Yerys et al. Journal of Neurodevelopmental Disorders
https://doi.org/10.1186/s11689-018-9250-0

(2018) 10:32

RESEARCH

Open Access

Arterial spin labeling provides a reliable
neurobiological marker of autism spectrum
disorder
Benjamin E. Yerys1,2*† , John D. Herrington1,2†, Gregory K. Bartley1, Hua-Shan Liu3, John A. Detre3
and Robert T. Schultz1,2,4

Abstract
Background: Research on neurobiological markers of autism spectrum disorder (ASD) has been elusive. However,
radionuclide studies of cerebral blood flow (CBF) have shown decreased blood flow (hypoperfusion) in the temporal
lobes of individuals with ASD across ages and intelligence. This observation fits with current neuroscientific models
that implicate temporal regions in social perception and social cognition. Arterial spin labeled perfusion MRI allows
noninvasive quantification of regional CBF as part of a multimodal MRI protocol. This method is almost entirely absent
from ASD research to date. Our a priori hypothesis was that children with ASD would present with hypoperfusion in
the temporal lobes—most notably the fusiform gyrus (given its prominent role in ASD social perception deficits). We
also sought to examine the reproducibility of CBF measures, and their relationship to individual differences in facial
recognition and ASD symptoms.
Methods: A total of 58 males (33 with ASD) between the ages of 12 and 17 years participated in the study. All children
completed two arterial spin labeling and structural (T1) scans using a 3 T Siemens Verio scanner approximately 8 weeks
apart, as well as behavioral testing at time 1 that included diagnostic measures and the Benton Facial Recognition Test.
CBF was the key dependent variable, as was facial recognition performance, and ASD symptoms. The two scans were
used for reliability analyses.
Results: The ASD group showed hypoperfusion in the bilateral fusiform gyrus and in right inferior temporal gyrus.
Intra-class correlations showed moderate to good reliability across time within both groups, and no diagnostic
group × time interactions. CBF in the left fusiform gyrus was significantly positively correlated with facial
recognition. No significant correlations were observed with core ASD symptoms.
Conclusions: Arterial spin labeling revealed hypoperfusion in children with ASD in regions critical to social
perception and cognition. The left fusiform gyrus plays an important role in facial recognition, and greater CBF in
this region was correlated with more normative facial recognition performance in children with ASD. This study
takes an important first step in establishing CBF of the temporal lobes as a reliable marker of ASD.
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Background
Research into the neurobiology of autism spectrum disorders (ASDs) is marked by limitations in the ability to
identify reliable, biologically based markers that can
confirm diagnosis. However, nearly all perfusion imaging
studies in individuals with ASD report decreased cerebral blood flow (CBF) to the temporal cortices [1–8],
but see [9] for counterevidence. These results are surprisingly consistent, considering many of these studies
differed greatly on key variables: phenotypic classification of ASDs, sample characteristics, scanning task, and
CBF scanning parameters. Results to date suggest that
hypoperfusion observed in the temporal lobes of individuals with ASD may be a viable marker that spans age
and intellectual level in the identification of ASD. However, no study has tested the reliability of hypoperfusion
in the temporal lobes of individuals with ASD over time,
and the relationship of hypoperfusion to the behavioral
phenotype of ASD remains underspecified.
CBF changes are thought to reflect regional changes in
neural activity in a region over time [10, 11]. Furthermore, CBF provides absolute quantification of regional
brain function. It may therefore provide a more reliable
marker of trait-like effects than measures obtained
through condition contrasts, such as blood-oxygen-leveldependent scanning that is typically used in task-based
functional magnetic resonance imaging (MRI) [12–18].
Arterial spin labeled (ASL) perfusion MRI utilizes
magnetic labeling of endogenous blood water as a tracer
for CBF quantification [19]. This non-invasive approach
for CBF mapping eliminates the risk of using radioligand
tracers with pediatric populations—as have been used in
nearly all CBF studies with ASD samples to date. ASL
can readily be combined with other MRI modalities.
ASL is also particularly sensitive in younger populations,
where the increased water and blood flow rates in the
brains of children allow for SNR improvements of over
70% relative to adults [20–22]. As a result, ASL has seen
increased use in the pediatric prevention, identification, and treatment of neurodevelopmental disorders
such as periventricular leukomalacia, ischemic stroke,
and sickle-cell-related cerebral ischemia [22]. Despite
these strengths, ASL has rarely been used to examine
CBF differences in ASD.
In functional imaging applications, ASL can be used to
detect changes in CBF occurring over several minutes
or longer [23, 24]. It can also be used to measure
task-specific changes in CBF (analogous to traditional
fMRI). For example, perfusion fMRI based on ASL was
used to demonstrate activity in the temporal lobe during passive viewing of a video [25], and to accentuate
differences in mild cognitive impairment, another disorder frequently associated with temporal lobe function
[26]. An ability to measure brain function during a

