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Abstract 

Advances in neuroimaging techniques have significantly improved our understanding of the 

neural basis of autism spectrum disorder (ASD). Several attempts have been made to label the 

main neuroimaging phenotype of ASD, mostly by anatomical and functional activation studies, 

but none of the frameworks have been without controversy. Over the past decade, a renewed 

interest for rest brain functioning has emerged in the scientific community, reflected on a large 

number of resting state fMRI (rs-fMRI) studies, but results remain heterogeneous. It is possible 

today to investigate rest brain functioning by measuring rest cerebral blood flow (CBF) with MRI 

using arterial spin labeling (ASL). Here, we investigated rest CBF abnormalities using non-

invasive ASL-MRI in 18 children with ASD without cognitive delay (10.4 ± 2.8 y) and 30 typically 

developing children (10.6 ± 3.0 y). Following quality control, images from a final sample of 12 

children with ASD (11.2 ± 2.9 y) and 28 typically developing children (10.1 ± 2.5 y) were 

analyzed. Whole brain voxel-by-voxel analysis showed significant rest CBF decrease in temporal 

regions, mainly in the superior temporal sulcus (STS), in children with ASD. This hypoperfusion 

was individually detected in 83% of children with ASD. Finally, negative correlation was 

observed between ASD severity scores and rest CBF in the right posterior STS. Strikingly, despite 

the small sample studied here, our results are extremely similar to previous PET and SPECT 

findings describing decreased rest CBF in the same superior temporal regions at group and 

individual levels, as well as correlation with symptoms severity. The congruence between these 

results, with different methods and in different ASD profiles, reinforce the strength of rest 

functional abnormalities within these superior temporal regions in ASD and strongly indicates 

it might be a core characteristic of the disorder. Identifying a core dysfunctional region in ASD 

bears direct implications to the development of novel therapeutic interventions, such as 
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transcranial magnetic stimulation. In addition, if confirmed in a larger sample, rest temporal 

hypoperfusion could become a reliable brain imaging biomarker in ASD.  
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Introduction 

Autism spectrum disorders (ASD) are neurodevelopmental disorders characterized by social 

communication deficits and restricted repetitive behaviors [1]. Major advances in neuroimaging 

techniques in the past few decades have allowed a wide investigation of the neural basis of ASD 

and greatly enriched our understanding of neuropathological features in this disorder. Brain 

imaging studies in ASD constitute nowadays a very large literature of more than 3000 

publications (PubMed).  

Even though it is generally recognized that ASD is related to structural [2-4] and functional [5-

7] network abnormalities, description of its extent and overall pattern has been rather 

heterogeneous. Indeed, while several attempts have been made to label the main 

neuroimaging phenotype of ASD, none of the frameworks have been without controversy. 

Inconsistency may result from methodological issues such as differences in subject inclusion 

criteria, variability in image processing and analysis methodology [8, 9].  

From a functional perspective, the first results describing abnormalities in ASD came from 

positron emission tomography (PET) and single photon emission computed tomography 

(SPECT) investigations on rest cerebral blood flow (CBF). Results from these studies showed rest 

hypoperfusion located in the temporal regions in children with ASD compared to control group 

[10, 11]. In addition, rest hypoperfusion in the temporal regions were correlated to the severity 

of ASD symptoms [12]. Despite these interesting findings, PET and SPECT methods presented 

important methodological limitations, predominantly due to the use of radiotracer injection. 

Thus, with the arrival of functional magnetic resonance imaging (fMRI) technique using 

activation paradigms, rest CBF measures by nuclear imaging methods was progressively 

abandoned and rest functional abnormalities in ASD have not been described since then. From 
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the late 90’s, brain function in ASD has been mostly investigated using activation fMRI 

paradigms, with focus on different brain systems. Activation abnormalities have been largely 

described but, as intrinsic to the method, depend on the type of tasks executed in the scanner.  

Over the past decade, a renewed interest for rest brain functioning has emerged in the scientific 

community. Resting state fMRI (rs-fMRI), a technique based on the intrinsic synchronous 

activity that occurs in distant regions of the brain at rest [13], has been used for this type of 

investigation. Resting-state fMRI studies conducted in ASD have suggest diminished 

connectivity, particularly between nodes of the default mode network (DMN) [14-16] and 

between the anterior and posterior insula and a number of social processing brain regions in 

ASDs [17-19] but also increased connectivity, for instance between multiple striatal regions and 

striatal hyperconnectivity with the pons [20]. Indeed, general over-connectivity, but also under-

connectivity, and/or a combination of both have been reported in ASD, and hallmark 

connectivity patterns are still unclear [21]. Importantly, results should be interpreted with 

caution since it has been shown that motion can generate false positives where no true 

differences exist [22] and even small amounts of head motion during scanning have large effects 

on functional connectivity measures [23]. Therefore, head motion must be taken into account 

in MRI studies. Moreover, rs-fMRI analyses require prior hypotheses on the connected regions 

preventing fortuity findings, as it’s possible when using a whole brain approach.  

