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 ABSTRACT                                                                                                                                            

EEG changes and neuroimaging abnormalities in 
relevance to severity of autism

Ahmed I. Kotoury, Ghada Y. El-Kamah, Samira I. Ibrahim and Engy A. 
Ashaat. 

Clinical Genetics Department, Human Genetics & Genome Research Division, 
National Research Centre, Cairo, Egypt.

Background: Autism is currently viewed as a genetically determined neurode-
velopmental disorder although its defi nite underlying etiology remains to be 
established. 
Aim of the Study: Our purpose was to assess autism related morphological 
neuroimaging changes of the brain and EEG abnormalities in correlation to the 
degree of disease severity. 
Patients and Methods: Seventeen cases with classic autism, 13 males and 4 
females were included in the study. Severity of the disease was assessed both 
clinically and by Childhood Autism Rating Scale (CARS). MRI changes and 
EEG abnormalities were detected in seven patients, mostly severely and mod-
erately affected. 
Results: Hypoplasia of cerebellar vermian lobules is the most replicated MRI 
abnormality in our patients (18%). Periventricular white matter dysmyelination 
is detected in 12% of studied cases. 29% of the cases have EEG abnormali-
ties. Head circumference above 97th centiles is detected in 18% of cases. The 
increased head circumference, when in combination with EEG abnormalities, 
positively correlates with the degree of disease severity. 
Conclusion: Although, no defi nite correlation could be established between 
the studied parameters and disease severity, most patients in the present study 
who exhibited MRI abnormality, EEG changes and/or increased head circum-
ference (H.C) manifested severe form of autism. The absence of correlation 
may be attributed to lack of statistical power, resulting from small sample size. 
However, the correlation was not solidly excluded therefore, the recommenda-
tion of further neuroradiological evaluation as well as the implementation of 
newer techniques, might help future elucidating the etiology of autism.
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INTRODUCTION                                    

Autism is a neuropsychiatric 
disorder of social, cognitive and 
language development. Autism 
Spectrum Disorders (ASDs) 

(OMIM 608638)1 are diagnosed on the 
basis of qualitative abnormalities in so-
cial, communicative and imaginative 
behaviors and the presence of repetitive 
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and stereotyped patterns of interests and 
activities. Diagnosis is complicated by 
the varied manifestation of these core 
defi cits, by wide variation in ability 
level and by developmental changes2. 
Structural neuroimaging studies done 
by means of magnetic resonance imag-
ing (MRI) have provided important in-
sights into the neurobiological basis for 
autism3. MRI is the method of choice 
to investigate structural brain anatomy 
and development in autistic patients as 
it is a non-invasive technique that can 
investigate human brain morphology4, 
although autistic disorders were even-
tually recognized as disorders of brain 
functioning, any adequate neurobio-
logical model of autistic disorder has to 
account for the association with degree 
of severity, epilepsy, EEG changes and 
MRI abnormalities.5

Head circumference is increased in a 
proportion of individuals of autism. The 
MRI and head circumference changes 
are apparent from about 3-4 years of 
age. Age-related changes in brain vol-
ume in autism are complex and appear 
to be abnormal from infancy into adult-
hood. Diffuse differences in total and 
regional gray and white matter volumes 
are found.6

Hyperplasia was present in cerebral 
gray matter and cerebral and cerebel-
lar white matter in early life in patients 
with autism7. Preliminary evidence 
for disproportion in the grey matter to 
white matter ratio and suggestion of 
regional variability in increased brain 
volume makes it unclear whether this 
abnormality is due to overproduction of 
cells which subsequently do not under-
go selective cell death, or whether the 
primary problem is a failure of synaptic 
pruning.8

Estimates of the proportion of autistic 
individuals affected with EEG changes 
vary, but by adulthood about one-third 
of individuals with autistic disorders 
have developed epilepsy. Abnormal 
EEG fi ndings can be found in as many 
as 43% of autistic patients, particularly 
in those with severe degree where sei-
zures are estimated to occur in as many 
as 30% of children with autistic disor-
der. However, there is an observation 
that possibly 15-20% of children with 
autistic disorder without seizures have 
an epileptiform EEG has raised the pos-
sibility of subclinical seizures and also 
explain to some extent the acquired 
aphasia usually associated with EEG 
abnormality.9

The aim of the present study is to cor-
relate severity of the disease to EEG 
changes, neuroimaging abnormali-
ties and increased head circumference 
among our studied patients with au-
tism.

