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Abstract: Schizophrenia has been associated with a deficit of the prefrontal cortex, which
is involved in attention, executive processes, and working memory. The Trail Making Test
(TMT) is administered in two parts, TMT-A and TMT-B. It is suggested that the difference in
performance between part A and part B reflects executive processes. In this study, we compared
the characteristics of hemodynamic changes during TMT tasks between 14 outpatients with
schizophrenia and 14 age- and gender-matched healthy control subjects. Using multichannel
near-infrared spectroscopy, we measured relative changes in oxygenated hemoglobin concentra-
tion, which reflects brain activity of the prefrontal cortex during this task. In both tasks, patients
showed significantly smaller activation than controls and, in an assessment of executive functions,
a subtraction of oxygenated hemoglobin (oxy-Hb) changes during TMT-A from those of TMT-B
showed a decrease in cerebral lateralization and hypoactivity in patients. There was a significant
negative correlation between oxy-Hb changes and the severity of psychiatric symptoms. These
findings may characterize disease-related features, suggesting the usefulness of oxy-Hb change
measurement during TMT tasks for assessing functional outcomes in schizophrenic patients.

Keywords: Trail Making Test, multichannel near-infrared spectroscopy, schizophrenia,

prefrontal cortex, executive function

Introduction
Schizophrenia has been associated with a deficit of the prefrontal cortex (PFC),'?
which is involved in attention, executive processes, and working memory.* It is
suggested that the PFC is highly evolved in humans and its function is essential for
activities in daily life.’ Previous studies attempted to identify distinctions between
prefrontal functions, such as those of the dorsolateral and frontopolar regions.®® The
dorsolateral region is involved in executive function and the frontopolar region has
a high level of control coordinating the ventrolateral and dorsolateral functions to
maximize task performance.”'° A number of studies using neurocognitive tasks have
reported frontal disability, hypofrontality, and reduced lateralization of patients with
schizophrenia compared with healthy subjects.!'"!° Henseler et al'” showed the differ-
ent cortical activation patterns of patients with schizophrenia compared with controls
using functional magnetic resonance imaging (f~-MRI) during a working memory task,
and it was found that more severely affected patients had stronger prefrontal activation
and poorer performance.

The Trail Making Test (TMT) is a group of easy and inexpensive neuropsychologi-
cal tests that evaluate several cognitive functions. The test is generally administered in
two parts, TMT-A and TMT-B. TMT-A requires that subjects draw lines sequentially
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connecting circles marked with numbers, which are randomly
distributed on a sheet of paper (numbers ranging from
1 to 25), and TMT-B requires subjects to perform the same
task as in TMT-A, except the subjects have to draw lines
that alternate between numbers and letters (for example,
1-A, 2-B ... 12-L-13). In both parts, subjects are asked to
complete the task as rapidly as possible using a pencil. It has
been proposed that TMT-A involves attention, visual search,
motor functioning, and working memory and TMT-B addi-
tionally involves executive function.'®!” Thus, the difference
in performance between part A and part B reflects executive
processes such as cognitive set shifting.?!

In the TMT tasks, patients with schizophrenia have
demonstrated poor response times in comparison with
healthy subjects. In general, neuroimaging studies in healthy
subjects have shown several cortical activation patterns;
one reported study using f-MRI during an advanced TMT
(ATMT) task demonstrated bilateral dorsolateral PFC acti-
vation in the ATMT task F, which was involved in process-
ing speed and visuospatial working memory, while another
study using near-infrared spectroscopy (NIRS) during an
actual TMT task demonstrated bilateral prefrontal activity
in more than 65% of all subjects, with left dominancy in
7.3% and right dominancy in 4.9%.%%% A study of patients
with schizophrenia using positron emission tomography
(PET) revealed that hypometabolism in the bilateral frontal
lobe, including a large part of the PFC, was associated with
task performance.? It is suggested that these results showed
that the load of this task necessitated bilateral functioning
in the prefrontal region.

NIRS is a practical, noninvasive imaging method employ-
ing scattered near-infrared light to measure changes in oxy-
genated blood hemoglobin at the surface of the brain, and this
machine has enabled a functional mapping of the cerebral
cortex. The underlying principle is that relative changes
in oxygenated hemoglobin (oxy-Hb) concentration reflect
regional cerebral blood volume, which is associated with
brain activity. NIRS has been increasingly used to investigate
schizophrenia because the apparatus is relatively small and
portable, is easily set up, and imposes minimal limitation of
movement.'>13-2223.2526 Therefore, NIRS instruments could be
useful in evaluating cortical activation patterns of patients
with schizophrenia during TMT performance using a pen-
cil. To our knowledge, however, NIRS has not been used to
investigate the characteristics of frontal activation directly in
patients with schizophrenia versus healthy subjects during
the TMT task, but there have been analogous f-MRI and PET
studies using this task.??%

In this study, we measured the change in prefrontal
activation during TMT performance in patients with
schizophrenia and healthy subjects by using a 22-channel
NIRS instrument.

