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Auditory neuropathy and auditory neuropathy spectrum

disorders
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Center for Speech and Hearing, International University of Health and Welfare, Tokyo, Japan

National Institute of Sensory Organs, National Tokyo Medical Center

Auditory Neuropathy Spectrum Disorders
(ANSD) are new classification which was
proposed in 2008 by Colorado Children’s
Hospital Group and defined as normal
otoacoustic emissions and absent ABRs in
newborn. In our long term follow up study,
hearing of ANSD are changed into three types.
Type I is normal OAE and normal ABR (normal
hearing), Type 11 is absent OAE and absent ABR
(profound sensoryneural hearing loss), Type III
is normal OAE and absent ABR (true auditory
neuropathy). However, still complications of
vestibular problems in ANSD are not known so
far.

Historically, in the same year of 1996, a new
type of bilateral hearing disorder was reported by
Dr. K. Kaga, et al. and Dr. A. Starr et al. in
different journals. Auditory nerve disease paper
was published in the Scandinavian Audiology by
Dr. Kaga and Auditory Neuropathy paper was
published in Brain. At present, these different
terms are considered to be identical in

pathophygiology.

The auditory nerve disease or auditory
neuropathy is a disorder characterized by
mild-to-moderate pure-tone hearing loss, poor
speech discrimination, absent ABR but normal
cochlear outer hair cell function revealed by
normal OAE and —SP of Electrocochleo graphy.

A variety of processes and etiologies are
thought to be involved in the pathophygiology.
Most of the reports in the literature discuss
auditory profiles and gene mutation of OTOF or
OPA1I of patients only but not pathophygiology.

Auditory nerve components consist of
cochlear nerve, superior vestibular nerve and
inferior vestibular nerve. My question is which
nerve of these auditory nerve components is
involved in AN? We reported our results of
auditory and vestibular system assessment of our
adult patients of auditory nerve disease. Our
study revealed: the age of onset is common
during the period of teenage or later. Half of
patients had different neurological episodes such
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as cerebellar infarction, blindness, spino
cerebellar ataxia and virus cerebellitis. All of
pure-tone audiograms show a low-frequency loss
with rising slope pattern, the severity of which
ranged from mild-to-moderate degree. All of
speech audiometry shows that the maximum
speech discriminations in all patients are below
50% except one patient.

The auditory evoked response revealed
common results of normal DPOAE, normal
summézting potentials of Electrocochleography
and absence of ABRs.

Meanwhile, caloric test and damped rotation
chair test can examine functions of lateral
semicircular canals, superior vestibular nerve
and oculomotor system in brainstem. On the
other hand, Vestibular
Potentials (VEMP) is a new face of vestibular

function test for otolith organs inferior vestibular

Evoked Myogenic

nerve.
1 show three cases with different results of
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Auditory neuropathy and auditory neuropathy spectrum disorders

vestibular examination, Case 1 shows loss of
caloric reaction and absence of VEMP. Then
both superior and inferior vestibular nerves must
be involved. Case 2 shows normal caloric
reaction and normal VEMP. Then both superior
and inferior vestibular nerves must be normal in
left side. Case 3 shows normal caloric reaction
and damped rotation chair test. However, VEMP
is lost. Then, in this case, superior vestibular
nerve is intact but the function of inferior
vestibular nerve must be damaged.

I functionally classified vestibular test results
into three types. Type 1 is both caloric and
VEMP are normal. Type 2 is caloric test is
normal but VEMP is abnormal. Type 3 is both
caloric and VEMP are abnormal.

However, auditory and vestibular system of
ANSD should be more intensely studied because
of unknown pathophysiology in developmental

age.

