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Abstract

Sedation of children for electroencephalography (EEG) recordings is often required. Chloral hydrate (CH) requires medical
clearance and continuous monitoring. To try to reduce personnel and time resources associated with CH administration, a
new sedation policy was formulated. This study included all children who underwent an EEG during a consecutive 3-month
period following the implementation of the new sedation policy, which consists of the sequential administration of melatonin,
hydroxyzine (if needed), and CH (if needed). The comparator group included all children with a recorded EEG during a
consecutive 3-month period when the sedation policy consisted of the sole administration of CH. A total of 803 children with
a mean age of 7.9 years (SD = 5.1, range = 0.5-17.7 years) were included. Sleep EEG recordings were obtained in 364 of 385
children (94.6%) using the old sedation policy and in 409 of 418 children (97.9%) using the new one. With the new sedation
policy, the percentage of children requiring CH dropped from 37.1% to 6.7% (P < .001). Time to sleep onset and duration
of sleep were not significantly different between the 2 policies. The new sedation policy was very well tolerated. The new
sedation policy is very safe, is highly efficacious in obtaining sleep EEG recordings, and will result in substantial saving of time

and personnel resources.
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Introduction

It is often required to sedate children for routine electroenceph-
alography (EEG) recordings to avoid using restraints, to reduce
anxiety and to minimize the amount of movement and myo-
genic artifacts. In addition, it is well established that the yield
of detecting epileptiform discharges on the routine EEG is
increased by 24% to 46% with sleep recordings'~ and that epi-
leptiform discharges may be present exclusively during
sleep.”*’ This is especially important in children with epilepsy,
since the morphology and topography of the epileptiform dis-
charges are essential to diagnose many of the electroclinical
syndromes in that age group. A common example is that of the
benign maturational epilepsies of childhood in which the epi-
leptiform discharges are markedly activated during non—rapid
eye movement (NREM) sleep and appear exclusively during
sleep in up to 30% of EEG recordings.”® Furthermore, the
recording of sleep is valuable in certain electroclinical syn-
dromes characterized by activation of the interictal or ictal epi-
leptiform discharges following arousal from sleep as in the
West syndrome or juvenile myoclonic epilepsy, among others.

Although parents are routinely instructed by our EEG labo-
ratories staff to sleep deprive their children the day prior to

their scheduled appointment,”'' spontaneous sleep is not

achieved in a substantial proportion of patients. For numerous
years at our institution, children referred for an EEG and who
failed to sleep spontaneously were sedated with chloral hydrate
(CH) after medical clearance by a pediatrician and obtaining a
parental informed consent. According to the sedation policy at
our institution, which is concordant with the American
Academy of Pediatrics (AAP) revised monitoring and manage-
ment guidelines for pediatric sedation that were developed to
reduce the complication rates in children receiving sedation
outside the operating room,'? CH is registered under the mod-
erate sedation category (previously known as conscious seda-
tion). Children administered this drug should be constantly
monitored by a nurse throughout the procedure with frequent
documentations of vital signs and oxygen saturation. In order
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to reduce the personnel and time resources required for con-
stant monitoring, and based on reports that melatonin and
hydroxyzine are viable alternatives to CH for obtaining sleep
EEG recordings,'™"'*'* a new sedation policy for children
referred to our EEG laboratories was recently formulated and
approved by our local medical committees. This policy con-
sists of the sequential administration of melatonin, hydroxy-
zine (if needed), and CH (if needed) for uncooperative children
or those who failed to achieve spontaneous sleep during EEG
recordings.

The primary aims of this study were to compare the success
rates in achieving sleep EEG recordings with the previous and
new sedation policies and to determine whether the new seda-
tion policy significantly reduced the use of CH. Secondary
aims included a comparison between time to sleep onset and
amount of sleep as a percentage of total EEG duration between
the 2 policies.

