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Ancmpakm

AYTHU3MOT € HEBPOPa3BOjHO HapYIIyBame KO TO
KapaKTepU3Upaar OIITETYBarha Ha KOTHUTHBHHTE,
ja3WYHUTE U COlMjamHuTe BemTuHu. Jlofexka eTno-
JIoTHjaTa OCTaHyBa HEjacHa, TO] IPUMAapHO ce Hao-
Jby/lyBa KaKko TOJIEMO HACIEIHO HapyinryBame. Bo
OBOj TPy, KapaKTCPUCTHYHHUTE HEBPOAHATOMCKO-
MOpQOJIOMIKA HAOAW TMOBP3aHU CO AYTU3MOT ce-
JIEKTHBHO c€ JaJCHW BO MperJie/l, a ce JIUCKYTH-
paar ¥ HUBHUTE UMILTHKAIUU 32 OUXEBUOPAITHHUTE
Manudectanuu. Mako reHepaHO ¥Ma JTOCTIETHOCT
Mely KIIaCHYHUTE HEBPONATOJOUIKH OICEepBAIlHY,
KOH(JIUKTHATE HAOTU C€ KapPaKTEPUCTHUKA BO JIUTE-
parypata. CuTe CTyJHMU CTPaaaaT O]l MAIUOT 00eM
Ha TIPUMEPOIM M BHCOKaTa KOMOPOWJIHOCT Ha ay-
TU3MOT CO JIPYTHTE HEBPOJOUIKH/TICUXU]jATPUCKU
6onecru. [loronema cTyauja Ha oIy IalIUUTE, KOja
ce JIOJDKH JIeTyMHO Ha 3rojieMeHara pacripocTpa-
HETOCT Ha ayTHU3MOT U 3HACHETO 32 ayTH3MOT, J03-
BOJIyBa MIOTOJIEMa CTATUCTHYKA CUJIA 32 TIOJTHOBAXK-
HocTa. HoBHTE TEXHWKHM Ha CHHUMambe M MOCTMOP-
TEMCKUTE TEXHUKHA MPUMEHETH BO OBHE CTYIHH
JlaBaaT BETYBAIbE 3a PellaBaibe Ha KOHMIUKTUTE U
HEjaCHOTHUHUTE BO IOJAATONHTE, 00e30eqyBajKu oc-
HOBa 3a IMOJO0OPEHO pa3dupame Ha HEBPOITATOJO-
rHjaTa ¥ TPETMaHOT Ha 0Baa cocTojoa.

Knyunu 360posu: aymuszam, Hegponamonozuja
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Abstract

Autism is a neurodevelopmental disorder charac-
terized by impairments in cognitive, language and
social skills. While the etiology remains unclear, it
is viewed primarily as a highly heritable disorder.
In this article, characteristic neuroanatomical mor-
phological findings associated with autism are se-
lectively reviewed and their implications for be-
havioral manifestations are discussed. Although
there is general consistency among the classic neu-
ropathological observations, conflicting findings
are a feature of the literature. All studies suffer
from small sample size and the high comorbidity
of autism with other neurological/psychiatric dis-
eases. Larger study populations due in part to in-
creased prevalence and awareness of autism allow
for greater statistical power validity. New imaging
and postmortem techniques employed in these
studies hold out the promise of resolving conflicts
and ambiguities in the data, providing a basis for
enhanced understanding of the neuropathology and
treatment of this condition.
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Boegeo

AyTU3MOT € CHMJIHO pPa3BOJHO HapyLIyBame UYUHU
NPUYMHU M TPETMaH OCTaHyBaaT KOHTPOBEP3HHU.
Jlomeka maroreHe3ara Ha ayTH3MOT OCTaHyBa He-
jacHa, HaciemHocTa oXl >90% cyrepupa MyJITHICH-
CKa OCHOBa 3a oBaa coctojba (1). Kanep e mpBuot
KOj TO omuIna ayTu3MoT Bo 1943 kora mpoydyBa
rpyna Jena KoM MOKaXyBaa CHMIITOMH KaKO IITO
Ce COILMjATHOTO HApPYIIyBame, OTICECUBHHUTE ITIOB-
TOPJINBU OJTHECYBama, TMHIBUCTHUKUTE ASHUIUTH
Y HapyIIeHWTe KOTHUTHBHH BellTHHH (2). Hekoin-
Ky O/l OBHME€ WMCIHMTAaHHLHU IOKa)XKaa HCKIyYUTEIHH
TaJICHTH, CENaK 3aAp>KyBajKu ja oBaa OMIUTO(QYHK-
HOHAHA ToTpedeHocT. Aktyenante DSM nmjar-
HOCTHYKU KPUTEPUYMH 3a ayTHCTHUYKO HapyIIyBa-
e ja BKIIydyBaaT MaHudecTanyjaTa Ha JWjarHoc-
TUYKUTE KapaKTEPUCTHKH Npex 3-TOAWIIHA BO3-
pacr, criendupaHa Kako 3aJ0MHETO UIU aOHOP-
MagHO (DYHKIMOHWpamke WX BO COITMjaTHAaTa WH-
TepakUyja, ja3uKOT MPH KOMYHHUKalHMjaTa HIH BO
cumOoyimyHara / umarnHatuBHa urpa (3). He moc-
ToM crennrYHa MOCTpa 3a AWjarHo3a Ha OBa Ha-
pYLIyBame U HE ITOCTOU jacHa MICHTU(UKAIH]a BO
paguosyomkute ctynun wim EEG. 3naunTenna Ko-
MOPOUAHOCT MOCTOM Mel'y ayTH3MOT, MEHTaJHaTa
perapmanuja (~70%) u emmnencujara (~40%) (4,
5).

Crankure Ha ayTHCTHYKOTO HapyllyBame ce 4 10
5 maTé MOBHMCOKHM Kaj MAIIKHOT OTKOJKY Kaj KEH-
CKHOT I10JI, & ENHJIEMHOJIOIIKUTE CTYIUN IOKaXYy-
BaaT 3roJeMyBame Ha PACIpOCTPaHETOCTa Ha ay-
TU3MOT BO IOCJIEIHUTE HEKOJIKYy nekanu. Cropen
HEKOU IIPECMETKH, ayTU3MOT ce cpekaBa Kaj 1 of
300 mema (6,7). Jomeka cuTe ayTHUCTH MOKaXyBaaT
COLIMjaJTHM HEJOCTATOLH, HApyIIyBalkEeTO UMa -
POK OIICer BO HEroBaTa CEPHO3HOCT M MOCTpaTa Ha
KOTHUTHUBHOTO omTeTyBame. Cropen oBOj KpHTe-
pUyM TOCTOjaT ABE OHjarHOCTHYKH MOTKAaTErOpHU
Ha ayTU3MOT: HUCKOQYHKIIMOHUPAYKH ayTH3aM CO
MeHTanHa perapaanyja (HOA) n BucokodyHKIno-
HUpAYKH ayTU3aM CO HOpMallHa WHTEJHMIeHIINja
(B®A). Paznmukara mery BDA w cHHIpOMOT Ha
Acneprep e koHTpoBep3Ha (8, 9, 10).

OnmTute OpyTO aHATOMCKM MO30YHU abHOpMal-
HOCTH TIOBP3aHM CO ayTU3MOT TH BKIydyBaaT
HEOOMYHMTE BOJIYMEHH Ha MO3OKOT IITO BapupaaT
CO BO3pacTa CIOpeICHN CO KOHTPOJIHHUTE.

Introduction

Autism is a pervasive developmental disorder
whose causes and treatment remain controversial.
While the pathogenesis of Autism remains ob-
scure, a heritability of >90% suggests a multigenic
basis for this condition (1). Kanner was the first to
describe autism in 1943 when he studied a group
of children that displayed symptoms such as social
impairment, obsessive and repetitive behaviors,
linguistic deficits and impaired cognitive skills (2).
A few of these subjects showed exceptional talents
while maintaining this general functional disabil-
ity. The current DSM diagnostic criteria for “Au-
tistic Disorder” include manifestation of diagnostic
features prior to age 3, specified as delayed or ab-
normal functioning in either social interaction,
language in communication or symbolic / imagi-
native play (3). There is no specific pattern for di-
agnosis of this disorder and no clear identification
exists in imaging or EEG studies. Significant co-
morbidities exist between autism, mental retarda-
tion (~70%) and epilepsy (~40%) (4, 5).

Rates of autistic disorder are 4 to 5 times higher in
males than in females and epidemiological studies
indicate an increase in the prevalence of autism
over the last few decades. By some estimates, au-
tism affects as many as 1 in 300 children (6, 7).
While all autistics exhibit social deficiencies, the
disorder has a wide range in the severity and pat-
tern of cognitive impairment. According to this
criterion, there are two diagnostic subcategories of
autism: low-functioning autism with mental retar-
dation (LFA) and high-functioning autism with
normal intelligence (HFA). The distinction be-
tween HFA and Asperger syndrome is controver-
sial (8, 9, 10).