Auditory and Vestibular Research
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Abstract

Failure of executive function (EF) is a core symptom of attention-deficit/hyperactivity disorder (ADHD). However, various
results have been reported and sufficient evidence is lacking. In the present study, we evaluated the characteristics of children with
ADHD using the Stroop task (ST) and reverse Stroop task (RST) that reflects the inhibition function of EF. We compared children
with ADHD, typically developing children (TDC), and children with autism spectrum disorder (ASD), which is more difficult to
discriminate from ADHD. A total of 10 children diagnosed with ADHD, 15 TDC, and 11 children diagnosed with ASD, all
matched by age, sex, language ability, and intelligence quotient, participated in this study. While each subject performed com-
puter-based ST and RST with a touch panel, changes in oxygenated hemoglobin (oxy-Hb) were measured in the prefrontal cortex
(PFC) by near-infrared spectroscopy (NIRS) to correlate test performance with neural activity. Behavioral performance significantly
differed among 3 groups during RST but not during ST. The ADHD group showed greater color interference than the TDC group.
In addition, there was a negative correlation between right lateral PFC (LPFC) activity and the severity of attention deficit. Children
with ADHD exhibit several problems associated with inhibition of color, and this symptom is affected by low activities of the right
LPFC. In addition, it is suggested that low hemodynamic activities in this area are correlated with ADHD.
© 2013 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.

Keywords: Attention-deficit/hyperactivity disorder (ADHD); Near-infrared spectroscopy (NIRS); Reverse Stroop task; Prefrontal cortex; Executive
function

1. Introduction hyperactivity, and impulsivity [1]. Many studies have
shown that the core symptoms of ADHD are related

Attention-deficit/hyperactivity disorder (ADHD) is a to the failure of executive function (EF) [2-4]. EF con-
developmental disorder characterized by inattention, trols high-level cognitive ability that facilitates the inhi-
bition of incorrect behavior and involves the selection of

appropriate behavior [5]. Six domains of EF have been
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[2,3]. It is well known that children with ADHD showed
more disabilities compared with typically developing
children (TDC) using the Stroop task (ST) and reverse
Stroop task (RST) [6-9]. However, there are some differ-
ences in those results. For example, Negoro and his col-
leagues reported that children with ADHD had low
scores of oral ST and prefrontal hypoactivity than
TDC as measured using near-infrared spectroscopy
(NIRS) [10]. However, Song and Hakoda reported that
there was no significant difference between TDC and
ADHD group during ST, while children with ADHD
attained lower scores during RST [11].

There are no sufficient data of neural activity during
RST in children with ADHD, possibly because hyperac-
tive children may be non-cooperative during functional
magnetic resonance imaging (fMRI) study. To avoid
this problem, we measured neural activity during ST
and RST using near-infrared spectroscopy (NIRS), an
imaging modality less prone to movement artifacts
[10,12-16]. In addition, we compared neurobehavioral
performance and imaging results between children with
autism spectrum disorder (ASD) and those with
ADHD. ASD is characterized by 3 major symptoms:
deficient socialization, communication, and imagina-
tion. Failure of EF in ASD has also been suggested
[17-19]. It is often difficult to discriminate ADHD from
ASD in a clinical setting; therefore, we compared the
performance of ST/RST and prefrontal activity in
ADHD, TDC, and ASD groups to examine the role of
inhibition in ADHD and to investigate the possible dis-
tinguishing features of ASD and ADHD.

2. Participants and methods
2.1. Participants

The ADHD group consisted of 10 participants
(mean age =+ standard deviation, 11.18 & 2.23 years; 8
boys and 2 girls; all but 2 were right-handed), and
the ASD group consisted of 11 participants with
Asperger syndrome (n = 1) or high-functioning autism
(n=10) (mean age 4 standard deviation, 10.51 &
2.30 years; 7 boys and 4 girls; all but 3 were right-
handed). Pediatric neurologists made the diagnoses
on the basis of DSM-IV-TR criteria [1]. The intelli-
gence quotient (IQ) of each child in the ASD and
ADHD groups was evaluated using the Wechsler
Intelligence Scale for Children, Third Edition. No indi-
vidual’s full IQ was lower than 80. The TDC group
consisted of 15 participants (mean age 4 standard devi-
ation, 9.56 4+ 1.51 years; 6 boys and 9 girls; all but 2
were right-handed) recruited as controls and paid vol-
unteers. No participant had a history of neurological
disorders (apart from ADHD or ASD). All the partic-
ipants and their mothers provided written informed
consent before the experiment. The protocol was

approved by the Ethics Committee of the National
Center of Neurology and Psychiatry.

