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Abstract: Objective: To observe the efficacy of atomoxetine combined with sodium valproate for subclinical epilepti-
form discharges (SED) in attention deficit hyperactivity disorder (ADHD). Method: A retrospective analysis was per-
formed on 26 cases with comorbidity of ADHD and SED. All patients received 24-hour electroencephalography (EEG) 
before treatment and 12 months after treatment to detect SED. Cognitive abilities were evaluated using Wechsler 
Intelligence Scales. Moreover, SNAP-IV scale, Connors Parent Symptom Questionnaire and integrated visual and 
auditory continuous performance test were adopted in conjunction to evaluate ADHD symptoms. χ2 test was used to 
compare the normal rate of EEG. The improvement of cognitive abilities and ADHD symptoms of the two groups was 
determined by repeated measures analysis of variance. Results: All 26 cases were male, without significant differ-
ences in average age and composition of ADHD types between the two groups. There were no significant differences 
in the results of tests with Wechsler Intelligence Scales, Connors Parent Symptom Questionnaire or integrated 
visual and auditory continuous performance test. Conclusion: Atomoxetine combined with sodium valproate did not 
improve EEG results in children with comorbidity of ADHD and SED or affect the cognitive abilities. The efficacy of 
the combined medication was comparable to that of atomoxetine alone. 

Keywords: Attention deficit hyperactivity disorder (ADHD), subclinical epileptiform discharges (SED), atomoxetine 
(ATX), sodium valproate (VPA), retrospective study

Introduction

Attention deficit hyperactivity disorder (ADHD) 
is a common neuropsychiatric disorder fea-
tured by attention deficit, hyperactivity and 
inability to control impulses. The core symp-
toms may persist into adulthood and severely 
affect the social functions of patients [1]. 
Subclinical epileptiform discharges (SED) refer 
to epileptiform discharge on EEG without clini-
cal onset of symptoms [2]. The incidence of 
SED comorbid with ADHD can reach 5.6%-
30.1% [3]. The existing studies have shown that 
SED interferes with the normal cognitive abili-
ties. It is still a controversy whether antiepilep-

tics should be given in SED comorbid with ADHD 
and which drug is the most appropriate. 

We retrospectively reviewed the medical re- 
cords of 26 cases with comorbidity of ADHD 
and SED and discussed the efficacy and safety 
of antiepileptics in these cases.

Subjects and methods

Subjects

From January 2011 to December 2013, 26 
cases confirmed as ADHD with comorbid SED 
at the Affiliated Children’s Hospital of Chongqing 
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Medical University satisfied the inclusion crite-
ria. Among them 11 cases were treated by ato-
moxetine (ATX) combined with sodium valpro-
ate (VPA), and the remaining 15 cases by ATX 
alone. 

Inclusion criteria: (1) Comorbidity of ADHD and 
SED. ADHD was diagnosed by physicians in 
child psychiatry department according to DSM-
IV Criteria; SED was diagnosed by physicians in 
child psychiatry department upon discovery of 
epileptiform discharges on 24-hour EEG, with 
the absence of clinical onset of symptoms; (2) 
Follow-up for at least 1 year. 

Exclusion criteria: Autism spectrum disorder, 
intellectual disability, epilepsy, severe heart, 
liver and kidney diseases. 

Methods

Medications

At present, ATX and methylphenidate are the 
only two choices available for treating ADHD in 
China. Some scholars believe that methylpheni-
date lowers convulsive threshold, thereby 
increasing epilepsy. Therefore, ATX is the pre-
ferred choice for children with comorbidity of 
ADHD and SED. Since there is a lack of guide-
lines for choosing antiepileptics, VPA is usually 
used as the classical broad-spectrum antiepi-
leptics with high safety in children. Therefore, 
all collected cases were treated by VPA. 

Evaluation method

Before treatment, all cases were evaluated for 
cognitive abilities using Chinese Wechsler 
Intelligence Scale for Children (C-WISC); ADHD 
symptoms were evaluated with integrated visu-
al and auditory continuous performance test 
(IVA-CPT) in conjunction with SNAP-IV (Swanson, 
Nolan, and Pelham Rating Scale (Version IV)) 
and Conners Parent Symptom Questionnaire 
(PSQ). Twelve months after treatment, EEG and 
tests with C-WISC, SNAP-IV, PSQ and IVA-CPT 
were performed again. All scales and question-
naire in Chinese versions were of high reliability 
and validity. Tests with C-WISC and IVA-CPT 
were administered by trained specialists. 
SNAP-IV was administered by physicians in 
child psychiatry department, with issuing of 
PSQ instructions. Double-blinded method was 
adopted for all tests. 