Common gross anatomical brain abnormalities
associated with autism include unusual brain vol-
umes that vary with age when compared to con-
trols.
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CrynuuTe 32 MO30LIUTE Kaj MAIEHTUTE CO ayTH-
3aM CIIOpElIeHH CO He3a0OJICHUTE KOHTPOIHH MO-
30IM CIIOpEJ BO3pacTa W MOJOT OTKpUBAaaT JeKa
MO30LIMTE Ha Jeua Ha Bo3pacT of 5-13 ce 3Ha-
YUTEITHO MOTENIKA OTKOJKY KOHTPOJHHTE, MOJeKa
MO30ITUTE Ha Bo3pacHU of 18-54 ce 3HAYUTEITHO
nosnecHu (11). Mako npu parame 06eMOT Ha riaBa-
Ta, TeXWHATA HA MO30KOT M BOTyMEHOT W3TJIefaar
HOpMAaJIHU, HamajaoT Bp3 Makpouedanujata u Ma-
KpoeHuedanyjaTa moyHyBa Hackopo moroa (12, 13,
14). OBa abHOpMaTHO 3a0p3yBamke BO Pa3BOjOT Ha
MO30KOT THITHIHO ce MaHu(pecTupa Mery 2 u 4-ro-
JMIITHA BO3PACT, CIIEACHO CO 3a0aByBame Mery 5-Ta
n 16-ta roguna (15). Bo TekoT Ha Op30TO BOITY-
MEHCKO 3ToJIeMyBame Ha MO30KOT BHJIMBO BO pa-
HUOT pa3Boj, 3TOJIEMEHHUTE BOJIYMEHH Ha Oemara u
cHBaTa Maca ce jaByBaaT M BO FOJIEMUOT U MaJHOT
MO30K CIOpPEICHH CO KOHTPOIHHUTE, HUaKO IOTro-
JIEMH TIPOMEHHU C€ jaByBaaT kKaj Oemarta maca (15).
HajronemoTo 3roneMmyBame Ha BOIYMEHOT CE jaBy-
Ba BO MPEIHUOT el (Y4eI0TO), a HajMaJIO BO 33 HH-
ot nen (temeto) (16).

Hako moctojar HEKOJKY MPEJIOKESHN MEXaHU3MH
KOHM TO TOJBJIEKYyBaaT PaHOTO 3TOJIEMEHO 3a0p3y-
Bamke Ha pacTOT Ha BOJYMEHOT HAa MO30KOT Kaj ay-
TH3MOT, MHOTY TEOpUHU ce (OKycHpaar Ha Oeiara
Maca, OMJICjKH Taa ro MOKaXXyBa HajroJIEMOTO 3T0-
JeMyBambe BO TEKOT Ha Op3aTa ¢asza Ha pacTeme.
Hako vMa KBaHTUTATUBHA pAa3lHKa Kaj MHUEIUH
(dhochomumuauTe HajACHH BO KOPITYC KAIO3YMOT Ha
MOCTMOPTEMCKH ayTHCTHUKK Mo3ouu (17), Muenu-
HallMjaTa Ce CMETa JIeKa € CIIOPETHBA CO KOHTPOJI-
aute (18). HeomamHenmHo ucTpakyBame HEOOMU-
HOTO 3a0p3yBame Kaj OeiaTa Maca ro MPHIUIITYBa
Ha aOHOPMAaJHOTO HEBpPAJIHO MOBp3yBame. [locTo-
jaT KOHTPAIUKTOPHU JOKa3u Mery CTymuuTe, Ia
MHOTY HCTpaXXyBauM CyTepHpaaT JeKka KOMOWHa-
yjaTta Ha JOKAIHOTO MPEKYMEPHO TMOBP3YyBambe M
TOJIEMHUOT OTICET Ha HEJOBOJHO MOBP3YBame ro 00-
jacHyBaaT OBOj aOHOpMAaJICH HEBPAJICH KPY)KCH TaT
(19, 20, 21). Bo xommapaTuBHaTa MUHHUKOJIYMHap-
Ha MOPQOIIOIIKa CTyIHja Ha bpomMaHOBUTE peruu
9, 21 u 22 w Kaj ayTUCTHUYKUTE W KOHTPOITHHUTE
CyOjeKTH, HajACHO € JieKa MOCTOjaT MaJH, MOYECTH
Y MOMAJIKy KOMIIAKTHU MUHUKOIYMHH Kaj MO30-
IUTEe Ha TANMEHTUTE CO ayTH3aM M ce Cyrepupa
JieKa TPOMEHUTE BO IMUPUHATA HA OBUE MUHHKO-
JyMHU OW MOXeJie Jla BiujaaT Bp3 HHBHATa Opra-
HU3alyja, a cropes Toa u Bp3 o0paboTkara Ha WH-
¢dopmaruure (22).

Studies on the brains of autistic subjects matched
with unaffected controls by age and sex revealed
that children’s brains aged 5-13 are significantly
heavier than controls, while adult brains aged 18-
54 are significantly lighter (11). Although at birth
head circumference, brain weight and volume ap-
pear normal, the onset of macrocephaly and mac-
roencephaly occur soon thereafter (12, 13, 14).
This abnormal acceleration in brain development
typically manifests itself between 2 and 4 years of
age, followed by a deceleration between the ages
of 5 and 16 (15). During the rapid brain volumetric
increase seen in early development, increased
white and gray matter volumes occur in both the
cerebrum and cerebellum compared to controls,
though greater changes occur in white matter (15).
The greatest increase in volume appears in the
frontal lobe, and the least in the occipital lobe (16).

While there are several proposed mechanisms un-
derlying the early increased acceleration of brain
volume growth in autism, many theories focus on
white matter since it shows the greatest increase
during the rapid growth phase. Although there is a
quantitative difference in myelin phospholipids
found in the corpus callosum of post-mortem au-
tistic brains (17), myelination has been found to be
comparable to controls (18). Recent research at-
tributes the unusual white matter acceleration to
abnormal neural connectivity. While contradictory
evidence exists among studies, many investigators
suggest that the combination of local overconnec-
tivity and long-range underconnectivity account
for this abnormal neural circuitry (19, 20, 21). In a
comparative minicolumnar morphologic study of
Brodmann areas 9, 21 and 22 in both autistic and
control subjects, it was found that small, more fre-
quent and less compact minicolumns exist in the
brains of autistic patients and suggested that
changes in the width of these minicolumns could
affect their organization and thereby processing of
information (22).

DEFEKTOLO [KA TEOR1JA I PRAKT I KA 2006; 3-4: 21-35

23



MEDICAL TREATMENT

JacHata HEBpOJIOTH]ja 32 HAPYIYBAKETO Kaj ayTU3-
MOT c¢ ymiTe Tpeba aa ce yrpau. Toa neIyMHO My
ce TPUIHIIYBAa Ha HEIOCTAaTOKOT Ha JOCIEIHOCT
Merly HaomuTe. TakBaTa HEMOCTOjaHOCT UM C€ TIPH-
MATITyBa HA MHOTYOpOjHU (hakTopH, 3abeeKuTer-
HU JIUjarHOCTMYKUA M KPUTCPUYMH Ha MCKIydyBa-
B¢ Kaj KOHTPaJIUKTOPHUOT uchuTaHuwk. [loctojar
CTaTUCTHYKH TPOOJIEMH Kaj COOpaHWUTE IOIATOIH
3a ayTU3MOT, TOA TJABHO C€ JOJDKH Ha MallloT
o0eM Ha MoCTpara, U3HEeHayBauKuTe (haKTOpHU Ka-
KO IITO ce KOMOPOUIHOCTA CO IPYTH HAPYIIyBamba,
1Q u uctopujara Ha JIeKyBameTo. MeryTroa, jacHO €
JieKa KapakTepUCTUUYHUTE HEBPOMATOJIOTHU CE TIO-
Bp3yBaaT CO CYIITHHCKUTE CHMIITOMH Ha OolecTa.
[ToceOHO, MeT HEBPOIATONOIIKHA KapaKTEPHCTHKH
ce TOBp3yBaaT CO AayTHCTHYKOTO HapyUIyBambe:
3rojeMeHara TeXHHA Ha MO30KOT M BOJYMEHOT Ha
Oemata Maca BO JIETCTBOTO, HAMAJIEHHWOT Opoj Ha
HEBPOHUTE W 3rOJIEMEHATa TYCTHHA Ha TaKyBambe
Ha KIJIETKHTE BO JIMMOWYKHOT CHUCTEM Ha MPO3EH-
nedanoHor, HamaneHuotr Opoj Ha Ilypkuesure
KIIETKH BO MallHOT MO30K, IIPOMEHHUTE BO OJHOC Ha
BO3pAacTa, Ha roJIEeMUHATa Ha KJIIETKUTE U OpPOjOT BO
jampoTo Ha nWjaroHaiHaTa JieHTa Ha bpoxka, nimabo-
KuTe TiepedeapHu jaapa u JoJHaTa OJINBa, KaKo U
ManhopMaIMUTE Ha IEPEOPATHHOT KOPTEKC U MO-
30uHoTO cTebno (11). OBoj Tpyn nmaBa mperyiex Ha
CENICKTHPAHU HEBPOIMATONOIIKUA CTYyJWU 33 ayTHU3-
MOT M TH JUCKYTHpa MOXHOCTHTE 32 MJHO HCTpa-
KyBame KOe I'0 Cyrepupaar HUBHUTE HAOIH.

