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Abstract

Background: Developmental delay is one of the most com-
mon problems of children referred to pediatric neurology clin-
ics. While there are reports on rehabilitation and its effects,
limited studies are available to delineate pharmacotherapy of
such children. Because many children with developmenta de-
lay have abnormal findings in eectroencephalography, we
amed to treat a group of these children, who were seizure free
with sodium val proate to find the effect of sodium valproatein
improving the devel opmental delay.

Methods: We included patients referred to Mofid Children’s
Hospital for developmental delay who had no organic or brain
structural diseases, genetic or metabolic disorders, or intrauter-
ine TORCH infection; however, the patients had abnorma
dectroencephalograms (without seizure). After clinical, para
dinica, and neuroimaging evaluations, the patients were di-
vided into two groups; those receiving treatment with sodium
valproate and rehabilitation (experimenta group, 25 patients),
and those having only rehabilitation (control group, 25 pa
tients). The patients were followed up and assessed at 6, 12,
and 18 months after initiation of the study. The data obtai ned
were analyzed using SPSS software.

Results: All patients in the experimental group had norma
dectroencephalograms after 18 months of treatment. Differ-
ences in the scores of developmental quotient in both groups,
before and after trestment were significant.

Conclusion: Sodium valproate along with rehabilitation was
very effective in the improvement of speech, mental, and be-
havioral devel opment.
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Introduction
evelopmental delay is one of the most common prob-
lems of children referred to pediatric neurology clin-
ics. Improving their developmental conditions there-

fore is of great importance. These children may suffer from
motor delay, speech delay, intellectual deficiency or global
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developmental delay. Many patients with
speech delay have very limited social interac-
tion (verbal or non-verbal). Other clinical signs
such as stereotype movement, rotators move-
ment, intellectual disability, seizure, normal or
high head circumference propound the diagno-
sis of autism or autistic features."® In many
patients with speech delay and normal motor
development, behavioral disorders such as
irritability, bizarre behaviors, hyperactivity, and
aggressiveness can be observed.

Global developmental delay is the most
common problem of children with developmen-
tal delay. Some patients have histories of pre-
natal, perinatal, or postnatal brain insult.

Rehabilitations programs are very expen-
sive and are dependent on the skill and ex-
perience of the therapists. Hence the patients'
outcome may differ. Available literature lacks
sufficient data on the effect of anti epileptic
drugs in improving the status of such patients.

Many patients with global developmental
delay, especially those with intellectual disabil-
ity and speech problems, have abnormal elec-
troencephalograms. Although they may have a
history of seizure but some are seizure-free
and are not on anti-epileptic drugs at present.
It seems that treating these patients with anti-
epileptic drugs normalizes the electroencepha-
lograms (EEGs) by preventing the electrical
paroxysmal discharge that could be harmful for
the developing brain. Abnormal electrical dis-
charges in these patients cause very short but
recurrent loss of consciousness, which can
inhibit their desirable mental development.*®

Previous studies have shown that sub-
clinical epileptiform activity can generate autis-
tic regression in children with pervasive devel-
opmental disorder. It has been suggested that
the suppression of sub-clinical epileptiform
activity by the early use of antiepileptic drugs
can revert the disorder affecting behavior, cog-
nition, and language in these children. Cases
of complete recovery or significant improve-
ment after the use of antiepileptic drugs such
as valproate, clobazam, levetiracetam, topi-
ramate, or lamotrigine have been reported.’

Several studies showed suppression of
sub-clinical discharges with valproic acid im-
proved cognitive and behavioral performance
of these children.®*® Some cases of complete
recovery or significant improvement after the
use of antiepileptic drugs such as valproate
have been reported.® Compared with other
drugs used in the management of sub-clinical
epileptiform discharges such as benzodiazepi-
nes, carbamazepine, oxcarbazepine, or tolpi-
ramate, valproate has been more effective B

The aim of this study was to find the effects
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of sodium valproate in improving developmental
delay in seizure-free children with abnormal
EEG while the patients were being rehabilitated.

