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OBJECTIVE Selective intraindividual weakness in successive processing, which is a unique verbal working memory
scale included in the Das-Naglieri Cognitive Assessment System (CAS), is considered one of the intrinsic neurocognitive
characteristics in pediatric moyamoya disease (MMD). The aim of the study was to elucidate the association between
cerebral blood flow (CBF) and weakness in successive processing, and to identify regions related to the weakness.

METHODS The present cross-sectional study included children who had been diagnosed with MMD and were as-
sessed using neuropsychological tests before surgery between June 2016 and December 2023. According to the CAS
manual, intraindividual difference was calculated by subtracting the mean of the 4 standard scores from each standard
score. Each patient was classified as either manifesting “intraindividual weakness in successive processing” (intraindi-
vidual difference of successive processing < 0) or not (intraindividual difference of successive processing = 0), and CBF
acquired with resting-state SPECT was compared between groups. Three-dimensional stereotactic surface projection
(3D-SSP) was also used for topographical comparison of CBF.

RESULTS Of 51 children (mean age + SD at admission 8.0 + 2.6 years) who underwent preoperative neuropsycho-
logical tests, 43 were included in the CBF analysis. Both standard scores and intraindividual difference of the CAS
significantly varied across 4 domains (p = 0.006 and p < 0.001, respectively), and those of successive processing
were the lowest. Of the children analyzed, 35 (68.7%) were classified as having intraindividual weakness in successive
processing. Multiple logistic regression analysis revealed the severest ischemic grade was significantly associated with
intraindividual weakness in successive processing (OR 5.49 [95% Cl 1.12-27.06]). Three-dimensional SSP analysis
demonstrated a significant CBF decrease in the left dorsolateral and medial prefrontal cortexes in the children showing
intraindividual weakness in successive processing compared with those who did not.

CONCLUSIONS Intraindividual weakness in successive processing typical of MMD might be associated with reduced
CBF in the dorsolateral and medial prefrontal cortex, predominantly in the left hemisphere. Further studies in this area
could contribute to the improvement of long-term social outcomes for patients with MMD.
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Wechsler Intelligence Scale for Children.
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ovyaMova disease (MMD) is a rare steno-oc-
M clusive cerebrovascular disease that commonly

occurs in childhood and young adulthood. Is-
chemic symptoms, such as transient ischemic attack and
stroke, are common in pediatric MMD. While the out-
comes of pediatric MMD are improving with diagnosis
and treatment developments, neurocognitive impairment
remains a serious issue and can affect quality of life.
Recent studies have revealed a substantial percentage of
pediatric patients with MMD (13%—-73%) experience neu-
rocognitive impairments.'> Even after bypass surgery,
10%—-20% of these patients have difficulty in social adap-
tation after adolescence.’~

Although neuropsychological tests applicable to chil-
dren are very limited, pioneering researchers have char-
acterized the neurocognitive profile in pediatric MMD by
focusing on the weakness in executive function, includ-
ing working memory.'*¢ Researchers have commonly ad-
dressed this issue using the Wechsler Intelligence Scale for
Children (WISC), which comprises four domains: verbal
comprehension, perceptual reasoning, processing speed,
and working memory. We have also addressed this issue
in our previous study using a unique neuropsychological
test standardized for children, the Das-Naglieri Cognitive
Assessment System (CAS), which similarly comprises
four domains: planning, attention, simultaneous, and suc-
cessive processing.” In that study, we revealed that “suc-
cessive processing,” a form of verbal working memory
function, was selectively impaired in individuals with
pediatric MMD.” Such a selective neurocognitive weak-
ness might be attributable to reduced cerebral blood flow
(CBF) in a specific cortical area. The prefrontal cortex is
one of the candidate areas because it is thought to con-
tribute to working memory function®'° and is commonly
involved in MMD. However, the relationship between
neurocognitive function and CBF has not been sufficiently
elucidated. Although the correlation between some WISC
domains and regional CBF (rCBF) in the left dorsolateral
prefrontal cortex (DLPFC) has been reported,!! that be-
tween CAS and rCBF has not yet been identified.

We hypothesized that selective intraindividual weak-
ness in successive processing in the CAS is associated
with reduced rCBF in a specific cortical area, especially
in the prefrontal cortex. The objective of this study was to
identify the hypoperfused area associated with weakness
in successive processing. Testing our hypothesis might
contribute to understanding the pathophysiology of neu-
rocognitive impairment and lead to appropriate treatment
in pediatric MMD.