Methods

This study included all outpatients, aged 6 months to 18 years
who underwent an EEG recording during a consecutive three
months period that immediately followed the implementation
of the new sedation policy. The comparator group included all
outpatients from the same age group, who had an EEG recorded
during a consecutive three months period that preceded the
enactment of the new sedation policy. All studies consisted of a
digital video EEG recording that lasted 45, 90, or 180 minutes
depending on the request of the referring physician. The EEGs
consisted of 32 channels recordings with electrodes placed
according to the international 10-20 system and were inter-
preted by a board certified electroencephalographer with an
extensive experience in the interpretation of pediatric record-
ings. The recordings were performed in a quiet, darkened room
and included photic stimulation and when possible, hyperven-
tilation. Arousal from sleep was routinely performed. The study
was approved by the institutional review board of our medical
center.

Sedation Policy

Previous Policy. Parents were requested to sleep deprive their
children the day prior to the EEG and to keep them fasting for
at least 6 hours prior to the recording. For children aged 0.5 to
1.5 years, parents were instructed to keep their children awake
for at least one hour prior to the start of the recording. For those
in the 1.5- to 3-year age group, they were asked to put their
children to bed 2 hours after their regular sleeping time and to
awaken them at their usual wake-up time. For children older
than 3 years, parents were asked to reduce their total normal
sleep time by 4 hours."”” Uncooperative and agitated children
who refused the placement of electrodes were sedated prior to
the recording. Cooperative children were sedated if spontane-
ous sleep was not achieved after 20 minutes from the start of
the recording in a quiet and darkened room. When sedation was
required, the child was medically cleared by a pediatrician, an

informed consent was signed by the parents and CH (100 mg/
mL) at a dose of 50 mg/kg (to a maximum dose of 1.2 g) was
administered orally or rectally if oral administration was not
possible. An additional dose of 25 mg/kg of CH could be
administered 30 minutes later if sleep was not achieved. Chil-
dren were observed throughout the procedure and the pulse
oximeter and heart rate were monitored. The child was rou-
tinely aroused a few minutes prior to the scheduled end of the
recording if still asleep.

New Sedation Policy. The instructions for sleep deprivation and
fasting remained identical to the previous policy. Uncoopera-
tive children and those who did not sleep spontaneously within
20 minutes from the start of the recording were administered
2.5 mg of melatonin (1 mg/mL) if younger than 5 years or 5 mg
of melatonin if 5 years and older. If the child failed to sleep 20
minutes later, hydroxyzine (2 mg/mL) at a dose of 1.5 mg/kg
(to a maximum dose of 25 mg) was administered. If sleep was
still not achieved 20 minutes after hydroxyzine administration,
and following medical clearance and the signing of a parenteral
informed consent, a single dose of CH (100 mg/mL) was
administered at a dose of 25 mg/kg. Children who received CH
were observed throughout the procedure with the pulse oxim-
eter and heart rate constantly monitored. The child was rou-
tinely aroused a few minutes prior to the scheduled end of the
recording if still asleep.

Variables Collected

For the new sedation policy, the following variables were col-
lected: age, gender, developmental status, time and dose of
drug administration (when needed), start and end times of the
EEG record, time of onset of stage 2 sleep, duration of sleep in
the whole record and adverse events, when applicable.

For the control group, we retrospectively analyzed the fol-
lowing variables: age, gender, developmental status, time and
dose of CH administration (when needed), start and end times
of the EEG record, time of onset of stage 2 sleep, duration of
sleep in the whole record and severe adverse events, when
applicable. The frequencies of minor adverse events were not
routinely documented as part of the previous sedation policy
and therefore could not be calculated.

We defined sleep onset as the appearance of sleep spindles
in the 12 to 15-Hz range, topographically distributed over the
fronto-central derivations and lasting for at least 0.5
seconds.'®

Variables Analyzed

We calculated the percentage of children who achieved stage 2
sleep and the results were stratified according to those who
slept spontaneously, after the administration of melatonin,
hydroxyzine, and CH. We compared the percentages of chil-
dren who achieved stage 2 sleep with the new versus the previ-
ous sedation policy and calculated the percentages of children
who required the administration of CH in the two groups. In
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Table 1. Children Demographics.

