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ABSTRACT
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Objective: Arterial spin labeling (ASL) is a relatively new imaging modality in the field of the cognitive
neuroscience. In the present study, we aimed to compare the dynamic regional cerebral blood flow
alterations of children with ADHD and healthy controls during a neurocognitive task by using event-
related ASL scanning.

Methods: The study comprised of 17 healthy controls and 20 children with ADHD. The study subjects
were scanned on 3 Tesla MRI scanner to obtain ASL imaging data. Subjects performed go/no-go task
during the ASL image acquisition. The image analyses were performed by FEAT (fMRI Expert Analysis
Tool) Version 6.

Results: The mean age was 10.88+1.45 and 11£1.91 for the control and ADHD group, respectively
(p=.112). The go/no-go task was utilized during the ASL scanning. The right anterior cingulate cortex
(BA32) extending into the frontopolar and orbitofrontal cortices (BA10 and 11) displayed greater acti-
vation in ADHD children relative to the control counterparts (p <.001). With a lenient significance
threshold, greater activation was revealed in the right-sided frontoparietal regions during the go ses-
sion, and in the left precuneus during the no-go session.

Conclusion: These results indicate that children with ADHD needed to over-activate frontopolar cor-
tex, anterior cingulate as well as the dorsal and ventral attention networks to compensate for the
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attention demanded in a given cognitive task.

1. Introduction

Attention deficit hyperactivity disorder is a neurodevelop-
mental disorder with a prevalence of 3% to 5% among chil-
dren (APA). The specific brain network abnormalities
underlying the pathophysiology of ADHD has not yet been
found. Thus far, researchers have reported abnormalities in
medial and orbitofrontal, parietal, cingulate cortices during
the cognitive tasks in functional magnetic resonance imaging
(fMRI) studies [1]. However, the number of studies that have
investigated the dynamic regional cerebral blood flow (rCBF)
alterations of individuals while completing attention tasks is
limited. In several single-photon emission computerized tom-
ography (SPECT) studies, researchers have reported contro-
versial findings on rCBF alteration in bilateral frontal and
parietal cortices as well as in the cingulate cortex in adults
during attention-related tasks [2-7] Altered rCBF during rest-
ing state was also reported in children with ADHD relative to
controls. Researchers have reported decreased rCBF in the
right frontal (BA10 and 11) and temporal areas (BA21) but

increased rCBF in bilateral parietooccipital regions in children
with ADHD during resting state SPECT scan [89]. The
increase of rCBF in right-sided frontal regions after methyl-
phenidate treatment was also observed in children with
ADHD relative to controls [10].

The attention network system is comprised of two net-
works that dynamically interact with each other: dorsal and
ventral attention networks. The dorsal system is bilaterally
located in each hemisphere and consists of two core compo-
nents: dorsal parietal region (in particular superior parietal
lobule (SPL) and intraparietal sulcus (IPS) and the junction of
precentral gyrus) and superior frontal gyrus (frontal eye field,
FEF). The dorsal attention network (DAN) seems to be cap-
able of the production and maintenance of endogenous sig-
nals based on ongoing goals or preexisting information of
contingencies [11,12]. The ventral attention network (VAN)
consists of the temporoparietal junction (TPJ) and ventral
frontal cortex and is unilaterally located in the right hemi-
sphere. The temporoparietal junction (TPJ) is anatomically
located at the intersection of the posterior end of the
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temporal sulcus, the inferior of parietal lobule and the lateral
occipital cortex. The right-sided insula, supramarginal gyrus
(TPJ), frontal gyrus (superior, middle and inferior), middle
temporal gyrus and precuneus are the foci identified as
related to ventral network [11-13]. From a clinical perspec-
tive, the ventral attention network is primarily engaged with
the relevant salient stimuli, regardless of its distinctiveness.
In neuroimaging studies, it was found that this network is
also associated with an abrupt change of sensory stimuli,
and onset and offset of given tasks [13-15].