Methods

This retrospective cross-sectional study was approved
by the Kyoto University Graduate School and Faculty of
Medicine Ethics Committee and was performed in com-
pliance with the Declaration of Helsinki. All patients
and families gave either opt-out or written informed as-
sent/consent in accordance with the ethical guidelines for
medical and health research involving human subjects in
Japan. The STROBE statement was followed."

Patients

This study included children aged 5-16 years who
were newly diagnosed with MMD in accordance with the
Japanese diagnostic guideline'*'* and underwent neuro-
cognitive assessment before surgery at Kyoto University
Hospital between June 2016 and December 2023. Patients
younger than 5 years were excluded because the standard-
ized neuropsychological tests used in this study are not
applicable. Patients routinely underwent neurocognitive
assessment; however, those who did not undergo sufficient
neuropsychological tests for various reasons were exclud-
ed. Patients also routinely underwent MRI, angiography,
and SPECT at the initial admission.

We also collected clinical data that included sex, initial
manifestations of disease, ages at symptom onset and first
admission, time interval between onset and first admis-
sion, Suzuki angiographic stage,'> hemodynamic state (or
SPECT stage, described in Analyses of CBF),'® use of a
sedative agent during SPECT imaging, laterality of dis-
ease involvement, presence or absence of posterior cere-
bral artery involvement, and presence or absence of radio-
logical findings of infarction on MRI.

Neurocognitive Assessment

Both the CAS" and WISC, 4th edition (WISC-1V)"
were performed as preoperative neurocognitive assess-
ments by occupational therapists who were proficient in
neuropsychological testing. The standard scores of both
the CAS and the WISC-IV are defined as a mean of 100
with a standard deviation of 15. The details of the CAS
have been described elsewhere.” In brief, the CAS con-
sists of four domains: planning, attention, simultaneous,
and successive processing.” Successive processing rep-
resents a type of verbal working memory (phonological
loop proposed by Baddeley'), and comprises four kinds of
tasks: word series recall, sentence repetition, speech rate,
and sentence question (Table 1).172° The CAS defines the
calculation of “intraindividual differences”—statistical

TABLE 1. Tasks included in successive processing scale in the Das-Naglieri Cognitive Assessment System

Task Explanation

Example

Word recall

Recall of a series of words in the exact order

“cat-flower-book”

Sentence repetition

Repetition of sentences comprising color words w/ minimal meaning

“The blue is graying™

Speech rate (5-7 yrs of age)

Time required to repeat a 3-word series 10 times as fast as possible

“red-yellow-blue”

Sentence question (8-17 yrs
of age)

Answering questions comprising color words w/ minimal meaning

“The blue is graying. Who is graying?”;
answer: “The blue™

* Quoted from Das JP, Naglieri JA, Kirby JR. Assessment of Cognitive Processes: The PASS Theory of Intelligence. Allyn & Bacon; 1994:52-111.
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v

CBF analysis
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FIG. 1. Flowchart for patient inclusion.

variances, or strengths and weaknesses, across measures
within an individual—and might be more sensitive than
WISC-IV for detecting the neurocognitive characteris-
tics of MMD Intraindividual differences are calculated
by subtracting the mean of the four standard scores from
each standard score,?' and an intraindividual difference
less than O indicated “intraindividual weakness” in the
present study. Each patient was classified as either having
intraindividual weakness in successive processing, or not.

Analyses of CBF

CBF was measured by SPECT using a dual-head gam-
ma camera (NM/CT 860, GE HealthCare) with N-isopro-
pyl-['#I]-p-iodoamphetamine. The hemodynamic state
for each hemisphere was classified into a SPECT stage, as
follows: stage 0, normal baseline (resting state) rCBF with
normal acetazolamide (ACZ)—challenged rCBF; stage
1, normal baseline rCBF with reduced ACZ-challenged
rCBF; and stage 2, reduced baseline rCBF with reduced
ACZ-challenged rCBE.® ACZ-challenged SPECT was
not indicated for patients with severely reduced baseline
CBF in either hemisphere because of the risk of ischemic
complication. Consequently, the hemodynamic status was
recorded as stage 2 or non—stage 2 because strict distinc-
tion between stage 0 and stage 1 was impossible in some
hemispheres.

