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Abstract
Background: Attention deficit/ hyperactivity disorder is a common neurodevelopmental disorder in children. Abnormal electrophysiological
findings with no clinical epilepsy is a common finding in ADHD as compared to normal children. The aim of this study was to assess the efficacy
and tolerability of carbamazepine (CBZ) in ADHD children who have abnormal EEG findings.
Methods: Fifteen drug naive ADHD children (13 boys, 2 girls; mean age, 6.62 years; range 4- 10) with EEG abnormalities but no clinical
seizures were included. Cases with comorbid developmental or mental disturbances other than specific learning disability were excluded. All
were treated with carbamazepine (mean dose 5 mg/ kg/ day). They were followed up through a period of 8 weeks for symptom improvement
and occurrence of side effects. Improvement was measured using the parents form ADHD rating scale 4; before and after CBZ treatment.
Complete blood count and liver enzyme assessment were performed before and after carbamazepine treatment.
Results: There was statistically significant improvement in mean ADHD rating scale scores specifically in the domains of inattention and
combined symptoms while there was no improvement in hyperactivity scores. Reported side effects were mild abdominal discomfort in 2 cases
and sedation in 3 cases. No dermatological, hematological or hepatic side effects were reported and no cases had elevated liver enzymes.
Conclusion: Low dose carbamazepine can be a well tolerated and effective treatment in some cases of ADHD associated with abnormal EEG
findings.
Key Words: Attention deficit hyperactivity disorder, carbamazepine, electroencephalography, ADHD rating scale.
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Introduction:

Attention Deficit/ Hyperactivity Disorder (ADHD) is a neuro-
developmental disorder defined by impairing levels of inattention,
disorganization, and/ or hyperactivity- impulsivity. ADHD is a common
neuropsychiatric disorder in children affecting (6- 6.9)% of Egyptian
children and adolescents (Anbar, 2014). Studies agree that this disorder is
more common in males than in females of Egyptian population. (Soliman
et.al., 2010)

Several rating scales consistent with the DSM-IV conceptualization of
ADHD are now available for use in both home and school settings. The
ADHD Rating Scale-IV (ADHD RS-1V) is a commonly used ADHD
rating scale, updated for and directly derived from DSM-IV symptom
criteria, applied to children (4- 18) years old. It can be completed by either
parents (home form) or teachers (school form). The ADHD RS-IV has
shown sensitivity to medication effects in several studies. It has high utility
for multiple applications due to its quick completion (5- 10) minutes, easy
scoring, and sensitivity to treatment. (Collett et.al., 2003)

Children with ADHD have relatively consistent EEG abnormalities:
increased posterior absolute delta activity, globally elevated absolute and
relative theta activity dominant frontally and reduced relative alpha and
relative beta activity. A larger theta/beta ratio has also been found
consistently in AD/HD children, compared with healthy controls. (Dupuy
et.al,, 2013)

Studies show that carbamazepine (CBZ) is a safe and effective
treatment for children with features of ADHD when compared to placebo.
However, these studies are scanty and were conducted on patients with
some symptoms of ADHD that were not fulfilling the diagnostic criteria of
ADHD (Silva et.al., 1996). A later case study by Laporte and colleagues
reported CBZ to cause significant improvement of ADHD symptoms and
cognitive abilities in a patient suffering ADHD associated with EEG
abnormalities. The improvement on CBZ was temporally associated to
normalization of EEG findings (Laporte et.al., 2002). In ADHD with
comorbid epilepsy, CBZ is preferable to other antiepileptic drugs for its
beneficial effect on attention as well as effective control of epilepsy
(Schubert 2005). CBZ is also used as non- FDA approved off label
medication for ADHD (Kattimani& Mahadevan 2011). Additionally, in
pediatric bipolar disorder cases, CBZ use as a maintenance therapy is
beneficial in improving associated ADHD symptoms as well as depressive
and psychotic symptoms (Deiana et.al., 2011).