sustained task condition such as passive viewing of a
video facilitates implementation in both a clinical setting, and with a broader range of cognitive functioning
for individuals with ASD. Furthermore, watching a
movie in a relaxed state may also be as close to the
context of “natural vision” as can be achieved during an
MRI scan. Studies incorporating movies, comics, stories, and other contextually centered stimuli are known
to elicit greater temporal pole activation with functional magnetic resonance imaging [27], and resting
state fMRI has revealed that the temporal pole has
strong functional connectivity with brain areas highly
relevant to the processing of social semantic detail and
the elicitation of visceral emotional responses [28].
Impaired function of these networks would have
implications for social functioning and for disorders
like ASD that are characterized by atypical social
functioning.
Here, we utilized ASL MRI to compare temporal lobe
function during passive video viewing in a cohort of
children with ASD to typically developing control
(TDC) participants. Although it is likely that ASD is associated with differences in function that are distributed
across the brain, we focused the present paper primarily
on the temporal lobes, as difference in visual association areas are among the most widely replicated in
ASD [29–33]. We hypothesized that regional CBF in
the temporal lobe would be reduced in children with
ASD as compared to controls, reflecting reduced activity in visual association areas (fusiform gyrus, posterior
superior temporal sulcus, temporal pole) and language
areas (Wernicke’s area) that have been linked to social
cognition and language impairments in ASD [29, 34, 35].
This hypothesis is based on the vast majority of prior perfusion studies highlighting hypoperfusion in the temporal
lobe [1–8], meta-analyses of task-based functional MRI
using blood-oxygenation-level-dependent response implicating the fusiform gyrus in social cognition [30, 31], and
a recent large-scale international study highlighting atypical structural development of the temporal lobes [36].
We also sought to assess the reproducibility of ASL over
the time interval of a typical clinical trial of an investigational drug, i.e., about 2 months, so that ASL might prove
to be a reliable biomarker that could be easy to implement
as an outcome measure (i.e., resting/no onerous task demands) for future treatment trials. Moreover, we sought
to better understand blood perfusion in key brain regions
by comparing changes in ASD versus TDC measured
by ASL during passive video viewing. Furthermore,
given the important role of the fusiform gyrus in processing of faces [29, 37], we explored whether perfusion
in this area of the temporal lobe was sensitive to individual differences in social function and processing of
faces. Alongside our a priori temporal lobe hypotheses,
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we conducted whole-brain tests for significant areas of
hypoperfusion, and tests of global differences in CBF.

or psychiatric disorder, premature birth, any first- or
second-degree relative with ASD, or receiving any psychoactive medication. TDCs were also excluded if they presented with elevated symptoms on the parent-report
Child and Adolescent Symptom Inventory-Revised [42].
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Methods
Participants