All the participants completed the Raven’s colored
progressive matrices test (RCPM) to determine the level
of non-verbal intelligence [20]. In addition, we measured
sentence comprehension using the Kaufman assessment
battery for children (K-ABC). The Swanson, Nolan,
and Pelham scale (SNAP) test was performed by inter-
viewing the mother of each participant in the TDC,
ADHD, and ASD groups to verify the severity of
ADHD symptoms [21,22]. The SNAP test consisted of
3 categories: inattention, impulsivity/hyperactivity, and
oppositional defiant disorder (ODD).

Mean age, the reading comprehension score of K-
ABC test, and the non-verbal intelligence score of
RCPM did not differ significantly among the groups
[age: F (2, 33) = 2.10, n.s.; reading comprehension: F
(2, 33) = 0.51, n.s.; non-verbal intelligence: £ (2, 33) =
0.33, n.s.] (Table ). A significant main effect was
observed among the groups for the 3 SNAP subscores
[inattention: F (2, 33)=17.38, p <0.001, impulsivity/
hyperactivity: F (2, 33) = 11.19, p <0.001, ODD: F (2,
33) =17.21, p <0.003; Table 1].

2.2. Behavioral task

The participants sat 50 cm in front of a 15-inch liquid
crystal display (LCD) screen with a gray background.
Both tasks employed a touch panel screen (Fig. 1). All
words on the LCD were displayed in Japanese.

2.2.1. Stroop test (ST)

ST required the participants to select, as quickly as
possible, a word among 4 words displayed at each cor-
ner of the LCD screen that matched a word displayed
at the center of the screen. All the corner words were
4 names of colors (white, red, yellow, and green) written
in black font. There were 2 conditions: pseudoword (the
neutral task) (Fig. 1A) and color-meaning incongruence
(interference task) (Fig. 1B). In the neutral task, the par-
ticipants were asked to choose the corner word that
matched the font color of the central pseudoword. For
example, if the central pseudoword was in red font,
the participants had to choose the corner word “red”.

In the interference condition, the central word was
the name of a color displayed in an incongruent font
color such as “white” displayed in yellow font. The cor-
rect choice was determined by pressing the name of the
font color of the word (arrows in Fig. 1B). Thus, the
participants then had to choose the corner word “yel-
low” written in black letters. In the neutral condition,
the central font color did not interfere with the pseudo-
word, whereas in the incongruent condition, the word
meaning (white) was incongruent with the font color
(yellow) and therefore interfered with matching the cor-
ner word meaning (“white”) to central word font color.
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Table 1
Characteristics of the participating groups.
TDC r=15 ASDn=11 ADHD n=10 F value,
p value
Age 9.56 10.51 11.18 2.10
(1.51) (2.30) (2.23) 0.14
Reading comprehension (K-ABC)* 18.13 19.82 19.60 0.51
(3.98) (4.29) (5.87) 0.61
Non-verbal intelligence (RCPM)® 29.47 30.45 30.70 0.33
(4.05) (5.15) (2.41) 0.72
Inattention (SNAP) 6.33 16917 15.40"" 17.38
(3.11) (6.76) (5.02) <0.001
Impulsivity/hyperactivity (SNAP)* 2.53 11.00™ 7.207 11.19
(2.56) (5.98) (5.10) <0.001
ODD (SNAP)* 3.87 12.45" 8.70 7.21
(4.90) (7.13) (5.27) 0.003

Characteristics of typically developing children (TDC), autistic spectrum disorder (ASD), and attention-deficit hyperactivity disorder (ADHD)
groups were compared using analysis of variance (ANOVA) and post hoc Tukey HSD pairwise tests.