Arterial Spin Labeling (ASL) is a relatively new brain imag-
ing modality in the field of psychiatry. ASL is utilized to
quantify brain tissue perfusion by using labeled arterial
blood as an endogenous tracer [16]. The ASL method was
reported to induce less across-subject variability and long-
term reproducibility [17,18]. Moreover, when compared to
functional magnetic resonance imaging (fMRI), ASL was
shown to be more sensitive to the tonic changes - rather
than phasic responses — of brain metabolism to a given cog-
nitive task [17,19,20]. However, there are studies resulted
with tonic blood flow changes in minutes during a given
cognitive task and slow continuous changes can be detected
in ASL imaging [9,21-23]. To date, few ASL findings relating
to the attention system have been published. Increased rCBF
during the resting state ASL scan was found in the left caud-
ate, inferior/medial frontal gyrus and bilateral cingulate gyrus
and precuneus in adult subjects with ADHD relative to con-
trols [24]. Further, increased rCBF in the right-sided fronto-
parietal areas including medial (BA8, 9) and inferior frontal
gyrus, occipital gyri (BA18), bilateral anterior cingulate (BA32)
was reported in several ASL studies utilizing with sustained
attention and vigilance tasks [9,21,22]. However, these prior
studies were conducted on adults and most did not include
ADHD subjects. To the best of our knowledge, this is the first
event-related ASL study comparing children with ADHD and
control subjects in the literature.

In the present study, the participants were required to
complete the go/no-go task. Challenger to attention main-
tenance in this task is the no-go stimulus, to which respond-
ers are required to not the hit the button. It is proposed that
the no-go stimulus is a predictor of response inhibition and
the go paradigm in the same task is related to the sustained
attention performance. In a meta-analysis of fMRI studies
comparing children with and without ADHD during go/no-go
task, researchers have reported greater activation in right
medial frontal gyrus in children with ADHD but greater acti-
vation in the right superior frontal gyrus in the control group
[25]. Given that dorsal attention network is activated by the
expectation of seeing particular object at particular location
in addition to maintenance of sustained attention, this net-
work was expected to be activated in the present study. The
ventral attention network was also expected to be activated
since this network co-activates with DAN during reorienting,
which was the case for switching from ‘go’ to ‘no-go’ task. In
our study, we hypothesized areas implicated in the dorsal
and ventral attention networks (right hemisphere dominant
frontal, parietal areas) might show distinctive regional

cerebral blood flow during a cognitive task in children with
ADHD relative to the control counterparts.

2. Material and method
2.1. Subjects

In the present study, participants were drawn via clinical
referrals from children admitted to the hospital by their
parents or teachers for a possible ADHD diagnosis. The study
was approved by the hospital ethical committee. Written
consent was obtained from both the subjects and their
parents. The current study was compliant with the ethical
standards of Helsinki declaration and its later amendments.
Subjects were required to be between the ages of 8 and
18 years old, right-handed, free of any psychiatric and med-
ical comorbidity, possess an intelligence quotient (IQ) score
above than 80, and be drug-naive. The control subjects were
drawn from the same community and were required to be
free of any psychiatric disorder in addition to the aforemen-
tioned criteria. Psychiatric interviews of the ADHD and con-
trol subjects were conducted using the Kiddie-Schedule for
Affective Disorders and Schizophrenia, present and lifetime
version (K-SADS-PL), and the diagnoses were made in accord-
ance with DSM-V criteria [26].

2.1.1. ADHD subjects

The DSM-IV-based Disruptive Behavior Disorders Rating
Scale (DBDRS-parent and teacher form) was utilized to diag-
nose for ADHD. This scale contains nine items for the
inattention and hyperactivity/impulsivity dimensions. All the
items have four possible answers ranging from 1 (not at
all), 2 (sometimes), 3 (often) and 4 (very often); a symptom
was considered to be present if 3 or 4 was endorsed on
any item. The DSM-IV-TR requires the presence of at least 6
symptoms out of the 9 items in either the inattention or
hyperactivity/impulsivity dimensions to make a diagnosis of
ADHD [26,27]. The Child Behavior Checklist (CBCL) and
Teacher Report Form were also obtained to support the
diagnosis and exclude any comorbid mental disorders [28].