Seventy-six children (43 ASDs; 33 TDCs) between the
ages of 12 and 17 were invited to participate in this study.
To be included in the ASD group, children needed a community diagnosis of autism, Asperger’s syndrome, or pervasive developmental disorder; this study conducted data
collection prior to the release of DSM-5 [38] so that is
why DSM-IV-TR [39] criteria were used. This diagnosis
was confirmed by expert, research reliable clinicians who
used the revised algorithm for the Autism Diagnostic Observation Schedule [40] and the Autism Diagnostic
Interview-Revised [41] to inform their diagnostic decision
with a DSM-IV-TR checklist. Children were not invited to
participate or excluded if they failed to meet criteria for an
ASD diagnosis based on expert opinion, had active severe
psychiatric symptoms that limited participation (e.g.,
psychosis, severe depression, mania), parents reported a
known genetic disorder (e.g., fragile X), or severe premature birth (< 32 weeks). Nine eligible children withdrew
from the study prior to the imaging phase, six were excluded from the current analyses due to poor data quality,
and one was removed due to a scanner error. Because
ASL data were successfully collected on only two female
ASD participants, the analyzed sample was restricted to
males, for a final sample of 58 participants (33 ASD, 25
TDC). TDCs were screened and excluded if parents reported any known genetic, language, learning, neurological,

General study procedures

All participants completed three data collection sessions.
The first was a behavioral evaluation to confirm children
met inclusion and exclusion criteria, to assess cognitive
ability, and to characterize participants along broad
spectrum of ASD behavior. Measures including the Differential Ability Scales, second edition (DAS-II; [43]),
Social Responsiveness Scale-second edition (SRS; [44])
the Vineland Adaptive Behavior Scales-II (VABS-II;
[45]), and the Benton Facial Recognition Task [46] (see
Table 1 for group characteristics). All participants then
completed two scan sessions approximately 8 weeks
apart to assess scan-rescan reliability (mean difference in
days ASD = 8.87 ± 0.73, TDC = 8.97 ± 0.65).
MRI scanning

A Siemens Verio 3 T scanner with a 32-channel head coil
was used for scanning. High-resolution structural MRI
data (MPRAGE sequence, .9 × .8 × .8 mm, TR/TE = 2000/
3.3 ms) were collected for each participant in order to
identify brain regions of interest (ROIs) and register
data into standard space. Regional CBF (mL/100 g/min)
was measured using pseudocontinuous ASL with 2D
gradient-echo echo-planar imaging [47]. The labeling
and control RF duration was 1.5 s with post-labeling

Table 1 Participant characteristics
Age (years)–M(SD)

ASD n = 33

TDC n = 25

p value

Cohen’s da

14.9 (1.73)

14.9 (1.66)

0.98

0.01

< 0.001

1.53

< 0.001

1.19

< 0.001

1.18

FSIQ–M(SD)

94 (20)

123 (18)

Range

47–133

87–155

Verbal IQ–M(SD)
Range
Nonverbal IQ–M(SD)

99 (22)

124 (20

48–148

86–165

94 (20)

116 (17)

31–127

92–147

VABS-II communication

75 (14)

106 (12)

< 0.001

2.37

VABS-II socialization

67 (12)

108 (10)

< 0.001

3.70

SRS total t score

77 (11)

44 (5)

< 0.001

3.73

BFRT overall score

40 (4)

42 (5)

0.026

0.59

ADOS social affect

11 (4)

–

–

ADOS repetitive behaviors

3 (2)

–

–

ADOS total score

14 (4.00)

–

–

Range

ADOS-2 Autism Diagnostic Observation Schedule (revised algorithm to align with second edition scoring), ASD autism spectrum disorder, FSIQ full scale IQ,
BFRT Benton Facial Recognition Test, TDC typically developing control, VABS-II Vineland Adaptive Behavior Scales, second edition
a
NB: For ease of displaying behavioral data, whole numbers are given, but Cohen’s d was calculated on values with two decimal points
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delay of 1.2 s. Multi-slice perfusion maps with 40 label/
control pairs were acquired with TR/TE = 4000/17 ms,
flip angle = 900, bandwidth = 3005 Hz/pixel, slice thickness = 5 mm, matrix size = 64 × 64, FOV = 220 × 220 mm,
and number of slices = 20.