The primary aim was to identify a dissociated activity
pattern in patients with schizophrenia compared with that
in healthy subjects. We hypothesized that there would be
reduced activity in the PFC area in patients, as in previous
studies. An additional aim was to investigate the relationship
between functional brain activity and psychiatric symptoms or
TMT performance. We hypothesized an association of these
factors, as in previous studies, which could be an indicator
of clinical outcomes.

Methods

Participants

The patients included 14 Japanese outpatients with
schizophrenia (nine males and five females; mean age,
29.9 + 6.4 years) and 14 age- and gender-matched healthy
control subjects (nine males and five females; mean age,
30.9 £ 8.6 years). Two attending psychiatrists diagnosed
patients using the International Classification of Disease-10.%’
All subjects were right-handed according to the Edinburgh
Inventory.”® Their mean intelligence quotient values were
evaluated by the Japanese version of the National Adult
Reading Test.? No subject had any history of neurologic
disorders, substance abuse, alcohol abuse, seizures, or head
injuries. Healthy control subjects had no history of psychiat-
ric illness or familial history of psychosis. All patients were
taking atypical antipsychotic medications (ie, olanzapine
[n = 5], risperidone [n = 9]). The mean daily antipsychotic
dose in terms of haloperidol equivalent was 7.8 £+ 3.0 mg.*
Psychopathology was assessed using the Positive and
Negative Syndrome Scale (PANSS).3! Neither patients nor
control subjects showed visual disabilities. The ethics com-
mittee of Kurume University approved the present study.
Written informed consent was obtained from all subjects
prior to participation in the study. Demographic and clinical
characteristics of all subjects are shown in Table 1.

Measures

NIRS measurement

Oxy-Hb changes, which were calculated from the difference
in absorbance based on the modified Beer—Lambert law, were
measured during the tasks using a 22-channel NIRS machine
(ETG4000; Hitachi Ltd, Tokyo, Japan) covering the prefrontal
region. Distances between the injector and the detector probe
were 3 cm. We defined each measurement area between
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Table | Subject characteristics

Patients Controls P-value

Age (years) 299+ 6.4 309 +8.6 0.73
Gender (F/M) 5/9 5/9
Education (years) 13.7£2.1 151 £ 15 <0.05
Q 99.2£9.0 1042 £5.2 <0.05
lliness duration (years) 51137
PANSS score

Positive subscale 233135

Negative subscale 22.7+49
Total 450+ 44
Medication

HPD equivalent (mg/day) 78+3.0

Notes: Data are presented as means * standard deviation. P < 0.05, comparing
patients with controls.

Abbreviations: F, females; M, males; IQ, intelligence quotient; PANSS, Positive and
Negative Syndrome Scale; HPD, haloperidol.

probes as a channel (ch). The NIRS machine is thought to
measure changes at points 2 cm to 3 cm beneath the scalp;
that is, the cerebral cortical surface.’>* The lowest anterior
probes, ch 2 and ch 3, were positioned along the Fpl1-Fp2
line according to the International 10-20 system used in
electroencephalography (Figure 1A). In the present study,
all subjects were instructed to minimize their movements,
and jaw fixation was used during the task to avoid movement
artifacts. NIRS data were calculated from the mean waves of
oxy-Hb changes at each channel and region of interest (ROI).
The pretask baseline was determined as the mean during
the 10 seconds preceding the task period, while the posttask
baseline was determined as the mean during the 10 seconds
from 30 seconds to 40 seconds after the task period. Linear
fitting was applied to the data between these two baselines.
For the relationship between each channel and anatomic
region, NIRS data were converted to a normalized brain
image template (three-dimensional composition indication
unit; Hitachi Ltd). We divided all recording sites into left
sites (ch 1, ch 2, ch 5, ch 6, ch 10, ch 11, ch 14, ch 15, ch
19, ch 20) and right sites (ch 3, ch 4, ch 8, ch 9, ch 12, ch
13, ch 17, ch 18, ch 21, ch 22) to assess the lateralization
of activation.

