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Abstract
Objective: The purpose of this study was to compare efficacy and safety of oral chloral hydrate (CH) andpromethazine (PZ) for sedation during electroencephalography (EEG) in children.
Methods: In a parallel single-blinded randomized clinical trial, sixty 1-10 year old children referred to EEGUnit of Shahid Sadoughi Hospital from January 2010 to February 2011 in Yazd, Iran, were evaluated. Theywere randomized to receive orally 70 mg/kg chloral hydrate or promethazine 1 mg/kg. The primary outcomewas efficacy in adequate sedation and successful recording of EEG. Secondary outcome included clinical sideeffects, time from administration of the drug to adequate sedation, caregiver’s satisfaction on a Likert scale,and total stay time in EEG Unit.
Findings: Twenty four cases with mean age 2.9±1.9 years were evaluated. Adequate sedation (Ramsaysedation score of four) was obtained in 43.3% of PZ and 100% of CH group (P=0.00001). Also in 70% of PZand 96.7% of CH group, EEG was successfully recorded (P=0.006). So, CH was a more effective drug. In CHgroup, EEG was performed in shorter time after taking the drug (32.82±9.6 vs 52.14±22.88 minutes, P<0.001)and the parents waited less in the EEG unit (1.29±0.54 vs 2.6±0.59 hours, P<0.001). They were also moresatisfied (4.6±0.6 scores vs 3.1±1.4 scores, P=0.001). Mild side effects such as vomiting in 20% of CH (n=6)and agitation in 6.6% of PZ group (n=2) were seen. No significant difference was seen from viewpoint of sideeffects frequency between the two drugs.
Conclusion: The results of the present study showed that chloral hydrate can be considered as a safe andmore effective drug in sedation induction for sleep EEG in children.
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IntroductionSeizure is one of the most common problems inpediatric neurology which occurs in 4-10 percentof children in the first 16 years of life. A detailedand reliable account of the event by an eyewitnessis the most important part of the diagnosticevaluation, but it may not often be available.

Electroencephalography (EEG) is recommended inevaluation of a child with first seizurepresentation and it is a useful diagnostic tool indiagnosis of seizure and differentiating it fromseizure-like attacks[1].EEG needs cooperation and immobility of thepatient and in all children, apart from the age,recording in natural sleep is preferred to drug-
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induced one. But, in children who do not naturallysleep, pharmacological agents and proceduralsedation should be used to induce it[2].Different sedation regimens may be used inchildren for sedation induction. Chloral hydrate isa non-opiate, non-benzodiazepines sedative-hypnotic drug which has been used for pediatricsedation induction in dosage of 40-100 mg/kg foryears[3-6]. But, there are concerns about its longaction duration, obstruction of airway anddepression in respiration, desaturation of oxygen,sedative effects consistency and its potential forcarcinogenicity[7]. Promethazine is a cheap andeasily available antiemetic agent which can beused for sedation induction as an old sedativeagent[8,90].There has been no randomized trial to comparethese two agents in drug-induced sleep EEG. So,the purpose of this study was to compare efficacyand safety of oral chloralhydrate (CH) andpromethazine (PZ) in sedation induction for sleepEEG of children in Yazd, a central city in IR Iran.
Subjects and MethodsWe followed a randomized single-blind study onsixty referred children to EEG Unit of ShahidSadoughi Hospital from January 2010 to February2011.Thirty children were required in clinical, open-label, parallel group study conducted on eachgroup to detect a 20% difference in efficacybetween the two drugs with type one error(alpha) of 0.05 and 80% power. Eligibleparticipants included children aged 1-10 years,referred to EEG Unit by a pediatric neurologistbased on standard indications after a clinicalassessment which was indicative of seizure orunclear spells or seizure-like events, didn’t sleepnaturally, and were classified as American Societyof Anesthesiology (ASA) class 1 (a normallyhealthy patient) or 2 (a patient with mild systemicdisease: mild asthma, controlled diabetesmellitus)[10]. Exclusion criteria consisted ofpresence of gastritis or any other serious systemicdiseases, severe systemic reaction and receiving asedative or hypnotic agent within the past 48hours.