If we consider investigations of neural basis in ASD, rest functional studies are highly pertinent 

since they do not require subject’s active cooperation and can therefore include the whole ASD 

spectrum. The emergence of a novel MRI technique offers new opportunities for assessing brain 

functioning at rest based on rest CBF measures. Arterial spin labeling (ASL) is a non-ionizing and 

completely non-invasive MRI method that uses magnetically labeled blood water as an 
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endogenous tracer for quantification of brain perfusion, providing rest CBF measurements. In 

this technique, the diffusible tracer is magnetically labeled arterial blood water protons, 

produced by saturating or inverting the longitudinal component of the MR signal using a 

radiofrequency pulse If all the label arrives at the capillary bed or tissue at the time of imaging, 

this results in a T1-weighted signal reduction proportional to CBF, called the tagged image, 

which is compared to a control image, in which the blood water molecules are not perturbed 

[24]. ASL-MRI provides an absolute, quantifiable CBF measurement in physiological units of 

ml/g/min on a voxel-by-voxel basis. Finally, short acquisition time and absence of radioisotopes 

injections, make MRI-ASL very suitable for brain functioning at rest studies, in typical and 

abnormal brain development in pediatric populations.  

In this study, we aimed to use this novel non-invasive method, ASL-MRI, to investigate brain 

functioning at rest, by measuring rest CBF, in children with ASD compared to typically 

developing children. In addition, we aimed to investigate whether putative rest CBF 

abnormalities in children with ASD measured with ASL-MRI would be correlated with the 

severity of autistic symptoms.  
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Materials and Methods 

Participants 

Eighteen children with ASD (mean age = 10.4 ± 2.8 years; four girls) and thirty typically 

developing controls (mean age = 10.6 ± 3.0 years; ten girls) participated in this study.  Following 

quality control, images from six children with ASD and two typically developing controls were 

excluded from the study. Our final sample was then composed of twelve children with ASD 

(mean age = 11.2 ± 2.9 years; three girls) and twenty-eight typically developing children (mean 

age = 10.1 ± 2.5 years; nine girls) (Table 1). Children were diagnosed according to the DSM-IV 

and ADI-R criteria for ASD. All children with ASD were verbal, had an IQ score within the normal 

range, attended mainstream schools, had no associated neurological conditions and were free 

of medication for at least 1 month before imaging. All typically developing children had no 

psychiatric, neurological or general health problems, as well as no learning disabilities and had 

a normal schooling. All children from both groups had a normal anatomical MRI validated by a 

specialist neuro-radiologist. Written informed consent to participate in this study was obtained 

from each participant’s parent or legal guardian and adhere to the principles of the Helsinki 

Declaration. The study was approved by the Ethical Committee of Necker Hospital, Paris, 

France. 

Clinical severity of ASD symptoms was assessed using the Autism Diagnostic Interview - Revised 

(ADI-R) algorithm. This semi structured investigator-based interview is based on scores of three 

functional domains with diagnostic thresholds. Each score contains four items. Score B 

quantifies impairments in reciprocal social interactions; score C quantifies impairment in 

communication with a verbal sub-score (Cv) and a nonverbal sub-core (CnV); score D quantifies 

restricted, repetitive, and stereotyped patterns of behavior and interests [25]. Because each 
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item is scored from zero (the symptom is absent or cannot be assessed) to three (the symptom 

is strongly present), a child who does not speak at all (71% in this group) scores 0 on the CV 

score and earns a lower global ADI-R score (less severe autism) than a child able to speak with 

some verbal communication abnormalities. Therefore, our correlation analysis was based on a 

modified global ADI-R score which excluded the CV subscore [12]. 

Table 1. Final Sample Characteristics 

 

 

 

 

 

 

 

MRI scans 

Perfusion images measuring cerebral blood flow (CBF) at rest were acquired for all participants 

using a 3D pulsed continuous arterial spin labelling (ASL) sequence with spiral filling of the K 

space (TR/TE: 4428/10.5 ms, Post Labeling Delay: 1025 ms, flip angle: 155°, matrix size: 128 x 

128 , field of view: 24 x 24 cm, with 34 axial slices at a thickness of 4 mm). CBF quantification 

from ASL tagged and control images was performed and warrant by General Electric 3D ASL 

software [26]. In addition, all participants underwent a 3D T1–weighted FSPGR sequence 

Characteristic 

Mean 

P Value (SD) 

[Range] 

ASD TD ASD vs TD 

(n=12) (n=28) (n=40) 

Sex, F/M 3/9 9/19 0.94 

Age, yrs. 