the context of a two-way ANOVA examining the effects
of time point (repeated measure) and group. FSL’s
Threshold Free Cluster Enhancement (TFCE) was performed [48, 52, 53] for within-method differences and
when examining convergence between them. TFCE uses
a permuted null-distribution of the max statistic to enhance cluster-like structures without subjecting them to
binarization, allowing the data to retain voxel-wise relevance. A 10,000 Monte Carlo permutation test with FDR
correction was performed on all univariate analyses,
which equates to a confidence limit of ± 0.0044 for the
chosen significance alpha = 0.05 [54]. To reduce the high
spatial frequency noise often introduced through poor
standard deviation estimates obtained in smaller sample
sizes, variance smoothing of slope estimates was also
performed at 5 mm half width at half maximum [55].
Multiple comparisons correction was limited to a sample-averaged temporal lobe gray matter mask (using segmentation from FSL FAST [56]), thresholded at 0.5. As
part of a secondary analysis to ensure significant findings
were not the result of an IQ outlier, we re-tested our primary findings while excluding the one child with ASD
who had an IQ of 47. Also, to confirm significant findings were not missed due to our a priori focus on the
temporal lobe, we also examined group differences in
rCBF and absolute CBF across the entire brain, as well
as a frontal lobe gray matter mask analysis based on
prior findings [9]. The frontal lobe gray matter mask was
created and thresholded in the same manner as the
temporal lobe mask.
In order to assess the scan-re-scan reliability of the
rCBF measures within each group, intra-class correlations (ICC) were estimated across the two sessions using
a mask for the frontal, insula, occipital, parietal, and
temporal lobes. For each mask, we multiplied a standard
anatomical mask from the MNI atlas with a sampleaveraged gray matter mask that was generated by segmenting the T1 scan with FSL’s FAST and thresholding it at 0.5. Each ICC was a two-way ANOVA mixed
model with consistency agreement (Shrout and Fliess’s
ICC(3,1) model); these ICCs were calculated using
custom scripts in R [57] incorporating the ‘irr’ [58]
package.
To explore relationships with ASD symptoms and
facial recognition, Pearson product-moment correlation and simple linear regression were used to relate
rCBF and various behavioral variables only within the
ASD group. Controls were not included in these
analyses as their face recognition scores and parent
ratings had limited variance (ceiling effects). All significance values were subjected to false discovery
rate multiple comparisons correction (alpha = 0.05);
95% confidence intervals were calculated where
appropriate.
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ASL task procedures

Prior to MRI, participants were desensitized and familiarized with all procedures, and trained in a mock scanner to
stay still within 2 mm. All children passively viewed a Discovery Channel video (“Planet Earth: Pole-to-Pole”) without sound on a projection screen during mock scanning,
as well as during ASL acquisition at both data acquisition
time points. Thus, by time point 2, participants had seen
the film three times. The video was initiated at the exact
same time point for every subject across all exposures. It
intermixed displays of nature scenes (mountains, tundra,
clouds, waterfalls, satellite views of earth) 33% of the time,
animals in nature scenes (flock of birds, penguins, polar
bears) for 60% of the time, and 3 different segments of
simple text phrases (“Planet Earth,” “From Pole to Pole,”
and “Narrator David Attenborough”) for 7% of the time.
During the video, participants were instructed to quietly
attend throughout with their eyes open, while a research
assistant monitored this at their side in the MRI room.
ASL scanning lasted approximately 6 min.
Image analysis