We also analyzed SPECT using the 3D stereotactic
surface projection (3D-SSP) application of NEUROSTAT
(University of Utah) software?>?* to identify the cortical
area associated with weakness in successive processing.
According to a previous study (COSMO-Japan) by Kiku-
chi et al., patients with large intracranial structural lesions

extending to more than 2 cortical arteries in neuroradio-
logical studies were excluded in the 3D-SSP analysis.**
Resting-state CBF was compared between those with and
without intraindividual weakness in successive processing
of CAS using the software; 3D-SSP facilitates comparison
of CBF on a pixel-by-pixel basis on the normalized atlas
of the brain (automated Talairach atlas) through minimiz-
ing anatomical variations across patients. The results were
shown as z-score maps using the stereotactic extraction es-
timation method, which measures the z-score association
between the participant’s coordinates and the coordinates
in the prepared reference from the automated Talairach
atlas.> Each z-score was normalized by the global brain
mean obtained from the corresponding patient because
the normal blood flow of the cerebellum, which is often
used as a reference, varies according to age and tends to
be relatively low at a younger age.?® Two sample t-statistic
values were calculated for each pixel, and then converted
to corresponding z values. Resultant images were dis-
played in 3 dimensions.”> A z-score exceeding 1.96 was
adopted as the threshold for the calculation of the extent
ratio (ER), as previously proposed.?*?” ER is the ratio of
the total coordinates with significantly reduced z-value to
the total of coordinates in respective segments. An ER of
10% or greater was defined as a region showing signifi-
cant cerebral hypoperfusion, as previously reported.?’ All
regions of interest (ROIs) were automatically set accord-
ing to the segmentation (level 3, gyrus level) defined in
the Talairach atlas.”® rCBF in each ROI was calculated as
the count ratio to the global brain mean (CBF ratio). The
reason the global brain was defined as the reference is de-
scribed above.
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TABLE 2. Baseline characteristics

Successive Processing

Characteristic Total Weakness (IID <0) No Weakness (IID=0) p Value
No. of pts 51 35 16 NA
Mean age at onset (SD), yrs 6.4 (2.3) 6.3 (2.5) 6.5(2.0) 0.728
Mean age at admission (SD), yrs 8.0 (2.6) 7.8(0.4) 8.4 (0.6) 0.440
Mean interval btwn onset & admission (SD), mos 20.5 (29.6) 19.3(5.0) 23.3(7.5) 0.657
Female sex, n (%) 32 (62.7) 24 (47.1) 8 (15.7) 0.203
Initial manifestation, n (%)
TIA 42 (82.4) 29 (82.9) 13 (81.3) 0.889*
Other 9(17.6) 6 (17.1) 3(18.8)
Ischemic stroke 1(2.0) 1(2.9) 0(0.0)
Hemorrhagic stroke 3(5.9) 2(5.7) 1(6.3)
Involuntary movement 1(2.0) 0(0.0) 1(6.3)
Headache 4(7.8) 3(8.6) 1(6.3)
Median Suzuki stage (IQR)
Higher stage 3(3-4) 3 (3-4) 3 (2-3) 0.500
Rt hemisphere 3 (2-3) 3(2-3) (2-3)
Lt hemisphere 2(1-3) 2 (1-4) 2 (1-3)
SPECT stage 2, n (%)
Either hemisphere 23 (45.1) 19 (54.3) 4(25.0) 0.051
Rt hemisphere 18 (35.3) 14 (40.0) 4(25.0) 0.298
Lt hemisphere 16 (31.4) 14 (40.0) 2 (12.5) 0.0495
Sedation used w/ SPECT, n (%) 21(41.2) 15 (42.9) 6 (37.5) 0.718
Bilat involvement, n (%) 36 (70.6) 25(71.4) 11 (68.8) 0.846
Rt unilat 11 (21.6) 6 (17.1) 5(31.3)
Lt unilat 4(7.8) 4 (11.4) 0(0.0)
Presence of PCA involvement, n (%) 8 (15.7) 6 (171) 2(12.5) 0.672
Radiological finding of infarction, n (%) 22 (43.1) 15 (42.9) 7(43.8) 0.952

[ID = intraindividual difference; NA = not applicable; PCA = posterior cerebral artery; pt = patient; TIA = transient ischemic attack.

* TIA versus other initial manifestations, 2 x 2 chi-square test.