11.2 10.1 

0.256 (3.0) (2.5) 

[7-16] [6-17] 

IQ 

103 111 

0.282 (24.7) (11.1) 

[86-143] [89-140] 

ADI-R score       
(B + Cnv + D) 

42.4 

NA NA 
(8.4) 

[27-54] 

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted September 19, 2019. ; https://doi.org/10.1101/771584doi: bioRxiv preprint 

https://doi.org/10.1101/771584
http://creativecommons.org/licenses/by-nc-nd/4.0/


9 
 

(TR/TE: 16.4/7.2 ms, flip angle 13°, matrix size: 512 x 512, field of view: 22 x 22 cm, with 228 

axial slices at a thickness of 0.6 mm). All scans were acquired with a 1.5 Tesla (Signa General 

Electric) scanner at the Necker Hospital, Paris, France. 

Scans quality control 

We performed a strict visual quality check on all individual T1 and ASL screening for artifacts 

such as motion, aliasing, ghosting, spikes, low signal to noise ratio. We excluded any images 

from both groups compromised by these types of artifacts (6 images from the ASD group and 2 

images from the control group). Thus, all analyses presented in the following sections include 

the remaining 40 scans only.  

ASL-MRI pre-processing 

Structural T1-weighted and ASL images were analyzed using SPM8 

(http://www.fil.ion.ucl.ac.uk/spm) implemented in Matlab (Mathworks Inc., Sherborn, MA, 

USA). Briefly, structural T1 images were segmented into grey matter, white matter and 

cerebrospinal fluid and spatially normalized in the MNI space using the cat12 toolbox 

(http://dbm.neuro.uni-jena.de/vbm/). The ASL images were co-registered to the corresponding 

native grey matter images and spatially normalized to the MNI space using the deformation 

matrices from the T1 normalization step with a final isotropic resolution of 1.5 x 1.5 x 1.5 mm. 

The resulting ASL images were smoothed using an isotropic Gaussian filter of 10 mm. All images 

were visually inspected for proper realigning and spatial normalization. 

Statistical analyses  

Three different analyses were performed. First, a whole brain voxel-by-voxel group analysis was 

performed comparing the smoothed and normalized ASL images from 12 children with ASD 
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compared to 28 children with TD, using the framework of the general linear model within SPM8. 

Further region of interest (ROI) analyses was performed on the superior temporal regions, 

bilaterally generated with WFU PickAtlas software [27] and dilated 3 mm. Both analyses were 

performed on a grey matter mask thresholded to 50% and by scaling images proportionally to 

the individual global ASL signal. P values set to 0.05 Family Wise Error (FWE) corrected for 

multiple comparisons. In addition, a receiver operating characteristic (ROC) curve was 

generated with the rest CBF values from the cluster identified in the whole brain analysis (R 

statistical software http://cran.r-project.org). Secondly, an individual analysis was performed, in 

which the ASL image of each child with ASD was compared to the ASL images of the control 

group. Finally, whole brain SPM correlation analyses were performed to study univariate 

relationships between CBF and ADI-R score. 
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Results  

Group Analysis 

Whole brain voxel-by-voxel analysis 

Whole brain voxel-by-voxel SPM group analysis revealed a significant hypoperfusion 

(t(38)=5.03, FWE corrected p<0.05) in the ASD group localized in the left superior temporal 

sulcus (MNI x, y, z coordinates: -60 -40 -2).  

Regions of interest analysis 

Analyses restricted to STG and STS revealed a significant decrease in rest CBF (p<0.05 corrected) 

in the ASD group compared to TD group bilaterally in the superior temporal sulcus (Fig 1A).  

Receiver operating characteristic (ROC) 

The ROC curve analysis revealed an optimal cut-off rest CBF of 76.9 ml/100mg/min. Rest CBF 

values within the STS lower than the cut-off were observed in 11 out of 12 ASD patients (91.7% 

sensibility) while only 3 out of 26 TD children had lower than cut-off rest CBF values (88.5% 

specificity) (Fig 1B-C). 