Raw ASL images were motion-corrected in FMRIB
Software Library (FSL; [48]) using a 6-parameter rigid
body spatial transformation and co-registered to the
MPRAGE images of the same session. ASL averaged
difference images were converted to mL/100 g/min using
a single-compartment model in the perfusion data processing toolbox, ASLtbx [49, 50]. Structural images were
segmented into probabilistic gray matter (GM), white
matter (WM), and cerebrospinal fluid (CSF) maps using
FMRIB’s Automated Segmentation Tool (FAST), and
probabilistic averages of GM and WM designations were
converted to binary masks (thresholded at 0.5). These binary masks were combined to create a global mask. The
global mask was used as an ROI to extract CBF for
whole-brain area from the individual CBF map. ASL data
were smoothed at 8 mm full width at half maximum. A
binary global mask was then created by adding together
GM and WM masks. ASL relative CBF (rCBF) maps were
generated by normalizing CBF to global CBF for each subject. In higher-level analysis, affine (12 DOF) transformations to a 2 mm MNI152 template were performed using
FMRIB’s Linear Image Registration Tool [51].
Statistical analysis plan

To examine group differences in ASL, higher-level group
contrasts across the two time points were analyzed in
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Results

Table 2 Group differences in rCBF

Significant group differences in participant characteristics
and behavioral measures

Peak voxel label
(Harvard-Oxford
Cortical Atlas)

ASD and control groups were matched on age, but not
IQ (see Table 1). As predicted, groups differed significantly in parent ratings of communication and
socialization adaptive behaviors on the VABS-II, ASD
traits on the SRS-2, as well as the Benton Facial Recognition Test.

Peak MNI coordinate

Voxels

Peak
t score

XYZ

TDC > ASD
Left fusiform

− 32

− 14

− 34

317

4.15

Right inferior temporal
gyrus

44

− 14

− 36

53

3.83

Left fusiform

− 30

0

− 40

7

3.08

Right fusiform

40

− 28

− 26

7

3.60

Significant temporal lobe group differences in pCASL

The TDC group showed significantly greater relative
perfusion than the ASD group in four key clusters,
which include the bilateral fusiform gyrus and the inferior temporal gyrus (see Fig. 1; Table 2). There was no
evidence of greater relative perfusion in the ASD group
compared to the TDC group.

Facial Recognition Test (r = 0.52, p < 0.05 (FDR-adjusted), [0.20, 0.73]; see Fig. 2). Partial correlations
remained significant when removing variability related to
age (r = 0.46, p < 0.05, FDR-adjusted) and FSIQ (r = 0.50,
p < 0.05, FDR-adjusted). All other correlations were
non-significant (all rs < |0.24|, ps > 0.19).

Acceptable reliability of pCASL

ICCs ranged from good (0.50 < ICC < 0.75) to excellent
(0.75 < ICC < 0.90) across both groups. See Table 3 for
details.
Correlation with behavioral metrics show perfusion
relationships with face recognition performance

We correlated mean rCBF values within the four clusters
that differed between groups with clinician ratings of
ASD symptoms, parent ratings of socialization skills,
and performance on a face recognition task. There was a
moderate relationship between the largest cluster in the
left fusiform gyrus and performance on the Benton

Secondary analyses confirm primary analysis and yield no
additional results

Secondary analyses tested for group differences in
rCBF in the temporal lobe after removing the child
with ASD and an IQ of 47. Of the four significant clusters identified in the primary analysis, only the largest
cluster in the left fusiform gyrus remained significant,
as did its correlation with the Benton Facial Recognition task (r = 0.51, p < 0.005). Additional analyses examining rCBF and absolute CBF across the entire brain, as well
as within a frontal lobe gray matter mask yielded no significant group differences.