PATIENTS AND METHODS                    

The study included seventeen cases 
diagnosed as autistic among patients 
frequenting the clinical genetics clinic, 
NRC. All patients met the diagnostic 
criteria of autism as defi ned in Interna-
tional Classifi cation of Diseases, 10th 

edition (ICD-10).10 

The studied cases comprised 13 males 
and 4 females, their ages ranged from 3 
to 11 years. Full explanation of the study 
has been provided to their parents and 
written consents have been obtained.

For each case the following were con-
ducted:
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Three generations pedigree con-• 
struction and analysis including 
consanguinity, similar conditions 
and other affected members in the 
family.

Complete history including paren-• 
tal occupation, conceptional and 
delivery histories, exposure to drug 
intake, fever and trauma.
Detailed clinical examination. • 
Anthropometric measurements in-• 
cluding height, weight and head 
circumference.
Rating the severity of autism us-• 
ing Childhood Autism Rating Scale 
(CARS)11. Accordingly patients 
were classifi ed into three Groups; 
mild, moderate and severe. 
Magnetic resonance brain imaging • 
(MRI) and or computed tomogra-
phy (CT).
Electroencephalogram (EEG).• 

RESULTS                                                     

Our study included 17 cases, 4 females 
and 13 males. Cases were subjected to 
pedigree analysis, proper clinical exam-
ination, anthropometric measurements, 
CARS, MRI &/or CT and EEG. Posi-
tive consanguinity was found in 23% of 
studied cases 18% showed macroceph-
aly. According to CARS evaluation 
18% of cases were classifi ed as mild, 
29% as moderate and the rest were 
of severe forms (53%). EEG changes 
were exhibited by 35% of cases, all 
showed epileptogenic foci and two 
cases had cerebral dysrythemia. Forty 
one percent (41%) of cases showed 
neuroimaging abnormalities. These ab-
normalities include, vermal hypoplasia                                               
(Figures. 1-A,B), periventricular white 
matter dysmyelination (Figure. 1C), su-
pratentorial hydrocephalus and central 
and cortical brain atrophy (Figure. 1D).

Fig. 1A: Axial T1 showing cerebellar vermal 
hypoplasia.

Fig. 1B: Sagittal T1 showing normal cerebrum, 
corpus callosum and brain stem, isolated vermal 
hypoplasia.

Fig. 1C: Axial T2 showing dysmyelination 
around frontal and occipital hornes of lateral 
ventricles.

Fig. 1D: CT showing mild prominent sulci of 
fronto-parietal region and dilated ventricles es-
pecially frontal horns indicating central and cor-
tical atrophic changes.
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Only 18% of the cases share the EEG 
and MRI changes, but most of the cases 
that showed EEG changes and or MRI 
abnormalities suffered severe or mod-

erate autism as evaluated by CARS. 
However, there was only one case that 
has mild autism as evaluated by CARS 
and showed MRI abnormalities.

Table 1: Shows the distribution of EEG, macrocephaly, neuroimaging fi ndings and CARS 
evaluation among the studied patients. 