Hespoanamomcku adonopmannocmu

AYTHCTHYKOTO HapyIIyBamke Io KapaKTepu3upaar
aOHOpMaHH MOP(OJIOMIKA KapaKTEPUCTUKU Ha
MHOTYOpojHU MecTa (Tabena 1).

Tabena 1. Hegponamonowxu cmyouu Ha aymu3am

There has yet to be established a clear neuropa-
thology for autism disorder. This is partially at-
tributable to a lack of consistency among findings.
Multiple factors account for such inconsistencies,
notably conflicting subject diagnostic and exclu-
sionary criteria. Statistical problems exist with the
data collected on autism thus far, mainly due to
small sample size, confounding factors such as
comorbidity with other disorders, IQ and medica-
tion history. However, it is clear that characteristic
neuropathologies are associated with the core
symptoms of the disease. Five neuropathological
features, in particular, are associated with autistic
disorder: increased brain weight and white matter
volume during childhood, reduced neuronal size
and increased cell packing density in the forebrain
limbic system, reduced numbers of Purkinje cells
in the cerebellum, age-related changes in cell size
and numbers in the nucleus of the diagonal band of
Broca, deep cerebellar nuclei and inferior olive,
and malformations of cerebral cortex and brain-
stem (11). This article reviews selected neuropa-
thological studies of autism and discusses possi-
bilities for future research suggested by their find-
ings

Neuroanatomical Abnormalities

Autistic disorder is characterized by abnormal
morphological features at multiple sites (Table 1).

Table 1. Neuropathological studies in autism

ABTOp U roJHA T'onemuna Ha Mmoctpara | Kapakrepuctiku Perun Ha MHTEpEC 3HAYNUTENHH Pe3yITaTH
(Author and year) (Sample size) (Characteristics) (Region of interest) (Significant Results)
Bo nakyBameTo Ha KeJIuuTe BO
JTIUMOMYKHOT cucteM, Dec [lypkuHueBu
Bayman u Kemmep 1990 1A: 1M 12t JInm6muku cucteM U CB|KiIeTKY, 3roleMeH! KICTKU U JJOJIHA OJIHBa
(Bauman and Kemper 1990) 2C: 2M 12y) (Limbic system and CB) (In cell packing in limbic system,
Dec Purkinje cells, enlarged cells
in inferior olive)
13291 () Ilen M0O30K, 1110 TKUBO
U 1IeJ BOYMEH Ha Bonymenute Ha mpocedeH Lel MO30K,
Tusen u copad. 1995 22A:22M 169-196 cm BEHTPUKYJIH TKUBOTO M BEHTPUKIMHUTE Oea MOroieMu
(Piven et al. 1995) 20C: 20M BUCHHA | (Total brain, total tissue | (Mean total brain, tissue and ventricle
(169'1,96 M Jand total lateral ventriclel volumes were higher)
height) volumes)
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ABTOp H TOAMHA Tonemuna Ha Moctpa | Kapakrepuctuku Peruu Ha uHTEpEC 3HaYUTEIHN PE3YITaTH
(Author and year) (Sample size) (Characteristics) (Region of interest) (Significant Results)
TTomamu HeBporu Bo CA4, momanu
. JIEHJPUTCKH pasrpanyBama Bo CAl u CA4
Pejmon u copab. 1996 24: IM 1F, 2MR T13r HIP (Smaller neurons in CA4, less dendridic
(Raymond et al. 1996) 2C: M, ?F (7-13y) Y
branching in
CA1l and CA4)
CkparyBambe Ha MO30YHOTO CTE0JI0 U CKOPO
A:21r LeTI0CeH TYOUTOK Ha (alnjanHoTo jaapo u
Ponuep u copab. 1996 1A: 1F, IMR, 1E C:80r ITonc, mexyna, CB ropHara oJIuBa
(Rodier et al. 1996) 1C: IM (A:21y) (Pons, medulla, CB) (Shortening of brainstem and almost
(C:80y) complete loss of facial nucleus and superior
olive)
IuBen u copab. 1997 35A: 26M, 9F 12-29r cc Tocrepuop CC noaperuja nomana
(Piven et al. 1997) 36C: 20M, 16F (12-29y) (Posterior CC subregion smaller)
Llen M030K, HEBPOH Dec na IlypkueBu kieTku, abHOpMaIHK
Bejnu u copad. 1998 6A: 6M, 6MR, 3E 4-27r uszmepen Bo SFG, CB, HIP JIOJTHU OJIMBH, MeraeHIedanuja
(Bailey et al. 1998) 7C: 5M, 2F 4-27y) (Whole brain, neuron (Dec Purkinje cells, abnormal inferior
counts in SFG, CB, HIP) olives, megaencephaly)
2 110 4 r: moronemMu BOIyMeHH, 5 10 16 T2
Koypuecue u copab. 2001 60A: 60M 2-16T Bonymen Ha nennor Mo3ok IIOMaJIM BOJTYMEHH
(Courchesne et al. 2001) 52C: 52M (2-16y) (Whole brain volume) (2 to 4 y: larger volumes, 5 to 16 y: smaller
volumes)
TTocrepuop ¢oca: CB,
Xapnen u copab. 2001 22A:22M 12-52 1, 6e3 MR MO304HO cTebI0 Inc CB Bonymen
(Hardan et al. 2001) 22C: 22M (12-52 y, non MR) (Posterior fossa: CB, (Inc CB volume)
brainstem)
Lepebpanuu nobycu:
(poHTaleH, CIEI00YCH, DpoHTaneH 100yc: HajroIeMo
Kaprmep u copa6. 2002 38A:38M 2-11r napreTaleH, OKIUITUTAJICH | 3roJIeMyBarbe, OKIIMIHUTAJICH JIOOYC: HajMal
(Carper et al. 2002) 39C: 39M 2-11y) (Cerebral lobes: frontal, (Frontal lobe: greatest enlargement,
temporal, parietal, Occipital lobe: least)
occipital)
®daremu u copab. 2002 5A: SM ~25T1 CB 24% nomanu [Typkunuesu knetku (24%
(Fatemi et al. 2002) 5C: 4M, ?F (~25y) smaller Purkinje cells)
10A: 10M
11DS: 1M Dec ogHOC Ha ManuTe pe3eHU
Kaydman u copab. 2003 16DS + A: 16M 39r IMocrepuop CB Bepmyc VLVII
(Kaufmann et al. 2003) 13F9;)+(.A9:1\/113M (3-9y) (Posterior CB vermus) (Dec ratio lobules VI-VIT)
22C: 22M
Tcarcanuc u copab. 2003 12HFA: 12M 11-22 1, 1Q>80 Tanamyc Dec BoiymeH Ha TajamycoT
(Tsatsanis et al. 2003) 12C: 12M (11-22y,1Q>80) (Thalamus) (Dec thalamic volume)
3paueweTo Ha WM e norosieMo Bo A u
XepGept i copa6. 2004 13A.. 13M 5111, 1Q>80 Ilen Mosox WM DLD, A nokaxyBa OrojIeMo 3roJIeMyBambe
(Herbert et al. 2004) 2IDLD: 14M, 7E | (s 11 "10>80) | (Whole brain WM) B0 dpouTaiiHoT 106y
’ 29C: 14M, 15F ’ (Radiate WM is larger in A and DLD, A
shows greater enlargement in frontal lobe)
19LFA: 19M HIP u AMY 6ea norosniemu Bo HFA u LFA,
Illyman u copab. 2004 27HFA: 27M 7-191 AMY and HIP AMY crpazia oJ1 BIIMjaHHE HA BO3pacTa
(Schumann et al. 2004) 25ASP: 25M (7-19y) (AMY u HIP) (Both HIP and AMY were larger in HFA
27C: 27TM and LFA, AMY suffers age influence)
21A: 19M, 2F EEG cHMMKH Ha 11eJ1 MO30K
14A + E: 10M, 4F HalpaBeHH BO TEKOT Ha PacnpoctpaHeTocT Ha enuencuja Bo
Tabrc u copa6. 2005 3AS: 3M 114 1 LUKIIYCH Ha AyTH3MOT, )KEHCKA 3a4€CTEHOCT > Malllka
(Gabis et al. 2005) 16PDD-NOS: 10M, 6 (1-14y) cnnefbe/6yzleﬂ><_t 3a9ECTEHOCT
F (EEG whole brain (Prevalence of epilepsy in autism, female
2PDD-NOS + E: 1M, recordings performed incidence > male incidence)
1F during sleep/wake cycles)
MekAnoHas u copad. 2005 17A: 16M, 1F 8-14 1, 1Q>80 Ilen mo30k u CSF Inc CSF Bonymen, Dec Bo GM BoitymeH
(McAlonan et al. 2005) 17C: 16M, 1F (8-14 y, 1Q>80) (Whole brain and CSF) (Inc CSF volume, Dec in GM volume)
4-24r, M1, V1, ¢pponransa Bpcka KonyMmHuTe Ha KIEeTKUTE MOOPOjHH,
Kazanosa u copab. 2006 6A: 4M, 2F MIOCTMOPTEM TKHBO Ha KOPTEKCOT u S1 TOMaJIH, IOMaJIKy KOMIAKTHH
(Casanova et al. 2006) 6C: 4M, 2F (4-24y, (M1, V1, frontal (Cell columns more numerous, smaller, less
postmortem tissue) | association cortex, and S1) compact)
Pojac u copab. 2006 24A: 24M 7-47 1 Len mo30k Inc Bo GM BoymMeH
(Rojas et al. 2006) 23C: 23M (7-47y) (Whole brain) (Inc in GM volume)
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A = ayructmuku cyOjexkt, AS = Acmeprepos
curapoM, AMY = amurpana, C = KOHTPOJIHHU Cy0jeKTH,
CC = xopmyc kamozym, CB = mepebenym, CSF =
nepebpocrnmHanaa  Teynoct, CW = mmpuHa Ha
MHUHUKOTYMHHTE, Dec = HamaneH, DLD = HapyiyBamwe
Ha pa3BojHOTO yuewe, DS = JlaynoB cunmpom, E =
enmencuja, F = sxxencku, FX = ¢parunen X cuaapom,
GM = cuBa maca, HFA = Bucoko ¢QyHKIMOHMpauKu
aytuzam, HIP = xunokammyc, Inc = 3ronemen, M =
Mamky, MR = wmenTtamHo perapaupan, PDD-NOS:
MIEPBA3MBHO PA3BOjHO HAPYIIYBamke HE CIICHUPHUIIIPAHO
nonHaky, SFG = ropen ¢ponranen rupyc, WM = Oena
maca, Y = rofiMHu Ha CTapoCT