Routine blood and urine tests, liver and kidney 
function tests and ECG were performed before 
treatment, 6 months and 12 months after 
treatment. Blood concentration of VPA was 
measured 1 month, 6 months and 12 months 
after treatment. 

Evaluation tools

C-WISC is the most commonly used intelligence 
test that reflects the cognitive abilities of sub-
jects [6] using full intelligence quotient (FIQ), 
verbal intelligence quotient (VIQ) and perfor-
mance intelligence quotient (PIQ). 

SNAP-IV consists of 26 items, each rated from 
0 to 3: 0, completely no; 1, a little bit; 2, fairly; 
3, very much. The observation indicators 
include attention, hyperactivity-impulse and 
oppositional defiance. 

PSQ is generally used to evaluate behavioral 
problems of children aged 3-17 years, which is 
especially suitable for ADHD [8]. The scale con-
sists of 48 items, which are filled by father or 
mother on a 0-3 rating (as in SNAP-IV). The 
observation indicators include ADHD-related 
behaviors and conduct, hyperactivity-impulse 
and hyperactivity index. 

IVA-CPT applies to children aged above 6 years. 
Using repeated auditory and visual stimuli, sus-
tained attention and response control ability of 
children is detected [9, 10]. The observation 
indicators are full scale response control quo-
tient (FRCR), full scale attention quotient (FAQ) 
and hyperactivity (HYP). The test equipment 
was manufactured by Guangzhou Rainjet 
Medical Devices Co., Ltd.

Statistical analysis

SPSS11.7 was used for all statistical analyses. 
Count data were analyzed with χ2 test. 
Measurement data were expressed as X±s, 
and t test and repeated measures analysis of 
variance were adopted. P<0.05 was consid-
ered as statistically significant. 

Results

Demographic data

All the 26 patients included in the study were 
males. The mean age was 9.5±2.1 and 
10.2±1.6 years for the patients in the control 
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and treatment groups, respectively. The mean 
age was not significantly different between the 
2 groups (t=0.924, P=0.365). The distributions 
of different ADHD types (χ2=0.119, P=0.942) 
and major complications (including learning 
disorder, oppositional defiant disorder, and tic 
disorder) were also not significantly different 
between the 2 groups (χ2=0.040, P=0.998). No 
antipsychotic drug was used for the 5 patients 
with the symptoms of mild tic disorder (Table 
1).

Results of EEG

Four patients each in the control group and the 
treatment group were with normal EEG at the 
end of the 1-year follow up. Fisher’s exact test 
was performed no significant difference was 
found in the normal rate of EEG at the end of 
the 1-year follow up (P=0.6828) (Table 2).

Comparison of C-WISC results between the 2 
groups

Two-way repeated-measures ANOVA showed 
that the FIQ (F=0.27, P=0.6110), VIQ (F=0.32, 
P=0.5746), and PIQ (F=0.11, P=0.7486) were 
not statistically different between the 2 groups. 
FIQ and PIQ were significantly different at 12th 
months after the treatment as compared to the 
levels before the treatment (P<0.05), VIQ 
before and after the treatments were not sig-
nificantly different in either groups (P=0.0560) 
(Table 3).

Comparison of SNAP-IV results between the 2 
groups

Two-way repeated-measures ANOVA showed 
that the attention score (F=0.17, P=0.6819), 
hyperactivity/impulsivity score (F=0.47, P= 