According to the ROI, we determined regions reflecting
executive function after analysis at each channel. ROIs evalu-
ated to determine physiologic significance were selected for
channels reflecting the midfrontal area and frontopolar area.
The midfrontal area has been reported to reflect executive
function, and the frontopolar area to reflect coordination of
the ventrolateral and dorsolateral functions.”'° The midfrontal
area was speculated to be ch 14 and ch 19 (left sites); ch 18
and ch 22 (right sites). The frontopolar area was speculated

B Five times

/4NN

Control: 50 second

Draw lines successively

Task: 30 second
TMT-A or TMT-B

Control  Task

30 second S0second 30 second

Control

Control  Task

10 second 10 second 10 second 10 second 10 second

Pre task baseline Post task baseline

Figure | Study design. (A) Location of channels; (B) protocol.

Notes: Each subject performed one session, which consisted of five blocks, and had
to complete the task to the best of their ability within the 30 second task period.
They performed TMT-A/B with a pencil and paper on a table. When the control
period was over, we put the sheets of paper on the table for the task. There was a
start signal provided when we put the new sheets of paper on the table for the task.
Abbreviation: TMT, Trail Making Test.

tobech 1, ch 5, ch 6 and ch 10 (left sites); ch 4, ch 8, ch 9
and ch 13 (right sites).

Activation task

Brain activation was measured during the TMT execution.
NIRS study during the TMT task can be carried out at various
places, such as at the bedside, unlike with a virtual TMT
task using magnetic resonance imaging and PET, and can
obtain more direct assessments by performing TMT with
a pencil and paper; thus, the task is thought to reflect daily
life activity. For the activation task, each subject sat on a
comfortable chair and had to perform the pencil-paper TMT
tasks on a table. The subjects were instructed to use only
their right hand. One session consisted of two contrasting
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conditions (TMT-A or TMT-B task: 30 seconds; control
condition: 50 seconds), and all subjects alternated between
these conditions. In addition, we counterbalanced by having
the TMT tasks being performed alternately by each
subject. The TMT-A or TMT-B task was performed as five
blocks in one session. In the TMT task, subjects were required
to draw lines sequentially, connecting circles marked with
numbers or alternating between numbers and letters, which
were randomly distributed on a sheet of paper. In both tasks,
numbers or letters were pseudorandomly arranged on each
page. In the control condition, subjects were required to draw
lines sequentially from one end of the page to the other on
a piece of paper. According to the different time windows
for the control and task conditions, the control period took
more than 30 seconds until recovery of activation. Therefore,
we set the control period to 50 seconds in order to ensure
sufficient recovery time.

Averaged waveforms for the five task blocks were
analyzed as one session using the “Integral mode” of the
machine. Oxy-Hb changes between activation and control
periods were expressed numerically for each 100 ms.
The area of the task period (30 seconds) was calculated
(Figure 1B). We used values of this area as our NIRS
data. In this study, we anticipated different reaction times
between groups. Since we aimed to measure hemodynamic
changes throughout performance of the task, the total TMT
score for each block was used as the performance for a
session.

Statistical analysis

We compared the performance of patients and healthy
subjects in each task using an unpaired #-test. In only ROIs,
NIRS data were examined using three-way analysis of
variance (ANOVA) (group X hemisphere X task). Two-way
ANOVA (group X hemisphere) was evaluated for each task
in each channel and ROI. Then, one-way ANOVA (group/
hemisphere) was evaluated in each channel and ROI. The
difference in performance between part A and part B reflects
executive processes. Previous studies suggested that this
value removed bias due to several functions such as speed
element, visual search, and motor functioning,'3* and that
part B — part A performance was the best index of executive
function.” Thus, NIRS data were also examined regarding
values that were obtained by subtracting oxy-Hb changes
during TMT-A from those of TMT-B (B—A activation), using
the same analysis in each channel and ROI. According to ch 7
and ch 16, oxy-Hb changes and the value of B—A activation
in controls were compared with those of patients using an
unpaired #-test. Fisher’s protected least significant difference

was then applied as a post hoc test between sites or groups.
The correlation between the oxy-Hb changes and the PANSS
score/profile is expressed as Pearson’s product-moment
correlation coefficient; Bartlett’s test was used to evaluate
statistical significance, and correlation coefficients were
accepted as significant at more than 0.4 and less than —0.4.
A value of P < 0.05 was accepted as statistically significant.
Values are expressed as the mean + standard deviation.
We used the oxy-Hb changes as data in this study because
these changes correlate more strongly with blood oxygen
level-dependent signals of f-MRI than do changes in
deoxy-Hb.*

Results

Performance of TMT tasks

TMT-A performance was 58.2 + 17.6 in patients and
83.5 + 15.3 in controls, showing a significant difference
between the groups (unpaired #-test: t = —4.0, P < 0.01).
TMT-B performance was 46.1 £ 16.2 in patients and
73.4 £ 14.4 in controls, also showing a significant
difference between the groups (unpaired f-test: ¢ = —4.5,
P < 0.01).