Patients and Methods

We evaluated the patients referred to Mofid
Children’s Hospital affiliated to Shaheed Be-
heshti University of Medical Sciences for neu-
ron-developmental delay. The included pa-
tients had significant abnormal findings in elec-
troencephalography. They had no organic or
brain structural diseases, genetic or metabolic
disorders, or intrauterine TORCH infection.
Patients under 2 years old were excluded, be-
cause of potential adverse reaction of sodium
valproate in this age group. Rehabilitation
treatments, sodium valproate and its adverse
reactions were discussed with patients or their
relatives and all patients provided with a writ-
ten consent for participation in the study. The
study was approved by the Ethics Committee
of Shaheed Beheshti University of Medical
Sciences. The investigations included serum
amino acid chromatography (HPLC), urine
amino acid and sugar chromatography, meas-
urement of serum lactate, pyruvate and am-
monia levels, thyroid function test, urine or-
ganic acids, arterial blood gas test and brain
magnetic resonance imaging (MRI).

The study was designed as a numerical
randomized controlled clinical trial. Fifty pa-
tients were divided into two groups of 25 each
as follows:

1- Experimental group, treated with sodium
valproate (20 — 40 mg.kg™.day™) plus rehabili-
tation programs (occupational, speech, and
behavior therapy).

2- Control group, underwent only rehabilitation
programs.

All the patients were referred to the same
rehabilitation center. Rehabilitation was done
for both groups by one rehabilitation team (in-
cluding physiotherapist, occupational therapist,
speech therapist, psychologist, and behavior
therapist) and it was done by a blind manner.

All patients in the both groups were matched
for age, gender, speech delay, behavioral dis-
order and developmental quotient (DQ). All the
patients, before and after treatments, were
evaluated by a pediatric neurologist and a pedi-
atric psychiatrist through a blind manner.

DQ, including fine and gross motor devel-
opment, language, social interactions, and
cognition, were evaluated with the Ruth Grif-
fiths mental scale,” by a pediatric psychia-
trist. The diagnostic criteria of autism, atten-
tion deficit, and hyperactivity have emerged
from DSM-IV.**
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Insomnia, according to the International
Classification of Insomnia, 2" edition (ICSD-
2),"* was defined as difficulty in initiating or
maintaining sleep. The Overt Aggression Scale
(OAS) was used to rate aggressive behavior in
patients.’® All EEGs were reported before and
after treatment by only one pediatric neurolo-
gist in a blind manner. Spike waves, poly-spike
waves, sharp waves, slow waves, spike and
slow waves complex, poly-spike and slow
waves complex, sharp and slow waves com-
plex in focal or generalized pattern were con-
sidered as epileptiform discharges and consid-
ered as abnormal.

All patients were followed up and evaluated
at 6, 12, and 18 months during the course of
study and data were analyzed using SPSS
software version 12.0. Chi square and t tests
were used to compare the effects of sodium
valproate in both groups. P values less than
0.05 were considered statistically significant.

Results

Twenty-five patients (21 boys and 4 girls) with
a mean age (xSD) of 6.18+2.14 (range: 2-12)
years in the experimental group and 25 pa-
tients (20 boys and 5 girls) with a mean age
(xSD) of 6.68+2.85 (range: 2-12) years in the
control group were included in the study.

In the experimental group before the treat-
ment: all patients had abnormal EEGs, four
patients had febrile seizure previously but were
seizure-free and were not on any antiepileptic
drugs at the initiation of the study, 23 patients
had motor delay but when we enrolled them in
the study all of them had the ability to sit,
stand, and walk appropriately, while all patients
in this group had speech delay, 20 patients
could speak, whereas 5 patients (aged 2.5, 4,
4.5, 6, and 6.5 years) could not. Also in this
group, 23 patients had hyperactivity with atten-
tion deficit, 20 had aggressiveness, two had at-
tention deficit without hyperactivity and aggres-
sion. All patients had insomnia, five patients
lacked all features of activity daily living and
could not socially interact with others. These
five patients could not speak and on the basis

of DSM 1V criteria had autism (table 1). DQ for
five patients of experimental group was 50-55,
for other 6 patients was 60-65, for 10 patients
was 65-70, and for the remaining four patients
was 70 (table 2).