Data presented as mean (standard deviation).
* p< 0.05.
™ p <0.001.

% Raw score on reading comprehension measured by the Kaufman assessment battery for children (K-ABC).

® Raw score on Raven’s colored progressive matrices test (RCPM).

¢ Raw score on the Swanson, Nolan, and Pelham scale (SNAP) questionnaire items on inattention.

4 Raw score on SNAP questionnaire items on impulsivity/hyperactivity.

¢ Raw score on SNAP questionnaire items on oppositional defiant disorder.

Neutral condition and incongruent condition tasks were
alternatively shown. Each task was preceded by a 10-s
rest period during which the participants stared at a
white circle in the middle of the LCD screen. Each task
lasted for 30 s. During the task, each new word set (trial)
appeared 0.5 s after the previous choice whether correct
or incorrect.

2.2.2. Reverse Stroop test (RST)

For RST, the participants were required to choose
the color that matched the meaning of the central word.
For example, when the word “green” was displayed in
red font at the center of the LCD screen, the correct
choice was the corner patch colored green. Again, the
task consisted of a neutral condition (Fig. 1C) and an
incongruent condition (Fig. 1D). In the neutral condi-
tion, the central word was a color name in black font,
whereas in the incongruent condition, the central word
was presented in a font color different from the word
(e.g., “green” in red font). In the incongruent condition,
the font color was incongruent with the central word
meaning and therefore interfered with the choice of
matching colored patch. Each RST task also lasted for
30 s, beginning with a 10-s rest period during which
the participants stared at a central white circle.

In all the tasks, the font colors used were red, yellow,
white, and green. For pseudowords in ST, we took 2 or
3 letters from each of the 4 color names and scrambled
them to make words equal in length to the words in the
incongruent condition. We conducted 2 separate task
sessions, each consisting of 1 congruent and 1 incongru-

ent task. The order of task presentation was counterbal-
anced for each participant. The color and word at the
center as well as the colors of the 4 corner patches and
the order of the corner words were randomly changed
between trials. All the participants used their index fin-
ger for choice selection.

2.3. Behavioral data analysis

The numbers of correct and incorrect responses,
mean reaction times, and percentage of correct answers
were assessed for each task session. In addition, the
interference rate was calculated according to a previous
study as (the number of correct answers in the neutral
condition minus the number of correct answers in the
incongruent condition)/number of correct answers in
the neutral condition [11]. When the interference is high,
the index approaches the value of 1. The correlations
between these neurobehavioral metrics and age, intelli-
gence, and numerical SNAP scores were calculated.
Multiple group means were compared using analysis
of variance (ANOVA), with Tukey HSD post hoc tests
for multiple pairwise comparisons. Furthermore, in the
incongruent condition, interference errors divided into
non-interference errors were compared among the
groups.

2.4. NIRS recording and analysis

While the participants performed ST and RST, neu-
ral activity in the prefrontal cortex (PFC) was recorded
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Fig. 1. Schematic illustration of the protocol for the neutral condition of the Stroop task (A), incongruent condition of the Stroop task (B), neutral
condition of the reverse Stroop task (C), and incongruent condition of the reverse Stroop task (D).

by measuring changes in oxygenated hemoglobin near-infrared laser diodes with 2 wavelengths (approxi-
(oxy-Hb) using a multichannel NIRS system (OEG-16; mately 770 and 840 nm) were used to emit near-infrared
Spectratech Inc., Tokyo, Japan). In this system, light. The re-emitted light was detected with avalanche
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photodiodes located 30 mm from the emitters. The tem-
poral resolution of acquisition was 0.65s. The system
measures oxy-Hb at a depth of approximately 3 cm
below the scalp. In our system, 6 emitters and 6 detec-
tors were placed at alternate points on a 2 x 6 grid,
enabling us to detect signals from 16 channels (Fig. 2).
The center of the probe matrix was placed on Fpz (Inter-
national 10-20 system), and the bottom left and bottom
right corners were located around F7 and FS8, respec-
tively, according to a previous report [15].