The value obtained by subtracting the TMT-A from
the TMT-B score (B—A performance) was —12.2 + 8.8 in
patients and —10.0 £ 15.6 in controls, showing no significant
difference between groups (unpaired #-test: t = —0.43,
P=0.67).

Activation of TMT tasks at each channel

The activation of every channel for each condition in both
groups is shown in Tables 2—4. In TMT-A, two-way ANOVA
revealed a significant main effect of “group” at ch 3, ch 11,
and ch 20 (F=9.3, P < 0.01: F=6.2, P < 0.05: F = 8.0,
P < 0.01, respectively), but not significant interactions. The
patients with schizophrenia showed significantly smaller
activation than the healthy controls at four channels (F =4.3,
P < 0.05; ch 7, unpaired #-test, =—2.6, P < 0.05) (Figure 2).
In TMT-B, two-way ANOVA revealed a significant main effect
of “group” at eleven channels (ch 1, F = 6.6, P < 0.05; ch 2,
F=122,P<0.01l;ch5 F=14.6, P <0.01;ch6,F=14.1,
P<0.01;ch9,F=14.6, P <0.01;ch 10,F=10.7, P < 0.01;
ch11,F=214,P <0.01;ch12,F=21.4, P <0.01; ch 14,
F=8.7,P<0.0l;ch 15 F=6.1, P <0.05; ch 20, F=10.3,
P < 0.01), but not significant interactions. The patients with
schizophrenia showed significantly smaller activation than the
healthy controls at 12 channels (ch 1, F =4.5, P < 0.05; ch
2,F=10.0,P <0.01;ch5,F=7.3,P<0.05;ch6,F=17.5,
P<0.01;¢ch9,F=7.6,P <0.05,ch10,F=11.3, P <0.01;
ch 11, F=14.7, P < 0.01; ch 12, F=6.9, P < 0.05; ch 14,
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Table 2 Activation at each channel during TMT-A

Patients Controls
Left PFC
ch | 54+ 138 72119
ch2 -3.6+10.1 7.8+ 19.1
ch5 6.9+ 12.1 119+ 138
ch 6 0.1£72 53+78
ch 10 51+74 10.6 +11.9
ch 11 -0.5+8.6 80+ 114
ch 14 24+ 116 1.4+ 140
ch I5 —1.1+87 6.1 £13.6
ch 19 —1.1+95 49+ 133
ch 20 -1.5+89 84+ 155
Right PFC
ch 4 LI£11.3 16.1 £21.4
ch3 53+13.6 11.5+128
ch 9 1.1 +17.6 11.3+£94
ch 8 42+ 117 119+11.3
ch 13 3.7+85 7.6+82
ch 12 88+ 10.5 9.8+ 10.6
ch 18 34177 9.3+ 109
ch 17 46+72 6.8+ 10.1
ch 22 -05+74 63+ 10.7
ch 2l 15+11.4 27+82
Medial channel
ch7 -1.2+6.0 79+ 11.7
ch 16 28 145 73+ 126

Abbreviations: TMT-A, Trail Making Test-A; PFC, prefrontal cortex.

F=7.2,P<0.05ch15 F=409,P <0.05 ch20,F=11.0,
P <0.01; ch 7, unpaired #-test t =—2.8, P < 0.01) (Figure 2).
Both groups did not exhibit significant lateralization at each
channel in TMT-A and TMT-B.

In B—A activation, two-way ANOVA revealed significant
interactions atch 1,ch 5,and ch 14 (F=4.3, P < 0.05; F=6.6,
P <0.05;F=4.4, P <0.05, respectively). Two-way ANOVA
revealed a significant main effect of “group” at ch 6, ch 8,

andch 10 (F=13.3, P <0.01; F=13.3, P <0.01; F=10.5,
P < 0.01, respectively), but not significant interactions. The
patients with schizophrenia showed significantly smaller
activation than the healthy controls at six channels (ch 1,
F=52,P<0.05ch5 F=16.0,P <0.01;ch 6, F=8.3,
P <0.01;ch8,F=5.0,P<0.05;,ch10,F=10.2, P <0.01;
ch 14,F=9.2, P <0.01) (Figure 2). Significant lateralization
of oxy-Hb changes at ch 1, ch 5, and ch 14 was observed in
controls (ch 1, F=5.6, P < 0.05;ch 5, F=9.2, P <0.01;
ch 14, F=4.9, P < 0.05), but not in patients.