Case
No

Age
(yrs) Sex Cons 

-ang.
Macro
-Ceph. CARS EEG Neuroimaging

abnormalities

1 7 ♂ -ve +ve Mild Normal Normal

2 11 ♂ -ve -ve Severe Right tempro- parietal 
epileptogenic 

activity without 2ry 
generalization

Periventricular 
white matter 

dysmyelination

3 10 ♂ -ve -ve Moderate Normal Normal

4 4 ♀ -ve -ve Moderate Norma Normal

5 9 ♂ -ve -ve Mild Normal Normal

6 9 ♀ -ve -ve Severe Epileptogenic focus Normal

7 6 ♂ +ve -ve Severe Generalized cerebral 
dysrrythmia, 

epileptogenic in nature

Normal

8 5 ♂ +ve -ve Severe Normal Normal

9 4 ♂ +ve -ve Mild Normal Periventricular 
white matter 

dysmyelination

10 6 ♂ -ve -ve Moderate Severe cerebral 
dysrrythmia, no 

epileptogenic focus

Normal

11 3 ♂ -ve +ve Severe Bilat. subcortical  
fronto-tempro-parietal 

epileptogenic discharge

Supratentorial 
hydrocephalus with 

no intra cranial 
space occupying 

lesion

12 6 ♂ -ve +ve Moderate Normal Normal

13 3 ♀ -ve -ve Severe Normal Central and cortical 
brain atrophy

14 6 ♂ -ve -ve Severe Normal Normal

15 5 ♂ +ve -ve Moderate Normal Vermal hypoplasia

16 6 ♂ -ve -ve Severe Epileptogenic focus Vermal hypoplasia

17 11 ♀ -ve -ve Severe Normal Vermal hypoplasia
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DISCUSSION                                              

Brain MRI may be helpful in the clini-
cal assessment of global developmental 
delay as the Practice Committee of the 
Child Neurology Society Outlined in 
200312. Recent neuroimaging studies 
have shown that a contributing cause 
for autism may be abnormal brain de-
velopment beginning in the infant’s fi rst 
months8. Studies have shown that many 
major brain structures are implicated in 
autism. This include; the cerebellum, 
cerebral cortex, limbic system, cor-
pus callosum, basal ganglia and brain 
stem.13

However, cerebellar abnormality in 
autism has been shown consistently 
from autopsy and MRI14. Hypoplasia of 
cerebellar vermian lobules is the most 
replicated MRI abnormality among 
our studied patients 3/7. Saitoh and 
Courchesene14 identifi ed two subgroups 
of autistic patients, hypoplasia and hy-
perplasia of cerebellar vermian lobules.

Gaffney et al.15 reported that cerebellae 
of autistic patients were smaller when 
compared to normal subjects.

Hashimoto et al.16 studied the develop-
ment of the brain stem and cerebellum 
in autistic patients, these structures were 
signifi cantly smaller in autistic patients 
than in controls and they suggested that 
signifi cant changes took place in the 
posterior fossa brain structures in the 
prenatal period in autistic children, but 
were not progressive.

A detailed morphometric analysis of 
cerebellum in autism with and without 
macrocephaly was done by Cleavingen 
et al.17 a trend was noted in macrocepha-
lic individuals with autism consistently 
exhibited slightly smaller cerebellar 

volume when compared to individuals 
with benign macrocephaly. However, 
Hrdlika3 suggested that autistic indi-
viduals have large total brain, cerebel-
lum and caudate nucleus volumes, but 
corpus callosum is reduced.

Effects of early midline cerebellar le-
sion on cognition and emotional func-
tions in the rats were carried out by 
Bobee et al.18 they concluded that the 
cerebellar vermis is involved in mo-
tor control, attentional capabilities and 
emotional behavior.

Their result strengthen the idea that the 
cerebellar vermis is involved in autism 
as already suggested by Caston et al.19 

as well as emphasizes the possible cor-
relation of the cerebellar affection with 
disease severity.

Ritvo et al.20 counted Purkinje cells in 
the cerebellum of four autistic cases 
and three male controls. Autistic cases 
showed a decreased number of Purkinje 
cells in the cerebellar hemisphere and 
vermis. Kemper and Bauman21 also 
reported on alterations in the cerebel-
lum, all autistic cases showed decreased 
numbers of purkinje cells. Fatemi et 
al.22 were the fi rst to examine the size 
of the cerebellar purkinje cells. Blocks 
of the cerebella of fi ve adult male au-
tistic subjects were compared with those 
of fi ve age- and sex-matched controls.                
A 24% decrease in mean Purkinje cell 
size was found in the autistic Group.  