Methods:

Fifteen newly diagnosed ADHD children aged (4- 10) years old were
enrolled in the study. All patients were diagnosed according to the fifth
edition of the Diagnostic and Statistical Manual of Mental Disorders. All
cases with comorbid neurological or psychiatric diagnoses were excluded
from the study but only cases with comorbid specific learning disability
were included. Patients with any contraindication to carbamazepine were
also excluded from the study. All included patients had abnormal EEG
findings.
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Prior to start of carbamazepine, all cases had complete blood count,
liver enzymes assessment, IQ assessment using 5th edition of Stanford-
Binet Intelligence Scale, ADHD Rating Scale 4th edition and EEG.

All patients administered carbamazepine (Tegretol”) in mean starting
dose 2.5 mg/kg body weight daily with gradual increase till mean
maintenance dose 5 mg/ kg/ day. During the 1st 3 weeks of the study, 2
patients dropped out. The other 13 patients completed the 8 weeks period
of the study.

Cases were followed up through a period of 8 weeks for improvement
of ADHD symptoms and appearance of drug adverse effects. At the end of
8th week, complete blood count and liver enzymes were re- assessed.
ADHD RS was also repeated for all cases and was the main tool for
evaluation of improvement.

ADHD Rating Scale Iv:

The main assessment tool used in this study was the ADHD Rating
Scale-IV; home form, The Arabic version, (Desouky, 2004) completed by
the care giver of each child before and 8 weeks after initiation of
treatment. It includes 18 items; 9 for inattention symptoms and 9 items for
symptoms of hyperactivity and impulsivity. It measures 3 symptom
domains in ADHD; inattention, hyperactivity and combined symptom
domains. In each domain, corrected scores above 69 mean high
symptoms, between (60- 69) moderate symptoms and below 60 mean low
symptoms (Collett et.al., 2003).

Statistical Analysis:

Data were analyzed using SPSS (Statistical Package for Social
Science) Program version 18. Quantitative data e. g. age were presented as
minimum, maximum, mean and standard deviation. Qualitative data e. g.
sex, were presented as count and percentage.

Paired t test was used to compare ADHD scores for patients before
and after treatment and P value <0.05 was considered statistically
significant.

Results:

In the current study, 15 ADHD children (mean age; 6.62 years; range
4- 10 years) were enrolled. Demographic data, risk factors and
developmental history are demonstrated in table (1). No cases had

developmental delays at time of study.
Table (1) Demographic data, risk factors and developmental history

N Minimum |[Maximum| Mean SD
Age In Years 15 4.00 10.00 6.62 1.79
N %
Male 13 86.7
Sex
Female 2 13.3
Negative 13 86.7
I ADHD 1 6.7
Family History
Intellectual
A 1 6.7
Disability
Prenatal Smoking | Passive Smoking 4 26.7
Prenatal Drugs positive 1 6.7
Prenatal Stress positive 4 26.7
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N % Table (4) mean ADHD scores before and after treatment with carbamazepine
Oligohydramnios 2 13.3 Mean SD Paired T Test| P Value
Others Anemia 1 6.7 ADHD Scale Before 71.92 421
Urticaria 1 6.7 ADHD Scale After 68.85 5.97 3.15 0.008
Motor Normal 12 80.0 Difference 3.08 3.52
Development Delay 3 20.0 Inattentive Score Before 69.85 8.21
Language Normal 10 66.7 Inattentive Score After 65.31 8.47 2.20 0.048
Development Delay 5 33.3 Difference 4.54 7.42
. . .. Hyperactive Score Before 72.92 7.33
The mean IQ score was 100.25. Main complaint was hyperactivity and 2L
Hyperactive Score After 71.38 8.74 1.61 0.134
the most common ADHD type was the combined type. 6 patients had Difference 154 345
comorbid specific learning disability Table (2).
Table (2) Clinical data of study sample: 000
N Minimum |Maximum| Mean SD %
1Q 15 91.00 117.00 100.25 6.96 o 00
N % 3
2
hyperactivity 10 66.7 % s
Inattenti 2 13. g
Complaint attention 3.3 2
Poor  Academic
3 20.0 20.00
Performance
Combined 12 80.0
Hyperactive o T T
ADHD Type 2 13.3 before treatment after treatment
Impulsive time
Inattentive 1 6.7 Error Bars: +/- 1 SD
Specific Learning|No 9 60.0 Figure (1) ADHD scale before and after treatment
Disorder Yes 6 40.0
80.001

Before start of Carbamazepine treatment, ADHD scale IV was applied
to all the cases. In each of the measured symptom domains (combined,
inattention and hyperactivity) scores above 69 are considered high, (60-
69) moderate and scores below 60 are considered low.