Activation of TMT tasks at ROI

In the frontopolar area, three-way ANOVA revealed a
significant main effect of “group” (F=65.8, P < 0.01), as well
as significant interactions of “group X hemisphere X task”
(F=3.9, P <0.05). Two-way ANOVA revealed a significant
main effect of “group” in both TMT-A and TMT-B (F=17.7,
P <0.01;F=50.1, P < 0.01, respectively), but no significant
interactions in either task were found. In TMT-A, oxy-Hb
changes at both sides in controls were significantly larger
than in patients (left, F = 4.4, P < 0.05; right, F = 14.0,
P < 0.01), while in TMT-B, similar findings were revealed
(left, F = 31.5, P < 0.01; right, F = 18.8, P < 0.01). In
controls, significant lateralization was observed in TMT-B
(TMT-A: F=1.6, P=0.21; TMT-B: F =4.3, P < 0.05), but
not among patients in both conditions (Figure 3).

In the midfrontal area, three-way ANOVA revealed a
significant main effect of “group” (F =20.4, P < 0.01), but
not significant interactions of “group X hemisphere x task”
(F=1.7, P=0.20). Two-way ANOVA (group x hemisphere)
revealed a significant main effect of “group” in both
TMT-A and TMT-B (F=7.6, P < 0.01; F=12.8, P < 0.01,
respectively), but not significant interactions in both tasks.

Figure 2 Maps of cortical distribution of channels that were significantly smaller in patients than in healthy subjects during TMT-A, TMT-B, and B—A activation. (A) TMT-A;

(B) TMT-B; (C) B—A activation.
Note: Statistically significant channels are colored white.
Abbreviation: TMT, Trail Making Test.
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Figure 3 Activation of TMT-A and TMT-B. Oxy-Hb changes appear along the
ordinate and groups along the abscissa. (A) Oxy-Hb change at the frontopolar
area in patients and healthy controls. (B) Oxy-Hb change at the midfrontal area in
patients and healthy controls.

Notes: Statistical significance, P < 0.05. *P < 0.05; **P < 0.01.

Abbreviations: TMT, Trail Making Test; Oxy-Hb, oxygenated hemoglobin.

In TMT-A, oxy-Hb changes at right sites in controls were
significantly larger than in patients, but this was not the
case in left sites (left, F = 2.3, P = 0.13; right: F = 6.5,
P < 0.05). In addition, the results from TMT-B revealed that
oxy-Hb changes at left sites in controls were significantly
larger than in patients, but this was not the case in right
sites (left, F = 10.7, P < 0.01; right, F = 2.8, P = 0.10).
In patients, significant lateralization was observed in TMT-B
(TMT-A: F=1.7, P=0.19; TMT-B: F =4.3, P < 0.05), but
it was not found in controls in both tasks (TMT-A: F = 2.1,
P=0.16; TMT-B: F = 0.13, P = 0.72) (Figure 3).
According to B—A activation, in the frontopolar area, two-
way ANOVA revealed a significant main effect of “group”
(F =20.1, P < 0.01), as well as significant interactions
(F =113, P < 0.01). The values at left sites in patients

were significantly smaller than those of controls, but not
for the right sites (left, F = 35.0, P < 0.01; right, F = 0.58,
P = 0.45). In controls, significant lateralization of oxy-Hb
changes was observed, but this was not the case in patients
(controls: F =12.2, P < 0.01; patients: F =0.43, P =0.52)
(Figure 4).

In the midfrontal area, two-way ANOVA revealed
significant interactions (F = 5.3, P < 0.05). The values at left
sites in patients were significantly smaller than controls, but
not in the right sites (left, F=8.97, P < 0.01; right: F=0.11,
P =0.74). In controls, significant lateralization of oxy-Hb
changes was observed, but this was not the case in patients
(controls: F =5.11, P < 0.05; patients: F = 0.80, P =0.37)
(Figure 4).

Relationship between oxy-Hb changes

and PANSS scores or performance
In healthy subjects, oxy-Hb changes at ch 6, ch 10, ch
13, ch 17, and ch 21 showed a significant correlation

A Frontopolar area Left
(mmol'mm's) D

s- N ” . Right
6 i
4 i

24

0

-2

-4

-6

-8

Patients Controls

B Midfrontal area

(mmol'mm's)

D Left

1 d . Right
5 -
4 -
3 -
2 4
1 4
0
_1 -
_2 -
_3 -
-4 . :
Patients Controls

Figure 4 The value obtained by subtracting oxy-Hb changes during TMT-A
from those of TMT-B. Oxy-Hb change appears along the ordinate and groups
along the abscissa. (A) Oxy-Hb change at the frontopolar area in patients and
healthy controls. (B) Oxy-Hb change at the midfrontal area in patients and healthy
controls.