Statistical Analysis

Comparisons of baseline variables were conducted us-
ing the t-test, Wilcoxon rank-sum test, Fisher’s exact test,
or Pearson’s chi-square test, as appropriate. Normality of
the data was evaluated using the Shapiro-Wilk test. Ac-
cording to a previous study,’” one-factor repeated-measures
ANOVA was used to compare the standard scores of the
CAS with that of the WISC-IV for each individual, and
one-way ANOVA was used to compare intraindividu-
al differences of the 4 measures. Post hoc analysis was
performed using Tukey’s honestly significant difference
test. A multiple logistic regression model was used to test
whether the SPECT stage (2 vs non-2) was associated with
intraindividual weakness in successive processing of CAS
(yes/no). According to previous studies,? age at onset
and the radiological finding of infarction were predeter-
mined as potential confounders, and 3 factors (SPECT
stage, age at onset, and radiological finding of infarction)
were incorporated into the model. Two-sided p < 0.05 and
95% confidence intervals not including 1 were considered
significant. All statistical analyses were performed using
JMP Pro 17.0 (JMP Statistical Discovery).
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Results
Patients

A total of 67 patients aged 5-16 years were newly di-
agnosed with MMD during the study period. Of these, 16
were excluded due to the children and family declining
neuropsychological testing (n = 2), unstable symptoms (n
= 3), a limited examination schedule (n = 5), deafness (n =
1), lack of Japanese language ability (n = 2), judgment by
the psychiatrist that neuropsychological test results were
biased because of the child’s developmental background
(n = 2), and receiving a gifted education (n = 1) (Fig. 1).
The remaining 51 patients (mean age + SD at admission
8.0 + 2.6 years) were included in the neurocognition anal-
ysis. Table 2 summarizes patient demographics.

In the CBF analysis, 8 patients were excluded for insuf-
ficient SPECT data (n = 2) and large intracranial structural
lesions or bilateral cerebral infarction (n = 6). Thus, the
remaining 43 patients were included in the CBF analysis.

Neurocognitive Assessment
As shown in Fig. 2, successive processing in the CAS
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FIG. 2. Graphs showing the results of neurocognitive assessment. A: Standard score of the CAS (p = 0.006, one-factor repeated-
measures ANOVA). B: Standard score of the WISC-IV (p = 0.262, one-factor repeated-measures ANOVA). C: Intraindividual
difference of the CAS (p < 0.001, one-way ANOVA). D: Intraindividual difference of the WISC-IV (p = 0.150, one-way ANOVA).
Black dots indicate the mean value, and error bars indicate the standard deviation. PRI = perceptual reasoning index; PSI = pro-
cessing speed index; VCI = verbal comprehension index; WMI = working memory index.

was the lowest among the 4 measures regarding both the
mean standard scores (planning, 109.4 +15.8; attention,
107.3 % 16.1; simultaneous processing, 103.9 + 15.1; succes-
sive processing, 100.4 + 15.2) and the mean intraindivid-
ual differences (planning, 4.1+ 9.3; attention, 2.0 + 12.2;
simultaneous processing, —1.3 + 11.4; successive process-
ing, —4.8 + 12.0). The working memory index in WISC-IV
was also the lowest among the 4 measures regarding both
the mean standard scores (99.5 + 14.0) and intraindividual
differences (2.6 + 9.7). One-factor repeated-measures
ANOVA showed the standard scores of the CAS signifi-
cantly varied across the 4 measures [F(2.6,130.8) = 4.619,

p = 0.006], but those of the WISC-IV did not [F(3,150)
= 1.344, p = 0.262]. One-way ANOVA also revealed that
intraindividual differences of the CAS significantly var-
ied across the 4 measures [F(3,200) = 6.158, p < 0.001],
but those of the WISC-IV did not [F(3,200) = 1.792, p
= 0.150]. Tukey’s honestly significant difference test re-
vealed the mean standard score of successive processing
was significantly lower than that of planning (p = 0.022),
and the mean intraindividual differences of successive
processing were significantly lower than those of planning
(p <0.001) and attention (p = 0.013).

According to the definition above, 35 of 51 patients
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TABLE 3. Multiple-adjusted ORs for intraindividual weakness of
successive processing (n = 51)

Crude Multivariate Adjustment
OR 95% CI OR 95% ClI

SPECT stage 2 356 0.96-13.24 549  112-27.06
Median age atonset* 0.95 0.74-1.23 1.07  0.80-1.43
Infarction 0.96 0.29-3.18 0.52 0.12-2.17

* Every 1-year increase.