Individual Analysis 

A significant temporal hypoperfusion (p<0.001 unc) was individually detected in 10 out of 12 

children with ASD (83% of positive individual detection). Out of the 12 children with ASD, the 

temporal hypoperfusion was bilateral in 2 children, located on the right hemisphere in 4 

children and on the left hemisphere in 4 children. Fig 2 shows brain regions with significant 

hypoperfusion in 3 children with ASD.  
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Correlation Analysis 

Whole brain correlation analyses between rest CBF and ADI-R score showed significant negative 

correlation (p < 0.001, uncorrected; Talairach’s x, y, z coordinates: -50, -68, 24) located in the 

right superior temporal gyrus; more severe autistic symptoms are associated with lower CBF 

values in this region (Fig 3). In addition, a significant positive correlation between ADI-R score 

and rest CBF in the cerebellum (p < 0.001, uncorrected; Talairach’s x, y, z coordinates: -3, -52, 

20); less severe autistic symptoms are associated with higher CBF values in this region.  
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Discussion  

In the present study, using a new method allowing to investigate brain functioning at rest non-

invasively using MRI, we report a significant decrease in rest CBF in children with ASD compared 

to typically developing (TD) children in superior temporal regions. Indeed, whole brain analysis 

revealed a significant decreased rest CBF in the left superior temporal sulcus (STS) and a further 

ROI analysis over both superior temporal regions confirmed a significant bilateral decrease is 

rest CBF in children with ASD. Moreover, ROC curve analysis of rest CBF values within this region 

revealed an optimal cut-off value for which 91.7% of children with ASD in this sample were 

correctly identified as positive (91.7% sensibility and 88.5% specificity). In addition, the 

temporal hypoperfusion was individually detected in 83% of the children with ASD. Finally, we 

found that ADI-R score, a global index of ASD severity, correlated negatively with rest CBF in the 

right superior temporal gyrus: children with more severe clinical scores, are those who have 

lower rest CBF values in this region, suggesting that right superior temporal hypoperfusion is 

related to ASD severity.  

Strikingly, despite the small sample studied here, our results are extremely similar to previous 

PET and SPECT findings, which have shown rest hypoperfusion in the superior temporal regions 

in children with ASD when compared to control groups [10, 11]. Moreover, as in the present 

study, this hypoperfusion was also previously individually detected in a high percentage of 

children with ASD [11] and a significant negative correlation was observed between rest CBF 

and the ADI-R score in the superior temporal gyrus [12].  

Brain imaging investigations on the neural basis of ASD raise the question of the pertinence of 

the results considering the whole wide autism spectrum. The first PET and SPECT studies on rest 

functional abnormalities in ASD describing decrease rest CBF in the temporal regions concerned 
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children with ASD presenting intellectual disability. Here, we describe the same rest functional 

abnormality in children with ASD without intellectual disability. The congruence between these 

results in different ASD profiles reinforce the strength of rest functional abnormalities within 

this superior temporal regions in ASD and strongly indicates it’s is a core characteristic of the 

disorder. 

Despite heterogeneity in results obtained in neuroimaging studies in ASD in the last two 

decades, anatomo-functional abnormalities within the temporal regions, particularly the STS, 

have been frequently described. Anatomical studies using voxel-based morphometry (VBM) 

showed reduced grey matter volume in the superior temporal regions [28-31]. Recently, a large 

database study described decreased cortical thickness in the temporal cortex [32]. Studies using 

diffusion tensor imaging (DTI) have indicate disrupted structure within white matter tracts in 

the brain, particularly in tracts connecting the temporal regions [33]. In addition, a large series 

of fMRI studies have described a lack of activation in the STS during socially relevant tasks, such 

as perceiving eye gaze as well as hearing human voice or performing socially relevant tasks [34-

37].  

Today, we know that the STS is highly implicated in processing social information, ranging from 

the perception of visual and auditory social-relevant stimuli (eye-gaze and voice) to the more 

complex processes of understanding the mental state of others (theory of mind) [38, 39]. 

Considering that, results showing rest functional abnormalities within the STS in ASD became 

relevant with regards to ASD core symptoms, reinforced here by the fact that the more severe 

the impairments are, stronger are abnormalities within the STS.  

The results described here provide two important points for future investigations in ASD. Firstly, 

identifying a core dysfunctional region in ASD bears direct implications to the development of 
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novel therapeutic interventions. For example, in depression disorder, classical rest functional 

abnormalities in frontal regions have been the ground to development of transcranial magnetic 

stimulation (TMS) protocols applied to this region, with significant clinical improvements [40, 

41]. Results presented here suggest that STS could become an interesting target for this type of 

intervention in ASD. In a recent study, we have shown that, by disrupting the right pSTS neural 

network in healthy volunteers with inhibitory TMS, we artificially induced a gaze pattern that is 

similar to the gaze pattern observed in ASD, namely reduced eye-looking [42]. Difficulties in 

social perception processes, mainly characterized by reduced eye-looking as evidenced by eye-

tracking studies, are a core symptom in ASD. If stimulation of the STS by excitatory TMS could 

change this pattern by inducing an increase in looking to the eyes, new perspectives on 

therapeutic interventions for ASD could emerge. 