Notes: Statistical significance, P < 0.05. *P < 0.05; **P < 0.01.

Abbreviations: oxy-Hb, oxygenated hemoglobin; TMT, Trail Making Test.
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with performance in TMT-B (ch 6, r = 0.64, P < 0.05; ch
10, r=0.62, P < 0.05; ch 13, r=0.61, P < 0.05; ch 17,
r=10.59, P <0.05; ch 21, r = 0.56, P < 0.05), but not in
TMT-A at each channel. In patients, oxy-Hb changes at ch
10, ch 13, and ch 16 showed a significant correlation with
performance in TMT-A (ch 10, r = 0.57, P < 0.05; ch 13,
r=0.57, P < 0.05; ch 16, r = 0.57, P < 0.05), but not in
TMT-B at each channel (Figure 5).

In TMT-A, oxy-Hb changes atch 1,ch 3,ch4,ch 5, ch 8,
and ch 13 showed a significant negative correlation with
positive symptom scores in patients (ch 1,r=-0.57, P < 0.05;
ch 3, r=-0.56, P <0.05;ch4,r=-0.69, P <0.01; ch 5,
r=-0.70,P <0.01;ch8,r=-0.67, P < 0.05;ch 13,r=-0.67,
P < 0.05), but not with negative symptom scores.

In TMT-B, oxy-Hb changes at ch 1, ch 4, ch 5, ch §,
ch 9, and ch 13 showed a significant negative correlation
with positive symptom scores in patients (ch 1, r = —0.60,
P <0.05;ch4,r=-0.79, P <0.01;ch 5,r=-0.63, P < 0.05;
ch8 r=-0.81,P<0.0l;ch9,r=-0.72, P < 0.01;ch 13,
r =-0.67, P < 0.05). Oxy-Hb changes at ch 10 showed a
significant negative correlation with negative symptom scores
(r=-0.68, P < 0.01) (Figure 6).

In B—A activation in healthy subjects, the values at ch
5, ch 10, and ch 14 showed a significant correlation with
B-A performance (ch 5,r=0.70, P < 0.01; ch 10, r=0.74,
P <0.01;ch 14,r=0.74, P < 0.01), but not in patients at
each channel. In patients, the values at ch 3 and ch § showed a

significant negative correlation with positive symptom scores
(ch3,r=-0.68, P < 0.05; ch 8, r=-0.63, P < 0.05), but
not with negative symptom scores at each channel. In both
TMT-A and TMT-B, oxy-Hb at each channel showed no
significant correlation with illness duration and antipsychotic
drug dose in patients.

Discussion

This study compared PFC oxy-Hb changes between patients
with schizophrenia and healthy control subjects during TMT
tasks. These tasks require attention, visual search, motor
functioning, working memory, and executive function,
reflecting set shifting. Patients with schizophrenia had
worse performance in both tasks compared with controls,
as in previous studies.?*¥¥” Several neuroimaging studies
suggested hyper/hypofrontality, aberrant lateralization,
and inefficiency during neurocognitive tasks in
schizophrenia.'®*%3 The issue of hyper/hypofrontality
has been controversial; however, Manoach®® suggested
that these findings reflect PFC dysfunction in patients
with schizophrenia. In this study, patients showed
hypoactivity compared with controls at the bilateral medial
PFC area in TMT-A, and at a large part of the left area, right
medial and right frontopolar channel in TMT-B. According
to B—A activation, patients showed hypoactivity compared
with controls at the left midfrontal and bilateral frontopolar
channels. We suggest that these results reflect attentional

Figure 5 Cortical distribution of significant correlations between activation and performance. (A) In TMT-A, oxy-Hb changes at three channels showed a significant
correlation with performance in patients, but not in controls. (B) In TMT-B, oxy-Hb changes at five channels showed a significant correlation with performance in controls,
but not in patients. (C) In B—A activation, the values at three channels showed a significant correlation with performance in controls, but not in patients.

Note: Statistically significant channels in patients are colored blue and those in controls are colored red.