2.2. Go/no-go paradigm

The go/no-go test is widely used in the neuroimaging
research of ADHD. The primary utility of the paradigm is to
assess the response inhibition. Subjects were required to
respond to go cues as fast as they can while also with-
holding from responding when the no-go cue is presented.
The go cues in the present study were several different
images of ‘Spider-man’, and pictures of the cartoon charac-
ter ‘Goblin” were shown as the no-go stimulus. All the go
and no-go cues were displayed after the fixation cross ('+')
on a black screen (Figure 1). The stimuli were displayed to
the participants by a mirror fixed in the head coil. The
presentation ratio for the go and no-go trials were 0.8 and
0.2, respectively. However, the presentation of 6 or more
subsequent go cues in a row was not allowed. The trial
started with 15s of fixation cross which was followed by



Trial started with 15 s of fixation cross

The inter stimulus interval was set as 1500 m

Figure 1. Depiction of go and no-go trial.

140 go or no-go stimuli. In each trial, the stimulus
(Spiderman or Goblin) was displayed for a duration of
500ms and the duration of fixation period was 1000 ms.
The inter stimulus interval was set as 1500 ms. Participants
responded to the go stimuli by hitting the button on a
joystick in held in their right hand with their right thumb
or index finger. Prior to scanning, the subjects were given
instructions and allowed to play a trial of the task. Since
the ASL scanning of the subjects was a component of our
previous study [29], the participants also completed a go/
no-go task during a fMRI session, which took 339s, prior to
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The various images of spider-man were shown as "go" clue.
The participants were asked to hit the button when go stimulus was presented
The duration of each spider-man images was 500 ms in each trial.

The duration of fixation cross between the stimulus was 1000 ms

The various images of goblin were shown as "no-go" clue.
The participants were asked to no to hit the button

when no-go stimulus was presented

The duration of each goblin images was 500 ms in each trial

the ASL scanning. Therefore, all subjects had completed
this task both as a trial session and during fMRI scanning
before the ASL scan.

2.3. Image acquisition

The study subjects were scanned on 3 Tesla MRI scanner
with 12-channel head coil (Siemens Allegra, Siemens Medical
Systems). Initially, T1-weighted anatomical scans of the sub-
jects were obtained by using MPRAGE sequence (TR = 2.5s,
TE = 2.71ms, TI= 900ms; 176 sagittal slices 1x 1 x 1 mm?
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isotropic voxels). For ASL scans, 179 dynamic volumes were
obtained by using pulsed labeling and Echo-Planar Imaging
(EPI) readout with the parameters TR = 2500ms, TE = 11 ms,
flip angle 90°, matrix 64 x 64, field of view 192 mm, 14 trans-
verse slices, 6 mm slice thickness, 1.5 mm inter-slice gap.

2.4. Image analysis

The image analyses were performed by FEAT (fMRI Expert
Analysis Tool) Version 6. The functional images of the sub-
jects were realigned and then registered to each subject’s
anatomical T1 weighted MR data. Spatial smoothing using a
5-mm full-width at half-maximum Gaussian kernel was
applied during this process. For each subject, head motion
was analyzed with MCFLIRT, and those with excessive head
motion artifact (2 subjects in ADHD group and 6 subjects in
the control group) were not included in further analyses [30].
Individual functional images were registered to the standard
Montreal Neurological Institute T1 (MNI152) template.

2.5. Statistical analysis

In the first level analysis, 3 voxel-wise statistical analyses
were conducted by using the general linear model (GLM) for
each subject: pairwise control-tag comparisons of the entire
MRI scanning (including go and no-go sessions), only the go
task pairs, and only no-go task pairs. Temporal filtering was
not utilized. The threshold for the statistical significance was
set for greater than 3.1 for z-score and p < .05 for cluster sig-
nificance. This threshold was also applied for the group level
comparison. However, a separate additional analysis with a z-
score threshold of 2.3 and p <.05 for cluster significance was
also applied for go and no-go tasks, as elaborated on in the
discussion section. In the group comparisons, we compared
the entire scan, only the go pairs, and only the no-go pairs,

Table 1. Socio-demographic and behavioral results of the diagnostic groups.