(68.6%) were classified as manifesting intraindividual
weakness in successive processing.

Association Between Neurocognitive Weakness and CBF

As shown in Table 2, the presence of SPECT stage 2 in
the left hemisphere was the only univariate factor associ-
ated with intraindividual weakness in successive process-
ing (p = 0.0495). Multiple logistic regression analyses, in
which 3 predetermined factors (SPECT stage, age at onset,
and radiological finding of infarction) were incorporated,
revealed that the presence of SPECT stage 2 in either
hemisphere was significantly associated with intraindi-
vidual weakness in successive processing (OR 5.49 [95%
CI 1.12-27.06]) (Table 3).

Figure 3 shows z-score maps of 3D-SSP acquired in 30
patients with intraindividual weakness in successive pro-

RT.LAT LT.LAT SUP [NF

oooeooec

cessing as compared with 13 patients without the weak-
ness. CBF significantly decreased predominantly in the
left DLPFC and medial prefrontal cortex (mPFC) in those
with intraindividual weakness in successive processing.
Stereotactic extraction estimation analyses in the gyrus
level also revealed significant CBF decreases in the left
superior frontal gyrus (ER 15.6%), left middle frontal gy-
rus (ER 12.6%), left inferior frontal gyrus (ER 16.9%), left
medial frontal gyrus (ER 29.4%), left cingulate gyrus (ER
12.4%), and right medial frontal gyrus (ER 10.9%). In each
ROI, the CBF ratio was compared between those with and
without intraindividual weakness in successive processing
(Fig. 4). Patients with intraindividual weakness in succes-
sive processing exhibited a significant decrease of the CBF
ratio in the left superior, middle, and inferior frontal gyri
(p = 0.027); bilateral superior, middle, and inferior frontal
gyri (p = 0.049); and left medial frontal gyrus (p = 0.042).
As shown in Fig. 4, the same tendency was observed in the
other ROIs: right superior, middle, and inferior frontal gyri
and the right and bilateral medial frontal gyri. However,
the difference in the CBF ratio was not significant.

Representative Cases
Case 1

A 6-year-old child presented with transient motor weak-
ness in the bilateral extremities while crying (Fig. SA and
B). The patient had difficulty in school because of restless-
ness and carelessness. Although intelligence was within

RT.MED LT.MED

FIG. 3. Z-score maps of the group with intraindividual weakness in successive processing compared with the group without. The
global brain (GLB) was selected as the reference in this study. ANT = anterior; CBL = cerebellum; INF = inferior; MED = medial;
POST = posterior; PNS = pons; SUP = superior; THL = thalamus. Figure is available in color online only.
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normal range (full-scale 1Q in WISC-IV of 95), the CAS
revealed selective intraindividual weakness of successive
processing. SPECT showed a notable decrease in CBF in
the bilateral frontal lobe, including the DLPFC and mPFC.

Case 2

A S-year-old child presented with transient motor
weakness in the left lower limb while crying. The patient
had normal intelligence (full-scale 1Q in WISC-IV of 100)
and no difficulty in preschool (Fig. SC and D). The CAS
revealed no apparent intraindividual weakness among the
domains. SPECT showed minimal decrease in resting-
state CBF in the right hemisphere, while ACZ-challenged
CBF was severely reduced (ACZ-challenged SPECT is not
shown in the figure).

Discussion

There are three main findings of our study. First, sig-
nificant intraindividual weakness of successive processing
was observed in the CAS, while no significant variance
across domains was observed in the WISC-IV. Second,

the presence of severe ischemia, which corresponded to
SPECT stage 2, was significantly associated with intra-
individual weakness in successive processing. Third, the
3D-SSP analysis demonstrated a significant CBF decrease
in the left DLPFC and mPFC in patients with intraindivid-
ual weakness in successive processing as compared with
patients without. The present study is perhaps the first to
reveal the association between successive processing and
CBF in pediatric MMD.