Abbreviations: TMT, Trail Making Test; oxy-Hb, oxygenated hemoglobin.
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Figure 6 Cortical distribution of significant correlations between activation and PANSS scores. (A) In TMT-A, oxy-Hb changes at six channels showed a significant negative
correlation with positive symptom scores. (B) In TMT-B, oxy-Hb changes at six channels showed a significant negative correlation with positive symptom scores. Oxy-Hb
changes at ch 10 showed a significant negative correlation with negative symptom scores. (C) In B—A activation, the values at two channels showed a significant correlation

with positive symptom scores.

Note: Statistically significant channels correlated with positive symptom scores are colored yellow and those with negative symptom scores are colored green.
Abbreviations: PANSS, Positive and Negative Syndrome Scale; oxy-Hb, oxygenated hemoglobin; ch, channel.

processing in TMT-A, and additionally involve executive
function in TMT-B.

According to ROIs, in the frontopolar area, controls
showed increased bilateral oxy-Hb changes compared with
patients in both tasks. In the midfrontal area, controls showed
increased right-side oxy-Hb changes compared with patients

Table 3 Activation at each channel during TMT-B

Patients Controls
Left PFC
ch | 06+ 157 147 £ 194
ch2 -87+114 6.5+ 14.0
ch5 23+177 212+ 194
ché -5.8+6.9 94+11.8
ch 10 -03+64 15.0+ 15.7
ch 11 -5.0+77 9.6+ 12.1
ch 14 -42+86 104+ 184
ch 15 -39+77 731172
ch 19 -1.6+94 9.9+ I5.1
ch 20 -35+94 13.0£16.0
Right PFC
ch 4 -47+11.9 59+174
ch3 3.5+19.7 13.1 £13.9
ch9 -22+182 7.7+ 10.5
ch 8 -03+ 142 14.1 £ 14.2
ch 13 04+7.1 8.6+9.2
ch 12 4.1 £ 142 In.1+126
ch 18 36112 95+ 138
ch 17 3.0+ 10.1 88+ 123
ch 22 1.2+82 6.3+ 149
ch 21 3.7+ 149 53+13.2
Medial channel
ch7 -65+11.7 68+ 13.0
ch 16 -29+11.2 6.6+ 15.0

Abbreviations: TMT-B, Trail Making Test-B; PFC, prefrontal cortex.

in task A and left side oxy-Hb changes compared with
patients in task B. There were tendencies but no significant
differences in left-side oxy-Hb changes compared with those
of patients in task A and right side oxy-Hb changes compared
with those of patients in task B. There was no significant
correlation between brain activation during TMT tasks and
illness duration.

Other neuroimaging studies demonstrated the activation
of aberrant lateralization in schizophrenia compared with
that in controls. Yurgelun-Todd et al* showed left frontal and
temporal activation during a word production task in patients,
and Buchsbaum et al*' showed a lack of right hemisphere
activation during a CPT task in patients. In healthy subjects,
ATMT task F, which is similar to TMT-B, demonstrated
bilateral dorsolateral prefrontal cortex activation, and a
TMT task with a pencil and paper demonstrated bilateral
prefrontal activity in more than 65% of all subjects, although
no activation was found in 22%.2% Our study showed no
significant lateralization at each channel in both groups during
both tasks. According to ROIs, in the frontopolar area, there
was significant lateralization in controls only during TMT-B.
In the midfrontal area, there was significant lateralization in
patients only during TMT-B. These findings revealed bilateral
activity in controls over a wide range of PFC regions, as in
previous TMT reports, but heterogeneous findings at ROIs. In
addition, B—A activation, which reflects executive processes
such as set shifting, cognitive flexibility, and involvement
of a general attention component,** showed significant left
dominancy in controls at both ROIs, frontopolar channels, and
the midfrontal channel, but this was not the case in patients.
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Table 4 Activation at each channel during TMT B-A

Patients Controls
Left PFC
ch | —-48+7.0 75+ 188
ch2 -5.1+£94 —-1.2+ 142
ch5 —47+7.6 9.3+ 107
ché -6.0+5.9 4.1 £11.7
ch 10 -53+6.2 44+96
ch 11 —46+7.1 1.6£99
ch 14 -1.7+89 9.0+9.8
ch 15 -2.8+9.2 121104
ch 19 -05+87 5.0+89
ch 20 2.0+ 137 46168
Right PFC
ch 4 -58+85 —-10.2 £ 20.5
ch3 -1.8+10.5 1.6+ 136
ch9 -33%11.2 —-37%119
ch 8 -50%75 25+9.1
ch 13 -3.3+8.1 1.0+£83
ch 12 46192 14+£93
ch 18 0.2+8.1 02112
ch 17 -1.6+77 1.9+123
ch 22 1.7£94 0.0+ 10.5
ch 21 22+8.1 26+ 120
Medial channel
ch7 -53+9.6 —1.1+£132
ch 16 -1.0+11.4 -0.8+10.2

Abbreviations: TMT, Trail Making Test; PFC, prefrontal cortex.