Control ADHD p-value
Gender
Female 5 1 075
Male 12 19
Age 10.88 +1.45 11+£191 112
WISC-R 115£11.11 110+£16.70 .882
ADHD scale (parent rated)
Inattention 1.35+£2.76 13.80+4.49 <.000
Hyperactivity-Impulsivity 0.82+1.59 11.50+8.75 <.000
Oppositional defiant disorder 0.70+£1.21 3.30+4.30 024
ADHD scale (teacher rated)
Inattention 0.94+1.88 14.0+6.24 <.000
Hyperactivity-Impulsivity 0.70+1.21 10.70+7.94 <.000
Oppositional defiant disorder 0.11+£0.48 2.70+4.76 187

between the ADHD and control groups using FSL FLAME
(FMRIB's Local Analysis of Mixed Effects). The analysis was
also repeated using permutation testing in randomize (also
part of FSL) as a check on the significance thresholds (see
Discussion). Anatomical coordinates of the activated brain
areas were given in Talairach Daemon coordinates [31]. We
did not perform resting state ASL scanning, which is dis-
cussed later in this paper. Therefore, we only compared the
activation changes between groups for go only, no-go only,
and all conditions.

3. Results

In the present study, the male-to-female ratio was 12/5 in the
control group and 19/1 in the ADHD group (p=.075). The
mean age of control and ADHD groups were 10.88 +1.45 and
11£1.91, respectively (p=.112). The mean WISCR results of
control and ADHD groups were not also found statistically dif-
ferent (115+11.11 vs. 110+ 16.70, p = .882).

3.1. Behavioral results

The subdomains of the ADHD scale rated by parents statistic-
ally differed between the groups (Table 1). The mean
inattention score was 13.80+4.49 in the ADHD group and
1.35+£2.76 in the control group (p <.000). The hyperactivity-
impulsivity score was 11.50+£8.75 in the ADHD group and
0.82+1.59 in the control group (p <.000). The mean oppos-
itional defiant disorder score was 3.30+4.30 in the control
and 0.70+1.21 in the ADHD group (p=.024). The mean
inattention subscale score by teachers was 14.0+6.24 in the
ADHD group and 0.94+1.88 in the control group (p <.000).
The mean hyperactivity-impulsivity score was 10.70+7.94 in
the ADHD group and. 0.70+1.21 in the control group
(p <.000). The mean oppositional defiant disorder score was
2.70£4.76 in the ADHD group and 0.11+0.48 in the control
group (p=.187).

3.2. Imaging results

When combining the go and no-go conditions, the between-
group analyses contrasting the ADHD and control groups
revealed statistically significant activation in the right anterior
cingulate cortex (BA32) extending to the right medial frontal
gyrus BA 10 and BA 11 from the voxel-based analysis (see
Table 2 for voxel sizes and coordinates and Figure 2 for acti-
vation areas). Notably, no brain areas were found to be more

Table 2. The ASL comparison of the diagnostic groups during entire scan.

Contrast Region Talairach x,y,z coordinates Z score p-value Voxel number
ADHD > Control
Anterior Cingulate Cortex BA32 10, 38, -16 442 <.001* 630
Medial Frontal Cortex BA11 4, 50, -26 4.24
Medial Frontal Cortex BA11 4, 34, -24 391
Medial Frontal Cortex BA10 4, 60, -8 3.77
Medial Frontal Cortex BA10 14, 62, -8 3.67

Please note that there was no greater brain region activation in any brain area in the control subjects than ADHD counterparts.

BA: Brodmann Area. *Indicates 0.00000221.



NORDIC JOURNAL OF PSYCHIATRY 5

Figure 2. Anterior Cingulate Cortex (right) and medial frontal cortex (right) are the identified areas showing greater activation in children with ADHD relative to

control counterparts.

Table 3. The ASL contrast of the diagnostic groups during go pairs.

Contrast Region Talairach x,y,z coordinates Z score p-value Voxel number
ADHD > Control (go task)
R Superior Parietal Lobule BA7 18, -67, 60 3.89 <.001* 2307
R Parietal Lob, Precuneus 18, -72, 58 3.79
R Middle Frontal Gyrus BA10 42, 54, 22 3.91 <.001 ** 1606
R Inferior Frontal Gyrus 56, 28, 12 3.61
R Temporal Lob BA42 66, -18, 12 3.42 .00366 744
R Inferior Parietal Lob 64, -22, 26 3.36
R Supramarginal Gyrus 52, -36, 36 3.26
R Parietal Lobule BA40 58, 36, 52 3.11
R Inferior Parietal Lobule BA40 52, -32, 58 3.09

Please note that there was no greater brain region activation in any brain area in the control subjects than ADHD counterparts. In
this contrast, cluster threshold was decreased from 3.1 to 2.3. BA: Brodmann Area, R: right. *0.0000000596, **0.00000507.