Table 1. General data of patients in the 2 groups

No/group Age 
(years) ADHD type Major complication

No: 1/control group 7 Mixed Learning disorder
No: 2/control group 6 Mixed Oppositional defiant disorder
No: 3/control group 12 Predominantly inattentive presentation Others (sleep disorder)
No: 4/control group 10 Predominantly hyperactive/impulsive presentation Tic disorder
No: 5/control group 9 Mixed None 
No: 6/control group 9 Mixed Oppositional defiant disorder
No: 7/control group 8 Predominantly hyperactive/impulsive presentation Others (enuresis)
No: 8/control group 12 Predominantly hyperactive/impulsive presentation Oppositional defiant disorder
No: 9/control group 10 Mixed Oppositional defiant disorder
No: 10/control group 12 Mixed Tic disorder
No: 11/control group 12 Predominantly hyperactive/impulsive presentation Tic disorder
No: 12/control group 10 Predominantly hyperactive/impulsive presentation Learning disorder
No: 13/control group 9 Predominantly inattentive presentation Learning disorder
No: 14/control group 10 Mixed Learning disorder
No: 15/control group 6 Mixed Learning disorder
No: 1/treatment group 12 Mixed Others (sleep disorder)
No: 2/treatment group 12 Mixed Tic disorder
No: 3/treatment group 9 Predominantly hyperactive/impulsive presentation Learning disorder
No: 4/treatment group 12 Predominantly hyperactive/impulsive presentation Learning disorder
No: 5/treatment group 9 Mixed None
No: 6/treatment group 10 Mixed Oppositional defiant disorder
No: 7/treatment group 9 Predominantly hyperactive/impulsive presentation Oppositional defiant disorder
No: 8/treatment group 11 Predominantly hyperactive/impulsive presentation Tic disorder
No: 9/treatment group 7 Mixed Oppositional defiant disorder
No: 10/treatment group 10 Predominantly inattentive presentation Learning disorder
No: 11/treatment group 11 Mixed Learning disorder
Note: The mean age was 9.5±2.1 and 10.2±1.6 years for the patients in the control and treatment groups, respectively. The mean age was not 
significantly different between the 2 groups (t=0.924, P=0.365). The distributions of different ADHD types (χ2=0.119, P=0.942) and major com-
plications (including learning disorder, oppositional defiant disorder, and tic disorder) were also not significantly different between the 2 groups 
(χ2=0.040, P=0.998).
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Table 2. General data of the EEG of patients in the 2 groups
No/group Pre-treatment 12-month post-treatment
No: 1/control group Diffused spike/spike slow wave Diffused spike/spike slow wave
No: 2/control group Left parietal sharp/sharp and slow wave Left parietal sharp and slow wave 
No: 3/control group Left parietal, middle and posterior temporal area sharp and slow wave Left middle and posterior  temporal area sharp and slow wave
No: 4/control group Occipital spike and sharp wave Normal
No: 5/control group spike/spike-sharp and slow wave paroxysmal activity Normal
No: 6/control group Right frontal-middle temporal area sharp/sharp and slow wave Right frontal-middle temporal area sharp/sharp and slow wave
No: 7/control group Frontal spike and sharp wave paroxysmal activity Normal
No: 8/control group Right posterior temporal sharp/sharp and slow wave Right posterior temporal sharp/sharp and slow wave
No: 9/control group Temporal spike and sharp wave paroxysmal activity Temporal spike and sharp wave paroxysmal activity
No: 10/control group Right posterior temporal sharp/sharp and slow wave Right posterior temporal sharp/sharp and slow wave
No: 11/control group Frontal spike and sharp wave Frontal spike and sharp wave
No: 12/control group Multifocal (Frontal and temproral) sharp/sharp and slow wave Multifocal (Frontal and temproral) sharp/sharp and slow wave
No: 13/control group Left temproral spike/spike and slow wave Normal
No: 14/control group Left temproral spike and slow wave Left temproral spike and slow wave
No: 15/control group parietal-occipital area sharp and slow wave parietal-occipital area sharp and slow wave
No: 1/treatment group Temproral spike and slow wave paroxysmal activity Temproral spike and slow wave paroxysmal activity
No: 2/treatment group Right anterior frontal sharp/sharp and slow wave spread Right anterior frontal sharp/sharp and slow wave spread
No: 3/treatment group Diffuse sharp and slow wave Normal
No: 4/treatment group Right frontal spike sharp wave paroxysmal activity Right frontal spike sharp wave paroxysmal activity
No: 5/treatment group Occipital sharp and slow wave paroxysmal activity Normal
No: 6/treatment group Anterior frontal sharp and slow wave Anterior frontal sharp and slow wave
No: 7/treatment group Temproral sharp and slow wave Temproral sharp and slow wave
No: 8/treatment group Middle temproral spike and slow wave Normal
No: 9/treatment group Occipital spike and slow wave paroxysmal activity Occipital spike and slow wave paroxysmal activity
No: 10/treatment group Right frontal spike wave Normal
No: 11/treatment group Middle and posterior temporal sharp and slow wave paroxysmal activity Middle and posterior  temporal sharp and slow wave paroxysmal activity
Note: Fisher’s exact test was performed no significant difference was found in the normal rate of EEG at the end of the 1-year follow up (P=0.6828).
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0.5008), and opposition score (F=0.00, 
P=0.9553) were not significantly different 
between the 2 groups. Significant improvement 
was found within each group after treatment 
compared with that at admission (P<0.05) 
(Table 4).