Discussion
Children with ASD demonstrated reductions in rCBF in
the bilateral fusiform gyrus and right inferior temporal
lobe regions compared to controls—areas critical for social perception and cognition—while watching a video of
natural scenes. These findings replicate the fusiform
hypoactivation literature [30, 31, 37] but using ASL rather than BOLD fMRI. Furthermore, individual differences in rCBF of the left fusiform gyrus—the cluster
with the greatest spatial extent—were associated with facial recognition performance, but not ASD symptoms.
While findings of the left (not the right) fusiform gyrus
Table 3 Intra-class correlations (ICC) for each cortical region by
diagnostic group
Fig. 1 TDC > ASD regional cerebral blood flow (rCBF; p < 0.05
corrected with FSL’s threshold-free cluster enhancement algorithm
within randomize). Coordinates are in MNI space and are rendered
in radiological orientation (right side of image is the left
hemisphere). The bar graph illustrates how the main effects of
group were present in both individual scan sessions (i.e., no
interaction effect with scan session) for the left fusiform gyrus cluster

Cortical region

ASD ICC [95% CI]

TDC ICC [95% CI]

Frontal

0.752 [0.748, 0.757]

0.746 [0.739, 0.748]

Insula

0.780 [0.769, 0.792]

0.764 [0.751, 0.775]

Occipital

0.729 [0.722, 0.736]

0.751 [0.744, 0.758]

Parietal

0.787 [0.783, 0.792]

0.776 [0.772, 0.781]

Temporal

0.711 [0.704, 0.718]

0.698 [0.691, 0.706]
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Fig. 2 This scatterplot highlights the correlation between rCBF in
the left fusiform gyrus and child performance on the Benton Facial
Recognition Task

being specifically correlated with face identity recognition skills was a bit surprising, bilateral activation during
fMRI social perceptual tasks is the norm. Correlations
between the left fusiform’s rCBF and the Benton Facial
Recognition Test and not ASD symptom severity is unsurprising as the performance-based measure of facial
recognition is more tightly coupled to the putative role
of the fusiform gyrus than a broad stroke measure of
ASD symptoms [59], perhaps due to the increased
granularity and better psychometrics for the Benton Facial Recognition Test vs. the ADOS or the SRS-2.
This study is the first to evaluate the reliability of rCBF
in people with ASD using pseudocontinuous ASL; over
the same time period as most clinical trials, we observed
moderate-to-good reliability for perfusion across gray
matter cortex in both ASD and TDC groups. The
present study moves us closer to identifying a biologically based marker of ASD that relates to a basic social
perception deficit, while highlighting the value of ASL
neuroimaging to the field of ASD. These results need to
be replicated, but suggest that ASL could provide useful
biological markers of ASD in a manner that could also
be useful as an outcome measure for intervention trials.
The temporal lobe, and the fusiform gyrus more specifically, has been implicated in the core social and
communication impairments in individuals with ASD
[30, 31, 37]. In particular, reduced activation of the fusiform during the processing of faces has led to hypotheses
focusing on how social information may be de-prioritized
in favor of non-social information [29, 34, 60–63]. However, despite this body of work on the role of the fusiform
gyrus in ASD symptoms, there have been numerous negative findings [64–69] raising concern about the reliability
of this brain difference.
The present study represents a first step in addressing
some of these existing concerns. It directly addresses the
issue of reliability by demonstrating moderate to good