NIRS signals were sent to a data collection computer.
The timing of each trial event was transmitted from the
task control computer to the data collection computer
through a local area network with UDP communica-
tion. Raw NIRS records were passed through a band-
pass filter (0.01-0.1 Hz) using the fast Fourier transform
to reject records with movement artifacts. To increase
the signal-to-noise ratio, each record was converted to
a z-score to compare traces across the participants and
channels [12,23,24]. The z-score was calculated using
the mean and standard deviation of oxy-Hb during the
last 6 s of the rest period. The mean and standard devi-
ation were then adjusted to z-scores of 0 and 1, respec-
tively, for every channel. Recordings more than 2
standard deviations away from the mean were excluded

Fig. 2. Emitter and probe configuration for near-infrared spectros-
copy (NIRS). The NIRS system was attached to the prefrontal area.
The center of the probe matrix was placed on Fpz (International 10-20
system).

because these were likely to be contaminated by motion
artifacts. The average signal for each channel during the
last 20 s of ST or RST was used to compare regional
neural activity between the groups. In addition, signals
from channels 1-7 were averaged to yield the right hemi-
sphere activity, whereas those from channels 10-16 were
averaged to yield the left hemisphere activity. Any chan-
nel showing a difference among the groups was regarded
as an area of interest, and signals within this region were
correlated with SNAP scores.

3. Results
3.1. Behavioral results

3.1.1. ST

We compared the interference rate, number of incor-
rect answers, reaction time, and % of correct answers
during ST between children diagnosed with ADHD,
children diagnosed with ASD, and TDC (Table 2). All
the groups were matched for age, sentence comprehen-
sion, and non-verbal intelligence. There was no main
effect among the groups for any of these neurobehavior-
al measures, indicating that the performance of children
with ADHD during ST was equivalent to that of TDC.

3.1.2. RST

In contrast to ST, we found a main effect among the
groups for interference rate during RST, and pairwise
comparisons revealed that interference was higher in
the ADHD group than in the TDC group (Table 2).
There was also a main effect among the groups for the
number of incorrect responses, and post hoc compari-
sons revealed a greater number of incorrect responses
in the ADHD group than in the TDC group. Similarly,
there was a main effect among the groups for the % of
correct answers, and post hoc comparisons again
revealed that children with ADHD werte less accurate
(exhibited greater interference) than TDC. Only the
reaction time did not differ among the groups.

Table 2
Results of the Stroop and reverse (rev) Stroop tasks.
Task TDC ASD ADHD F, p value
Interference (%) Stroop 8.30(11.13) 10.82(9.81) 12.94(15.76) 0.44, 0.646
rev. stroop 8.94(4.11) 8.35(8.61) 17.87(9.15)" 5.83, 0.007
Error (n) Stroop 0.433(0.56) 0.50(0.50) 0.75(0.63) 0.98, 0.385
rev. stroop 0.33(0.59) 0.41(0.58) 0‘95(0.64)* 3.45,0.043
Reaction time (s) Stroop 1.73(0.40) 1.94(0.49) 1.99(0.63) 1.07, 0.355
rev. stroop 1.32(0.19) 1.36(0.36) 1.43(0.39) 0.41, 0.664
Percent correct (%) Stroop 96.4(5.14) 95.32(5.96) 93.28(6.48) 0.90, 0.417
rev. stroop 98.13(3.28) 97.29(4.02) 93.58(5.35)" 3.80, 0.033

Data presented as mean (standard error). Comparisons between groups were performed using one-way analysis of variance (ANOVA) and post hoc

Tukey HSD pairwise tests.
* p<0.05.
" p<00L.
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Fig. 3. Correlation between Swanson, Nolan, and Pelham scale
(SNAP) inattention score and the number of errors. TDC, typically
developing children (red circles); ADHD, attention-deficit/hyperactiv-
ity disorder (blue squares). (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of
this article.)