These results of TMT-B versus part A in controls, as well as
the findings of Moll et al** suggest that executive function
requires left PFC dominancy,* while lack of lateralization in
patients may reflect compensation for cortical dysfunction or
inefficiency, as suggested in a previous report.'

In this study, we attempted to investigate the relationship
between psychiatric symptoms, performance, and functional
brain activity during TMT tasks. Several reports demonstrated
a significant correlation between activation during a task and
performance/psychiatric symptoms.!'7-?*#* In patients with
schizophrenia, a PET study during TMT tasks reported that
hypometabolism in the bilateral frontal area involved in the
PFC was associated with poor task performance in TMT-B, but
not in TMT-A. However, in patients, we showed that activation
at ch 10, ch 13, and ch 16 was associated with performance
in TMT-A. In TMT-B, activation at each channel was not
associated with performance. These different findings may be
due to different task methodologies in the different studies in
terms of the apparatus used.?* In addition, a previous NIRS
study during performance of TMT tasks in healthy subjects
revealed no correlation between performance and cortical
activity at the PFC during TMT-B.? In our study, cortical
activation in controls showed a significant positive correlation
to performance during TMT-B, but not in TMT-A. This finding

may be a result of fivefold repeated task performance for a
session to obtain stable data and to reduce artifacts in our study,
in contrast to performing one task for a session in the previous
study.®> We considered that the difference between our results
and the findings of other studies, as mentioned above, might
have been influenced by functions such as attention and working
memory load in order to repeat task execution for a session and
a task procedure involving actually performing TMT.

Our results showed correlations between activation and
performance in patients during TMT-A, but in controls during
TMT-B. These findings suggested that patients and healthy
subjects were suited to different tasks, and that an increase or
decrease in the task load indicated inefficiency in perform-
ing tasks. Actually, even in healthy subjects, more difficult
performance demonstrated aberrant activation patterns, as in
patients, as a result of compensation. However, in the case of
an easy task, activation at the usual activation area may not be
needed for an intermediate load task. B—A activation, which
reflects executive processes, showed a significant correla-
tion with B—A performance in controls, but not in patients.
Ikezawa et al** demonstrated that bilateral PFC activation was
negatively associated with positive and negative symptoms
during the tower of Hanoi task used to assess PFC function.
Our finding suggests that bilateral frontopolar regions predict
the functional outcome in patients, as suggested by a previ-
ous study.*” This finding may serve as a biological marker of
schizophrenia, which suggests that reduced lateralization of
B—A activation and hypoactivity in patients compared with
those in healthy subjects can be used as a trait marker, and
that relationship between cortical activation during a TMT
task and psychiatric symptom scores can be used as a state
marker. Although further studies are necessary, these markers
might serve as a simple, objective evaluation tool, providing
a useful way to decide when to introduce rehabilitation and
to predict social functions.

However, our study had several limitations: (1) Anatomic
region. It is assumed that the spatial resolution of the NIRS
is poor. For the relationship between the recording site and
anatomic region, NIRS data were converted to a normalized
brain image template, although our data were not analyzed
in terms of individual MRI brain scans. (2) Body movement.
NIRS does not restrict body movement and can be applied
in a natural posture, but artifacts are likely to be produced by
nodding and rotation of the head. We therefore employed
jaw fixation and data averaging to reduce artifacts as much as
possible. (3) Influences of medications. All patients received
atypical antipsychotic drugs, with which cognitive impairment
has been associated.***> However, cognitive impairment has
been reported in untreated patients with schizophrenia, in
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patients about to begin treatment, in patients at the clinical
onset of schizophrenia, as well as in healthy first-degree
relatives of patients with schizophrenia.*** Future studies
should investigate drug-naive patients. (4) TMT performance
and gender. Although not all participants had an endocrine
disease, it should be investigated in each gender in the future.

Conclusion

To our knowledge, this is the first study to perform NIRS
during actual TMT tasks in patients with schizophrenia versus
healthy subjects. This study showed reduced lateralization
of B—A activation, which reflects executive processes at the
PFC area and hypoactivity in patients with schizophrenia.
We suggest that these findings may be disease-related
features. In addition, an observed relationship between
oxy-Hb changes and psychiatric symptom scores may be
of help in measuring and predicting functional outcome in
patients.
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