Page 6 of 9

reliability with ICCs across an ~ 8-week interval, and a
lack of interaction effects between diagnostic group and
session. With a growing emphasis on reproducibility in
neuroscience research [70], the demonstration of reliability of CBF across the cortex in both samples is an
important foundational step, and it aligns with other efforts to demonstrate reproducibility in functional connectivity (e.g., [71]). The stability of the group difference
over time, suggests that measuring rCBF in the fusiform
may be a reasonable biologically based marker for clinical trials aiming to improve social perception. However,
additional work is needed to identify normative trajectories of rCBF across age, sex, and IQ so that we may
quantify when ‘atypical’ levels have been reached at the
individual level before this measure could be deemed an
appropriate outcome for clinical trial use.
The present study also showed that rCBF has a dimensional relationship with facial recognition performance,
such that greater perfusion in children with ASD is associated with better performance on a facial recognition
task. This type of effect provides convergent evidence regarding the fusiform’s role in impairments seen in the
ASD phenotype from an unrelated MRI modality (ASL vs.
blood-oxygen-dependent-level) that has a stronger relationship to neural activity than other functional MRI sequences like BOLD fMRI.
To the best of our knowledge there is only one prior
study evaluating rCBF in ASD using the ASL method,
which is also the lone study failing to report hypoperfusion in ASD [9]. In Jann et al. (2015), hyperperfusion
was observed in inferior temporal regions for the ASD
group relative to controls, and no hypoperfusion was
observed for the ASD group. There are methodological
differences that may account for these discrepancies between the studies. One is that our study had children engage in a passive viewing task that included biological
motion (animal movements), whereas the prior study
had children rest with no visual stimulation. The second
is that the prior study used a different ASL implementation that may have provided lower effective resolution
despite identical nominal resolution. In particular, a
pure-resting state with limited external stimulation may
have influenced the degree of temporal cortex engagement for controls more than the ASD group. While
speculative, there is some evidence that employing social
stimuli built around context, narrative, or familiarity are
much better at eliciting activation in temporal regions
[27]. Indirect evidence of this possible explanation
comes from a prior study of temporal lobe pathology in
patients with mild cognitive impairment. These patients showed enhanced differences in temporal lobe
CBF compared to controls during a memory task [26].
Future studies may seek to examine whether the presence and absence of complex, biologically meaningful
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information alters perfusion in temporal regions during ASL scans to a greater degree for typically developing children or neurotypical adults over those with an
ASD diagnosis.
The present study has some notable limitations. This
study does not include females, and so our findings of
perfusion differences in the fusiform may be subject to
interactions with biological sex. Future studies should
directly target the inclusion of females to specify rCBF
relative to females without ASD and males with ASD.
This will inform whether the fusiform is a general
marker or one specific to males. While children were
instructed to watch the video, we did not monitor eye
movements to confirm compliance. Future investigations
should consider monitoring engagement with videos to
determine if this influences results and also as a potential criterion for inclusion in analyses. This study
had a wider IQ range in the ASD group than the
TDC group leading to a significant difference with a
large effect. Of note, while the ASD group continued
to show lower relative perfusion in the largest cluster
in the left fusiform gyrus relative to controls, the
other three clusters in the temporal lobes were no
longer significant. This pattern of finding suggests
that lower IQ may be associated with some degree
with lower relative perfusion in the temporal lobes.
However, the robustness of group differences in the
left fusiform gyrus and the correlation between relative perfusion in this region and face recognition
skills, suggests the findings may be specific to social
functioning and not merely an indicator of cognitive
impairment. Furthermore, our study offers optimism
that ASL could be implemented to identify relevant
biomarkers for individuals with co-occurring ASD
and intellectual disability diagnoses.

neural function. This study has also provided the preliminary psychometric data needed for pursuing perfusion in the fusiform gyrus as a potential target in
treatment studies.
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Conclusions
Identification of a reliable biological marker in ASD remains elusive. The present study built upon existing
functional MRI studies that have implicated the fusiform gyrus in the face processing impairments that are
characteristic of the ASD phenotype. The present
study measured rCBF using a non-invasive method,
pseudocontinuous ASL. The results confirm early reports of hypoperfusion in the fusiform gyrus of individuals with ASD, and that greater perfusion in ASD is
also associated with better performance on a face recognition task. Further, ASL was shown to have reasonably good reliability across an ~ 8-week period, which
is notable since this time period corresponds with that
of an average clinical trial. Thus, the present study has
extended prior work in the fusiform in ASD by demonstrating its reliability and sensitivity to individual differences in ASD using an underutilized metric of
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