A positive correlation was observed between the
number of incorrect answers (errors) and SNAP test
inattention scores among the 3 groups (r=0.34,
p =0.045). In addition, a strong positive correlation
was observed between the number of incorrect answers
(errors) and SNAP test inattention scores for the com-
bined TDC plus ADHD group (r=0.57, p=0.003)
(Fig. 3). In contrast, a negative correlation was observed
between the percentage of correct answers and the
SNAP inattention score in this same combined group
(r =—0.36, p = 0.029). In addition, there was a negative
correlation between hyperactivity/impulsivity and the
percentage of correct answers (r = —0.34, p = 0.044).

3.1.3. Interference errors

In the incongruent condition, we found that the num-
ber of interference errors during RST tended to have a
major effect among the groups [F (2, 33)=3.03,
p=0.053], and pairwise comparisons revealed that
interference errors were higher in the ADHD group than
in the TDC (p =0.099) and ASD (p = 0.064) groups
(Fig. 4).

3.2. NIRS results

No significant main effect among the groups was
found for any NIRS signal during incongruent ST, in
accord with the similar behavioral performance among
the 3 groups (Fig. 5A). In addition, there was no signif-
icant difference when signals from right hemisphere
channels (1-7) and left hemisphere channels (10-16)

interference error

1.00-
.~ -%-ADHD

‘ | eASD

0.75 ¥ @TDC
e

Z 050

w\\\

0.25- 8

0.00 :

Stroop Rev. stroop

Fig. 4. Differences in the number of interference errors during the
incongruent condition of the both tasks. Data are presented as the
group mean number of interference errors for typically developing
children (TDC, red line), autistic spectrum disorder (ASD, green line),
and attention-deficit/hyperactivity disorder (ADHD, blue line) groups.
Error bars indicate standard errors. (For interpretation of the
references to color in this figure legend, the reader is referred to the
web version of this article.)

were integrated. In contrast, a main effect among the
groups was observed during RST [F (2, 33)=3.71,
p = 0.035], and integration of right hemisphere and left
hemisphere channels revealed significantly lower right
hemisphere activity in the ADHD group [/ (18) = 2.31,
p = 0.033] (Fig. 5SB). But activity in the left hemisphere
of the ADHD group is not significantly higher than
those in the TDC and ASD groups. Post-hoc pairwise
comparison indicated that the oxy-Hb signal at channel
#4 was significantly lower in the ADHD group than in
the TDC group (p = 0.033) (Figs. 5B and 6). In addi-
tion, there was a negative correlation between the chan-
nel 4 signal z-score and SNAP inattention score in all
the 3 groups (r = —0.36, p = 0.030) and a negative cor-
relation between the channel 4 signal z-score and SNAP
inattention score in children with ADHD (r = —0.60,
p =0.068) (Fig. 7).

4. Discussion
4.1. Behavioral tasks

Children with ADHD demonstrated significantly
poorer performance during RST than TDC as indicated
by a higher interference rate, greater number of errors,
and lower % of correct answers. Most of them could
not inhibit color interference. In addition, children with
ADHD showed no deficit in reaction time, again consis-
tent with a failure of the inhibition domain of EF.

Patients with ADHD exhibit inattention and hyper-
activity/impulsivity. Indeed, the number of errors during
RST correlated with the SNAP inattention score. There
was also a correlation between the % of correct answers
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Fig. 5. Changes in oxygenated hemoglobin (oxy-Hb) during the Stroop (A) and reverse Stroop tasks (B) using the mean z-scores from all the subjects
as measured by near-infrared spectroscopy. Pseudocolor images plot regional changes in oxy-Hb across the prefrontal cortex for typically developing
children (TDC, left), children with autism spectrum disorder (ASD, middle), and children with attention-deficit hyperactivity disorder (ADHD,
right). Numbers on the first image of the first row indicate the locations of the channels. Bar graphs below each pseudocolor image series plot the

mean signals over the right and left hemispheres. Note the laterality in cortical activity during the incongruent condition of the reverse Stroop task
(B). Error bars indicate standard errors. “p < 0.05.
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Fig. 7. Correlation of cortical activity measured by channel 4 (ch 4)
with Swanson, Nolan, and Pelham scale (SNAP) inattention score in
children with attention-deficit/hyperactivity disorder (ADHD).