Secondly, multivariate classification analysis had shown that superior temporal rest 

hypoperfusion detected with PET allows prediction of ASD diagnosis with high accuracy, 

indicating it’s use as a potential biomarker in ASD [43]. However, methodological limitations 

such as radio isotopes injection prevented subsequent studies and its spread use. ASL-MRI 

allows to investigate rest CBF non-invasively and without such methodological limitations. Our 

results showing superior temporal rest CBF decrease in ASD with non-invasive ASL-MRI 

reinforce the robustness of this abnormalities. Searching for consensus on brain abnormalities 

in ASD, large-scale multi-site studies have been conducted over the past years using a 

multimodal neuroimaging approach. The present results suggest the potential interest of 

including ASL-MRI rest CBF measures in these studies. Confirmation of these results in a larger 

sample might indicate that hypoperfusion within the STS could truly become a biomarker in 

ASD. 
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 Figures  

Fig 1. Group analysis revealed a significant rest CBF decrease (p<0.05, FWE corrected for 

multiple comparisons) in the ASD group compared to TD group bilaterally in the superior 

temporal sulci. (A) Regions with significant hypoperfusion (green), are superimposed on a 

rendering of the MNI-152 template average brain. (B) Box plot comparison of CBF signal 

between ASD and TD groups within the left superior temporal gyrus. (C). ROC curve analysis 

of rest CBF values within this region revealed an optimal cut-off value for which 91.7% of 

children with ASD in this sample were correctly identified as positive (91.7% sensibility) and 

88.5% of TD children were correctly identified as negative (88.5% specificity). 
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Fig 2. Examples of individual hypoperfusion in three children with ASD. Whole brain individual 

analysis revealed a significant temporal hypoperfusion (p<0.001 unc) in 10 out of 12 ASD 

patients (83% positive individual detection). 
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Fig 3. Plot from correlation analysis between ADI-R score and rest CBF values within the right 

pSTS (-50, -68, 24). p < 0.001 unc. 

 

 

 

 

  

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted September 19, 2019. ; https://doi.org/10.1101/771584doi: bioRxiv preprint 