The trial used computer generated equalrandomization and allocation ratio was 1:1 for thetwo groups. Randomisation was done by acomputer generated random number list andblinding was done by employing an investigatorwith no clinical involvement in the trial. Datacollectors, outcome assessors and data analystswere all kept blinded to the allocation but theinterventionists (EEG staff). The trial adhered toestablished procedures to maintain separationbetween person who took outcome assessmentand staff that delivered the intervention. The drugwas delivered by EEG staff and primary andsecondary outcomes were assessed by theresident of research who was not informed of thedrug group assignment. Investigators, staff andparticipants were all kept masked to outcomemeasurements and trial results.The children were randomized to receive eithersingle dose of 70 mg/kg chloral hydrate which wasdiluted in water (Group I) or 1 mg/kg ofpromethazine dissolved in water (Group II). Inboth groups, the drugs were administered orallyand before entering electroencephalographyroom. The sedation level was observed andrecorded every 10 min. After the child wasadequately sedated, EEG was recorded.Ramsay sedation scale was used for assessmentof sedation level[11]. If the child was not sedatedafter 30 minutes of drug ingestion, the seconddose of the drug, in half of the first one, wasadministered. Heart rate, blood pressure andrespiratory rate were measured before and every15 minutes after two hours of drug taking. Pulseoximetry was also done before and within twohours after the drug was taken. A Ramsay score offour was considered as adequately sedated.The primary outcome was efficacy in adequatesedation and successful recording of EEG.Secondary outcome included clinical side effects,serious adverse events (respiratory depressionrequiring assisted ventilation, cyanosis, hypoxia(oxygen saturation of less than 90%), hypotensionor 25% or greater decrease in pre sedation meanarterial blood pressure, severe vomiting,intractable irritability and agitation, apnea,laryngospasm, bradycardia, time fromadministration of the drug to adequate sedation,caregiver’s satisfaction on a Likert scale (5 forcompletely satisfied, 4 for satisfied, 3 for partiallysatisfied, 2 for partially unsatisfied and 1 for
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completely unsatisfied), and total stay time in EEGunit.Any kind of clinical side effects were evaluatedeither by parents, report or by physicalexamination within two hours after taking thedrugs. Failure to achieve adequate sedation(patient awakened or moved, interfered withcompletion of EEG, inadequate sedation and needto administration of other sedative drug) andprocedure abortion due to serious adverse events,were considered as failure of sedation regimen.The developmental status of the patient wasassessed by a pediatric neurologist based onDenver II Developmental screening test.The data was analyzed using SPSS 15 statisticalsoftware. Chi-square test or Fisher exact test wasused for data analysis of qualitative variables andmean values were compared using independentt-test. Differences were considered significant at
P values of less than 0.05.Informed consent was taken from the parents.The study has been approved by the ethiccommittee of Shahid Sadoughi University ofMedical Sciences, Yazd, Iran. The design andconduct of this trial was straightforward, and wedid not have any exclusions or losses duringfollow-up.
FindingsTwenty four girls (40%) and 36 boys (60%) withmean age of 2.9±1.9 years were evaluated.Comparison of demographic characteristics of thechildren is shown in Table 1 which  indicates thatno statistically significant differences were seenfrom view point of sex distribution, developmentalstatus, mean age and mean weight of children inboth groups.With the first dose of the drugs, adequatesedation (Ramsay sedation score of four) was

