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ABstRACt
This article is a review of medical literature regarding early screening in autism spectrum disorder 
(ASD). There are available tools of screening that can be used even before 12 months af age and are, 
during routine screening assessment of the infant. Head circumference is also mandatory during 
routine assessment. Brain MRI is not yet recomended as routine examination of infants at high risk 
of autism. There are only specific indications of brain scan, such onset of seizures or devlopment 
of hydrocephalus. But recent studies regarding brain scans during infancy revealed early findings 
occured before 12 monts of age, associated with later development of autism spectrum disorer. Role 
of brain MRI in early assessment of high risk infants is not yet validated. Precise classification of 
the infants at high risk of development of autism allows to start of specific intervention during 
developmental periods, and a grater opportunity in prevention of later disability.
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RezumAt
Articolul reprezintă un review al datelor din literatura medicală privind screening-ul precoce în 
tulburarea de spectru autist. Sunt disponibile instrumente de screening ce pot fi utilizate chiar sub 
vârsta de 12 luni, în timpul evaluărilor de rutină ale copilului. Măsurarea perimetrului cranian este 
de asemenea, obligatorie în timpul evaluărilor de rutină. Evaluarea IRM cerebrală nu este în prezent 
recomandată de rutină la copiii cu risc înalt de a dezvolta autism. Există doar indicații specifice, 
precum apariția crizelor epileptice ori dezvoltarea hidrocefaliei. Dar studii recente privind scanarea 
IRM cerebrală pe parcursul dezvoltării, au demonstrat modificări precoce apărute înaintea vârstei 
de 12 luni, asociate cu dezvoltarea ulterioară a tulburării de spectru autist. Rolul IRM cerebral în 
evaluarea copiilor cu risc de a dezvolta autism, nu este în prezent validat. Dar încadrarea precisă 
a copiilor cu risc înalt de a dezvolta autism permite debutarea precoce a intervenției terapeutice și 
creșterea șanselor de a preveni dizabilitatea ulterioară.

Cuvinte cheie: Instrumente de screening, neurodezvoltare, copii cu risc înalt.

iNtRoduCtioN
Autism Spectrum Disorder (ASD) is one 

of the most complex neurodevelopmental 
disorder manifested by impairments in 
social communication and integration, 
restricted and repetitive patterns of behavior 

and interests and usually abnormal response 
by sensory stimuli. Symptoms usually 
become evident in early childhood, between 
12 and 24 months. According to DSM-
IV-TR, ASD previously include Autistic 
Disorder, Asperger Disorder and Pervasive 
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Developmental Disorder – Not Otherwise 
Specified (PDD-NOS). Rett syndrome and 
Childhood Disintegrative Disorder were also 
included under Pervasive Developmental 
Disorders. In DSM-5, first three conditions 
are diagnosed under Autism Spectrum 
Disorder umbrella. There are specified grade 
of severity, cognitive and language level 
and presence or not of additional genetic 
condition. About 13 to 48 % of children with 
ASD have an apparent normal development 
during first year of life followed by a regress 
of milestones during second year, usually 
between 15 and 30 months, alongside with 
development of autistic signs [1]. However, 
many parents of children diagnosed with 
ASD noticed subtle abnormalities even from 
first year of life, especially retrospective, in 
comparison with younger siblings of whom 
development is within normal ranges. 
Although diagnosis of ASD is made at least 
by 24 months of age, there are available 
screening tools that should be used during 
routine assessment of children. American 
Academy of Pediatrics (AAP) and Center 
of Control and Prevention of Diseases 
(CDC) recommend early primary screening 
for neurodevelopmental disorders in all 
children at 9, 18, 24 and 30 months, and 
for ASD at 18 and 24 months. Secondary 
screening is recommended for high risk 
infants, such those born premature, perinatal 
asphyxia or younger siblings of children 
diagnosed with ASD. Primary screening is 
performed during routine assessment of 
infants by family doctors or pediatricians 
[2]. There are available many screening tools. 
In Romania, there is available the Screening 
Questionnaire for Autism, developed 
and validated by Child and Adolescent 
Psychiatry Department of Romanian 
Ministry of Health. The questionnaire is 
designed to be used during primary care of 
children by family doctor. It is structured 
by 12 items, of which 9 are addressed to 
the parent or caregiver and another 3, are 