* 3HAUMTETHU PE3yJITAaTH CMETaHO ayTHCTHYKU CIIOpe-
JICHU CO KOHTPOJIHH

[TojaBaTa Ha TEXHUKH 3a HEBPOBU3YyeIM3alMja Ka-
KO IITO C€ CHUMAmEeTO CO MarHeTHa Pe30HAHIA CO
BUCcOKa pesonyuuja (MP) xoe naBa morosema au-
(epeHIMjamja Ha TKUBOTO M CHUMAmeTO Ha JIU-
¢dy3ujara Ha Terzopot ([TC) koe ja kapakTepu3u-
pa opraHu3ainujata Ha OejaTa Maca, T'd OCBETJIyBa-
aT OBME MeCTa KOM MPHUMapHO IO HWHBOJBUpAAT
JUMOWYKHOT CHCTEM M MaJMOT MO30K. [locTmop-
TEMCKHTE CTYIJUH OTKpWBaar Mandopmaiuu Ha
HEOKOPTEKCOT BKIYUYYyBajKu aTUIIMYHO OPUEHTHUPA-
HU TIMpaMHUIAHA KIETKH, PErMd Ha 3rojieMeHa
T'yCTHHA Ha HEBPOHOT M KOPTEKCOT M HETPABIIHH
naMuHapHu MocTpu (23). HeokopTekcHUTE MUHU-
KOJYMHH, OCHOBHUTE (DYHKIIMOHAITHH €IUHUIM Ha
MO30KOT KOU TM OPTaHU3MPaaT HEBPOHUTE BO KOP-
TEKCHHUOT MPOCTOP, C€ ITOMaJH, MOMAJKy KOMITaK-
THU U NOOPOjHU Kaj MAalMEHTUTE CO ayTHU3aM CIIO-
peneHn co koHTpomHHUTE (22, 24). Bapujamujara
Kaj ayTHCTHYKUTE CUMIITOMH MOXE Jia TO peduiek-
THUpa CTENEHOT A0 KOj ce 3a00JeHU IEJOBU Of
CHCTEMOT.

Kopmexcnu u cynkopmekcrnu mopghonomku
adHopmanHocmu

KBaHTUTAaTHBHOTO CTPYKTYpHO HCTpaKyBambe Ha
CHUMameTo ¢co MP mokaxyBa Jieka BKYIHHOT BO-
nymeH Ha CSF 3HauuTeNHO € 3roJieMeH Kaj Malfu-
EHTHTE CO ayTHU3aM Kora Ce€ CIOpeayBaaT cO KOH-
TposHUTE (25). 3HAUUTETHUTE PA3IHKHA BO PETHO-
HAJTHUOT MO30YEH BOJIyMEH Ha npe(pOoHTaHUTE U
MAPHUETANHO-CIICTIOOYHUTE HAJBOPEIIHU CIIOCBU
HCTO Taka ce pa3paboTeHH BO oBaa cTyauja. Ucmm-
TaHUIIUTE CO ayTU3aM MOKaxyBaar 25% MpOCedHO
HaMmallyBame Kaj CHBaTa Maca, Crenu(uyHo Bo op-
OWTaTHHUOT, JOJHHOT U CPEeJHO (POHTATHUOT TH-
pyc, OMAIIKacTOTO jaApo, BEHTPATHHOT CIACTIO0UCH

A = autistic subjects, AS = Asperger’s syndrome, AMY
= amygdala, C = control subjects, CC = corpus
callosum), CB = cerebellum, CSF = cerebrospinal fluid,
CW = minicolumnar width, Dec = decreased, DLD =
developmental learning disorder, DS = Downs
Syndrome, E = epilepsy, F = female, FX = fragile X
syndrome, GM = gray matter, HFA = high functioning
autism), HIP = xwunokammyc (hippocampus), Inc =
increased, M = male, MR = mentally retarded, PDD-
NOS: pervasive developmental disorder not otherwise
specified, SFG = superior frontal gyrus, WM = white
matter, Y = years of age

* Significant results consider autistics compared to
controls

The advent of neuroimaging techniques such as
high-resolution magnetic resonance (MR) imaging
yielding greater tissue differentiation and diffusion
tensor imaging (DTI) characterizing white matter
organization has illuminated these sites, which
primarily involve the limbic system and cerebel-
lum. Postmortem studies have revealed neocortical
malformations including atypically oriented
pyramidal cells, areas of increased neuronal and
cortical density and irregular laminar patterns (23).
Neocortical minicolumns, the basic functional
units of the brain that organize neurons in cortical
space, are smaller, less compact and more numer-
ous in autistic patients compared with controls (22,
24). Variation in autistic symptoms may reflect the

extent to which parts of the system are affected.

