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ARTICLE INFO ABSTRACT
Article history: Electroencephalography (EEG) is a valuable tool in the diagnosis of epilepsy. The attainment of a high
Received 21 August 2016 quality EEG requires patient’s co-operation which is particularly difficult in children. Chloral hydrate has
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‘ . been used as a sedating agent in EEGs but it has potential serious adverse effects and anti-epileptic
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activity. Melatonin is used increasingly in different investigations as a safe alternative. Our study is to
compare their effectiveness as sedating agents in performing EEGs and the detection rate of abnormal
Keywords: EEGs. This is a retrospective study performed in a regional hospital in Hong Kong. One hundred and
EEG ninety two EEG studies were included from December 2010 to July 2014. One hundred and two children

?:Ahel?::lnllr;drate were given chloral hydrate (50 mg/Kg) in the first half of the period and 90 children were given
Sedation melatonin (3 mg for =< 5 years or 6 mg for >= 5 year) in the later half. The two groups are compared with

Paediatric Pearson’s Chi-squared test with Yates’ continuity correction. The successful rate in sedation was similar
between the two groups while the pick up rate of abnormal EEGs was 52.56% in the melatonin group and
21.57% in the chloral hydrate group (p < 0.05). Subgroup analysis among patients with epilepsy or
mental retardation and intellectual disability shared same findings with higher detection rate of
abnormal EEGs in the melatonin group. No side effect was documented in the study. Compare with
chloral hydrate, melatonin is a safe and effective alternative and probably has less interference with the
electrographic activity.
© 2016 Published by Elsevier, a division of RELX India, Pvt. Ltd on behalf of Indian Epilepsy Society.

1. Introduction chloral hydrate as a sedating agent for EEGs and would there be
any difference in the detection rate of abnormal electrographic
A high quality EEG requires cooperation of the individual which discharges.
is particularly difficult for paediatric populations and patients with
intellectual problems. Behavioural trainings and sleep deprivation 2. Methods
can work in selected cases but they are time consuming and
require immense input from both the carers and medical staff.!
Chloral hydrate has been widely used as an effective sedating agent
in EEGs in adult and paediatric populations. However, it has the
drawback of altering the sleep architectures, potential anti-
epileptic effects as well as the rare occurrence of serious side
effects due to deep sedation. Therefore the exploration of an
alternative sedating agents is warranted. Melatonin (N-acetyl-5-
methoxytryptamine), a natural hormone, is found effective and
safe as a sedation in different diagnostic procedures.? The aim of
this study is to compare the effectiveness of melatonin against

This study is a retrospective study of patients requiring sedation
for routine EEGs in the department of paediatrics of a regional
hospital in Hong Kong from December 2010 to July 2014. There
was a change in sedation protocol in the middle of this period in
October 2012 from chloral hydrate to melatonin as the primary
sedative agent. There was no change in all other details of the
sedation protocol. Sleep deprivation before the EEG session is a
standard, parents were instructed to put the children in bed 2 h
later and wake the children 2 h earlier. Patients who were unable
to cooperate for EEG setups were indicated for sedation. Under the
old protocol, oral chloral hydrate (50 mg/kg, maximum 2 g) in
syrup form was given to patients requiring sedation, additional
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Table 1
EEG abnormalities [3].

Recognised EEG abnormalities

Epileptic discharges
Ictal epileptic discharges with or without clinical event seen during recording
Interictal epileptic discharges:

Sharp/spike wave, spike and slow wave complex

Polyspikes/polyspike and slow waves complex

Periodic lateralised epileptiform discharge (PLEDS)

Hypsarrhythmia

Non-epileptic discharges
Burst suppression
Hypoactivity
Focal/generalised slowing
Excessive slowing/encephalopathic pattern

years old and 6 mg for >5 years old) was provided as the primary
sedative agent, if the child was not sedated, supplemented syrup
chloral hydrate (50 mg/kg, maximum 2 g) was given. Patients who
did not require sedation or with known hypersensitivity to the
studied drugs were excluded. A total of 192 EEG recordings were
included with 102 cases in the chloral hydrate group and 90 cases
in the melatonin group. The respective drug was given orally 30—
45 min prior to the EEG studies by nursing staff. Regular body
parameters including heart rate, respiratory rate and oxygen
saturation were monitored before and after the investigation. The
patients were discharged when they became fully awake and able
to tolerate a meal.