completed by direct observation of the child 
behavior. Recommendation of screening 
using this questionnaire is according to CDC 
screening guide, at 9, 18, 24 and 30 months. 
Additional assessment such earlier than 9 
months is recommended to high risk infants 
[3]. Another screening tool, developed and 
validated by Oregon University and North 
Carolina University, USA, is the Ages and 
Stages Questionnaire (ASQ). There are two 
variants: the ASQ third edition (ASQ-3) used 
for neurodevelopmental assessment and the 
ASQ social-emotional second edition (ASQ-
SE-2) solely used for social an emotional 
development. The kit includes questionnaires 
with responses and scoring sheets for every 
stage, manuals and a set activities for 
interactive assessment. It is designed to be 
primary used by health care professionals 
such family doctor or pediatrician, or early 
educators, but can be used also by parents 
after a short training. ASQ-3 is addressed 
to five areas of development: cognitive, 
communication, social, gross and fine motor 
skills. It pinpoints developmental progress 
in children between ages of 2 to 66 months. 
Evidence reveals that earlier development is 
assessed, the greater chance is to diagnose 
neurodevelopmental disorders, to earlier 
start the interventions and the child has 
greater chance to rich his or her potential. The 
ASQ-SE-2 includes items regarding social 
and emotional development and covers the 
period between 2 to 72 months. This tool may 
be a very useful in early pick up the infants of 
high risk for neurodevelopmental disorders 
including autism. It is not yet translated and 
validated on romanian population [4]. If 
the score obtained on screening assessment 
suggests the risk of presence of autism 
or a developmental delay, then the child 
is directed to child neurologist or child 
psychiatrist for further assessment. If the 
diagnosis of autism or a developmental delay 
is ruled out, then the child is further assessed 
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by primary care service at next regular visit 
(Figure 1) [2, 3]. 

Another important point in screening is 
the measurement of the head circumference. 
It is also routinely performed during regu-
lar visits. Evidence shows that average head 
circumference is significant greater in chil-
dren who later receive an autism diagnosis. 
Macrocephaly is usually absent at birth, but 
about 37 % of children with ASD had signif-
icant growth of head circumference due to 
brain enlargement, during early childhood 
[5]. Another study showed that children who 

later meet the diagnostic criteria for autism, 
have macrocephaly in about 17 % and micro-
cephaly, in 15 %. Children with autistic signs 
that associate microcephaly, are much more 
likely to have another medical condition (a 
genetic disorder such Rett syndrome, intrau-
terine infections – TORCH syndrome, or in-
trauterine growth retardation – IUGR) (Fig-
ure 2) [6]. Another study also demonstrated 
the presence of birth macrocephaly in a sig-
nificant number of children later diagnosed 
with Asperger syndrome [7].

figure 1. early screening and intervention pathway for high risk status for autism  
or developmental delay in children aged before 2 years [2]

Figure 2. Classification of syndromic and non-syndromic autism in children already diagnosed,  
around age 2, according to the head circumference [6]
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Overgrowth of the head circumference 
in autism is especially due to overgrowth of 
of the brain volume. We can state that autism 
spectrum disorder is the only one neurode-
velopmental disorder associated with under-
lying overgrowth of the brain. In many cases, 
owergrowth of the brain is disproportiona-
te. The cerebral hemispheres tend to over-
growth, while brainstem and cerebellum 
are even hypoplasic, at least in some cases. 
The cerebellar vermis may be hypoplastic in 
some children with ASD, and normal or en-
larged in others [8]. 

In 2010, Kamilla and Henry Markram 
developed the Intense World Theory on au-
tism. Growth of the brain may have three 
main underlying mechanisms: interaction 
of the genes due to genetic predisposition, 
environmental factors that act in the early 
postnatal period (for example, maternal cir-
culating antibodies targeting some cerebral 
molecular structures) and epigenetic attack 
(for example, organic polluants that enhan-
ce expression of growth genes). These fac-
tors ocuuring in many different proportions 
varying between individuals, and leading to 
brain overgrowth due to increasing the nu-
mber of synapses, followed by hyperfunc-
tional microcircuites and hyperplasticity. 
These events lead to hyperemotion (excess 

of fear), hyperatention (further leading to 
later executive disfunction), hypercogniti-
ve status, hyperperception and hyperme-
mory, followed by visual contact avoiding, 
social impairments and restricted behavior. 
The child needs attachment but sensory an 
emotional stimuli are perceived as painful 
resulting in avoiding behavior. During first 
year of life, brain is excesively reactive to the 
environment. Sensory and emotional imputs 
together with brain overgrowth and hyper-
plasticity lead to fragmented development 
– overgrowth of gray matter microcircuits 
while long connections through white matter 
remain behind. 

These processes occurs alongside with 
regress of milestones and developing of au-
tistic signs, usually during second year of 
life. Sensory and emotional overstimulation 
may aggravate these processes and autistic 
signs may become more severe, worsening 
the prognosis. In Asperger syndrome, these 
mechanisms are more subtle, and early cog-
nitive and language development are usual-
ly within normal ranges, without any sign of 
regress during early childhood. Clinical pic-
ture becomes evident only later in life, even 
at school age (Figure 3) [9].