All those studies of cerebellar intrauter-
ine developmental affection in autistic 
cases points to its involvement in dis-
ease development. The above studies 
were mostly done on mentally retarded 
cases23 which was one of the motives 
for our trials for correlation.
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Other reports did not consistently show 

smaller midsagittal cerebellar hemi-
spheres24 or vermis25-31 in autism. This 
lack of agreement in cerebellar seg-
mentation among neuroimaging studies 
might be partially explained by using 
different MRI systems, as was reported 
by Lotspeich et al.32

It is important to keep in mind that gen-
erally these studies have not accounted 
for IQ as a confounding factor.30

Periventricular dysmyelination of white 
matter was exhibited by two patients in 
the current study 2/7. Such observation 
was replicated by Miyazaki and Hashim-
oto33, who showed hyperintensity areas 
on T2 weighed images at the occipital 
lobe in 3 patients of autism. Because 
the hyperintensity areas are age depen-
dent, they suggested that it may result 
from delayed myelination in the central 
nervous system. A developmental study 
of the structural integrity of white mat-
ter in autism was carried out by Keller 
et al.34, who showed reduction in the 
structural integrity of white matter that 
persist into adulthood. They claimed 
that such reduction may underlie the 
behavioral pattern observed in autism. 
This again could be in favor of possible 
correlating of white matter integrity to 
disease severity.

Thirty fi ve percent (35%) of our pa-
tients showed EEG changes, most of 
them were severe forms of the classic 
autism. Not all the affected patients 
exhibited seizures, however, they may 
manifest late into adulthood. Such fi nd-
ing is in agreement with Hardan et al.35 

who suggested that idiopathic autism is 
at high risk for epilepsy and by adult-
hood about one third of individuals 
with autism have developed epilepsy. 
Between 15 and 36% of children with 

autistic disorder (AD) but without epi-
lepsy show EEG abnormalities, these 
are identifi ed more frequently if EEGs 
are repeated or if magnetoencephalog-
raphy is used as this is more sensitive 
than EEG.36

An increased prevalence of macroceph-
aly defi ned by occipito –frontal circum-
ference (OFC) is a constant fi nding in 
autism, several possible mechanisms 
have been proposed, the most compel-
ling being early brain overgrowth.37

Three cases among our patients had 
OFC > 97th percentiles, their ages were 
3, 6 and 7 yrs at time of presentation 
and measurement, two of them have 
severe form of autism (according to 
CARS). Courchesene et al.8 evaluated 
H.C of 48 patients with autistic dis-
order (AD) aged 2-5 y, compared to 
A Control Group, 59% of autistic pa-
tients showed accelerated H.C growth 
compared to 6% of normal individuals. 
A similar study done by Redcay and 
Courchesene38 showed that the greatest 
deviation of H.C and brain size from 
normal is largely restricted to the fi rst 
years of life (2-5y), study of older autis-
tic H.C refl ects the outcome rather than 
the process. Abnormally accelerated 
rate of H.C and brain size may serve as 
an early warning signal of risk of au-
tism.8

Reviewing of literature and current 
study show that neuroimaging changes 
in autism are inconsistent and contra-
dictory. Most patients of the present 
study who exhibited MRI abnormality, 
EEG changes and increased H.C were 
of severe form of autism, however such 
alteration was observed even in mild 
form.

The present study attempted to pro-
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vide a certain correlation between the 
studied parameters and severity of the 
disease. Although some consistent re-
sults emerge, the majority of the data 
remains equivocal. This may be due 
to lack of statistical power, resulting 
from small sample size as well as the 
heterogeneity of the disorder itself and 
to the inability to control the potential 

confounding variables such as gender, 
mental retardation, epilepsy and medi-
cation status and importantly, to the 
lack of consistent design in histopatho-
logical quantitative studies of autism 
published to date.

In conclusion, the present study high-
lighted the importance of EEG, MRI 
and measurement of H.C as further in-
vestigation of different brain structures 
could contribute to the disparate fi nd-
ings. However, the underlying neuro-
biological basis remains elusive. The 
implementation of newer techniques 
such as design based stereology, large 
scale analysis of gene expression and 
evolving novel volumetric method to 
examine the size of the corpus callosum 
hold great promise and might eventu-
ally result in the elucidation of the eti-
ology of autism.39

REFERENCES                                            

OMIM On line Mendalian Inheritance 1. 
in Man. OMIM (T.M) Center for medi-
cal genetics, john Hopkins University 
(Baltimore, M.D) and the National 
Library of Medicine (Bethesda,M.D) 
World Wide Web URL.

Gillberg C. and Coleman M. The biol-2. 
ogy of the autistic syndromes. 3rd ed. 
Cambridge: Cambridge University 
Press; 2000.

Hrdlicka M. Structural neuroimag-3. 

ing in autism. Neuro Endocrinol.Lett. 
2008; 29(3):281-6.