During the first week of treatment, 2 cases dropped out for the side
effect of sedation. After the end of 8th week, ADHD scale was repeated
for the remaining 13 cases Table (3).

After exclusion of drop outs, 2 cases with high scores changed into
moderate and 1 moderate changed into low score in the combined score.
In the inattention scores; 2 cases changed from sever to moderate and 1
from sever to low symptoms. In the hyperactivity scores; 1 case changed
from moderate to low symptoms.

There was significant improvement of mean ADHD RS scores in the
while improvement in the

combined and inattention domains

hyperactivity domain was not significant. Table (4), Figures (1), (2), (3)
Table (3) Scores of ADHD rating scale before and after Carbamazepine treatment

Before After
N % N %
Low 1 6.7% 1 7.7%
Combined Moderate 3 20.0% 4 30.8%
High 11 73.3% 8 61.5%
Low 2 13.3% 2 15.4%
Inattention Moderate 5 33.3% 7 53.8%
High 8 53.3% 4 30.8%
Low 1 6.7% 2 15.4%
Hyperactivity Moderate 3 20.0% 1 7.7%
High 11 73.3% 10 76.9%
Total Number 15 13
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Figure (2) Mean inattentive score before and after treatment
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Figure (3) Mean hyperactivity score before and after treatment
Carbamazepine was tolerable in most of the cases. Gastric upset was
recorded in 3 cases and sedation in 3 cases; 2 of them dropped out for this
side effect; while 9 cases had no recorded side effects. Liver enzymes of all
patients were within normal levels before as well as after treatment. No

cases had dermatologic, hematologic or hepatic side effects Table (5).
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Table (5) Side effects of CBZ (no. 15)

N %
No 9 60.0
GIT Distress 3 20.0
sedation 3 20.0
Dermatological Reactions 0 0
Hematological Reaction 0 0

Discussion:

The results of this study show that low dose carbamazepine appears to
be an effective and well tolerated drug in selected cases of pediatric
ADHD; namely those with EEG abnormalities and predominant
inattentive symptoms. Adverse effects reported in this study are fewer and
less severe than those reported in higher doses used in cases of epilepsy.
reported side effects were sedation and abdominal discomfort which was
tolerated by all the patients.

The efficacy of CBZ in ADHD children included in this study can be
explained by its antiepileptic activity. Electrophysiological abnormality is
a common and well studied finding in EEG of ADHD patients
(Quintanaa et.al. 2007, Socanski et.al, 2010). The relation between
abnormal EEG findings and behavioral or cognitive disturbances in
children is an area of debate. Some studies suggest positive relation
between EEG findings and behavioral disinhibition and poor
concentration in children. This hypothesis is supported by the fact that
children with epilepsy have higher rates of externalizing behaviors and
aggression as compared to normal peers (Guidetti et.al., 2015) and that
they also have cognitive difficulties. Both cognitive and behavioral
disturbances in epileptic children improve with good epilepsy control
using antiepileptic drugs (Powell et.al., 2015).

On the other hand, some studies hypothesize that both EEG
abnormalities and misbehavior have the same etiological bases rather than
having a causal relation (Tarullo et.al., 2011, Niv et.al., 2015).

Based on the assumption that cognitive and behavioral symptoms of
ADHD may be related to abnormal electrophysiological activity, many
clinical trials used different modalities to improve ADHD symptoms
through normalization of EEG power in non epileptic ADHD children
using antiepileptic drugs (Laporte et.al., 2002, Eun et.al., 2012).

In the current study, there was significant improvement in the mean
ADHD scale scores yet, the degree of improvement was not so evident as
the scores remained in the moderate to high severity category after
treatment.