Excess of brain enlargement and inequa-
lities between brain structures in autism are 

figure 3. the underlying mechanisms of autistic behavior development [9]
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usually highlighted by brain MRI. Although 
encephalomegaly and another abnormalities 
are revealed by MRI in many cases, brain 
scan is not routinely recomended, but has 
some specific indications, including onset 
of epileptic seizures, enlargement of head 
circumference during first year as a sign of 
hydrocephalus, presence of signs suggesting 
a genetic disease (for example, acromic spots 
associated with onset of infantile spasms – 
sugestive for tuberous sclerosis). Major limit 
of brain MRI scan in children and infants is 
the long duration of examination and nece-
sity of sedation or general anestesia, which 
also rise the risk of adverse reaction such 
allergy, or idiosyncratic reactions, that are 
more frequent in children with neurodevelo-
pmental disorders and ASD. So, it is absolu-
tely necesary to justify a brain MRI scan, and 
to take into account the risk-benefit ratio [10, 
11]. Excessive brain enlargemet related to 
head circumference overgrowth occurs usu-
ally in the second year of life, alongside with 
onset and development of autism symptoms 
and even regress of milestones, whereas 
head enlargement during first year means 
rather hydrocephalus [10, 12]. 

In a prospective study series conducted 
by Joseph Piven, MD, North Carolina Uni-
versity, USA, there were highlighted using 
serial brain MRI scans, early modifications 
even before 12 months, in high risk infants of 
developing ASD. These studies had similar 
design and were focused on non-syndromic 
autism. The high risk infants enroled in stu-
dies had an older sibling already diagnosed 
with autism. Diagnosis of siblings was con-
firmed using Autism Diagnostic Interview 
– Revised (ADI-R). These high risk infants 
were assessed at 24 months using Autism 
Diagnostic Observation Schedule – Generic 
(ADOS-G) and were divided into high risk 
children diagnosed with autism and high 
risk children without autism. A comparative 
sample of low risk infants was represented of 
confirmed typical developed infants with an 

older sibling without autism. Exclusion crite-
ria were the presence of a genetical disorder, 
malformations, family history of intellectual 
disability or psychiatric disorders. All chil-
dren enroled in these studies underwent 
brain MRI at 6, 12 and 24 months [11, 12, 
13]. A first study had objective to highlight 
cortical surface expansion and brain volume 
growth during first year of life in children 
who will meet criteria for autism at 24 mon-
ths. There were enroled 318 high risk infants 
and 117 infants at low risk. Of the 318 high 
risk infants, 70 met criteria for autism at 24 
months. All children underwent brain MRI, 
at least 2 scans. But for prospective assess-
ment of brain growth, there were mandatory 
all 3 scans, at 6, 12 and 24 monts. 

Therefore, of the 70 high risk children 
diagnosed with autism, only 15 were enro-
led. According to demographic data and all 
three MRI studies availability, there were se-
lected control samples, of high risk children 
without autism and low risk children. So, 
control samples included 91 high risk chil-
dren without autism and 42 low rik children. 
On brain MRI studies, there were calculated 
cortical surface, brain volume and cortical 
thickness. Values obtained were compared 
with ADOS-G score at 24 months. There 
were noted in high risk children also diagno-
sed with autism, a significant overgrowth 
of cortical overall surface between 6 and 12 
months, followed by total brain volume over-
growth between 12 and 24 months. Cortical 
surface expansion was significant in certain 
areas associated with autistic features (Table 
1). Also, overall cortical surface expansion 
was significantly correlated with ADOS-G 
score. Using an artificial intelligence system, 
there was established a positive predictive 
value of 81 % and a sensitivity of 88 % for 
cortical surface expansion and autism [12]. 

Another study refers to cerebrospinal 
fluid (CSF) volume in high risk infants. The-
re were included 343 children, of whom 221 
on high risk of autism development. Of the 
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221 high risk infants, 47 met criteria for au-
tism at 24 months. They were compared with 
174 high risk children but without autism 
and 122 children at low risk. All children 
underwent 3 brain MRI scans. There were 
measured CSF volume and values were com-
pared with ADOS-G scores. Children that 
met criteria for autism had at 6 months, the 
subarachnoid CSF volume 18 % higher than 
those without autism, either high or low 
risk. Children with more severe form of au-
tism had CSF volume even 24 % higher than 
those without autism. At 24 months, children 
diagnosed with autism had CSF volume 15 
% higher than another, without autism. Sub-
arachnoid CSF volume was significantly cor-
related with ADOS-G score and also with 
magnitude of motor deficiencies. Volume of 
lateral ventricles was correlated neither with 
presence nor severity of autism. Subarach-
noid CSF volume at 6 months had a sensitivi-
ty of 66 % and specificity of 68 % for presence 
of autism [13]. 