Our results are highly consistent with recent studies
showing that working memory function is relatively weak-
er among children with MMD.!¢71! As shown in our pre-
vious study, the task of successive processing in the CAS
might be more sensitive than that of working memory in
the WISC-IV for detecting neurocognitive weakness in
pediatric MMD.” This might be attributable to the nature
of successive processing tasks, which require not only ba-
sic working memory ability but also more complex pro-
cessing. Our results suggest that standard scores of both
the CAS and WISC-1V are the average. However, difficul-
ties in daily living attributable to intraindividual weakness
are very common in practice, even if the standard scores
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FIG. 5. Representative cases. A and B: Case 1. Standard CAS score (A) and resting-state SPECT image (B). The patient had
intraindividual weakness in successive processing. C and D: Case 2. Standard CAS score (C) and resting-state SPECT image (D).
The patient had no significant weakness among the domains. Figure is available in color online only.

are within normal range. Focusing on the standard scores
alone can lead to underestimation of such difficulties.

Our results also correspond to previous studies address-
ing the relationship between neurocognitive function and
the prefrontal cortex. Kazumata et al. reported that certain
WISC domains were associated with reduced CBF in the
left DLPFC."" Karashima et al. revealed the working mem-
ory index in WISC was the most related to CBF in the
anterior area of the right middle cerebral artery territory.*
Kikuchi et al. found neuronal loss in the bilateral medial
frontal lobe in adult patients with MMD who experienced
neurocognitive dysfunction.?* Other studies on diffusion
tensor imaging and functional MRI have also suggested
the abnormality of structural and functional connectivity
in the frontal lobe.**35 Our study adds reliable informa-
tion to these pioneering studies because our methodology
avoided creating arbitrary ROIs and minimized the statis-
tical problem of multiple comparisons.

Our results might reasonably be explained by the classic
theory that the prefrontal cortex plays an important role in

588 J Neurosurg Pediatr Volume 35 ¢+ June 2025

working memory function. Several investigations in neu-
roimaging have explored the association between working
memory function and the bilateral prefrontal cortex, espe-
cially the DLPFC.33* While the right DLPFC contributes
to visuospatial working memory, the left DLPFC contrib-
utes to verbal working memory,”¥*® which substantially
corresponds to successive processing. On the other hand,
the mPFC is considered to contribute to the attention sys-
tem, such as focal attention and set shifting, both of which
are related to executive function.’** Therefore, the mPFC
might be involved in more complex tasks included in suc-
cessive processing, such as sentence questions. In fact,
Nakajima et al. reported the medial frontal area was re-
lated to the N-back task, which is a more complex working
memory task applicable to adults.*!

Although some researchers have suggested the benefit
of bypass surgery for cognitive function,># it remains
controversial whether bypass surgery can improve cog-
nitive function in pediatric MMD. Our findings suggest
improvement of CBF in the prefrontal cortex facilitates
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the improvement of weakness in working memory func-
tion in pediatric MMD. This speculation might partly be
supported by a seminal study by Kuroda et al. in which
bypass surgery with craniotomy widely covering the fron-
tal lobe was effective at improving intellectual outcome.*
Further studies focusing on postoperative changes in both
neuropsychological test results and CBF might lead to the
improvement of social outcomes in pediatric MMD by es-
tablishing optimal surgical procedures.

Viewed from a clinical perspective, our study could
help determine the optimal timing of surgery and predict
the social outcome in pediatric MMD. Ahtam et al. have
analyzed diffusion tensor imaging and shown that chil-
dren with asymptomatic MMD exhibited white matter
injury at the watershed regions.** Some researchers have
also analyzed resting-state functional MRI and found that
patients with MMD experiencing cognitive and executive
dysfunction exhibited disrupted functional connectivity
networks.*~#" Further research focusing on structural and
functional imaging could contribute to a better under-
standing of the mechanism of neurocognitive impairment
in MMD.

The present study had several limitations. First, selec-
tion biases were potentially contaminated because this
study inevitably excluded younger children for whom neu-
ropsychological testing was not applicable, as well as those
requiring emergency surgery due to unstable symptoms.
Second, the Talairach atlas included in NEUROSTAT/3D-
SSP is based on adult brain anatomy and might not be ap-
plicable to children, although the software has commonly
been applied to studies targeting both adults and children.
Third, CBF might be affected by sedative agents, which
were administered in a substantial percentage of SPECT
examinations; however, their effects on our results are
probably minimal because the proportion used was not
substantially different between the comparison and con-
trol groups (Table 2).

Conclusions

The results of the present study support our hypothesis
that selective intraindividual weakness in successive pro-
cessing typical of MMD is associated with reduced CBF
in the DLPFC and mPFC, predominantly in the left hemi-
sphere. Further studies focusing on CBF in these areas
might contribute to the improvement of long-term social
outcomes in patients with pediatric MMD.
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