Neuroimaging in Autism Spectrum Disorder

Dr Brian Hallahan, MD MMedSci MRCPsych
Consultant Psychiatrist and Senior Lecturer
Clinical Science Institute

Department of Psychiatry

National University of Ireland, Galway, Ireland

Kamila Janik, MSc, PhD Candidate, (co-author)
Irish Centre for Autism and Neurodevelopmental Research, School of Psychology, National
University of Ireland, Galway, Ireland

Corresponding Author: Dr Brian Hallahan, Consultant Psychiatrist and Senior Lecturer,
Clinical Science Institute, Department of Psychiatry, National University of Ireland, Galway,
Newcastle Road, Galway, Ireland

Keywords: Autism Spectrum Disorder, neuroimaging, structural MRI, functional MRI, MRI spectroscopy

Abstract

Modern neuroimaging techniques have provided researchers with invaluable tools to explore
anatomical and functional brain abnormalities in individuals with autism spectrum disorder (ASD).
Converging evidence from structural MRI studies demonstrates differences in post-natal brain
maturation in individuals with ASD compared to healthy controls, with early brain overgrowth
followed by a subsequent plateauing of growth through adolescence and specific regional brain
volume reductions in adulthood. These brain volume reductions occur in regions (e.g. amygdala,
cerebellum, corpus callosum) which have been linked repeatedly to the clinical phenotype. Functional
MRI, MRI spectroscopy and diffusion tensor imaging studies have further clarified the neurobiology of
ASD, with increasing evidence demonstrating brain dysconnectivity and white matter abnormalities.
Future longitudinal neuroimaging studies using a variety of neuroimaging techniques aligned to
clinical and behavioural data should further clarify the neurobiology of ASD.

Introduction

Neuroimaging methods have made a valuable contribution to increasing our understanding of the
biological basis of autism spectrum disorder (ASD) (1). In this paper, we principally detail structural MRI
(sMRI) brain findings in ASD and give a possible clinical rationale for these findings. We also discuss, in
brief, some findings relating to magnetic resonance spectroscopy (MRS) and functional MRI (fMRI).

Structural MRI (sMRI) Research Findings

sMRI studies have consistently demonstrated a global increase in brain volume in young children (2-4).
However, results from adolescents and adults have been more inconsistent and generally demonstrate
no difference in global brain volume between individuals with ASD and healthy controls (5-7). This
early brain overgrowth has, in particular, been linked to an increase in white matter in frontal brain
regions (8,9) and in the amygdala (10). In adulthood, an increasing body of evidence from both region
of interest (ROI) and voxel-based morphometry (VBM) studies, has demonstrated regional brain
volume reductions, predominantly in the amygdala-hippocampal complex (11,12), precuneus (12),
cerebellum (6,13-15) and corpus callosum (CC) (16), although many other brain regions have also been
implicated (Figure 1). In addition, sMRI studies have demonstrated age-related cortical thinning and
reduced cortical gyrification, with the parietal lobe, including the precuneus, especially implicated (17-
20).
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Figure 1. Structural MRI findings in Autism Spectrum Diorders
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sMRI evidence in ASD indicates that early brain overgrowth is followed by a subsequent plateauing

or decline in brain size by early childhood, with ongoing reduction in brain volume from adolescence
to late middle age. Evidence demonstrating increased peripheral cerebrospinal fluid (CSF) volume

but not increased lateral ventricular volume in adulthood (7) (i.e. potential loss of cortical tissue), and
reduced cortical thickness further indicates an abnormal developmental trajectory in individuals

with ASD compared to healthy controls. Possible explanations for such an abnormal developmental
trajectory include differences in neurotrophin levels, including brain-derived neurotrophic factor
(BDNF) and neurotrophin-4 (NT-4), in ASD individuals compared to controls, particularly as higher
plasma concentrations have been detected in newborns with ASD (21) and as these neurotrophins can
decrease Purkinje cell survival (in the cerebellum) by excitotoxic methods (22). It is not known exactly
when this abnormal developmental trajectory commences, with only one study to date examining
pre-natal brain size in individuals with ASD, demonstrating no difference compared to healthy controls
(23).