In another study conducted by J. Piven, 
it was analyzed the development of white 
matter fascicles using diffusion tensor imag-
ing (DTI). In this study, there were enrolled 

92 high risk infants, of whom 28 met crite-
ria for autism at 24 months. Based on MRI-
DTI scans, there was measured fractional 
anisotropy (AF) in 15 white matter fascicles. 
AF value means degree of water molecules 
diffusion restriction along of white matter 
axons and yields information regarding my-
elination, density of fibers and also integrity 
of white matter tracts. Evolution of AF values 
was different in children that developed au-
tism with significance in 12 of 15 tracts (Table 
2). Thus, infants further diagnosed with au-
tism, had AF values at 6 months, higher than 
those without autism. But around 12 months, 
values were about the same in both groups 
and at 24, were lower in children with au-
tism. This means that development of fiber 
tracts was slower children diagnosed with 
autism [14]. These findings confirm the theo-
ry of fragmented brain development, part of 
the Intense World Theory on autism [9].

As we can see in present, the role of 
brain MRI scans in early complex assessment 
of high risk infants of developing autism, 
is in course of validation. If this tool would 
be validated, it allows picking up more ac-
curately the high risk infants and starting 

Table 1. Cortical areas of which surface expansion was significant between  
6 and 12 months in children diagnosed with autism [12].
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early adequate intervention techniques, 
even before development of classic picture 
of autism. That is useful in preventing high 
grade of disability associated with autism. 
In these studies, high risk infants were de-
fined by those with an older sibling already 
diagnosed with ASD. But we need to identify 
infants at high risk even if they are first child 
or have an older typical developed sibling. 
Therefore, there are useful the early screen-
ing tools and routine assessment by  prima-
ry care services, followed by neurological or 
psychiatric assessment of infants showing 
subtle signs of developmental delay. 

It is also necessary to further study the 
validity of early assessment tools, to more 
accurate identify infants at high risk and 
eventually justify brain MRI scans recom-
mendation, to highlight imaging biomark-
ers associated with autism. Using screening 
assessment tools, including screening ques-
tionnaires and head circumference measure-
ment, referring those infants with signs of 
developmental delays for further assessment 
and even recommending brain MRI scans 
will allow more accurate identifying the high 

risk infants of developing autism (Figure 4). 
So, an infant with subtle developmental de-
lay and documented brain overgrowth, for 
example, cortical surface areas hyper-expan-
sion during first year, is a high risk infant of 
developing autism. In the second year of life, 
brain volume starts overgrowth with over-
response to environment stimuli and frag-
mented development, alongside with regress 
of milestones and development of classic au-
tistic signs [9, 12, 14]. 

Once a high risk infant is precisely iden-
tified, we can initiate early intervention even 
before starting of brain development over 
“classic autism” pathway. Intervention tech-
niques must focus especially on sensory is-
sues. Is important to carefully avoid sensory 
and emotional overstimulation (avoid yell-
ing around the child, sudden noises, lights, 
touches, and also limit number of persons 
around the child). It is necessary to create 
a sensory friendly and predictable environ-
ment. Therapy also must focus on progres-
sive sensory desensitization and promoting 
of attachment. Although early intervention 
is aimed to reduce the impact of autism and 

Table 2. White matter fascicles in which AF was measured on MRI-DTI  
scans at 6, 12 and 24 months. Note that evolution of AF values was different in children  

diagnosed with autism, with significance in 12 of 15 tracts [14].
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high disability and also to improve progno-
sis, the child will remain autistic even in pres-
ence of great outcomes regarding milestones, 
therefore it will be necessary some support.  
Even much later in life and probably lifelong, 
person with ASD needs a predictable and 
sensory-emotional friendly environment. If 
the person feels comfortable and happy is 
obvious motivated to socialize and learn new 
skills [9]. 

In conclusion, if we have more data re-
garding high risk status, we can identify 
more accurately those infants who need 
early specific intervention. In present, brain 
MRI has limited indications in assessment of 
autism, especially due to anesthesia associat-
ed risk. But it may become useful in accurate 
identifying of the high risk infants for devel-
oping ASD and allowing early intervention 
using tailored techniques. 

As Temple Grandin said, milder forms of 
autism and Asperger syndrome are part of 
human diversity and even may be an advan-
tage in creativity and research, bud more se-
vere forms of autism are associated with high 
disability. Science must focus on preventing 
development of severe forms of autism but 
allow milder forms and Asperger syndrome 
to survive [15].

Figure 4. Early screening of children at high risk of developing autism, before 2 years,  
if brain MRI would become a valid assessment tool [2, 9, 12]
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