Brambilla P, Hardan A, di Nemi SU, 4. 
Perez J, Soares JC, Barale F. Brain 
anatomy and development in autism: 
Review of structural MRI studies. 
Brain Res.Bull. 2003; 61(6):557-69.

Kemper TL and Bauman M. Neu-5. 
ropathology of infantile autism. 
J.Neuropathol.Exp.Neurol.1998; 
57(7):645-52.

Lainhart JE, Bigler ED, Bocian M, 6. 
Coon H, Dinh E, Dawson G, et al. Head 
circumference and height in autism: A 
study by the Collaborative Program 
of Excellence in Autism. Am. J. Med. 
Genet. A. 2006 1; 140(21):2257-74.

Kleinhans NM, Muller RA, Cohen 7. 
DN, Courchesne E. Atypical functional 
lateralization of language in autism 
spectrum disorders. Brain Res. 2008                     
24; 1221:115-25.

Courchesne E, Carper R, Akshoomoff 8. 
N. Evidence of brain overgrowth in the 
fi rst year of life in autism. JAMA 2003 
16; 290(3): 337-44.

Besag FM. Behavioral aspects of pe-9. 
diatric epilepsy syndromes. Epilepsy 
Behav. 2004;5 Suppl 1:S3-13.

World Health Organization. The ICD-10. 
10 classifi cation of mental and behav-
ioural disorders.1993World Health Or-
ganization, Geneva.

Schopler E, Reichler RJ and Renner 11. 
BR. The Childhood Autism Rating 
Scale (CARS).1986 Western Psycho-
logical Services, Los Angeles, CA.

Shevell M, Ashwal S, Donley D, Flint 12. 



70

EEG changes and neuroimaging abnormalities in relevance to severity of autism

J, Gingold M, Hirtz D, et al. Practice 
parameter: Evaluation of the child with 
global developmental delay: report of 
the Quality Standards Subcommittee 
of the American Academy of Neurol-
ogy and The Practice Committee of the 
Child Neurology Society. Neurology 
2003 11; 60(3): 367-80.

Akshoomoff N, Pierce K, Courchesne 13. 
E. The neurobiological basis of autism 
from a developmental perspective. 
Dev. Psychopathol. 2002 Summer; 
14(3): 613-34.

Saitoh O and Courchesne E. Magnetic 14. 
resonance imaging study of the brain 
in autism. Psychiatry Clin. Neurosci. 
1998; 52 Suppl: S219-22.

Gaffney GR, Tsai LY, Kuperman S, 15. 
Minchin S. Cerebellar structures in au-
tism. Am. J. Dis. Child. 1987; 141(12): 
1330-2.

Hashimoto T, Tayama M, Murakawa 16. 
K, Miyazaki M, Yoshimoto T, Harada 
M, et al. Development of the brainstem 
and cerebellum in autistic children. No 
To.Hattatsu. 1994; 26(6): 480-5.

Cleavinger HB, Bigler ED, Johnson 17. 
JL, Lu J, McMahon W, Lainhart JE. 
Quantitative magnetic resonance im-
age analysis of the cerebellum in mac-
rocephalic and normocephalic children 
and adults with autism. J. Int. Neurop-
sychol. Soc. 2008; 14(3): 401-13.

Bobee S, Mariette E, Tremblay Leveau 18. 
H, Caston J. Effects of early midline 
cerebellar lesion on cognitive and emo-
tional functions in the rat. Behav.Brain 
Res. 2000; 112(1-2): 107-17.

Caston J, Yon E, Mellier D, Godfrey 19. 
HP, Delhaye bouchaud N, Mariani J. 

An animal model of autism: Behav-
ioural studies in the GS guinea-pig. Eur. 
J. Neurosci. 1998; 10(8): 2677-84.

Ritvo ER, Freeman BJ, Pingree C, 20. 
Mason-Brothers A, Jorde L, Jenson 
WR, et al. The UCLA-University of 
Utah epidemiologic survey of autism: 
Prevalence. Am. J. Psychiatry 1989; 
146(2):194-9.

Kemper TL and Bauman ML. Neu-21. 
ropathology of infantile autism. Mol. 
Psychiatry 2002;7 Suppl 2: S12-3.

