success)
K13 ycmex (success)
Al4 ycmex (success)
K14 ycmex (success)
Al5 ycmex (success)
K15 ycmex (success)
Al6 ycmex (success)
K16 ycmex (success)
Al7 ycmex (success)
Al8 ycmex (success)
A19 ycmex (success)
A20 ycmex (success)
A21 ycmex (success)
A22 ycmex (success)
A23 ycmex (success)

ycmex (success)

He ycnesa (fail)

A aymuzam, K koumponnu, H/[ huso na dosepba

Juckycuja

Cryanu Ha 00eMOT Ha TJIaBaTa, CTPYKTYPHHUTE CITH-
KN U IMOCTMOPTEMCKUTEC TCXKHUHHU, CUTC YKaXXyBaarT
JieKa MAlMEeHTHTE CO ayTH3aM WMaaT, BO MPOCEK,
MOTOJIEMH MO3OIH O] HOPMaJTHUTE. 32 TIOYETOKOT
Ha OBa BOJYMETPHCKO 3rojieMyBame ce JeOaTupa
BO JIUTEpaTypara.

A autism, C control, CL confidence level

Discussion

Studies of head circumference, structural imaging,
and postmortem weights all indicate that patients
with autism have, on average, larger than normal
brains. The onset of this volumetric increase is
debated in the literature.
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Huz ennedanuzanuja moroieMuTe MO30IH Ce Ka-
pakTepu3mpaar co 3rojieMeHa MOBPIIMHCKA 00iacT
1 rupuduUKanyja co MPUAPYKHO HaMaTyBame Ha
THPAITHAOT Tpo3oper. [ mpamHnoT mpo3oper e Xu-
MOTETUYHA PAaMHHMHA 33 MIPEMHUH Ha KOPTUKATHUTE
adepenTan u edepenTHu BiuakHa (32). Oa Hama-
NMyBamke Ha AUME3UUTE HA THPAITHUOT MPO30per TH
OTpaHNYyBa KOPTUKAIHHUTE MMPOSKIUU U Pe3yIATHpa
BO €JlHA TCH/ICHIIM]ja Koja TU (haBOpU3Upa MIOKYCHUTE
BPCKH CIIOPEACHO CO KOHTPOJHHTE cyOjektu. Bo
MIPHIJIOT Ha BPEIEeH KIMHUKYOIIATOJONIKK KOpeyar,
pe3yNTaTHTe OJ OBaa CTyIWja yKakyBaaT Ha KO-
pucTa 01 0B0j MOPPOMETPHUIKH HHJIEKC 32 TOUHATA
KnacuuKalyja Ha ayTUCTUYKH M KOHTPOJIHHU Iia-
[UECHTH.

3aknyynBMe JIeKa pe3yJTaTuTe Of Hamara CTy-
Ivja, HaMajieH TUpaJIeH Tpo30oper] Kaj ayTHUCTHY-
KWATE MalWeHTH, MOXKaT Aa ce 00jacHaT BO OJHOC
Ha MHHUKOJIyMHomaTujata. lIperxogHuTe cTymuu
MoKakaa aOHOPMAITHOCTH BO MHJIIEKCOT Ha CHBOTO
HUBO Kaj MAIMEHTHTE CO ayTH3aM O3HAuyBajKH
Oicko HaOWBame W pa3[BOjyBamke Ha MHHHUKO-
nymHuTe (33). OBaa MUHHMKOIYMHONATHja ce Ka-
pakTepu3Hupa co TorojieM Opoj Ha MUHHUKOJIYMHH,
O]l KOM ceKoja MMa HOpMaJeH A0AaToK/Opoj Ha
HeBpoHHU (23). KpajHnor pesynrar e 3roieMeHa
HEBPOHCKa TYCTHHA 3a Koja OWJIO JajeHa ToJie-
MHUHa Ha 3a0oneH kopTekc (23). 3aroa, oHa MTO TO
pasinKyBa ayTHCTUYKHOT O KOHTPOJIHHOT MO30K
HE ce eJEeMEHTHTE Ha WHAWBHAyalHaTa HEeBpaslHa
MopdomeTpHja, TYKy HUBHaTa Tomorpagcka opra-
HHU3allja BO HEOKOPTEKCOT. AOHOpMalHOCTa BO
apaHKMaHOT Ha HEBPOHUTE MOXKE Ja PE3YJITUPA BO
HCKPUBEHHM IOBpP3YyBauK{d MAaTeKU KOM Ha KpajoT
BOJAT 0 U3MeHeTa 00padoTka Ha HHPOPMAIIHH.