Comparison of the PSQ scores between the 2 
groups

Two-way repeated-measures ANOVA showed 
that the conduct problem score (F=0.00, 
P=0.9932), hyperactivity/impulsivity score (F= 
0.28, P=0.6037), and hyperactivity index  
score (F=0.01, P=0.9215) were not significant-
ly different between the 2 groups. Significant 

improvement was found 
within each group after 
treatment compared with 
that at admission (P<0.05) 
(Table 5).

Comparison of the IVA-
CPT results between the 2 
groups

Two-way repeated-measu- 
res ANOVA showed that the 
FRCQ score (F=0.02, P= 
0.8880), FAQ score (F= 
0.21, P=0.6542), and HYP 
score (F=0.04, P=0.8475) 
were not significantly di- 
fferent between the 2 
groups. Significant improve-
ment was found within  
each group after treatment 
compared with that at 
admission (P<0.05) (Table 
6).

Comparisons of the drug 
doses and adverse reac-
tions between the 2 groups

The mean ATX dose was 
28.13±10.96 mg/d and 
30.00±8.94 mg/d for the 
control and treatment gro- 
ups, respectively; the ATX 
dose was not significantly 
different between the 2 
groups (t=0.463, P=0.647).

Table 3. General data of the WISC-R of patients in the 2 groups

Group Variable Pre-treatment 12-month  
post-treatment

Control group (N=15) FIQ 93.20±10.45 102.87±9.52*
VIQ 95.13±9.60 98.67±8.91
PIQ 88.53±10.48 106.07±10.75*

Treatment group (N=11) FIQ 92.73±8.64 99.64±7.67*
VIQ 94.82±9.52 98.09±8.17
PIQ 89.45±8.90 102.54±8.94*

Note: Compared to pre-treatment, *P<0.05.

Table 4. General data of the SNAP-IV of patients in the 2 groups

Group Variable Pre-treatment 12-month  
post-treatment

Control  (N=15) Attention 2.02±0.33 0.97±0.30*
Hyperactivity/impulsivity 1.81±0.41 0.80±0.16*

Opposition 0.93±0.28 0.76±0.24*
Treatment (N=11) Attention 2.17±0.42 1.01±0.27*

Hyperactivity/impulsivity 1.90±0.36 0.87±0.19*
Opposition 0.98±0.25 0.63±0.15*

Note: Compared to pre-treatment, *P<0.05.

Table 5. General data of the PSQ of the patients in the 2 groups

Group Variable Pre-treatment 12-month  
post-treatment

Control (N=15) Conduct problem 2.04±0.61 1.32±0.16*
Hyperactivity/impulsivity 2.50±0.88 1.06±0.38*

Hyperactivity index 2.81±0.45 1.09±0.24*
Treatment (N=11) Conduct problem 2.16±0.73 1.13±0.37*

Hyperactivity/impulsivity 2.39±0.74 1.24±0.44*
Hyperactivity index 2.75±0.56 1.27±0.33*

Note: Compared to pre-treatment, *P<0.05.

The blood concentration of VPA was measured 
at 1st, 6th, and 12th months after the treat-
ment, and the results were (71.05±7.17) ug/ml, 
(65.88±8.36) ug/ml and (69.46±7.96) ug/ml. 
The results showed that the blood concentra-
tions of the VPA were all within the effective 
treatment range.

The major side effects in the control group were 
gastrointestinal reaction which mainly occurred 
at the early stages of the treatment. One patient 
in the treatment group was found with difficulty 
in sleeping, which disappeared after reducing 
the dose of the drug. While in the treatment 
group, the major side effects were gastrointes-
tinal reaction and mild sedative effect. Two 
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patients were noticed with having vomiting in 
the early stages of the treatment, which disap-
peared without specific treatment. The blood 
routine, urine routine, liver function, renal func-
tion, and ECG of the patients were re-examined 
at 1st, 6th, and 12th months after the treat-
ment, and revealed no clinically significant 
abnormalities.

Discussion

Comorbidity of ADHD and SED is rare. We per-
formed a retrospective analysis of 26 cases 
presenting with comorbidity of ADHD and SED. 
Clinically, the incidence of ADHD among males 
is greater than that among females. Thus we 
only collected male cases in the present study. 
The rate of normal EEG in treatment group one 
year after treatment was not significantly differ-
ent from that in control group in terms of SED 
over a period of 24 hours. This indicated VPA 
did not effectively reduce the occurrence of 
SED. However, the small sample size may be 
another reason, and SED may happen in a non-
persistent manner. False negative result may 
appear with 24-hour EEG. It is unclear whether 
normal EEG in 4 control cases one year later 
indicated a false negative result or disappear-
ance of SED. The two groups did not differ sig-
nificantly in the results of C-WISC. Thus VPA 
caused no obvious impact on cognitive abili-
ties. Inter-group comparison suggested signifi-
cant differences in FIQ and PIQ between the 
two groups before and after treatment. This 
was because PIQ was correlated with attention 
and the improvement of ADHD would lead to an 
obvious increase of PIQ. For all cases, ADHD 
symptoms were evaluated using SNAP-IV, PSQ 
and IVA-CPT. The two groups did not show sig-
nificant differences in scores of each quotient 