Fatemi SH, Stary JM, Halt AR, 22. 
Realmuto GR. Dysregulation of 
Reelin and Bcl-2 proteins in au-
tistic cerebellum. J. Autism Dev.                                                                      
Disord. 2001; 31(6): 529-35.

Palmen SJ, van Engeland H, Hof PR, 23. 
Schmitz C. Neuropathological fi nd-
ings in autism. Brain 2004; 127(Pt 12): 
2572-83.

Murakami JW, Courchesne E, Press 24. 
GA, Yeung Courchesne R, Hesselink 
JR. Reduced cerebellar hemisphere 
size and its relationship to vermal hyp-
oplasia in autism. Arch. Neurol. 1989; 
46(6):689-94.

Filipek PA. Neuroimaging in the de-25. 
velopmental disorders: The state of the 
science. J. Child Psychol. Psychiatry 
1999; 40(1): 113-28.

Garber HJ, Ritvo ER. Magnetic reso-26. 
nance imaging of the posterior fossa in 
autistic adults. Am. J. Psychiatry 1992; 
149(2): 245-7.

Holttum JR, Minshew NJ, Sand-27. 
ers RS, Phillips NE. Magnetic reso-
nance imaging of the posterior fossa 
in autism. Biol.Psychiatry 1992 15;                                   



71

Kotoury et al.
32(12): 1091-101.

Kleiman MD, Neff S, Rosman NP. The 28. 
brain in infantile autism: Are posterior 
fossa structures abnormal? Neurology 
1992; 42: 753-60.

Nowell MA, Hackney DB, Muraki 29. 
AS, Coleman M. Varied MR appear-
ance of autism: Fifty-three pediat-
ric patients having the full autistic 
syndrome. Magn. Reson. Imaging                                                   
1990; 8(6): 811-6.

Piven J, Nehme E, Simon J, Barta P, 30. 
Pearlson G, Folstein SE. Magnetic 
resonance imaging in autism: Mea-
surement of the cerebellum, pons 
and fourth ventricle. Biol. Psychiatry                                      
1992; 31(5): 491-504.

Piven J, Saliba K, Bailey J, Arndt 31. 
S. An MRI study of autism: the 
cerebellum revisited. Neurology                                              
1997; 49(2): 546-51.

Lotspeich LJ, Kwon H, Schumann 32. 
CM, Fryer SL, Goodlin Jones BL, 
Buonocore MH, et al. Investigation of 
neuroanatomical differences between 
autism and Asperger syndrome. Arch. 
Gen. Psychiatry 2004; 61(3): 291-8.

Miyazaki M and Hashimoto T. [Deep 33. 
white matter hyperintensity in oc-
cipital lobe on T2 weighted magnetic 
resonance imaging]. No To. Hattatsu.   
1991; 23(5): 469-74.

Keller TA, Kana RK, Just MA. A de-34. 
velopmental study of the structural in-
tegrity of white matter in autism. Neu-
roreport 2007; 18(1): 23-7.

Hardan AY, Keshavan MS, Sreedhar S, 35. 
Vemulapalli M, Minshew NJ. An MRI 
study of minor physical anomalies in 
autism. J. Autism Dev. Disord. 2006; 
36(5): 607-11.

Lewine JD, Andrews R, Chez M, Pa-36. 
til AA, Devinsky O, Smith M, et al. 
Magnetoencephalographic patterns of 
epileptiform activity in children with 
regressive autism spectrum disorders. 
Pediatrics 1999; 104(3 Pt 1): 405-18.

Tate DF, Bigler ED, McMahon W, 37. 
Lainhart J. The relative contributions of 
brain, cerebrospinal fl uid-fi lled struc-
tures and non-neural tissue volumes to 
occipital-frontal head circumference in 
subjects with autism. Neuropediatrics 
2007; 38(1): 18-24.

Redcay E, Courchesne E. When is 38. 
the brain enlarged in autism? A meta-
analysis of all brain size reports. Biol. 
Psychiatry 2005; 58(1): 1-9.

Keary CJ, Minshew NJ, Bansal R, Go-39. 
radia D, Fedorov S, Keshavan MS, et 
al. Corpus callosum volume and neu-
rocognition in autism. J. Autism Dev. 
Disord. 2009; [Epub ahead of print].