Table 1: Behavioral disorders in experimental and
control groups before the treatment

Groups Experimental  Control
L + 23 24
Hyperactivity ) 5 1
. - + 25 25
Attention deficit ) 0 0
Insomnia * 25 20
- 0 5
- + 5 4
Inability to ADL ) 20 21
Inability to social + 5 4
interaction - 20 21
. + 20 21
Aggressiveness ) 5 1

P value was not significant in all variables. ADL= Activity
daily living

In the experimental group, treatment with
sodium valproate after 6 and 12 months
showed no significant improvement; however,
after 18 months all the patients had normal
EEGs and were capable to make sentences.

After 18 months, 14 patients were still hy-
peractive. Three patients had attention deficits.
Insomnia and somnolence persisted in eight
patients. Five patients had activity daily living
ability and had social interaction with others.
Aggressiveness was seen in four hyperactive
patients (table 3). DQ scores were 65-70 in
three patients, 270 in 10 patients and = 80 in
12 patients (table 2).

In the control group, before the treatment all
the patients had abnormal EEGs (including
significant abnormal epileptic discharges) but
they did not have any seizures. All the patients
in this group, despite having motor delay, had
the ability of sitting, standing, and walking,
when they were enrolled. All the patients had
speech delay, five patients (aged 2, 2.5, 3.5, 4,
and 7.5 years) could not speak (were unable to
use any words) at the beginning of the study.
Regarding the behavior, 24 patients were hy-
peractive, and all the patients suffered from

Table 2: Developmental quotient in experimental and control groups (before and after treatment)

Groups Number Mean Standard deviation t P value
Experimental 25 61 6.726

(before treatment)

Experimental 25 71.6 7.461 +15.49 <0.0001
(after treatment)

Control 25 60 7.071

(before treatment)

Control 25 64 9.128 +5.23 <0.0001

(after treatment)
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Table 3: Behavioral disorder in experimental and control groups after treatment

Groups Experimental Control P value
- + 4 (16%) 19 (76%)
Hyperactivity ) 21 (84%) 6 (24%) <0.0001
) . + 22 (88%) 19(76%)
Attention deficit ) 3 (12%) 6 (24%) 0.4635
. + 8 (32%) 20 (80%)
Insomnia ) 17 (68%) 5 (20%) 0.0017
. + 5 (20%) 3 (12%)
Inability to ADL ) 20 (80%) 22 (88%) 0.2347
Inability to social + 5 (20%) 3 (12%) 0.2347
interaction - 20 (80%) 22 (80%) ’
. + 4 (16%) 19 (76%)
Aggressiveness ) 21 (84%) 6 (24%) <0.0001

ADL= Activity daily living

attention deficit. Twenty patients had insomnia,
four patients did not have activity daily living
ability and showed hyperactivity with aggres-
siveness (table 1). DQ in seven patients was
50-55, in other seven patients was 60-65, in
eight patients was 65-70, and in the remaining
three patients was = 70 (table 2).

In the control group after 6 and 12 months,
no significant improvement was seen. But after
18 months of treatment decreased paroxysmal
activity was seen in EEGs of five patients that
was previously reported as abnormal. How-
ever, these changes were not significant.

Speech improvement was seen in three pa-
tients by using words and increased number of
words used. Six patients could speak with sen-
tences.

The number of patients with hyperactivity
decreased from 24 to 19, and among those
with attention deficit disorder, the number de-
creased from 25 to 6 (table 3).

Although rehabilitation was not effective in
patients with insomnia, it was effective in re-
ducing the number of patients with aggressive-
ness, from 21 to 19.