Studies that assess the efficacy of CBZ in non epileptic ADHD
patients are few and outdated. The results of current study are in
concordance with an old metaanalysis that included data from 10 clinical
trials of CBZ in cases of ADHD. Authors concluded that CBZ can be an
effective alternative treatment in cases of ADHD (Silva et.al., 1996).

Other studies found similar effect of CBZ on ADHD symptoms in
epileptic children. A multicenter, randomized, open- label, observer
blinded 28 weeks clinical trial held by Kang and colleagues to compare the

cognitive and behavioral effects of CBZ (n. 43) and topiramate (n. 45) on

(Effectiveness Of Carbamazepine In Treatment ...)

30

Childhood Studies Oct.2016

children with benign Rolandic epilepsy. They found that attention and
concentration improved with both drugs (Kang et.al., 2007).

However, results of CBZ effect on attention are conflicting, which may
be due to selection bias or dosing (Ijff and Aldenkamp 2012). A large
double blind study to compare the cognitive effects of (200- 600) mg/day
CBZ (n. = 288) and remacemide (n. 282) on newly diagnosed epileptic
patients (12- 75) years old found a deterioration in attention of CBZ
treated patients when measured 80 weeks after initiation (Wesnes et.al.,
2009). Another recent large retrospective study of 258 epileptic adults
under CBZ treatment found intolerable cognitive side effects in 5% of
cases. Most of them (2.6%) had impairment in memory while 1.6% had
decreased concentration (Javed et.al., 2015).

Other studies of CBZ in epileptic cases found no effect on attention.
Aikia and colleagues used pooled analysis of two long term follow up
studies to compare cognitive effects of CBZ, tiagabine and untreated no
drug on patients (12- 52) years old with single epileptic fit for 52 weeks.
They found improvement in attention of both CBZ (400- 800) mg/ day
and tiagabine treated groups but it was similar to no drug group. They
concluded that both drugs do not hinder the normal cognitive
development of treated patients (Aikia etal., 2006). Another study
comparing the cognitive effects of oxcarbazepine, carbamazepine and
valproate for 6 month duration in a sample of children (6- 17) years with
partial epilepsy found no impairment in cognitive abilities under any of
studied drugs (Donati et.al., 2007). Similarly, Bozinovska and colleagues
investigated the effect of CBZ on attention and reaction time after 1 month
of treatment. They included 15 adult patients with epilepsy and 15 healthy
controls. No difference in attention was found (Bozinovska et.al., 2000).

These differences in findings can be explained by selection bias. Most
studies addressing the cognitive effects of CBZ on children use newly
diagnosed epileptic children as a study sample. For ethical issues, those
patients can’t be studied under placebo to be compared to CBZ. Thus, the
deterioration of cognitive function observed in these studies can be either
the effect of the drug or the burden of epilepsy itself. Another explanation
can be the difference of CBZ dose in various studies as the
neuropsychological side effects can be dose- dependent (Meador, 2005).

None of previous studies investigated the relation between cognitive
effects of CBZ and its serum level.

The results of the current study should be viewed in light of its
methodological limitations.

First; The small number of study sample included and the short
duration of study.

Second; all the included cases were newly diagnosed children, the
effect of parent psycho- education and counseling cannot be excluded.
Comparative studies are needed to overcome this limitation.

Further, accurate interpretation of specific EEG findings and its
correlation to symptoms and drug effect were not available in current
study.

Finally, serum level was obtained in only 5 cases so, it could not be
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correlated to clinical improvement.

These results couldn’t be taken as granted because the sample was very
small.

However, these results reflect the efficacy of carbamazepine in a group
of ADHD children with EEG changes and this should be taken in
consideration in the management of these patients.

Moreover, the response of this sector of ADHD patients (with EEG
changes) to CBZ should be compared to the classical treatment of ADHD
to validate the specialties and the use of antiepileptic drugs notably CBZ in
this group of patients.

Conclusion:

From this study it has been concluded that low dose carbamazepine
can be a well tolerated and effective treatment in some cases of attention
deficit hyperactivity disorder associated with abnormal electro-
physiological findings. Taking in consideration the limitations of this
study, further studies on larger samples are needed to generalize the results
of the study.
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