Cortical and Sub-cortical Morphological
Abnormalities

Quantitative structural MRI research has shown
that CSF total volume is significantly increased in
autistic patients when compared to controls (25).
Significant differences in regional brain volume of
prefrontal and parieto-temporal cortices were also
reported in this study. Autistic subjects showed a
25% average reduction in gray matter, specifically
in the orbital, inferior and middle frontal gyri, cau-
date nucleus, ventral temporal lobe and medial
parietal lobe of the right hemisphere and in orbital,
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no0yc W CPeHUOT MapueTaieH 1o0yc Ha JecHara
xemucdepa U BO OpOHUTATHHOT, CPEITHUOT U CPEIl-
HO ()POHTAITHHOT TUPYC, CPEIHUOT U TOPHUOT ClIe-
MMOOYEH THPYC, OMAIIKACTOTO jaJpo U CPSITHUOT Ta-
pueraneH jJo0yc Bo yeBara xemuchepa. Hacekane,
pe3ynTaTHTe Ha CHBAaTa Maca c€ KOHTPaIUKTOPHH.
PernonanHuTe BOJyMETPUCKH 3roJieMyBama ce 1o-
Ka)XyBaaT BO CpPEeIHUTE (PPOHTAIHH THPH, JICBUOT
CpelleH CJICTIOOYEH WM TpEIeHTpalleH TUPYC, Aec-
HUOT BPETEHACT THUPYC, JAECHUOT MOCTIEHTPAICH
THpyC W OWJIAaTepallHOTO OMNAIIKACTO jaipo Kaj
AyTUCTUYKHUTE, HACHPOTH KOHTPOJIHUTE TPYIHU
(26). ima mocTojaHO HaMaNyBamke HA TOJEMHHATA
Ha KOPITyC KaJIO3yMOT Kaj ayTHU3MOT, cenu(puaHO
Kaj MOCTePHOPHHOT (3a1HUOT) 11e (27).
JIMMOMYKMOT CHCTEM € TO3HAT IO CBojaTa yJyora
Kaj eMolLjaTa, MeMopyjaTa U MOoTHBanujara (28).
Bayman n Kemnep oTkpuja qexa HUBHUTE UCITUTA-
HUIM CO ayTH3aM ITOKa)XyBaaT BHJIMBO 3TOJIEMY-
Bame Ha TYCTHHATA Ha MMaKyBambeTo Ha KiIeTKaTa U
HaMallyBamkh¢ Ha TOJICMUHATA Ha KJIETKAaTa BO XHUIIO-
KaMITyCOT, CyOMKyIlyMOT W aMurjaiara Kora ce
cropexyBaar co KOHTPOJHHUTE, a UCTO Taka BO TO-
MaJl CTENeH Kaj EHTOPHHAIHUOT KOpTeKc, Opana-
BUYHUTE Tella U cenTanHuTe jaapa. (29). Mcro taka
ce TpeTHoCTaByBa HaMalyBame Ha T'YCTHHATa Ha
aKCOHHUTE W JEHIPHUTHUTE BO AyTUCTHYKHOT MO30K
(30). MocTtpu Ha Manu, TYCTO MaKyBaHH HEBPOHHU
CO OTpaHHMYCHH IEHAPUTCKU JPBECTH CTPYKTYpHU
JUYaT Ha OHWE HAjICHU Kaj PaHO Pa3BUEHHUTE MO-
3014, TIa 3aTOa Ce Cyrepupa JeKa OBHE HAOIU ce
KOHCTAaHTHH CO OTPaHUYyBambe BO CO3PEBAIHCTO
3.

Metonute Ha 000jyBamke Ha HEBPOHHUTE TOKAXKY-
BaaT JleKa XWUIIOKaMITyCOT Ha JIMIA CO ayTH3aM ja
HamallyBa TOJEMHHATa Ka KJIETKaTra BO IOJIETO
CA4 xora ce cropemyBaaT KOHTPOJIIHUTE HCTH IO
CTapoCT, CO MOETHOCTaBHOTO AEHAPHYHO pasrpa-
HyBathe Ha mortnonmmara CAl u CA4 (32). Bo
eIHa TIPOITUPEHA CTYIHja W3BeaeHa Bp3 98 Mamku
WCIUTAHUIIU JMjaTrHOCTUIIUPAHU BO 4 KPUTEPUYM-
CKU TPYIIH, OTKPHUCHO € JIeKa Jiella CO BHUCOKO U
HUCKO (YHKIIMOHUPAYKH ayTH3aM HMaaT Trpy0o
~10% moroieM XHWITOKaMIyC CIIOpEIeH CO KOH-
tponuute (33). MHTepecHO, BO enHa CTyAHWja Ha
HEMCHTAJTHO PeTapIUpaHu MAIUEHTH CO ayTHU3aM,
HamallyBam€ Ha BOJYMEHOT Ha XHIIOKaMITyCOT €
3a0ene)kaHo Kaj aloJIECIICHTH W BO3PAacHU CO ay-
tH3aMm (34).

middle and medial frontal gyri, middle and supe-
rior temporal gyri, caudate nucleus and medial pa-
rietal lobe in the left hemisphere. Elsewhere, gray
matter results are contradictory. Regional volumet-
ric increases have been shown in medial frontal
gyri, left middle temporal and pre-central gyri,
right fusiform gyrus, right post-central gyrus, and
bilateral caudate nucleus in autistic relative to
control groups (26). There is a consistent reduction
in corpus callosum size in autism, specifically in
the posterior portion (27).

The limbic system is known for its role in emotion,
memory and motivation (28). Bauman and Kemper
found that their autistic subjects showed a pro-
nounced increase in cell packing density and re-
duced cell size in the hippocampus, subiculum and
amygdala when compared to controls, and also to a
lesser extent in the entorhinal cortex, mammillary
bodies and septal nuclei (29). A reduction in den-
sity of axons and dendrites in the autistic brain has
also been proposed (30). Patterns of small, densely
packed neurons with limited dendritic arbors re-
semble those found in early developed brains, and
it has therefore been suggested that these findings
are consistent with a curtailment in maturation
3.

Neuronal staining methods have shown that the
hippocampus of autistic individuals has reduced
cell size in the CA4 field when compared to age-
matched controls, along with simplified dendritic
branching in the CAl and CA4 subfields (32). In
an extensive study performed on 98 male subjects
diagnosed into 4 criteria groups, it was found that
children with both high and low functioning au-
tism have a roughly ~10% larger hippocampus
compared to controls (33). Interestingly, in a study
of non-mentally retarded autistic subjects, a de-
crease in hippocampal volume has been reported in
adolescents and adults with autism (34).
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JlokazoT 3a OpojoT Ha KIIETKUTE HAa HEBPOHOT U
T'YCTHHATA Ha MaKyBamke Kaj ayTHCTHYKATa aMHT1a-
Jla € KOHTpaaukTopeH. HamamyBameTo Ha OpojoT
Ha KJIETKUTE Ha HEBPOHOT W HamallyBame Ha TycC-
THHATa Ha TAKyBare Ha KIETKUTE BO CPEIHHTE
jampa Ha amurganara ce 3abenexxanu (29). Mery-
TOa, €JHAa TOHOBAa CTyJIWja HE OTKpUBAa HHUKAKBU
pasIuKH BO OpOjOT Ha HEBPOHCKHUTE KJICTKU WITH
T'YCTHHATA Ha MaKyBamke BO MO30KOT Ha MAlMCHTH-
T€ CO ayTH3aM, HO 3a0eiexyBa LEJIOCHO 3roieMy-
Bame Ha amurnaanara (35). Bo cryamja uzBenena Ha
3-4-rogMIIHM Jena, OTKPUEHO € JIeKa amuraaizara
e 14% mnoromnema of neBata 1epeOpaiHa XeMHUC-
¢depa u 22% mnoronema BO JecHaTa LepeOpaiHa
xemuc(epa Ha MAMEHTUTE CO AyTH3aM CIIOPEACHU
co koHTponHMTE (36). [loHaTaMy ce mokaka JeKa
OBa 3roJieMyBame¢ Ha O0OEMOT Ha aMmwuriaiaTra ce
OJTHECYBA AMPEKTHO HA ayTU3MOT MOBEKE OTKOIIKY
Ha MeHTaJiHaTa perapuaiuja (33). CiuyHo Ha Hao-
JIUTE Kaj XUITOKAMITyCOT, JI0JIeKa aMUTlaiara € mo-
rojemMa Kaj MajJuTe Jlella CO ayTh3aM, Ce OTKpHBa
JIeKa € CIIMYHA Kaj BO3PaCHHUTE KOora Ce CIIOpeayBa-
aT co kouTpoaaute (34, 37).

AOGHOpPMAITHOCTUTE Kaj TaJlaMyCcOT HCTO TaKa ce
HaOJpyAyBaHU Kaj ayTUCTHYKHOT MO30K. Bo emHa
cryadja mpeTrcraBeHa Bo 1999, oTkpueHo e Jeka
BEHTPATHOTO CTPAHWUYHO TAJIAMHYHO jaJpO Kaj JBa
AyTUCTUYKA MO30IM ja 3rojeMyBa TycTHHATa Ha
MaKyBamkEeTO Ha KIETKUTE W ja HamMallyBa roJEeMH-
HaTa Ha KJIETKUTE CIOPENEHO CO KOHTPOJHUTE
(38). Bo enna crynuja 3a caumame co MHP Ha 12
(yimia co BUCOKO (YHKITMOHAJIEH ayTH3aM) CIope-
JICHU CO KOHTPOJIHUTE CyOjeKTH, BOJIyMEHOT Ha Ta-
JaMycoT Oellle 3HAYMTETHO HaMaJICH Kaj JIUIaTa co
ayThu3aM CIIOPEJeHO CO HOPMAIHHTE KOHTPOJHHU
cy0jeKTH, IITO ce OHECYBa Ha BKYITHHUOT BOJTYMEH
Ha MO30KOT (39).