Table 4. The ASL contrast of the diagnostic groups during no-go pairs.

Contrast Region Talairach x,y,z coordinates Z score p-value Voxel number
ADHD > Control (no-go task)

L Parietal Lob, Precuneus, BA7 -20, -76, 50 3.53 .000393 1048

R Occipital Lob, Cuneus, BA19 6, —80, 40 35

R Parietal Lob, Precuneus, BA19 10,-82, 48 347

R Parietal Lob, Precuneus, BA7 -18, 70, 46 3.46

Please note that there was no greater brain region activation in any brain area in the control subjects than theADHD counterparts.
In this contrast cluster threshold was decreased from 3.1 to 2.3 (see Discussion). BA: Brodmann Area, R: right L: left.

greatly activated in control subjects over their ADHD patient
counterparts.

3.3. Go task results

The voxel-based analysis revealed no significant activation
difference between the groups. However, when a lenient
cluster threshold (2.3) was employed, three activation clus-
ters were identified in those with ADHD. The first cluster
included right superior parietal lobule (BA7) and right precu-
neus. The second cluster was comprised of right middle
frontal (BA10) and inferior frontal gyrus. The last cluster
included the right-sided temporal lobe (BA42), inferior par-
ietal lobe (BA40) and supramarginal gyrus. The voxel sizes
and coordinates were given in Table 3. The control group
showed no greater activation than the ADHD group in any
brain region at the threshold of 3.1 or 2.3.

3.4. No-go task results

Again, we failed to find any brain activation differences
between groups at the voxel-based analysis level. When the
cluster threshold was decreased to 2.3, left precuneus (BA7)
and right cuneus and precuneus (BA19 and BA7) areas

showed statistically significant activation in the ADHD group
when compared to the control group (please refer to Table 4
for voxel sizes and coordinates).

4. Discussion

In the present study, we aimed to assess and compare the
regional cerebral blood flow (rCBF) changes between children
with ADHD versus healthy controls during a cognitive task.
This study has provided some insight into rCBF alterations in
children with ADHD by implementing a novel imaging
method, namely Arterial Spin Labeling. To date, there are only
a handful of ASL studies investigating the physiological
response of brain regions to the certain attention tasks.
Moreover, this is the first event-related ASL study comparing
children with ADHD to healthy counterparts in the literature.
The most striking finding of the present study was the
increased rCBF in the right anterior cingulate cortex (ACC)
(BA32), frontopolar and orbitofrontal cortices (BA 10,11) in
the ADHD group during the go/no-go task. It has been
reported that ACC engages with attention allocation, conflict
resolution, novelty detection and response inhibition [32-34].
In several meta-analyses, hypo-activation in rACC was shown
in children with ADHD [25,35-37]. In concurrence with the
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findings of our study, researchers have also reported
decreased functional connectivity between dorsal ACC and
precuneus in adults with ADHD [38]. The findings of the pre-
sent study indicate that ADHD children displayed greater r
ACC activation than their control counterparts to compen-
sate for attention demand during the given task.