https://doi.org/10.1101/771584
http://creativecommons.org/licenses/by-nc-nd/4.0/


19 
 

References  

1. Diagnostic and statistical manual of mental disorders (5th ed.) - DSM-V. Washington, 
DC: American Psychiatric Association; 2013. 
2. Chen R, Jiao Y, Herskovits EH. Structural MRI in autism spectrum disorder. Pediatric 
research. 2011;69(5 Pt 2):63R-8R. doi: 10.1203/PDR.0b013e318212c2b3. PubMed PMID: 
21289538; PubMed Central PMCID: PMCPMC3081653. 
3. Conti E, Mitra J, Calderoni S, Pannek K, Shen KK, Pagnozzi A, et al. Network over-
connectivity differentiates autism spectrum disorder from other developmental disorders in 
toddlers: A diffusion MRI study. Human brain mapping. 2017;38(5):2333-44. doi: 
10.1002/hbm.23520. PubMed PMID: 28094463. 
4. Sparks BF, Friedman SD, Shaw DW, Aylward EH, Echelard D, Artru AA, et al. Brain 
structural abnormalities in young children with autism spectrum disorder. Neurology. 
2002;59(2):184-92. PubMed PMID: 12136055. 
5. Nunes AS, Peatfield N, Vakorin V, Doesburg SM. Idiosyncratic organization of cortical 
networks in autism spectrum disorder. NeuroImage. 2018. doi: 
10.1016/j.neuroimage.2018.01.022. PubMed PMID: 29355768. 
6. Abbott AE, Nair A, Keown CL, Datko M, Jahedi A, Fishman I, et al. Patterns of Atypical 
Functional Connectivity and Behavioral Links in Autism Differ Between Default, Salience, and 
Executive Networks. Cerebral cortex. 2016;26(10):4034-45. doi: 10.1093/cercor/bhv191. 
PubMed PMID: 26351318; PubMed Central PMCID: PMCPMC5027998. 
7. Zeng K, Kang J, Ouyang G, Li J, Han J, Wang Y, et al. Disrupted Brain Network in Children 
with Autism Spectrum Disorder. Sci Rep. 2017;7(1):16253. doi: 10.1038/s41598-017-16440-z. 
PubMed PMID: 29176705; PubMed Central PMCID: PMCPMC5701151. 
8. Martinez-Murcia FJ, Lai MC, Gorriz JM, Ramirez J, Young AM, Deoni SC, et al. On the 
brain structure heterogeneity of autism: Parsing out acquisition site effects with significance-
weighted principal component analysis. Human brain mapping. 2017;38(3):1208-23. doi: 
10.1002/hbm.23449. PubMed PMID: 27774713; PubMed Central PMCID: PMCPMC5324567. 
9. Lenroot RK, Yeung PK. Heterogeneity within Autism Spectrum Disorders: What have 
We Learned from Neuroimaging Studies? Frontiers in human neuroscience. 2013;7:733. doi: 
10.3389/fnhum.2013.00733. PubMed PMID: 24198778; PubMed Central PMCID: 
PMC3812662. 
10. Ohnishi T, Matsuda H, Hashimoto T, Kunihiro T, Nishikawa M, Uema T, et al. Abnormal 
regional cerebral blood flow in childhood autism. Brain : a journal of neurology. 2000;123 ( Pt 
9):1838-44. PubMed PMID: 10960047. 
11. Zilbovicius M, Boddaert N, Belin P, Poline JB, Remy P, Mangin JF, et al. Temporal lobe 
dysfunction in childhood autism: a PET study. Positron emission tomography. The American 
journal of psychiatry. 2000;157(12):1988-93. PubMed PMID: 11097965. 
12. Gendry Meresse I, Zilbovicius M, Boddaert N, Robel L, Philippe A, Sfaello I, et al. Autism 
severity and temporal lobe functional abnormalities. Annals of neurology. 2005;58(3):466-9. 
doi: 10.1002/ana.20597. PubMed PMID: 16130096. 
13. Biswal BB. Resting state fMRI: a personal history. NeuroImage. 2012;62(2):938-44. doi: 
10.1016/j.neuroimage.2012.01.090. PubMed PMID: 22326802. 
14. Assaf M, Jagannathan K, Calhoun VD, Miller L, Stevens MC, Sahl R, et al. Abnormal 
functional connectivity of default mode sub-networks in autism spectrum disorder patients. 

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted September 19, 2019. ; https://doi.org/10.1101/771584doi: bioRxiv preprint 