All the EEGs were performed in a single neurophysiological
laboratory with the same EEG machine (Biologic EEG) under the
international 10-20 system for 20-60 min. The EEGs were
performed by the same electrophysiological technicians and
were interpreted by the same paediatric neurologists. Asleep
state, awake state, activations including photic stimulation and
hyperventilation (if cooperation allowed) were included as the
standard procedures. Data were collected from the hospital
records and EEG request forms. The primary outcome is the
effectiveness of melatonin as a sedation when compared with
choral hydrate. The sedation was considered a failure if there was
a need of additional doses of chloral hydrate in the chloral
hydrate group or the need to provide chloral hydrate on top of
melatonin in the melatonin group. Successful EEG was defined as
being able to complete the whole session with acceptable motion
artefacts for interpretation. The secondary outcome was the
number of abnormal EEGs in each group and subgroup. The
different EEG abnormalities are listed in Table 1. The data were
compared with the Chi-squared test with Yates’ continuity
correction. A p value of less than 0.05 was taken as statistically
significant.

Melatonin
Success

@ Failed

Table 2
Baseline characteristics.
Chloral hydrate Melatonin p value
(n=102) (n=90)
Boys:girls 59:43 57:33 0.53
Median age (year)/range 3.34/11 days 3.65/6 days 0.10
to 19 years to 22 years
History of febrile convulsion 31 28 1.00
Pre-existing diagnosis of 47 50 0.93
epilepsy
Patients on anti-convulsant 31 29 0.91
Mentally retardation/ 48 58 0.08
developmental delay
Cerebral palsy 6 11 0.20
History of ADHD/autism 18 14 0.85
History of prematurity 8 13 0.22
3. Results

Baseline characteristics, including age, sex and underlying
conditions were similar in both groups, they are summarised in
Table 2. The background information about any previous history of
febrile convulsion, whether or not the patient was on anti-epileptic
agents, the pre-existed diagnosis of epilepsy, developmental delay
or intellectual disability, cerebral palsy, hyperactivity and atten-
tion deficiency, autism and history of prematurity are of particular
interests as these conditions associate with a increased potential of
having epilepsy. Moreover, patients with underlying developmen-
tal problems are less readily to cooperate, we performed a
subgroup analysis to assess the efficacy of the two studied sedative
agents in sedating this group of patients.

For the primary outcome in assessing the effectiveness in
sedating patients (Fig. 1), there is no statistically significant
difference between the 2 studied agents, melatonin’s sedation
effect is comparable to chloral hydrate: 75 (83.33%) in 90 cases of
those in melatonin group succeeded in completing the EEGs
without the need for additional drugs while in chloral hydrate
group, 89 (87.25%) in 102 cases succeeded (p = 0.57). A subgroup
analysis regarding patients with chronic neurological problems as
mentioned above was performed. Melatonin is equally effective
among patients with chronic neurological problems (Fig. 2): 46
(79.31%) in 58 cases of patients with developmental delay, mental
retardation or cerebral palsy succeeded in completing the EEG in
melatonin group and 40 (83.33%) in 48 cases of patients with
similar conditions succeeded in the chloral hydrate group
(p =0.78). There is no statistically significant difference. The cases
which were successfully sedated by either melatonin or chloral
hydrate alone were then included in the comparisons of the
detection rate of abnormal EEGs. The cases failed to be sedated by
any one of the above agents were excluded because they either

Chloral hydrate Success

® Fail
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Fig. 1. Successful EEG (p=0.57).
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Melatonin Success

® Fail

Chloral hydrate m

® Fail

Fig. 2. Successful EEG among patients with developmental delay/mental retardation/cerebral palsy (p = 0.78).

failed to complete the entire EEG studies or required additional
dose or types of sedative agents to achieve satisfactory sedation,
the additional sedative agents could exert their own anti-epileptic
effects and affecting the outcome of the study. The baseline
characteristics of the subgroups were compared again and there
was no statistically difference between them.