Previous Sedation Protocol New Sedation Protocol P

Number of children 385 418
Gender, n (%)

Males 230 (59.74) 227 (54.31) 12

Females 155 (40.26) 191 (45.69)
Age in years, mean (range) 7.96 (0.51-17.78) 7.97 (0.55-17.91) 0.98
Age group in years, n (%)

0.5-2 52 (13.5) 67 (16.0)

2-5 84 (21.8) 88 (21.1) .58

5-10 112 (29.1) 107 (25.6)

10-18 137 (35.6) 156 (37.3)
Possible seizures as a reason for the EEG, n (%) 327 (84.9) 350 (83.7) .64
Antiepileptic drug intake at time of EEG, n (%) 261 (67.8) 279 (66.7) 75
Developmental status, n (%)

Normal 264 (68.6) 290 (69.4) 8l

Delayed 121 31.4) 128 (30.6)

addition, the time from the beginning of the record to the onset
of stage 2 sleep and the sleep percentage (duration of sleep as a
percentage of the duration of the whole record) were compared
between the 2 groups.

Statistical Analysis

For continuous variables, descriptive statistics including mean,
median, range, and frequencies with percentages were
calculated.

Statistical analysis was performed using chi-square test for
categorical variables and the Student #-test for continuous vari-
ables. Significant P values were set at < .05.

Results

Demographic Characteristics

A total of 803 patients (males/females = 457/346) with a mean
age of 7.9 years (median = 7.5 years, SD = 5.1 years, range =
0.5-17.7 years) were included in this study. EEGs were recorded
in 385 (47.9%) and 418 children (52.1%) using the old and new
sedation policies, respectively. The demographic characteris-
tics of children in the 2 groups are summarized in Table 1. The
mean age, gender, age groups distribution, and developmental
status were not significantly different between the 2 groups
(Table 1). In addition, the percentage of EEGs showing interic-
tal epileptiform discharges was not statistically different
between the previous and the new sedation protocols (37.7% vs
41.1%, P = 31).

Success Rates in Obtaining Sleep EEG Recordings
Between the Old and New Sedation Policies
The median duration of EEG ranged between 92 and 105 min-

utes (Table 2). Sleep EEG recordings were obtained in 364 of
385 children (94.6%) using the old sedation policy and in 409

of 418 children (97.9%) using the new sedation policy, a differ-
ence that was statistically significant (P <.05) (Table 2). A sig-
nificantly higher percentage of children slept spontaneously
with the old policy (59.2%) compared with the new policy
(47.6%, P < .001). For children who slept spontaneously, the
mean time to sleep onset was 22.6 minutes with the new policy
compared with 25.8 minutes with the previous policy (P =.07).

The administration of melatonin alone was successful in
achieving sleep in 44.6% of children who failed to sleep spon-
taneously, whereas the additional administration of hydroxy-
zine was successful in achieving sleep in 75.2% of children
who failed to sleep on melatonin alone. 96.4% of children who
failed to sleep with the combination of melatonin and hydroxy-
zine slept following the addition of CH (Table 2). Comparatively,
95.2% of children who failed to sleep spontaneously slept fol-
lowing the administration of CH alone using the old sedation
policy (Table 2). The percentage of children who slept with CH
alone with the old sedation policy (136/143) was significantly
higher compared with the sole administration of melatonin
(95/213) (P <.0001).

With the new sedation policy, the percentage of children
requiring CH to achieve sleep dropped from 37.1% to 6.7%
(P <.001), which translates to an absolute reduction of 30.4%
and a relative reduction of 81.9% (Table 2).

Comparison Between Normal and Developmentally
Delayed Children

The success rates of achieving sleep EEG recordings with the
new sedation policy were not significantly different between
normal children and those with developmental delay (Table 3).
Although developmentally delayed children were significantly
less likely to achieve spontancous sleep (28.1%) compared
with normal children (56.2%), the percentages of children
who achieved sleep following the sequential administration of
melatonin, hydroxyzine and CH were not significantly
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Table 2. Success Rates in Achieving Sleep EEG Recordings Following Administration of Chloral Hydrate (CH) (Previous policy) or
Melatonin Alone, Hydroxyzine Melatonin, and the Combination of CH With Melatonin and Hydroxyzine (New Policy).