Mopdghonowmku abnopmannocmu na
MO0304HOmMO Cmeono

Ha GpyTo aHaTOMCKO HHMBO, BO €HAa OJ] HajOIIIHp-
HHUTE HEBPOIATOJIOMIKN CTYIUH 33 ayTU3MOT, Haj-
JIEHO € JIeKa TTOHCOT Kaj MallMeHTHTE CO ayTH3aM €
MOMAaJI OTKOJIKY Kaj KOHTPOJTHHUTE CY0jeKTH, a TOa €
UCTO Taka CIy4aj co Mejayjara M CpeJHOCAaruTaj-
HUATE peruy Ha cpeaHHoT Mo30K (40). JlomomHu-
TEITHO, TIOHCOT CE pa3BHBa MOOPry Kaj MalMEHTHUTE
CO ayTU3aM CIIOpe/IeHH co KoHTposHuTe. OBaa 3ro-
JIeMEHa CTalKka Ha pacTeme He ¢ HalOJbyayBaHa BO
APYTHUTE PETHU HAa MO30YHOTO CTEOIIO.

Evidence regarding neuronal cell size and packing
density in the autistic amygdale is contradictory.
Reduction in neuronal cell size and increased cell
packing density in medial nuclei of the amygdala
was reported (29). However, a more recent study
found no difference in neuronal cell number or
packing density in the brains of autistic patients,
but noted an overall enlargement of the amygdala
(35). In a study performed on 3-4 year old chil-
dren, it was discovered that the amygdala was 14%
larger in the left cerebral hemisphere and 22% lar-
ger in the right cerebral hemisphere of autistic
subjects compared to controls (36). Further it has
been indicated that this increase in amygdala size
is related directly to autism rather than mental re-
tardation (33). Similarly to hippocampal findings,
while the amygdala is larger in young children
with autism, it has been found to be smaller in
adults when compared to controls (34, 37).

Thalamic abnormalities have also been observed in
the autistic brain. In a study performed in 1999, it
was found that the ventral lateral thalamic nucleus
in two autistic brains had increased cell packing
density and decreased cell size when compared to
controls (38). In an MRI study of 12 HFAs com-
pared to control subjects, thalamic volume was
significantly reduced in individuals with autism
compared to normal controls, accounting for total

brain volume (39).
Brainstem Morphological Abnormalities

On a gross anatomical level, in one of the most
extensive neuropathological studies on autism, it
was found that the pons of autistics is smaller than
in control subjects and that this is also the case
with the medulla and midbrain midsagittal areas
(40). Additionally, the pons developed more rap-
idly in autistic subjects compared with controls.
This increased growth rate was not observed in
other brainstem regions.
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JIOTHOTO MaciIWHOBO jafpo IMOCTOjaHO € Mopdo-
JIONIKK HajaOHOpMaliHaTa CTPYKTypa BO MO30YHO-
TO cTebJIO Kaj MauueHTuTe co aytusam. UHTepec-
HO, abepaljara Ha TOJIEMHUHATa Ce YMHU JIeKa 3a-
BHCH o7 Bo3pacra. Kaj nera momanu ox 12 roaunw,
HEBPOHUTE Kaj JOJIHATa OJIMBA CE 3TOJIEMEHU U
OOMITHM KOTa C€ CHOPEJCHU CO KOHTPOJHHUTE Ha
HCTa BO3pacT, HO Kaj BO3pacHH mocTtapu ox 21 ro-
JIiHA OBHE HCTH HEBPOHU CE jaByBaaT MajH H Ole-
1 HO C€ TPUCYTHU BO criopeanuBu Opojku (41).
OBue mpoMeHH BO OJHOC Ha BO3pacTa Kaj JOJHUTE
MAacIMHOWIIHA HEBPOHH C€ Haj3a0CIICHITHMBH Kaj
MacCJIMHOMJIHATA perrja Koja ce nportera Ha [lypku-
HUEBUTE KIETKA BO 3aJHOCTPAaHUYHUOT [N Ha
CTpaHHYHHUTE Tepedenapuu odycu (42). Ce moka-
Ka JeKa HEBPOHUTE Ha MAcIMHOBOTO japo CE eK-
TONWYHU W HMMaaT TEHJCHIMja Ja Ce TpymnHupaar
nepudepro (31). Ilokpaj Toa, HamameH Opoj Ha
HEBPOHU BO (halMjaTHOTO jaJipo U TOpHATa OJIMBa
ce 3a0eNie’kaHy Kaj e[eH MalUeHT CO ayTH3aM CO
KoMopOuieH MeOnycoB CHHIPOM KaKO M CKpaTy-
Bamkbe¢ HA MO30YHOTO CTE0J0 MEry Tpare3ougHOTO
TEJI0 U JoJTHATa ojiuBa (43).

Ilepebenapru mopghonouwiku
adHopmanHocmu

epebemyMoT € HajIIOCTOjaHO MECTO Ha abHOpMaJI-
HOCTH Ha HEBPOHMTE Kaj ayTU3MOT. M3paseH nmpeky
BOJ[yMEHOT Ha IpeKpIIeHHIaTa, LepedelyMoT €
3HAYUTEITHO TOTOJIEM Kaj TMAIUEHTHTE CO ayTHU3aM
CHOpeNeHH CO KOHTPOIHUTE, AYpH Kora ce HC-
npaBa LEIHOT BOJYMEH Ha MO30KOT (44). 3abe-
Ne)KaHU ce HaMalleHa TycTuHa Ha [lypkuHueBute
KJICTKH B HaMmaJieH Opoj Ha [lypKuHHEeBH KISTKH BO
nepebenapuure xemuchepu (45), mocebHO BO
3aJJHOCTPAaHUYHUOT U KOPTEKCOT Ha Heolepedemy-
MOT M KOPTEKCOT Ha OPHUTHHAIHUOT Iepedernym
(46). Ilpu criopenda Ha ronemMuHaTa Ha [lypkunue-
BUTE KJIETKH, OTKPHEHO € JeKa CpeHaTa rojeMruHa
e 24% nomaina Kaj MaueHTUTe co ayTHU3aM CIope-
JI€HH CO KOHTPOJIHWUTE CIOpeNa HMcTaTa BO3pacT U
non (47). Perunte Ha BepMHC TOKaKyBaaT XUIep-
IU1a3vja ¥ XWIOIIIa3Hja, UaKO BTOpaBa € 1Mo3acTa-
rreHa (48).

Bo enHa ctyamja Bo Koja ce cropeayBaar Cirydau
Ha ayTu3aM MOBp3aHH O (PparwIHUOT X CHHIPOM
u oHue Oe3 oBaa JujarHo3a, Oelie HajIIEHO JeKa
HaMaJyBambeTO BO MAIUTE PE3eHH BO BepMUCOT VI
u VII (3amHoropeH BepMHC) ce crenu(uIHH 3a

The inferior olivary nucleus is consistently the
most morphologically abnormal structure in the
brainstem of autistic patients. Interestingly, this
size aberration appears to be age dependent. In
children less than 12 years of age, neurons in the
inferior olive are enlarged and abundant when
compared to age-matched controls, but in adults
older than 21 these same neurons appear small and
pale but present in comparable numbers (41).
These age-related changes in inferior olivary neu-
rons are most evident in the olivary region that
projects to Purkinje cells in the postero-lateral part
of the lateral cerebellar lobes (42). It has also been
shown that neurons in the olivary nucleus are ec-
topic and tend to cluster peripherally (31). In ad-
dition, decreased numbers of neurons in the facial
nucleus and superior olive have been observed in
an autistic patient with comorbid Moebius syn-
drome as well as a shortening of the brainstem
between the trapezoid body and the inferior olive
(43).

Cerebellar Morphological Abnormalities

The most consistent site of neural abnormality in
autism is the cerebellum. In terms of shear volume,
the cerebellum is significantly larger in autistic
subjects compared with controls, even when cor-
recting for total brain volume (44). Reduced Pur-
kinje cell density and decreased number of Pur-
kinje cells in the cerebellar hemispheres has been
reported (45), particularly in the posterolateral and
neocerebellar cortex and archicerebellar cortex
(46). In a comparison of Purkinje cell size, it was
found that the mean size was 24% smaller in au-
tistics compared to age and sex-matched controls
(47). Cerebellar vermal regions show both hyper-
plasia and hypoplasia, though the latter is more
prevalent (48). In a study comparing cases of au-
tism associated with fragile X syndrome to those
without this diagnosis, it was found that reductions
in vermian lobules VI and VII (posterosuperior
vermis) are specific to idiopathic autism and incre-
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UIMONIATCKH ayTH3aM, a HaMaJieHaTa TOoJIeMUHa Ha
manure pezeHu VI u VII ce moBp3yBa co ayTU3MOT
kaj pparumamor X cunapom (49). IlamuenTure co
aytu3aMm 0e3 (GparwiHHOT X CHHIPOM HCTO TakKa
MOKa)KyBaaT 3roJieMyBame Ha BapHjaOHIHOCTa Ha
roJIeMHHATa Ha MalUTe PE3CHH M TPOLIMPYBAbE
Ha TpoCTOpoT Mery mucToBuTe. OBHE HAOIM
3a0eNe)xyBaaT pETHOHANHA  CEJICKTHBHOCT — Ha
HaMaJlyBame Ha FOJIEMHHATa Ha MAJIUTE PE3CHU Kaj
WAMOMATCKUOT ayTH3aM.