https://doi.org/10.1101/771584
http://creativecommons.org/licenses/by-nc-nd/4.0/


20 
 

NeuroImage. 2010;53(1):247-56. doi: 10.1016/j.neuroimage.2010.05.067. PubMed PMID: 
20621638; PubMed Central PMCID: PMCPMC3058935. 
15. Cherkassky VL, Kana RK, Keller TA, Just MA. Functional connectivity in a baseline 
resting-state network in autism. Neuroreport. 2006;17(16):1687-90. doi: 
10.1097/01.wnr.0000239956.45448.4c. PubMed PMID: 17047454. 
16. Kennedy DP, Courchesne E. Functional abnormalities of the default network during 
self- and other-reflection in autism. Social cognitive and affective neuroscience. 
2008;3(2):177-90. doi: 10.1093/scan/nsn011. PubMed PMID: 19015108; PubMed Central 
PMCID: PMCPMC2555458. 
17. Kana RK, Keller TA, Minshew NJ, Just MA. Inhibitory control in high-functioning autism: 
decreased activation and underconnectivity in inhibition networks. Biological psychiatry. 
2007;62(3):198-206. doi: 10.1016/j.biopsych.2006.08.004. PubMed PMID: 17137558. 
18. Just MA, Cherkassky VL, Keller TA, Kana RK, Minshew NJ. Functional and anatomical 
cortical underconnectivity in autism: evidence from an FMRI study of an executive function 
task and corpus callosum morphometry. Cerebral cortex. 2007;17(4):951-61. doi: 
10.1093/cercor/bhl006. PubMed PMID: 16772313; PubMed Central PMCID: 
PMCPMC4500121. 
19. Koshino H, Kana RK, Keller TA, Cherkassky VL, Minshew NJ, Just MA. fMRI investigation 
of working memory for faces in autism: visual coding and underconnectivity with frontal areas. 
Cerebral cortex. 2008;18(2):289-300. doi: 10.1093/cercor/bhm054. PubMed PMID: 
17517680. 
20. Di Martino A, Kelly C, Grzadzinski R, Zuo XN, Mennes M, Mairena MA, et al. Aberrant 
striatal functional connectivity in children with autism. Biological psychiatry. 2011;69(9):847-
56. doi: 10.1016/j.biopsych.2010.10.029. PubMed PMID: 21195388; PubMed Central PMCID: 
PMCPMC3091619. 
21. Hull JV, Jacokes ZJ, Torgerson CM, Irimia A, Van Horn JD. Resting-State Functional 
Connectivity in Autism Spectrum Disorders: A Review. Frontiers in psychiatry. 2016;7:205. doi: 
10.3389/fpsyt.2016.00205. PubMed PMID: 28101064; PubMed Central PMCID: 
PMCPMC5209637. 
22. Yendiki A, Koldewyn K, Kakunoori S, Kanwisher N, Fischl B. Spurious group differences 
due to head motion in a diffusion MRI study. NeuroImage. 2014;88:79-90. doi: 
10.1016/j.neuroimage.2013.11.027. PubMed PMID: 24269273; PubMed Central PMCID: 
PMCPMC4029882. 
23. Tyszka JM, Kennedy DP, Paul LK, Adolphs R. Largely typical patterns of resting-state 
functional connectivity in high-functioning adults with autism. Cerebral cortex. 
2014;24(7):1894-905. doi: 10.1093/cercor/bht040. PubMed PMID: 23425893; PubMed 
Central PMCID: PMCPMC4051895. 
24. Williams DS, Detre JA, Leigh JS, Koretsky AP. Magnetic resonance imaging of perfusion 
using spin inversion of arterial water. Proceedings of the National Academy of Sciences of the 
United States of America. 1992;89(1):212-6. PubMed PMID: 1729691; PubMed Central 
PMCID: PMCPMC48206. 
25. Lord C, Rutter M, Le Couteur A. Autism Diagnostic Interview-Revised: a revised version 
of a diagnostic interview for caregivers of individuals with possible pervasive developmental 
disorders. Journal of autism and developmental disorders. 1994;24(5):659-85. PubMed PMID: 
7814313. 
26. Zaharchuk G, Bammer R, Straka M, Shankaranarayan A, Alsop DC, Fischbein NJ, et al. 
Arterial spin-label imaging in patients with normal bolus perfusion-weighted MR imaging 

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted September 19, 2019. ; https://doi.org/10.1101/771584doi: bioRxiv preprint 