Previous Policy New Policy P
Number of children 385 418
Mean (median) EEG duration in minutes 118 (105) 110 (92) .038
% sleep EEG recordings 94.6 97.9 .014
% children who slept spontaneously 59.2 47.6 <.001
Number of children who received melatonin (%) 213 (51.0)
% children who slept on melatonin 44.6
Number of children who received hydroxyzine (%) 117 (28.0)
% children who slept on hydroxyzine 75.2
Number of children who received CH (%) 143 (37.1) 28 (6.7) <.001
% children who slept on CH 95.1 96.4 .76

Table 3. Comparison of Success Rates in Achieving Spontaneous Sleep or Sleep EEG Recordings Between Normal Children and Those

With Developmental Delay With the New Sedation Policy.

Normal, n (%) Developmental Delay, n (%) P

Number of children 290 (69.4) 128 (30.6)

Children who slept 285 (98.3) 124 (96.9) .36
Children who slept spontaneously 163 (56.2) 36 (28.1) <.001
Children who received melatonin 123 (42.4) 90 (70.3) <.001
Children who slept on melatonin 54 (43.9) 4] (45.5) 8l
Children who received hydroxyzine 69 (23.8) 48 (37.5) .004
Patient who slept on hydroxyzine 52 (75.4) 36 (75.0) .96
Children who received CH 17 (5.8) 11 (8.6) .30
Patients who slept on CH 16 (94.1) 11 (100) 41

different (Table 3). The percentages of children who required
CH administration with the new sedation policy were not sig-
nificantly different between normal and developmentally
delayed children.

Use of Sedatives According to Various Age Groups

There was no significant difference in the percentages of chil-
dren who required melatonin or hydroxyzine administration
across the various age groups (Table 4). In addition, the require-
ment for CH with the new sedation policy was not significantly
different across the age groups. With the old sedation policy, CH
was used significantly more often in the 0.5- to 2-year age group
(55.8%; 29/52) compared with the other age groups (34.23%;
114/333) (P = .0028; Table 4).

Sleep Parameters

The sleep parameters including time to sleep onset and per-
centage of sleep (duration of sleep out of the total duration of
the recording) were not significantly different between the
previous and new sedation policies (Table 5). The mean
times to sleep onset from the beginning of the EEG recording
were 31.3, 43.0, and 46.1 minutes after administration of
melatonin, hydroxyzine, and chloral hydrate, respectively
(Table 5).

Likelihood of Achieving Sleep Recordings According
to the Duration of the EEG

One of the important variables with a direct impact on the suc-
cess rate in obtaining sleep EEG recording is the duration of the
tracing, which in our laboratories averaged 110 minutes
(median 92 minutes). Since the duration of EEG tracings vary
among different EEG laboratories, and given that the duration
of routine outpatient EEGs frequently averages 30 to 60 min-
utes, we calculated the percentages of children who would have
achieved sleep EEG recordings using the previous and new
sedation policies when stratified according to various EEG
durations. This was done by reviewing the first 30, 60, and 90
minutes of each tracing to determine if sleep would have been
achieved by that time. No significant differences in the percent-
ages of sleep EEG recordings were found between the 2 poli-
cies whether the cutoff duration of the EEG was 30, 60, or 90
minutes (Table 6). With the new sedation policy, one can expect
to obtain sleep EEG recordings in 63.4% of children when a
30-minute tracing is performed. This percentage increased to
90.4% and 95.2% when 60- and 90-minute tracings are per-
formed, respectively (Table 6).

Adverse Events

The new sedation policy was very well tolerated with only 1
child experiencing vomiting after melatonin administration and
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Table 4. Use of Sedative-Hypnotics Between the Old and New Sedation Policies Stratified According to Age Groups.

Melatonin Hydroxyzine Chloral Hydrate
Age Group in Years Old New Old New Old New
0.5-2 (%) 50.8 224 55.8 4.5
2-5 (%) 54.6 34.1 38.1 5.7
5-10 (%) 49.5 224 34.8 9.4
10-18 (%) 50.0 30.8 314 6.4

Table 5. Sleep Parameters and EEG Duration in Children Who Underwent EEG Recordings According to the Previous and New Sedation

Policies.”