Another important finding of the present study is that,
children with ADHD displayed greater activity in frontopolar
cortex (BA10), bilateral precuneus which is a component of
default mode network (DMN) [39,40], as well as orbitofrontal
cortex (BA11) during the entire task. Enhanced activation in
BA10/32 was reported in children and adolescents with
ADHD [41,42]. In addition to the previous studies, hypoperfu-
sion in R MFG (BA10) as well as hyperperfusion in the poster-
ior brain areas during resting state in children with ADHD
were found [8,10]. Schweitzer has reported rCBF increase in
precuneus (BA7), R middle frontal gyrus (BA10) during a
working-memory task in men with ADHD [43]. Sturm
reported right-sided rCBF increase in the anterior cingulate
cortex (BA32), right middle frontal gyrus (BA9, 10), inferior
parietal lobule, middle temporal gyrus and left inferior
frontal gyrus in healthy adults during an alertness task using
positron emission tomography (PET) [7]. Significant rCBF
increase in the right BA 10 during go/no-go task was also
reported in healthy subjects [44]. Although, the go/no-go is
a task of inhibitory control, which has been proposed to be
impaired in those with ADHD, stimulus selection, attention
maintenance and response selection are important compo-
nents of the task [45]. Broadman area 10 was cytoarchitec-
tonically and functionally subdivided into two different
poles: Fp1 and Fp2, the former being involved in cognition,
information processing, prepotent response inhibition and
working memory [46-49]. The results of our study indicate
that children with ADHD require to rely on more diffuse
neural networks involving in working memory, attention
shifting, conflict resolution, in addition to ventral and dorsal
attention networks, to challenge with an attention demand-
ing task. Supporting the hypothesis of poor control of
response inhibition in ADHD [50-54], we observed increased
activity in OFC, which was shown to be associated with
inhibitory control of behavior which enables adaptive behav-
ioral response in the setting of changing environment, of
which impairment was shown to be associated with impul-
sive decision making and maladaptive behavior [55-58]. It
was reported that ADHD children display reduced activation
in OFC during tasks implicating reward-related decision mak-
ing [1,59,60]. Given that our subjects were not rewarded dur-
ing the go/no-go task, we can speculate that the enhanced
activation in OFC seems to be contributing to impulsive deci-
sion making as a result of overactivation of this region com-
pared to healthy counterparts. Further ASL studies
comparing the effect of neurocognitive tasks of inhibitory
control and reward processing are warranted.

The dorsal attention network engages with goal-driven
stimuli during a given task. Its core regions are the dorsal
parietal cortex (particularly superior parietal cortex and intra-
parietal sulcus) and dorsal frontal cortex near precentral
gyrus in each hemisphere [11,12]. This network is pre-

activated in the likelihood of incoming stimuli with certain
features and/or context. In our study, subjects were required
to produce and maintain their endogenous attention signal
in order to hit the button across go trials, a task that which
mainly involves the dorsal attention network. Although we
were not able to see any statistically significant difference
between the diagnostic groups when applying a cluster sig-
nificance threshold of 3.1, a more lenient threshold of 2.3
enabled us to observe consistent findings with this hypoth-
esis. It is worth noting that the use of 3.1 as a significance
threshold is a recent development due to Eklund’s work in
BOLD fMRI [61]. It has yet to be established whether the
higher threshold is necessary for ASL analyses. In order to
explore this, we repeated our analysis using permutation
testing in randomize (also part of FSL), and found that the
FLAME and randomize maps were essentially identical at the
z=2.3 significance level. This would seem to indicate that
non-Gaussian shaped spatial autocorrelation is not the prob-
lem in ASL data that it is in BOLD fMRI, so 2.3 would seem
to be the appropriate significance level for ASL analyses
using FLAME. This deserves further study.

We identified three right-sided core clusters in the super-
ior parietal lobe (BA7), middle/inferior frontal gyrus, and tem-
poroparietal areas - including the posterior transverse
temporal lobule (BA42), inferior parietal lobule (BA40) and
supramarginal gyrus — in children with ADHD during the go
session. It should be cautiously noted that the two latter
clusters are within the ventral attention network. The ventral
network consists of the TPJ (at the intersection of the poster-
ior side of the superior temporal gyrus, inferior parietal lob-
ule, and lateral occipital cortex), the ventral parts of
supramarginal gyrus and middle/inferior frontal gyrus, as
well as the frontal operculum and anterior insula. The ventral
attention network is activated along with the dorsal atten-
tion network when a behaviorally relevant stimulus is pre-
sented [11,14]. In a visual sustained attention task-integrated
ASL study, researchers have reported greater activation in
the right middle frontal gyrus (BA8,9) bilateral occipital gyrus
(BA18), right cuneus (BA18) and the left cingulate gyrus
(BA32) when compared to the resting state in adults [9].
Additionally, a significant rCBF increase was reported in the
right middle/inferior frontal gyrus, right inferior parietal lobe,
bilateral supplementary motor area/anterior cingulate cortex,
bilateral basal ganglia/insula and the left sensorimotor cortex
during a sustained attention task in an ASL study.