DQs in five patients was between 50-55, in
four patients was 60-65, and in other eight pa-
tients was between 65-70. Five patients had
DQ = 70 and the remaining three patients had
DQ= 80 (table 2).

After 18 months, all of the patients in the
experimental group had normal EEGs, while
only five patients in the control group showed
decreased epileptic discharges in their EEGs.
Differences in EEGs between the two groups
were significant (P<0.001). A significant differ-
ence in the improvement of hyperactivity was
seen between the experimental and control

groups (P<0.001). No significant differences
were seen between the two groups in control
of attention deficit (P=0.4635) and activity daily
living (P=0.234). Significant differences were
observed between the two groups in control of
insomnia (P=0.0017), control of aggressive-
ness (P=0.001) and speech development
(P<0.001) after 18 months of treatment (table
3). Significant differences were seen in the
DQs of patients in the experimental and control
groups before and after 18 months of treat-
ment (P<0.001; tables 2, 4).

Discussion

Normal mental, behavioral, and speech devel-
opment are dependent on normal central nerv-
ous system function. Many abnormal EEGSs in-
dicate cognitive and behavioral disorders.®***®

In the present study, patients with abnormal
EEGs were treated with rehabilitation with or
without sodium valproate, and re-evaluated
after treatment to assess their mental and be-
havioral status.

After 6 months, no significant difference
was seen between the two groups. At the as-
sessment done after 12 months, some differ-
ences were seen in the experimental group,
but they were not significant, whereas none
was seen in the control group.

After 18 months, differences in EEGs be-
tween the two groups were significant, a find-
ing that is consistent with the study of Plioplys
in 1994.°

After 18 months of treatment, a significant
difference in the improvement of hyperactivity,
control of insomnia, and decreased aggres-
siveness was seen between the two groups

Table 4: Developmental quotient difference in experimental and control groups (before and after treatment)

Groups Number Mean difference  Standard deviation t P value
Experimental 25 10 3.22
Control 25 4 3.81 6 <0.0001
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(table 3). No significant difference between two
groups in control of attention deficit was seen
(table 3). A literature search failed to reveal
any studies on associations between hyperac-
tivity (per se), attention deficit, and insomnia
and treatment with sodium valproate. Our re-
sults regarding aggressiveness were similar to
those of Gobbi and co workers.**

No significant difference between the two
groups was observed in activity daily living af-
ter treatment (table 3). Again no related data
regarding activity daily living and treatment
using drugs was found in literature. A signifi-
cant difference between the two groups in
speech development before and after treat-
ment was seen, a finding similar to that of
other studies.**"*®

Significant differences were seen in DQs of
patients in the experimental group before and
after 18 months of treatment (table 2); in the
control group, comparing DQs before and after
rehabilitation per se, showed significant differ-
ence.

The cognitive impact of epileptiform dis-
charges in the absence of seizure (subclinical
epileptiform  electroencephalographic  dis-
charges) was established as early as 1939,
when schwab demonstrated a slowing of reac-
tion time during such episodes, even in the
absence of seizure.?’

Cognitive effects of epileptiform discharges
may be very similar to those of short epileptic
seizures. So, decreased epileptic discharges in
EEG can lead to cognitive improvement and
this can lead to speech and behavior im-
provement. This effect was shown in Aart and
colleagues study in 1984.%

Consequently, accumulating cognitive im-
pairment and even a decline in 1Q scores, are
reported in patients with frequent episodes with
epileptiform discharges.”***

Overall, while significant differences were
seen in all of the above mentioned compari-
son, the differences between the control group
and the experimental group were highly signifi-
cant. This finding is in agreement with other
StUdieS.5'17'18'25-27

Conclusion

The use of sodium valproate to treat children
with abnormal EEGs and developmental delay,
especially when no underlying disease was
found, seems to be more effective than the use
of rehabilitation alone. Treatment with sodium
valproate was very effective in the improvement
of speech, mental, and behavioral development.
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