TounaTa aHaM3a Ha AaHATOMCKUTE a0HOPMAIHOCTH
Kaj IOCTMOPTEMCKHOT ayTHCTHYKH MO30K MOXE Ja
ce 1o6ue mpeKy TyCTHHATa Ha MIPOTOHOT U3MepeHa
co MHP. OBue ckeHorpaduu gaBaaT BUCOKU Pe30-
I ¥ CITAKY CO BHCOK KOHTPACT Ha CHBO/OeraTa
Maca, KOU c€ KOPUCHH JT0JIaTOLM KaKo Ha in vivo
M3BEIITANTE 3a UCIIUTYBambaTa Taka U Ha HeBpoOIla-
TOJIOWIKUTE TeXHUKU. CIIPOTHBHO Ha TPETXOTHHUTE
BOJIyMETPUCKH METOIM, TEOMETPUCKATa METOJA 3a
aHaTM3Mpambe Ha THPATHUOT MPO30pell BOIU A0 eJI-
Ha TOYHa Kiacu(uKalHja Ha HEMO3HAT CeT O MOo-
JaTOLY WM HA MAMEHTH CO ayTH3aM MM Ha KOH-
TPOJIHH.

Throughout encephalization larger brains are char-
acterized by increased surface area and gyrification
with a concomitant reduction of the gyral window.
The gyral window is the hypothetical plane for the
passage of cortical afferent and efferent fibers (32).
This reduction in gyral window dimensions con-
strains cortical projections and results in a bias that
favors shorter connections as compared to con-
trols. In addition to a valuable clinicopathological
correlate, the results of our study indicate the use-
fulness of this morphometric index in the accurate
classification of autistic patients and controls.

We propose that the results of our study, a reduced
gyral window in autistic patients, can be explained
in terms of a minicolunopathy. Previous studies
have shown abnormalities in the Gray Level Index
of autistic patients denoting close packing and
spacing of minicolumns (33). This minicolumno-
pathy is characterized by a greater number of mini-
columns each having a normal comple-
ment/number of neurons (23). The end result is
that of increased neuronal density for any given
volume of affected cortex (23). Therefore, what
differentiate an autistic from a control brain are not
elements of the individual neuronal morphometry
but rather their topographic organization within the
neocortex. An abnormality in neuronal arrange-
ment could result in distorted connectivity path-
ways which ultimately lead to altered information

processing.

Accurate analysis of anatomical abnormalities in
the post-mortem autistic brain can be achieved
through proton density weighted MRI. These scans
generate high-resolution and high gray/white mat-
ter contrast images that are useful complements to
both in vivo screening surveys and neuropathologi-
cal techniques. Contrary to previous volumetric
approaches, the geometric method for analyzing
the gyral window leads to an accurate classifica-
tion of an unknown dataset into either autistic pa-
tients or controls.
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Bo Hamrarta crynuja oBaa MeToJa pe3yJTupalie co
3HAYWTENHA TOYHOCT KOPEKTHO KIIacHU(pHIUPajKH
22/23 aytuctnukd u 15/16/ KOHTpoOHU CyOjeKTH
co 85% uuBO Ha noBepOa u 20/23 ayTUCTHYKH U
14/16 koHTpOIHU cO 95% HUBO Ha HOBEpOA.