We look at the detection rate of EEGs abnormalities in melatonin
and chloral hydrate groups in different views. Abnormal EEGs were
defined as EEGs that contained any one of the abnormal features
listed in Table 1, no matter they were pure epileptiform discharges or
background abnormalities, we identified 40 abnormal EEGs (52.56%)
in 75 cases in the melatonin group and 20 (21.57%) in 89 cases in the
chloral hydrate group (Fig. 3). The number of abnormal EEG
identification is significantly higher in the melatonin group with p
value <0.05. We further stratified the results by looking at EEGs with
ictal or interictal epileptiform discharges only (Fig. 4). There were 38

Melatonin (n=75) Chloral hydrate (n=89)
Fig. 3. Number of abnormal EEGs (p < 0.05).
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Fig. 4. Number of EEGs with epileptic discharges (p < 0.05).

(50.67%) in 75 cases in the melatonin group and 17 (19.10%) in
89 cases in the chloral hydrate group (p < 0.05), showing more
epileptiform discharges are identified in the patients being sedated
with melatonin.

We are also interested in whether patients with different
underlying diagnosis would have different effects on the outcome,
we performed comparison in patients who were already diagnosed
epilepsy and those with the background history of mental
retardation or intellectual disability as these patients are usually
the focus of interest in patient care and have a higher chance of
having abnormal EEGs. The number of abnormal EEGs detected
among patients with the pre-existing diagnosis of epilepsy is
significantly higher in the melatonin group: 29 cases (76.32%) in
38 cases in the melatonin group versus 17 (42.50%) in 40 cases in
the chloral hydrate group (p < 0.05). Similar results were obtained
in patients with mental retardation or intellectual disability where
31 (67.39%) in 46 cases in the melatonin group were found to have
abnormal EEGs compared to 14 (35%) in 40 cases in chloral hydrate
group (p < 0.05). The results come in line with our previous findings
and suggested melatonin excels even when being compared in
different subgroups. Regarding the side effect profile, both
mediations and chloral hydrate give a good safety profile, there
was no adverse effect documented during and after the study.

4. Discussion

Incidence of epilepsy is age related with a bimodal distribution,
the highest rates occur in the youngest and eldest.* The prevalence
of epilepsy within the disability groups is also found to be higher
than the general population, previous studies showed that by the
age of 22 years, 22% of mentally retarded children had one episode
of seizure and 15% had epilepsy.® Children and patients with
developmental delay or mental retardation are more prone to
develop seizures but they are also the least likely to co-operate
when performing EEGs. Properly performed interictal recordings
could generally detect epileptiform discharges in half of the cases
after the first unprovoked seizures. Combined awake and asleep
EEGs can increase the yield to 80% as many epileptiform discharges
appear in stage I or II sleep, such as benign focal epilepsy in
childhood and some idiopathic generalised epilepsy.® On the other
hand, the chance of detecting photoparoxysmal response is higher
when the patient is awake and can co-operate to instructions like
eye opening or closing during photic stimulation.” Therefore, both
awake and asleep states are necessary in a properly performed
EEG. The choice of an appropriate sedative agent is very important
as we want the patients to attain adequate sleep stages but not
getting to deep sedations and develop various serious side effects.