Cerebellum

The cerebellum is now known to be important for higher-order functioning, including attention (24),
social interaction (25) and executive functioning (26), all areas of relative impairment in individuals
with ASD; consequently reductions in cerebellar volume in individuals with ASD may explain these
findings. Furthermore, previously normally functioning individuals with acquired cerebellar lesions
have displayed social and communicative deficits (27,28) similar to those observed in ASD, and fMRI
studies in ASD individuals have demonstrated differences in cerebellar activation compared with
controls during motor (29) and social tasks (30).

Limbic System, including the Amygdala

The amygdala and its adjacent brain structures, principally the hippocampus, are components of the
limbic system and play a crucial role in mediating social behaviours, including the processing of facial
expressions (30), assigning significance to environmental stimuli (31), memory and stress regulation
(32), with these structures having a close reciprocal relationship during memory and social tasks (33).
Impairments in these social cognition skills are particularly evident in individuals with ASD and may
consequently explain the structural brain differences noted. Further evidence implicating the limbic
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system in ASD is evident from volume reductions of the fusiform “face area’, a region particularly
important for processing facial emotions (13).

Precuneus
The precuneus is implicated in social cognition, including self-awareness and empathy (34), processing
visuo-spatial imagery and episodic memory, all difficulties evident in individuals with ASD (35, 36).

Corpus Callosum (CC)

The CCis the largest commissural white matter tract in the brain. It is involved in motor and sensory
integration in addition to multiple higher-order cognitive functions, including abstract reasoning,
planning, attention, language comprehension and social cognition (37), all of which have been
demonstrated to be impaired in individuals with ASD. Furthermore, reduced volume of the CCin ASD
has been found to correlate with core ASD features, including social deficits, repetitive behaviours and
sensory abnormalities (16), as well as executive dysfunction and impairments in complex motor skills
(38).

Comparing Autism and Asperger Syndrome

Some ROl and VBM studies (7,12) have demonstrated no differences in regional brain volumes
between individuals with autism and Asperger syndrome. However, evidence of variation within the
ASD clinical phenotype has also been noted, including increased grey matter in the superior temporal
gyrus and inferior parietal lobe in individuals with autism compared to those with Asperger Syndrome
(13). These regional brain differences correspond with the main differentiating clinical diagnostic
feature, namely developmental language abnormalities.

Gender

The prevalence of ASD is approximately 3 times higher in males compared to females (39), and
consequently most neuroimaging studies have been conducted in male-only (or predominantly male)
samples, with structural brain anatomy among females with ASD consequently under-investigated.
This is despite growing evidence for differences in the clinical phenotype between genders, including
a greater ability for females to camouflage their social difficulties (40). Some sMRI studies have,
however, investigated females with ASD (41,42) and demonstrated neuroanatomical differences in
females with ASD (e.g. limbic system) compared to healthy control females, consistent with those
detected in males with ASD. Widespread differences in white matter between genders has been noted
in ASD (41), with an increase in cerebellar white matter volume compared to healthy controls noted in
females (42), a finding not ascertained in recent research in adult males with ASD. These differences
are difficult to interpret but may suggest some variation in brain anatomy related to a variation in the
clinical phenotype in females compared to males.

Functional Magnetic Resonance Imaging (fMRI)

fMRI studies have contributed significantly to our understanding of ASD pathology, with numerous
fMRI studies examining aspects of social cognition (e.g. theory of mind, face processing), executive
function and language demonstrating altered brain activity compared to healthy controls (43-45).
fMRI studies have demonstrated impairments in brain networks and decreased functional cortical
connectivity between regions of interest (46), with “long-distance” brain disconnectivity in ASD
demonstrated by numerous studies investigating a variety of tasks related to core symptoms of ASD,
including language (47), social cognition (48) and executive function (49).