Ogaa cTyquja HE TU 3€Je MPEIBUJ PYTUTE CTPYK-
Typu OCBEH rupaiiHaTa Oena maca. JlogaBamero Ha
JPYTHd aHATOMCKH KapaKTePUCTUKU Ha aHaNIM3aTa
O0u Tpebayio Ja ja 3rojieMaT YyBCTBHTEIHOCTA H
npeaBUIyBayKaTa CIIOCOOHOCT Ha aJrOpHUTMOT.
Kako Ha mpumep, ce 04eKyBa JieKa CO 3aTBOPAHETO
Ha THPATHUOT MPO30peIl JIa Ce CO3/1aBa CKIOHOCT
KOH TIOKpaTKu Bpcku. OBa OM MOXeENo ga ce
W3pa3HM KaKko 3roJieMyBame NMpPU KpaTKara MoBp3a-
HOCT U U-BJIaKHA 32 CMETKA Ha JI0JIraTa OBP3aHOCT
U KOMHCYPHHUTE MPOCKIMH (Ha Tp. KOPMyC Kajo-
3yM). BkiydyBamero Ha aHaTOMCKH KapaKTEpHC-
THKH Ha KOPIYC Kaj03yM 3aeJHO CO MapKUTE Ha
HaIIMOT THPAJICH Mpo30pel] OM MOXKene Ja JTaaatr
MOTOYHH PE3YJITATH.

[Norenuujannata cnabocT Ha HamaTa KOMIIjyTepu-
3MpaHa ajJropuTaMcKa CTyAMja Ha TUPAITHUOT MPO-
30per] e crnopendara Ha CETOBH OA MOJATOLM CKe-
HUpaAHH MIPHU Pa3TUYHU pe3onynun. Bo oBoj moce-
OeH cnyyaj mOTpeOeH € MpOoLEeC Ha MOBTOPYBAaE
Ha NPUMEPOLMTE IUTO T'M HOPMAaJHM3Hpa pe30iy-
[IAUTE HA CHUTE CETOBH Ha moxaaroru. OBoj U3BOP
Ha rpemrka 6u 6un O0e3HayaeH ako CUTE CETOBH Ha
MOJATOLM CE OrPaHUYEHU Ha ckeHoBuUTe Ha MHP
LITO MMaaT ucTa pe3onynuja. Ha ucrpaxyBamero
Ha MaToJIOTHjaTa Ha ayTU3MOT MY HEIOCTHra KOH-
cTaHTHOCT Merl'y Haomute. OBa MoOXe Jja ce 00jacHH
CO HEAOCTAITHOCTa Ha MOTOJIEMH IIPUMEPOLH U OJI-
0mu3y oa0paHu KOHTPOJIHU TPYIH, 3a€IHO CO Hey-
CIIEXOT J1a ce 00jacHAT W3HECHATyBAUKUTE (aKTOPH
Kako IITO C€ BO3pacTa, MOJIOT, KOSUIIMEHTOT Ha
WHTEJMIeHLUja, COLM0-€KOHOMCKHOT CTaTyc, MEH-
TaJHaTa peraplialuja UTH. YHorpebara Ha rupani-
HHOT TIPO30peI] MOXKe N1a maae OmoMapkep kaj ay-
THU3MOT IITO K€ OBO3MOXH Jia C€ CO3/aje OIpaB-
JaHOCT MeTy Pa3IMYHHUTE CTYIUH.

In our study this method resulted in significant
accuracy correctly classifying 22/23 autistics and
15/16 controls at the 85% confidence level and
20/23 autistics and 14/16 controls at the 95% con-

fidence level.

This study did not take into account structures
other than the gyral white matter. Adding other
anatomical features to the analysis should increase
the sensitivity and predictive ability of the algo-
rithm. As an example, it is expected that as the
gyral window closes a bias is created towards
shorter connections. This could be reflected as an
increase in short association and u fibers at the ex-
pense of longer association and commissural pro-
jections (e.g., corpus callosum). Including ana-
tomical features of the corpus callosum along with
our gyral window measurements could yield more

accurate results.

A potential weakness of our computerized gyral
window algorithm study is the comparison of data-
sets scanned at different resolutions. In this par-
ticular instance a re-sampling process that nor-
malized the resolutions of all the data sets is re-
quired. This source of error would be negligible if
all data sets are confined to MRI scans that have

the same resolution.

Research on the pathology of autism lacks consis-
tency between findings. This may be explained by
the unavailability of larger sample sizes and
closely matched control groups, along with the
failure to account for confounding factors such as
age, sex, 1Q, socio-economic status, mental retar-
dation, handedness, etc. The use of the gyral win-
dow may provide for a biomarker in autism that

allows for construct validity among varied
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