https://doi.org/10.1101/771584
http://creativecommons.org/licenses/by-nc-nd/4.0/


21 
 

findings: pilot identification of the borderzone sign. Radiology. 2009;252(3):797-807. doi: 
10.1148/radiol.2523082018. PubMed PMID: 19703858. 
27. Maldjian JA, Laurienti PJ, Kraft RA, Burdette JH. An automated method for 
neuroanatomic and cytoarchitectonic atlas-based interrogation of fMRI data sets. 
NeuroImage. 2003;19(3):1233-9. PubMed PMID: 12880848. 
28. Boddaert N, Chabane N, Gervais H, Good CD, Bourgeois M, Plumet MH, et al. Superior 
temporal sulcus anatomical abnormalities in childhood autism: a voxel-based morphometry 
MRI study. NeuroImage. 2004;23(1):364-9. doi: 10.1016/j.neuroimage.2004.06.016. PubMed 
PMID: 15325384. 
29. Greimel E, Nehrkorn B, Schulte-Ruther M, Fink GR, Nickl-Jockschat T, Herpertz-
Dahlmann B, et al. Changes in grey matter development in autism spectrum disorder. Brain 
structure & function. 2013;218(4):929-42. doi: 10.1007/s00429-012-0439-9. PubMed PMID: 
22777602; PubMed Central PMCID: PMC3695319. 
30. McAlonan GM, Cheung V, Cheung C, Suckling J, Lam GY, Tai KS, et al. Mapping the brain 
in autism. A voxel-based MRI study of volumetric differences and intercorrelations in autism. 
Brain : a journal of neurology. 2005;128(Pt 2):268-76. doi: 10.1093/brain/awh332. PubMed 
PMID: 15548557. 
31. Hadjikhani N, Joseph RM, Snyder J, Tager-Flusberg H. Anatomical differences in the 
mirror neuron system and social cognition network in autism. Cerebral cortex. 
2006;16(9):1276-82. doi: 10.1093/cercor/bhj069. PubMed PMID: 16306324. 
32. van Rooij D, Anagnostou E, Arango C, Auzias G, Behrmann M, Busatto GF, et al. Cortical 
and Subcortical Brain Morphometry Differences Between Patients With Autism Spectrum 
Disorder and Healthy Individuals Across the Lifespan: Results From the ENIGMA ASD Working 
Group. The American journal of psychiatry. 2018;175(4):359-69. doi: 
10.1176/appi.ajp.2017.17010100. PubMed PMID: 29145754. 
33. Ameis SH, Catani M. Altered white matter connectivity as a neural substrate for social 
impairment in Autism Spectrum Disorder. Cortex; a journal devoted to the study of the 
nervous system and behavior. 2015;62:158-81. doi: 10.1016/j.cortex.2014.10.014. PubMed 
PMID: 25433958. 
34. Georgescu AL, Kuzmanovic B, Schilbach L, Tepest R, Kulbida R, Bente G, et al. Neural 
correlates of "social gaze" processing in high-functioning autism under systematic variation of 
gaze duration. NeuroImage Clinical. 2013;3:340-51. doi: 10.1016/j.nicl.2013.08.014. PubMed 
PMID: 24273718; PubMed Central PMCID: PMC3815020. 
35. Gervais H, Belin P, Boddaert N, Leboyer M, Coez A, Sfaello I, et al. Abnormal cortical 
voice processing in autism. Nature neuroscience. 2004;7(8):801-2. doi: 10.1038/nn1291. 
PubMed PMID: 15258587. 
36. von dem Hagen EA, Stoyanova RS, Rowe JB, Baron-Cohen S, Calder AJ. Direct gaze 
elicits atypical activation of the theory-of-mind network in autism spectrum conditions. 
Cerebral cortex. 2014;24(6):1485-92. doi: 10.1093/cercor/bht003. PubMed PMID: 23324559; 
PubMed Central PMCID: PMC4014180. 
37. Zurcher NR, Donnelly N, Rogier O, Russo B, Hippolyte L, Hadwin J, et al. It's all in the 
eyes: subcortical and cortical activation during grotesqueness perception in autism. PloS one. 
2013;8(1):e54313. doi: 10.1371/journal.pone.0054313. PubMed PMID: 23342130; PubMed 
Central PMCID: PMC3544832. 
38. Deen B, Koldewyn K, Kanwisher N, Saxe R. Functional Organization of Social Perception 
and Cognition in the Superior Temporal Sulcus. Cerebral cortex. 2015;25(11):4596-609. doi: 
10.1093/cercor/bhv111. PubMed PMID: 26048954; PubMed Central PMCID: PMC4816802. 

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted September 19, 2019. ; https://doi.org/10.1101/771584doi: bioRxiv preprint 

https://doi.org/10.1101/771584
http://creativecommons.org/licenses/by-nc-nd/4.0/


22 
 

39. Yovel G, O'Toole AJ. Recognizing People in Motion. Trends in cognitive sciences. 
2016;20(5):383-95. doi: 10.1016/j.tics.2016.02.005. PubMed PMID: 27016844. 
40. George MS, Lisanby SH, Avery D, McDonald WM, Durkalski V, Pavlicova M, et al. Daily 
left prefrontal transcranial magnetic stimulation therapy for major depressive disorder: a 
sham-controlled randomized trial. Archives of general psychiatry. 2010;67(5):507-16. doi: 
10.1001/archgenpsychiatry.2010.46. PubMed PMID: 20439832. 
41. Philip NS, Barredo J, Aiken E, Carpenter LL. Neuroimaging Mechanisms of Therapeutic 
Transcranial Magnetic Stimulation for Major Depressive Disorder. Biol Psychiatry Cogn 
Neurosci Neuroimaging. 2018;3(3):211-22. doi: 10.1016/j.bpsc.2017.10.007. PubMed PMID: 
29486862; PubMed Central PMCID: PMCPMC5856477. 
42. Saitovitch A, Popa T, Lemaitre H, Rechtman E, Lamy JC, Grevent D, et al. Tuning Eye-
Gaze Perception by Transitory STS Inhibition. Cerebral cortex. 2016;26(6):2823-31. doi: 
10.1093/cercor/bhw045. PubMed PMID: 26946130; PubMed Central PMCID: PMC4869819. 
43. Duchesnay E, Cachia A, Boddaert N, Chabane N, Mangin JF, Martinot JL, et al. Feature 
selection and classification of imbalanced datasets: application to PET images of children with 
autistic spectrum disorders. NeuroImage. 2011;57(3):1003-14. doi: 
10.1016/j.neuroimage.2011.05.011. PubMed PMID: 21600290. 

 

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted September 19, 2019. ; https://doi.org/10.1101/771584doi: bioRxiv preprint 

https://doi.org/10.1101/771584
http://creativecommons.org/licenses/by-nc-nd/4.0/