and the severity of hyperactivity/impulsivity as mea-
sured by SNAP. These results showing poor perfor-
mance during RST are consistent with those of Song
and Hakoda [11]; however, we did not observe any def-
icit during RT, in contrast to the findings of Negoro
et al. [10]. We suggest that this difference may stem from
the difference in linguistic abilities, which are commonly
observed in patients with ADHD [25]. In our study, a

difference in linguistic abilities between groups is unli-
kely because all the groups had similar K-ABC scores.
Nonetheless, it is important to examine inhibition and
other domains of EF in children with ADHD using tests
that can be constructed without letters (insensitive to
differences in linguistic ability), e.g., the reduced array
selection task (RAST) [26].

4.2. Neural activity in PFC

We found that cortical activity over channel #4 was
significantly lower in the ADHD group than in the
TDC group during RST. We also found a significant
negative correlation between neural activity in the field
of channel #4 [the right lateral PFC (LPFC)] and the
severity of inattention as measured by the SNAP sub-
score. Furthermore, right hemispheric activity was lower
than left hemispheric activity during RST. We suggest
that lower neural activity in this cortical region is related
to color inhibition in ADHD. Indeed, the right hemi-
sphere is associated with the discrimination of non-ver-
bal stimuli such as color; therefore, color interference
could stem from this reduced activity [27.28]. We
observed negative correlations between both right lat-
eral PFC activity and the severity of inattention and
between RST accuracy (% of correct answers) and
hyperactivity. Previous studies have demonstrated that
strong impulse is also correlated with reduced right
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dorsolateral PFC activity [29]. Thus, dysfunction of the
right LPFC may underlie the inattention, hyperactivity,
and impulsive behavior characteristic of ADHD. More-
over, lower right LPFC activity and poor RST perfor-
mance may reliably distinguish ADHD from ASD.

Interactions between the anterior cingulated cortex
(ACC) and LPFC are critical for impulse control; there-
fore, a more detailed understanding of impulse control
deficits in ADHD must also account for ACC activity
during these neurobehavioral tasks [30]. The role of
ACC in the behavioral inhibition deficit observed in
ADHD clearly warrants further investigation.

4.3. Difference between ADHD and ASD

In contrast to children with ADHD, children with
ASD demonstrated no deficits in inhibition, as measured
by ST and RST. In contrast to children with ADHD,
our NIRS results revealed a modest tendency for higher
right hemisphere activity in children with ASD. A more
engaging task could possibly reveal further differences in
PFC activity between children with ASD and those with
ADHD.

4.4. NIRS system
While NIRS has several advantages over fMRI for

larly safety and resistance to movement artifacts, it is
important to emphasize that NIRS detects hemody-
namic changes only at the brain surface (approximately
2-3 cm beneath the skull). Thus, subcortical responses
cannot be examined. In addition, spatial resolution is
low compared with fMRI, which could be particularly
problematic while measuring regional activity within
the small PFC of children. Nonetheless, NIRS has been
successfully used to measure cortical activity in new-
borns, preschool children [33,34], and school-aged chil-
dren [12.15].

5. Conclusions

Results from RST indicate that children with ADHD
exhibit a deficit in inhibition, a component of EF that
suppresses inappropriate behavior. Compared with
TDC and children with ASD, children with ADHD
demonstrated reduced activity in the right LPFC, an
area associated with inattention and impulsive behavior.
This deficit in behavioral inhibition and right LPFC
hypoactivity may help distinguish ADHD from ASD
in children.
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