Previous Policy New Policy P
Sleep onset (min) 299 30.6 73
Sleep onset in patient who slept spontaneously (min) 25.8 22.6 .07
Sleep onset in patient who slept on melatonin (min) 313
Sleep onset in patient who slept on hydroxyzine (min) 43.0
Sleep onset in patients who slept on chloral hydrate (min) 36.6 46.1 29
Percentage sleep (%) 52.0 49.6 .I5
*Sleep onset is calculated from the start of the EEG recording.
Table 6. Percentage of Patients Achieving Sleep Stratified by the Duration of EEG in the 2 Groups.

Old Policy New Policy P

% patients who slept if EEG duration was 30 min 65.7 63.4 49
% patients who slept if EEG duration was 60 min 90.1 90.4 .89
% patients who slept if EEG duration was 90 min 94.6 95.2 .67

3 children developing adverse events after hydrozyzine admin-
istration (2 had vomiting and 1 experienced a transient ataxia).
Two children who received CH developed a transient bradycar-
dia that resolved following noxious stimulation and arousal and
1 child developed a mild oxygen desaturation (oxygen satura-
tion of 91%) that resolved following administration of oxygen
by face mask.

We did not systematically document the presence of mild
adverse events with the previous sedation policy. Two children
developed transient desaturation and required oxygen adminis-
tration by face mask.

Discussion

Our results indicate that a sedation policy consisting of the
sequential administration of melatonin, followed if needed by
hydroxyzine then CH is safe, highly efficacious and resulted in
sleep EEG recordings in 98% of children. More important,
with the new sedation policy, the percentage of children requir-
ing CH administration declined significantly from 37.1% to
6.7%, which corresponds to a relative reduction of 82%.
Chloral hydrate has long been used at our and other medical
centers for short-term sedation to facilitate the placement of
EEG electrodes in agitated and uncooperative children and for
the successful acquisition of sleep EEG recordings.'”?” This

agent’s popularity and long track record resides in its overall
efficacy as a sedative-hypnotic, good safety record, and ease of
administration through the oral or rectal routes. It is rapidly
metabolized by alcohol dehydrogenase in the liver and erythro-
cytes to trichloroethanol, a highly lipid soluble active metabo-
lite which crosses the blood-brain barrier and which is believed
to account for its hypnotic properties.'® Despite its overall good
safety record, CH has been associated with some serious side
effects, including oxygen desaturation, delayed apnea, and
respiratory arrest.”'”’ Because of these potential complica-
tions, the AAP has recommended that appropriate presedation
medical screening and clearance be performed and that chil-
dren administered CH be constantly monitored by a certified
nurse throughout the duration of the procedure.'”*** This
requirement, with its resultant strain on time and personal
resources led a number of EEG laboratories across the world to
discontinue using CH as a sedative-hypnotic to obtain sleep
recordings and to look for alternative agents. Our data clearly
showed that the new sedation policy was overall more effective
than the old sedation policy in obtaining sleep EEG records
(94.6% success with the old sedation policy vs 97.9% with the
new sedation policy) and more importantly resulted in a sig-
nificant reduction in the percentage of children requiring the
administration of CH. In addition, with the old sedation policy,
CH was most frequently used in children younger than 2 years
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with 55.8% of patients in this age group being administered
this drug. The new sedation policy reduced the use of CH in
this vulnerable age group to 4.5%.