Chloral hydrate is absorbed from the gastrointestinal tract and
is converted to its active metabolite trichloroethanol (TCE) by
alcohol dehydrogenase. The onset of action is around 10-20 min
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and it reaches its maximum plasma concentration in 30-60 min.?
The exact mechanism of the sedative effect of TCE is still unknown.
TCE undergoes glucuronidation in liver to form the inactive form of
urochloralic acid or being oxidised to another inactive form namely
the trichloroacetic acid. The main side effects are dizziness,
paradoxical excitement, headache, nausea or vomiting and
arrhythmia. Despite the side effects, chloral hydrate is generally
well tolerated and has been widely used as a sedative agent in
investigations like MRI or EEG for a long time. When being used as
a sedation in EEG, the successful rate of sleep induction can reach
97% in previous study without significant side effects and our study
shared similar results.®

Melatonin, chemically known as N-acetyl-5-methoxytrypta-
mine, is a natural hormone synthesised in the pineal gland from
tryptophan for regulation of the sleep-wake cycle. The secretion
relates to our circadian cycle and is inhibited by the perception of
light in the retina, the day time plasma level is low, it rises at night
time and reaches its maximum plasma concentration at 3-4 am
and fall again at dawn. Melatonin is oxidised to 6-OH-melatonin in
liver and secreted in urine or faeces. Exogenous melatonin’s sleep
effect has been well studied.'® However, data on head-to-head
comparison between melatonin and another sedative agent in
EEGs are relatively sparse.

In our study, we showed that the sedation effect of melatonin is
comparable to chloral hydrate with similar failure rate and there
was no adverse effect reported. Our result is in line with previous
studies where melatonin was found to be reliable in sleep
induction when comparing with sleep deprivation. The studies
also showed that it had shorter sleep latency, more predictable
sleep onset time and most importantly, the sleep macroarchitec-
ture was maintained.!"'? Another paper also indirectly reflected
the usefulness of melatonin by concluding that they reduced the
use of chloral hydrate to obtain a sleep EEG in children by 30% with
the sequential administration of melatonin and hydroxyzine
before chloral hydrate.'> The reported side effects of melatonin
were minimal across all studies and there were even less
behavioural disturbances when compared with sleep depriva-
tion.!* All these features suggested melatonin is an appropriate
choice of sedative agent in EEGs.

Our study found higher EEG abnormalities and epileptic
discharge detections in the melatonin group. It is consistent with
the result of Greta Gustafsson’s study which demonstrated
melatonin and sleep deprivation have the same occurrence rate
of epileptiform discharges in EEGs in children'® and Mahmoud Rez
Ashrafi’s work on the comparison between melatonin and chloral
hydrate as sedations in sleep EEGs.'® Anti-epilpetic effects of chloral
hydrate have been suggested by case reports describing its use in
the treatment of epilepsy.!”!® It was also found to reduce epileptic
activities in EEGs in children given chloral hydrate as a sedation.'®
However, there is absence of high level studies about the actual
mechanisms of the anti-epileptic effects of chloral hydrate. We
attempt to explain the phenomenon by the disturbance of the
normal sleep architecture in patients being sedated with chloral
hydrate. It is well known that epileptic discharges are more likely to
occur in the drowsy state and light sleep stages instead of deeper
slow-wave sleep stages.?® As TCE, the active metabolite of chloral
hydrate, is closely related to ethanol, it should behave like ethanol
and reduce sleep latency, decrease stage 1 sleep and increase slow-
wave sleep stages rendering a less favourable condition to detect
epileptic discharges.

5. Limitations

Being a retrospective study is the main limitation of the current
study. We tried to minimise the selection bias by changing the

sedation protocol at a single time point and involved all patients
undergoing routine EEGs. Separately, although the background
characteristics of the patients are comparable in both groups, the
differences in the underlying diseases, the seizure severities and
the regime of anti-epileptic treatments still existed. These
differences could affect the frequency of appearance of abnormal
discharges on EEGs, it would be more representative if the patients
can be stratified into very refined groups and be compared
according to the individual diseases, however, this requires a way
larger sample size to gather representable numbers of a particular
type of disease or epileptic syndrome. In future studies, it would be
valuable if we can also look into the medications’ effects on the
asleep stage of EEGs and assess the sleep architectures including
the sleep onset latency, time of attaining different sleep stages and
the maximum sleep stage achieved.

6. Conclusion

Melatonin is an effective and safe sedative agent in recording
EEGs in children and has a higher detection rate of electrical
abnormalities when compared to chloral hydrate.
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