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Effects of Neurofeedback in Children with Attention Deficit
Hyperactivity Disorder : A Preliminary Study

Hye Lee Kim, MD', Jae Won Kim, MD, PhD', Soon Beom Hong, MD',

Jeong Hye Cho, MD?, Bung Nyun Kim, MD, PhD',

Min Sup Shin, PhD' and Soo Churl Cho, MD, PhD'

"Department of Psychiatry and Behavioral Science, Seoul National University College of Medicine,

Seoul, Korea
2Chee Psychiatric Clinic, Daejeon, Korea

Objectives The slow cortical potential (SCP) training is one of the methods of neurofeedback
which is considered as an adjunctive treatment for attention deficit hyperactivity disorder (ADHD).
The purpose of this study was to investigate the effect of the SCP training in children with ADHD.

Methods Subjects were consisted of 12 children aged between 7 and 13 years and all of the
subjects have completed neuropsychological tests to assess their cognitive and executive func-
tioning, before and after their neurofeedback training. Their parents have completed the Korean-
ADHD Rating Scale (ARS). Each subject was given 30 sessions of SCP training.

Results The inattention scores and total ARS scores of the subjects have decreased (Z=-2.54,
p<0.05, Z=-2.26, p<0.05, respectively) after training, but the hyperactivity/impulsivity scores did
not show significant improvement. The commission error scores for both the visual and auditory
ADHD diagnostic system (ADS) showed a trend toward improvement after training (p=0.053, p=
0.092, respectively). The larger improvement of positive task of feedback trial, which is one of the
methods of SCP training, was associated with the larger reduction of ARS total scores (p<0.05)
and the larger improvement of negative task of transfer trial was associated with a larger reduc-
tion of omission error scores of auditory ADS (p<0.05).

Conclusion This study suggests that the SCP neurofeedback program may improve ADHD
symptoms and assumes that SCP training is a viable treatment option for ADHD treatment.
J Korean Neuropsychiatr Assoc 2012;51:326-334

KEY WORDS Neurofeedback - Attention deficit hyperactivity disorder (ADHD) -
Slow cortical potentials.
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Fig. 1. Schematic diagram of Slow Cortical Potential (SCP) neuro-
feedback training.
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Table 1. Pre-treatment and post-treatment outcome variables by
parents

Pre Post
p-value
Mean SD Mean SD
ARS-i 15.33 3.87 11.78 2.4 0.01
ARS-h 7.1 4.43 5.88 3.55 0.20
ARS-t 22.44 7.05 17.67 7.8 0.02
DBDS 6.56 2.13 6.22 5.21 0.68

Pre : Pre-fraining vist, Post : Post-training visit, SD : Standard devia-
fion, ARS-i : ADHD Rating Scale, inattention subscale score, ARS-
h : ADHD Rating Scale, hyperactivity/impulsivity subscale score,
ARS-t 1 ADHD Rating Scale, total score, DBDS : Disruptive Behavior

teforsforf

* Pre-treatment
evaluation

‘ |:> tessmn

* 8seconds — 1
trials

39 trials — 1
run

*4runs — 1
session

* 10 sessions

‘ |:> treotmenf phase

Disorder Scale
* 3 treatment

|:> Blsh
phase

* Post-treatment
evaluation

Fig. 2. Schematic diagram of proce-
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Table 3. Changes in mean SCP amplitudes during neurofeedback
program

Mean (uv) SD
Early Tr+ -3.19 21.74
Tr- 3.98 15.51
Fo+ 8.43 23.28
Fo— 4.99 39.65
Middle Tr+ 13.30 26.45
Tr- 8.07 19.76
Fo+ 14.54 27.45
Fo— -4.32 30.87
Latter Tr+ 1.13 14.02
Tr- -2.01 23.28
Fo+ 13.61 26.21
Fo- -9.01 22.72

Early : Mean SCP amplitude of session 2—-4, Middle : Mean SCP
amplitude of session 14-16, Latter : Mean SCP amplitude of ses-
sion 27-29, SCP : Slow cortical potential, Tr+ : Transfer trial positive
task, Tr=: Transfer trial negative task, Flo+ : Feedback trial positive
task, Fb— : Feedback frial negative task, SD : Standard deviation

Table 2. Changes in neuropsychological outcome variables and CGI-S scores

Pre Post
p-value
Mean SD Mean SD
ADS-V Omission error 63.6 21.44 70.1 20.02 0.35
Comission error 70.6 33.84 62.1 24.02 0.09
Mean reaction time 50.2 58.3 56.3 19.75 0.22
Sd of reaction time 57.3 16.58 64.6 16.7 0.14
ADS-A Omission error 65.6 29.07 58.9 16.79 0.87
Comission error 81.3 48.42 62.1 21.39 0.05*
Mean reaction time 50.4 16.32 55.4 16.6 0.24
Sd of reaction fime 78.8 46.06 71.4 19.88 0.88
Stroop Word 44,09 13.11 47.55 21.39 0.37
Color 50 8.34 49.9 9.07 0.96
Word-color 49.7 17.82 51.82 11.89 0.6
Interfere 49.3 10.78 51.2 6.39 0.73
CCTT-1 47.18 15.04 49.82 6.06 0.61
CCTT-2 44.73 8.65 45.82 10.68 0.95
CCTT-interfere 45.7 12.15 45.82 10.68 0.93
CGI-S 4.38 0.92 3.86 0.64 0.04*

* . p<0.05. Pre : Pre-fraining vist, Post : Post-training visit, SD : Standard deviation, ADS-V : Visual ADHD diagnostic system, ADS-A : Au-
ditory ADHD diagnostic system, CCTT : Children's Color Trails Test, CGI-S : Clinical Global Improvement-Severity
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Fig. 3. Mean amplitudes in positive and negative trials with transfer
during the early, the middle, and the latter sessions. * : p<0.05.
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Fig. 4. Mean amplitudes in positive and negative trials with feed-
back during the early, middle, and latter sessions.
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