AbGHOpManHOCTHTE ce 3a0eJie’KaHW Kaj BpPBHUTE,
chepan u emMO0IMGOPMHM jampa Ha TOKPHUBOT Ha
1epeOelyMOT KOj Ce YMHHU C€ MEHYBa CO BO3pacTa.
Bo3spacaure mo3omm (Tmoctapu of 18) mokaxyBaat
Oneny HEBPOHM LITO C€ 3HAYUTEYHO HAMAJCHH IO
Opoj; momeka 3a cropemba, HEBPOHHUTE Kaj IETe
(momazio oz 12) Bo OBHE jaApeHH TPYITH, BO MIPUIIOT
KOH OHHE Ha Ha3a0EHOTO jaapo, Ce 3roJeMEHU U
MHOTYOpojHU (18).

Huckycuja

ETnonormjara Ha ayTH3MOT OCTaHyBa €HHWTMa, HO
HCTPaXXyBamkETO Cyrepupa MylITH(AKTOpHA €THO-
moruja (50, 51). 'mexauite mITo MpeoBiaayBa € JIe-
Ka ayTU3MOT € MPEIU3BUKAH O] aTO(U3NOIONIIKA
MpoIieC KOj BKIIyIyBa HHTEPAKIHja Ha paHa TOBpe-
Ja O]l CpeJuHaTa W TCHETCKa IPEeAUCIO3UIIN]a.
MukpockonckuTe abHOPMATHOCTA BO MO30KOT Ha
MAIUeHTUTE CO ayTHU3aM CyrepupaaT MpeHaTaJICH
MTOYETOK Ha HapyIIyBameTOo. 3a BpeMe Ha derai-
HUOT Pa3BUTOK, JIOJHHUTE MACIWHOBHJIHU HCKauy-
BaYyKH BIIakHa (popMmpaar BPCKM HA CHHAICATa CO
neHnputute Ha [lypKUHHEBHTE KJIETKU Ha Iiepeode-
JyMOT BO TpaH3WTHATa 30HA ITO3HATa KaKO JIAMIHA
nucekaHc Ha ~28 recranucku Henenu (52). bu-
Iiejku oBaa 30HA McUYe3HyBa 1o 30-TaTa recranucka
Hezena, Ou Moxeno ryoutokor Ha [lypkuHuesute
KJICTKH 3a0eekaH Kaj MalMeHTHTe CO ayThu3aM Ja
€ TPEeIu3BHKAaH OJ] HACTAH INTO CE CIYYHUI TPE]
0BOj BpeMEHCKH Tiepuoj. MeryToa, IpoMEHUTE, BO
OJIHOC Ha BO3pacTa, Kaj roJieMUHATa Ha HEBPOHUTE
BO jaapaTta Ha IepeOeyMOT W JIOJIHATa OJINBa BO
TEKOT Ha ayTHUCTUYKUOT >KUBOTCH BEK JIaBaaT J0-
Ka3 3a aKTHBEH MAaTOJIOMIKH MPOIEC MITO MPOIO-
JKyBa IMOCTHATAITHO.

ased size of lobules VI and VII is associated with
autism in fragile X syndrome (49). Autistic pa-
tients without fragile X syndrome also showed
increased variability in lobule size and a widening
of the space between folia. These findings evi-
dence a regional selectivity of vermal size reduc-
tion in idiopathic autism.

Abnormalities have also been observed in the fas-
tigeal, globose and emboliform nuclei in the roof
of the cerebellum which appear to alter with age.
Adult brains (older than 18) show small pale neu-
rons that are significantly decreased in number;
while in contrast, child (younger than 12) neurons
in these nuclear groups, in addition to those of the
dentate nucleus, are enlarged and copious in num-
ber (18).

Discussion

The etiology of autism remains an enigma, but re-
search suggests a multifactorial etiology (50, 51).
The prevailing view is that autism is caused by a
pathophysiological process involving the interac-
tion of an early environmental insult and a genetic
predisposition. Microscopic abnormalities in the
brain of autistic patients suggest a prenatal onset of
the disorder. During fetal development, inferior
olivary climbing fibers form synaptic connections
with cerebellar Purkinje cell dendrites in a transi-
tory zone known as the lamina dissecans at ~28
weeks gestation (52). Because this zone disappears
after 30 weeks of gestation, it could be that the
Purkinje cell loss seen in autistic subjects is caused
by an event that occurs before this time period.
However, age-related changes in neuronal size in
the cerebellar nuclei and the inferior olive during
the autistic lifespan provide evidence for an active

pathological process that continues postnatally.
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Cmpykmypa u (pynxkyuja: mopghonowiku
AHOMANUU Kaj Qymu3mon U HUGHOMO
Ouxeeuopanno 3nayere

HemosxHocTa n1a ce KOMyHUIHpa, a c€ WHTEpIIpe-
THUpaaT EMOIMHUTE U HaMEpUTE Ha JAPYTHTE U JIa ce
MpaBu pa3irKa Mery Heule 3Haclkhe M BepyBambara
Ha JpYyTHUTE, C€ OJUIMYHU 3HALU Ha ayTU3MOT. 3Ha-
YUTETHUTE PAa3JIMKH BO BONYMEHOT Ha PETHHUTE Ha
MO30KOT BO TIpe(PPOHTANHATE U 33 HUTE-CIICITO0Y-
HU KOpPTeKCH (HAIBOPEITHU CJIOCBH) Kaj MMallnCHTH-
TE CO ayTH3aM MOXKaT Jia ce MpUYMHA 3a OBHE CO-
[UjalTHA W JTMHrBUCTHYKK neduuuth (25). Hekon-
Ky CTyIuH 32 QYHKIMOHAIHO CHUMAHE JeTeKTUpa-
aT aOHOPMAJTHOCTH BO aKTHBAallMjaTa Ha CTPYKTY-
pUTE Ha MPETHUOT W 3aJHHUOT JOOYC Kaj MaIfueH-
THTE CO ayTHU3aM BO TEKOT Ha TeOpHjaTa Ha 3aJadn
3a yMoT (53).

BoiyMeHOT Ha XHWIIOKaMITyCOT C€ IOBp3yBa CO
¢yHKIMjaTa Ha mpocTopHaTa mMemopuja (54). 3a-
TOa, MOTOJEMUOT 00EM Ha XHMIIOKaMITyCOT Kaj CHTE
BO3pacTy Ha MAIMEHTH CO ayTH3aM Cyrepupa JieKa
THe Tpeba 1a uMaar 3rojieMeHa QyHKIHja Ha TIpOoC-
TOpHaTa W eNH30JHaTa MEMOpHja CIOpeneHa Co
KoHTponHUTe. OBaa XWIOTE3a € MOJJp)KaHa O
¢/IHa CTy/M]ja BO KOja JIMIIaTa CO ayTHU3aM MOKaxXy-
BaaT CyHEepHOpHA CIOCOOHOCT BO Op3WHAa M TOY-
HOCT JIa 3allaMTaT ¥ PerpoIylupaar KapTH CIope-
JIEHU CO KOHTPOJHUTE cyOjekTH (55).

Awmurpanara e mocodeHa Bo 00paboTkaTa Ha JUIle-
TO (56) U EMOITMOHATTHUOT OATOBOP HA CTHUMYJIUTE
(57). Ce cyrepupa nexa amuraanaTa 6u Moxkena Ja
Oune mpuMapHaTa CTPYKTypa OJIrOBOpHA 3a COIH-
jalHUTE HapyllyBama Kaj ayTusMorT (58). AMur-
JlanaTa ce IoBp3yBa CO JIETeKIMjaTa Ha OIMaCHOCT U
MPOAyKIHjaTa Ha CTpaB U HECIOKOjcTBO (59), koe
O MOXeJo Ja 00jacHH 30IITO JHUIaTa CO ayTH3aM
O00MYHO TOKa)XyBaaT CUMIITOMH Ha HECTIOKOjCTBO
(60).