We found that the administration of melatonin alone was
effective in inducing sleep in 45% of children who failed to sleep
spontaneously. Melatonin, a hormone produced by the pineal
gland, was shown to induce sleep by acting on the suprachias-
matic nucleus of the hypothalamus and is used to treat insom-
nia®® and jet lag.* Its advantages include near absence of adverse
events and an excellent safety record.’’** The efficacy of mela-
tonin in obtaining sleep EEG recordings was reported in 3 stud-
ies."”!** One of those found that melatonin’s efficacy was
comparable to that of sleep deprivation and that 79% of children
administered this drug achieved stage 2 sleep.'* The other com-
pared melatonin with CH in partially sleep deprived children and
reported that both drugs were equally efficacious in obtaining
sleep EEG recordings, although the sleep duration was signifi-
cantly longer in the CH group."® The lower success rate with
melatonin in the present study is related to procedural differ-
ences and methods of calculating success. In those 2 studies, all
children were administered the medication just before'* or 30 to
60 minutes before the EEG hook-up'® whereas in our study, we
only administered melatonin to children who failed to sleep
spontaneously. If children who slept spontaneously were added
to those who slept after melatonin administration, the success
rate in achieving sleep EEG recordings would increase to 71.3%,
which is comparable to the previously reported percentage.*
The third study found that melatonin did not increase the yield of
sleep EEG recordings in 50 consecutive sleep-deprived chil-
dren*® In that study, the median times of sleep deprivation
ranged between 330 and 360 minutes, which probably accounts
for the 96% success rate in obtaining sleep EEG recordings with
sleep deprivation alone.* Importantly, this study found that mel-
atonin does not affect the quality and characteristics of EEG
recordings.™

We found that the addition of hydroxyzine to melatonin for
children who failed to sleep on melatonin alone was highly
efficacious since this combination induced sleep in 75% of
children who failed to sleep on melatonin alone. Hydroxyzine
is an H1 receptor antagonist mostly used to treat allergic condi-
tions.”*** It was previously reported to be efficacious in obtain-
ing sleep EEG recordings and to be associated with minimal
side effects.'”***" A study found that hydroxyzine administra-
tion resulted in sleep EEG recordings in 92% of uncooperative
children who failed to sleep spontaneously.*’ The design of that
study differed from ours since children were moved to a dark
and quiet room for at least an hour, were subsequently admin-
istered 1 or 2 doses of hydroxyzine and the EEG recording was
started after they fell asleep.”’ A study comparing the efficacy
of hydroxyzine to that of CH reported similar rates of efficacy
in obtaining sleep records between the 2 drugs although a rela-
tively low dose of CH (25 mg/kg) was used in that study.'

In our study, the same instructions regarding partial sleep
deprivation were given to parents in both sedation policies, which
minimized the likelihood that this factor was a confounding vari-
able. The importance of sleep deprivation in increasing the chance
of achieving spontaneous sleep in routine EEG recordings was

shown in a number of studies.”'>** These studies indicated that
sleep deprivation resulted in the recording of spontaneous sleep
in 55% to 96% of children, a significantly higher percentage to
those who were not sleep deprived. In our study, 48% and 59% of
children slept spontaneously following partial sleep deprivation
in the new and previous sedation policies, respectively. The fact
that more children achieved spontaneous sleep with the old seda-
tion policy is likely because of the delay in administering CH
attributed to calling and waiting for a physician to obtain medical
clearance, which allowed some children to achieve spontaneous
sleep. This is supported by the fact that the mean time to sleep
onset for children who slept spontaneously was longer in the old
compared with the new sedation policy.

We also found that a significantly higher percentage of
developmentally normal children slept spontaneously compared
with children with developmental delay. This observation is not
surprising and the fact that children with developmental delay
have sleep onset problem was previously reported.*' The inter-
esting result in our study and which to our knowledge was not
previously reported was the comparable percentages of children
who slept following the administration of melatonin or its com-
bination with hydroxyzine between the 2 groups of children.

With the new policy, sleep EEG recordings can be achieved
in 90% of 1-hour and in 95% of 90-minute EEG requests. This
policy will be successful in obtaining sleep recordings in only
67% of EEGs lasting 30 minutes. Since the great majority of
pediatric EEG requests in our laboratories are for 60 minutes or
more, this policy proved to be highly effective in obtaining ade-
quate sleep recordings.

In summary, we found that this new sedation policy is very
safe, highly efficacious in obtaining sleep EEG recording, is oper-
ational and easily integrated in the day to day running of a busy
EEG laboratory. We also expect that the significant reduction in
the use of CH with the new sedation policy will result in substan-
tial saving of time and personnel resources in our laboratories.
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