Importantly, we identified significant activation in the left
precuneus extending to the right precuneus and bilateral
cuneus during the no-go condition when a lenient threshold
(2.3) was applied. The precuneus was reported to be a cross-
network connector between the default and dorsal attention
networks and flexibly engaged with executive control
[62,63]. The precuneus was also shown to possess extensive
connections with the lateral parietal areas (superior, inferior
parietal areas), FEF and anterior cingulate cortex; other than
the FEF, these areas were all found to be greatly activated in
children with ADHD relative to the control subjects during
the go/no-go task. Several neuroimaging studies have indi-
cated that the precuneus co-activates in concert with lateral



parietal areas for visually guided behavior, attention shifting
and spatial attention [64-69]. In the literature, there are
event-related fMRI studies indicating abnormal precuneus
activation in those with ADHD [59,70,71]. In an event-related
fMRI meta-analysis, the authors reported increased bilateral
activity in the precuneus (BA7), posterior cingulate cortex,
and cuneus (BA7) in children with ADHD relative to the con-
trol group. However, the same authors theorized this abnor-
mal activity pattern was the result of defective deactivation
of the default mode network [72]. Notably, it was also
stated that the left precuneus co-activates within the
default mode network during resting state but enhances its
activity during a given task [62]. With a similar but not iden-
tical neuropsychological task (go, no-go and lure condition),
Wang reported increased activation in precuneus during
the no-go task in children with ADHD when compared to
the control subjects [73]. The greater fMRI activation in
bilateral precuneus along with frontoparietal regions in
child ADHD patients during the go/no-go task was also
indicated. The same authors also reported increased activa-
tion in the precuneus and frontoparietal areas during no-go
session over go session in children with ADHD [42].
Therefore, the increased rCBF in the bilateral precuneus in
children with ADHD during the no-go trials might be
related to the response inhibition and shifting attention.
Since we did not observe significantly increased precuneus
activation between the ADHD vs control group during the
go trials or overall task, the results might be suggestive of
the maintenance and shifting of attention rather than a
default mode network abnormality.

Even though, we found consistent findings with our
hypothesis, the activation areas in the present study were
not widespread as is the ADHD fMRI findings. It should be
noted that ASL is sensitive to the tonic components of
maintaining attention rather than phasic ones over
time [17].

5. Limitations

One of the major limitations of this study was the lack of
resting state CBF quantification, which prevented us from
comparing the baseline rCBF patterns in children with and
without ADHD. Since the deactivation of default mode net-
work is related to improved performance in a given atten-
tion-demanding cognitive test, our study did not enable us
to observe the any potentially dynamic response of the
deactivated areas during the go/no-go task. Additionally, the
lack of resting state CBF also inhibited us from evaluating
the normal neurophysiological response to the given atten-
tion task and comparing such findings to those previously
published in the literature. The most noticeable finding of
our study was increased rCBF in the frontopolar cortex
(BA10, 11) and cingulate cortex along with dorsal attention
network as well as ventral attention network when a lenient
threshold applied. Since we were not able to directly com-
pare the resting and task-related rCBF changes, significant
rCBF increase in these areas in ADHD group might arise from
increased resting state rCBF, dynamically increased rCBF
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response to attentional demand, or both. Even though
increased rCBF in MFG is consistent with our hypothesis,
itself based on prior dorsal and ventral attention network lit-
erature findings, future studies are warranted to disentangle
this finding. Another major limitation of the present study is
the gender imbalance across and between groups. Female
subjects were notably underrepresented in each diagnostic
group. Hence, the contribution of gender to the ASL findings
could not be assessed. However, the study team’s ability to
recruit drug-naive ADHD patients was a great strength of the
present study, allowing us to observe the rCBF alterations
during a cognitive task regardless of the influence of
ADHD treatment.

6. Conclusion

In sum, we found that children with ADHD displayed
increased rCBF in the right anterior cingulate cortex (BA32)
and frontopolar cortex (BA10 and 11) relative to control sub-
jects during a cognitive attention task. Additionally, we
observed increased rCBF in the dorsal and ventral network-
associated parietal areas in these child ADHD patients rela-
tive to their counterparts. These results indicate that children
with ADHD needed to over-activate their dorsal and ventral
attention network-related regions to compensate for the
attention demand by a given task.
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