HenmocraTokor Ha BHMMaHHE-OpHUEHTAIMja € eIHa
0l IPUMAapHHUTE KapaKTEPUCTHKH Ha ayTH3MOT H
4ecTo ce MaHU(ECTHpa BO CTEPEOTHUITHOTO OJHECY-
Bamke KO€ I'0 TMOKa)XyBaaT MallMeHTHTE CO OBa Ha-
pyuryBame. LlepeGeryMoT € MHBOIBHpPAH BO MOJTY-
Janujata Ha BHUMaHueTo (61) u mpuaoHecyBa 3a
MOTOpPHHUTE, MEHTAJTHHTE M ja3WYHUTE BEUITHHH
MpeKy HEeroBHUTE NMPOCKUWHU Ha mpedpoHTamHATa U
(dbpoHTaTHATA MOTOPHA peruja (62).

Structure and function: morphologic
anomalies in autism and their behavioral
significance

An inability to communicate, interpret others’
emotions and intentions and distinguish between
ones own knowledge and others’ beliefs are dis-
tinctive hallmarks of autism. Significant differ-
ences in regional brain volume in the prefrontal
and parieto-temporal cortices of autistics could
account for these social and linguistic deficits (25).
Several functional imaging studies have detected
abnormalities in the activation of frontal and tem-
poral lobe structures in autistic patients during the-
ory of mind tasks (53).

The volume of the hippocampus is correlated with
spatial memory function (54). Therefore, the larger
hippocampal size in all ages of autistic subjects
suggests that they should have an enhanced spatial
or episodic memory function compared to controls.
This hypothesis is supported by a study in which
autistic individuals showed superior ability in
speed and accuracy to memorize and reproduce
maps compared to control subjects (55).

The amygdala has been implicated in face proc-
essing (56) and emotional response to stimuli (57).
It has been suggested that the amygdala could be
the primary structure responsible for social im-
pairments in autism (58). The amygdala is associ-
ated with detection of danger and production of
fear and anxiety (59), which could explain why
autistics commonly show symptoms of anxiety
(60).

A deficiency in attention-orientation is one of the
primary characteristics of autism, and is often
manifested in the stereotypic behavior displayed
by patients with this disorder. The cerebellum is
involved in the modulation of attention (61) and
contributes to motor, mental and language skills
via its prefrontal and frontal motor area projections
(62).
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3aroa, IeBUjalMUTe BO HOPMAIHUOT OICET Ha Iie-
pebenyMoT ce cMeTaaT 3a MPUYMHA Ha HEIOCTaTO-
IIUTE BO CCH30PHUTE M MOTOPHUTE (YHKIMH Kaj
nuuata co aytuszam (63).

Homna ouckycuja

bunejku chakamero 3a maropusnonoryjaTa Ha ay-
TU3MOT OCTaHyBa OTPaHUYEHO, HE IMTOCTOU aKTyel-
HO Jieuerme Ha ayTu3MoT. Jlofeka 3acramneHocTa ce
YMHU JIeKa 3HAYUTEIHO pacTe, TEIKO € Ja ce
OJIpeIIU JTajli TOA BCYIIHOCT ja OJpa3yBa 3rojeme-
HaTa 3a4eCTEHOCT BO COCTOj0aTa WM TOBEKE BO
pasIUKATE Ha IUjarHOCTHYKATa METOIOJIOTH]a.
Bucokata KOMOpPOMIHOCT Ha ayTU3MOT CO JPYTH
HEBPOJIOIIKK HapyIllyBama Kako INTO CE MEHTal-
HaTa peTapiaryja, emuierncujata, JlayHoBHOT CHH-
IpOM M (pparryiHUOT X CHHAPOM T'O OTEKHYBaar
MPOyYyBamETO Ha MPOTpPecHjaTa Ha HapyIIyBarbe-
T0. HeBpomaronomkure CTyaun MOKakyBaaT IPO-
MEHH BO MopQOMeTpHjaTa W OpraHu3anujaTa Ha
MUHUKOIIYMHHUTE U JIPYTUTE KPYTOBU Ha HEBPOHHU-
Te. EBoNynMjaTa Ha METOMOJIOTUUTE 33 CHUMAHE
OTKpWBa M3MEHETH MOCTPH Ha IOBP3YyBame BO U
Mely peruuTe Ha KOPTEKCOT U CYOKOPTEKCOT.
OBue HaoAW WMaaT MMILTHKAIUH Bp3 CQakameTo
3a ayTU3MOT BO CMHCJIa Ha MEHyBame Ha XHe-
papxuckata o0OpaboTka Ha wuH(popmanuu. JloH-
TUTYJAWHAIHUTE CTYJIUHU Kaj ToJeMa MoMyJaluja Ha
MAalMEHTH K€ UMa MOrojieMa CTaTUCTUYKA MOK U Ke
00e30eny aHaiM3a Ha KOXOPTH CO CHEIU(PHYHU
eH10(eHOTUTIOBY MK CyOAMjarHOCTUYKH KapaKTe-
puctuku. llenta Ha UAHUTE HEBPOIIATOJONIKU CTY-
IV € JIeKa TMPOMEHUTE Kaj HEBPOIICHUXOJOIIKHTE
MOCTpH Ha MOBP3yBamke MOXKAT JIa e OJJHECYBaaT U
Ha KJIYYHUTE KapaKTEPUCTUKA Ha ayTU3MOT BO
M30JaIfja ¥ BO KOHTEKCT HAa KOMOPOWIHUTE COC-
TOjOMH.

Ce 4MHU JieKa ke HeMa €JICH MAaTOJIOIIKH HAOM KOj
K€ ce JOKaKe KaKO YHUBEP3aJICH MEry MalueHTHTE
CO KJIMHWYKA AWMjarHO3a 3a ayTu3aM. | eHeTckuTe
CTYIWH TIOKa)XyBaaT JeKa ayTU3MOT € MyITudak-
TOpHA WU KOMIUICKCHA KapakTepucTuka. MHBOII-
BHUPamETO HA MHOTY T'€HH H BIIMjaHH]ja O]l CpeIuHA-
Ta cyrepupaar Jieka HEeBPOIIATOJOIIKUTE IPOMEHH
Tpeba a ce MHTepIpeTHpaar BO KOHTEKCT Ha CIIeK-
Tap ox Haoau. Bo Bpcka co Toa, ako martoJyiorujara
Ha ayTU3MOT ce IpEeruIlle caMo Ha eHa IUMEH3Hja
Ha aHaymu3arta (T.e. HEBPOIATOJIOTHjaTa) MOXKE Ja
ce MoKaXke KaKo HEeJOBOJIHA.

Therefore, deviations in the normal cerebellar cir-
cuit could account for the deficiencies in sensory
and motor function seen in autistic individuals
(63).

Future Direction

As understanding of the pathophysiology of autism
remains limited, there is no current cure for autism.
While prevalence appears to be increasing signifi-
cantly, it is difficult to determine whether this ac-
tually reflects an increased frequency in the condi-
tion or rather differences in diagnostic methodol-
ogy. The high comorbidity of autism with other
neurological disorders such as mental retardation,
epilepsy, Down syndrome and fragile X syndrome
makes it difficult to study the progression of this
disorder. Neuropathological studies have shown
changes in the morphometry and organization of
minicolumns and other neuronal circuits. The
evolution of imaging methodologies is revealing
altered patterns of connectivity within and between
cortical and subcortical areas. These findings have
implications for understanding autism as resulting
from an alteration within the hierarchical organi-
zation of the cortex. Longitudinal studies of large
patient populations will have greater statistical
power and provide for analysis of cohorts with
specific endophenotypes or subdiagnostic features.
One aim of future neuropathological studies is that
changes in neurophysiological patterns of connec-
tivity can be related both to core features of autism
in isolation and in the context of co-morbid condi-
tions.

It seems possible that there won’t be a single
pathological finding that will prove universal
among patients with a clinical diagnosis of autism.
Genetic studies indicate that autism is a multifacto-
rial or complex trait. The involvement of multiple
genes and environmental influences suggest that
neuropathological changes have to be interpreted
in the context of a spectrum of findings. In this
regard ascribing the pathophysiology of autism to
a single dimension of analysis (i.e., neuropathol-
ogy) may prove unrewarding.
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Bropara 1en1 Ha WAHUTE HEBPOMATOJOIIKHA CTYAUU
¢ J]a ce HamlpaBH Kopenalyja Ha HAaBOJHHUTE HAOIH
CO OHHE KOM IPOU3NEryBaaT oJ alTepPHATHBHUTE
MeTou ( Ha Tp. TEHETCKU W OMOXEMHCKH CTYUH)
KOPUCTEJKA WCTH TPUMEPONHM WA ITallHeHTCKA
nomynanuja. IHTerpaTHBHHOT METO]] € HajIpUKIIa-
JIeH 3a Ja ce 00e30ean CHHrepu3aM M UIHU yBUIU
BO OBaa JICCTPYKTHBHA, HEBPOIICHXH]aTPUCKA COC-
TOj0Aa.
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