in SNAP-IV, PSQ and IVA-CPT, and intra-
group comparison revealed a significant 
difference before and after treatment for 
each quotient. ATX combined with VPA 
and ATX alone could both improve ADHD 
symptoms, to a similar extent. Based on 
our results, VPA was not of great benefits 
in SED comorbid with ADHD.  

Gibbs et al. first reported SED in 1936. It 
was found afterwards that the probability 
of SED progressing into epilepsy was less 
than 5%, and SED disappeared for most 
cases during follow-up periods in some 

Table 6. General data of the IVA-CPT of the patients in 
the 2 groups

Group Variable Pre-treatment 12-month  
post-treatment

Control (N=15) FRCQ 75.23±21.78 85.22±12.39*
FAQ 80.65±19.50 86.17±10.62*
HYP 78.20±15.84 86.45±12.97*

Treatment (N=11) FRCQ 77.96±22.53 85.75±14.36*
FAQ 78.22±18.15 79.43±13.61*
HYP 76.39±17.47 86.93±11.07*

Note: Compared to pre-treatment, *P<0.05.

researches. SED did not attract enough atten-
tion for a very long time [1]. In the 1980s, Aarts 
et al. detected EEG, verbal response and audi-
tory-visual spatial judgment simultaneously 
and found that 50% of the subjects showed 
delay in response or misjudgment. On this 
basis, transient cognitive impairment (TCI) 
caused by SED was proposed [11]. More and 
more researches have confirmed that SED 
does induce TCI [12], from which the dispute 
over the need to use antiepileptics for SED 
arises.  

Many studies concerning the use of antiepilep-
tics for SED are small-sample-size trials or case 
studies. For example, Henriksen O et al. found 
that the cognitive abilities of SED patients were 
improved after VPA treatment and the improve-
ment degree was proportional to the reduction 
of frequency of SED [13]. Kevin Gordo et al. car-
ried out a follow-up on a 7-year-old patient with 
comorbidity of SED and learning disability. 
Using Wechsler Intelligence Scales, Connors 
Parent and Teacher Questionnaire, the patient 
was significantly improved after VPA treatment 
for 4 weeks with a better performance in hand-
writing neatness; there was an obvious reduc-
tion in the number of sharp and spike waves on 
EEG per unit time [14]. Pressler RM found that 
lamotrigine improved cognitive abilities by 
reducing SED [15]. Bakke KA reported that 
levetiracetam inhibited SED and improved cog-
nitive abilities [16]. However, some scholars 
believed that VPA did not reduce SED, nor did it 
improve he cognitive abilities. Chez MG et al. 
showed that there was no obvious correlation 
between improvement of EEG results and cog-
nitive and behavioral improvements after anti-
epileptics therapy for SED comorbid with 
autism [17]. Spencer SS believed that VPA 
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could not reduce the frequency of SED [18], 
and D’Antuono M also proved the failure of VPA 
to control SED below convulsive threshold 
through animal experiment [19]. Although there 
was no existing study on the treatment of SED 
comorbid with ADHD by ATX combined with 
VPA, we found that VPA did not improve SED. 
This agreed with the results by Spencer SS and 
D’Antuono M. 

The mechanism of comorbidity of ADHD and 
SED is not clear [14, 15]. We do not know 
whether there is a pathophysiological basis 
behind it or whether it is pure coincidence. 
Other problems remaining unknown include the 
influence of SED on the symptoms and progno-
sis of ADHD, the degree of influence, and 
whether the influence of SED varies for differ-
ent types of ADHD. Another question is whether 
SED in different brain areas has a different 
influence on ADHD (eg. whether frontotemporal 
SED has a greater influence on ADHD). 

To conclude, ATX combined with VPA did not  
significantly improve EEG results in SED co- 
morbid with ADHD, nor did it improve the  
cognitive abilities. Similar efficacy was achieved 
for ATX with or without VPA. However, the pres-
ent study had the limitations of small sample 
size and short follow-up duration. To confirm 
the findings, it is necessary to combine with 
quantitative EEG and to carry out multi-center, 
large-sample-size and long-follow-up trials.
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