In support of sSMRI research in ASD, facial emotion processing studies have consistently demonstrated
differences in the limbic and “face processing” regions including hypoactivation of the fusiform gyrus
and amygdala during facial emotion processing tasks (50,51). However, more recently, a double-
blind placebo-controlled crossover trial of acute tryptophan depletion (to reduce serotonin levels)
measured brain activity using fMRI in response to a facial emotion processing task and demonstrated
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significant differences in the modulation of the processing of facial expressions of emotions across the
“social brain network’, potentially suggesting that serotonin dysfunction in ASD may be related to this
altered brain activity (52).

Figure 2. fMRI and processing of emotional disgust in individuals with ASD compared to controls

Saggital view of the brain.

Serotonin reduction (using acute tryptophan depletion) was associated with altered levels of activity
in the medial frontal gyrus (A and B) and occipital lobe when processing emotion of disgust - brain
regions associated with the social brain network.

Adapted from Daly et al., 2012 (56)

Diffusion Tensor Imaging (DTI)

Diffusion Tensor Imaging (DTI) evaluates the structural integrity of specific white matter tracts of
interest, by measuring diffusion of water molecules along the axons. A number of studies have
demonstrated atypical structural connectivity in individuals with ASD (53). Most commonly, DTI
studies have reported widespread increases in mean diffusivity (MD) across the brain (54-56) reflecting
poorly-organised white matter. Similarly, decreases in fractional anisotropy (FA), reflecting decreased
organisation and coherence in white matter tracts, has been noted in multiple brain regions in both
children and adults with ASD (57,58), although increased FA has also been identified in younger
children (59) and adolescents (60) with ASD. These findings suggest widespread abnormalities of
white matter tracts, with some suggestion of abnormal myelin integrity due to findings of radial
diffusivity abnormalities (53).

Magnetic Resonance Spectroscopy (MRS)

Magnetic Resonance Spectroscopy (MRS) has been utilised to examine brain metabolism and
neuronal integrity through quantification of a variety of brain metabolites including N-acetyl aspartate
(NAA), creatinine, choline and glutamate (or glutamate + glutamine + GABA (GIx)) in brain structures
previously implicated in ASD, such as the amygdala-hippocampal complex. Age-related reductions

in NAA, a putative marker for neuronal density and/or integrity (61) have been demonstrated in
individuals with ASD compared to controls, possibly suggesting differential changes over time in
neuronal density and mitochondrial metabolism (Figure 3). Furthermore, decreases in NAA have been
linked to social deficits (62), which are core deficits in individuals with ASD. In addition, a recent study
has detected reduced glutamate/glutamine (Glu/GIn) and inositol concentrations, both markers of
excitatory neurotransmitter regulatory activity in the brain, in the right anterior cingulate cortex and
decreased concentration of inositol in the left temporo-parietal junction (63).

Figure 3. Relationship between NAA and Age in people with Asperger syndrome and Controls
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An age-related reduction in NAA in individuals with Asperger Syndrome compared to controls in the
amygdala-hippocampal complex is presented above suggesting possible differential changes over
time in neuronal density and mitochondrial metabolism.

Adapted from O’Brien et al., 2010 (61)

Conclusion

Modern neuroimaging techniques have substantially expanded our knowledge with respect to the
neurobiology of ASD, with evidence of widespread structural and functional brain abnormalities.
Future longitudinal neuroimaging studies using a variety of neuroimaging techniques aligned to
clinical and behavioural data should further clarify the neurobiology of ASD.

GP Comment.

What have | learned from this paper?

1. Whilst GPs would not be able to arrange these types of neuroimaging in Primary Care, this
interesting research clearly shows that autism is a neurobiological disorder and not, as was previously
thought, the result of poor parenting.

2.In ASD, differences in brain volume and growth at different ages are noteworthy as are
abnormalities in certain brain networks and connectivity. Overall, both structural and functional
imaging seem to point to impairments in areas of the brain that are important in social behaviour
and understanding. This may help explain some of the issues that GPs may encounter with these
individuals.

Dr Daniel Dietch

GP Partner, Lonsdale Medical Centre

London, UK.
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