obtained in 13 (43.3 %) children in promethazineand in all of 30 (100%) children in CH group.Statistical analysis showed that chloral hydratewas a more effective drug in obtaining Ramsaysedation score of four (P<0.001). In promethazinegroup, second dose of drug was used in 17children, in eight of whom a Ramsay sedationscore of four was achieved.EEG after adequate sedation was successfullyrecorded in 70% of PZ group (95% confidenceinterval of 0.53-0.86) and in 96.7% of CH group(95% confidence interval of 0.91-1.18) andstatistical analysis showed that CH was a moreeffective drug in induction of sleep for recording ofelectroencephalography (P=0.006).Table 2 shows comparison of mean values ofsome variables and indicates that in CH grouphigher Ramsay score was obtained following thefirst dose of the drug, the Ramsay sedation scorefour was obtained sooner, EEG was performed inshorter time after taking the drug and the parentswaited less in the EEG unit and were moresatisfied.Mild side effects such as vomiting in 20% (n=6)of CH and agitation in 6.6% (n=2) of promethazinegroup were seen. No statistically significantdifferences were seen from viewpoint of safetybetween the two drugs (P=0.1). No seriousadverse events (apnea and respiratory depressionthat needed ventilator support, hypotension, etc)were seen in these two groups.

DiscussionVarious drugs have been used for proceduralsedation in children. In present study, efficacy andsafety of oral chloral hydrate and promethazine insedation induction for sleep EEG of children werecompared.
Table 1: Comparison of demographic characteristics of children in both groups

Data Chloral hydrate Promethazine P-value

Sex
Female 12 13 0. 9Male 18 17

Developmental status
Normal 20 19 0. 8Delay 10 11

Weight in kg [mean (SD)] 12/6 (6/1) 10/9 (3/21) 0.2
Age in year [mean (SD)] 2.8 (2.2) 2.4 (1.6) 0.4
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Table 2: Comparison of mean of some variables in two groups
Data

Chloral hydrate
Mean (SD)

Promethazine
Mean (SD)

P-value

Acquired Ramsay scale with first dose of drug 4.4 (0.5) 2.87 (1.4) <0.001
Time from drug administration to adequately sedated (in
minutes)

21.73 (7.24) 33.84 (16.26) 0.02
Time after taking the drug to record EEG (in minutes) 32.82 (9.6) 52.14 (22.88) 0.001
Caregiver’s satisfaction scale 4.6 (0.6) 3.1 (14) 0.001
Stay time in EEG unit (in hours) 1.29 (0.54) 2.6 (0.59) <0.001SD: Standard Deviation
Results of present study indicated that chloralhydrate was an effective drug for providingsedation in uncooperative children which is inagreement with other studies[4,12,13].In this study, Ramsay score of four wasachieved with 70 mg/kg chloral hydrate, in all of30 children in 96.7% of whom electroencephalo-graphy recording was done successfully andsuccess rate in doing the procedure was similar toother studies[4,14,15]. However, the lowest successrate of chloral hydrate in sedation induction was56% in Fávero  et al study[16] and in other studiesthis rate varied between 62.5% and 100%[3,15,17-19].Possible explanation for these discrepancies isdifferences in dosage of the drug, race, samplesize, type of procedure, medical condition ofpatients, etc.In present study, no serious clinical adverseevent was seen in the two groups. But, in Fávero etal study, respiratory complications occurred intwo of 41 children who got 50 mg/kg of chloralhydrate[16] and in Heistein et al study in Texas,serious side effects occurred as apnea in 0.3%,airway obstruction in 1.4%, hypoxia in 5.9%,hypercarbia in 6.6% and hypotension in 0.4% of1095 children who were sedated with chloralhydrate for echocardiography[20].In this study, the only adverse effect of chloralhydrate was vomiting that occurred in 20% ofchildren. In Ronchera-Oms et al study in Spain,9.9% of 596 children who were sedated withchloral hydrate to undergo magnetic resonanceimaging, faced side effects; the most common(1%) adverse effects were nausea, vomiting(6.9%), nervousness and unusual excitement[21].In Heistein et al study, 10.8% showed adverseevents most common of which were hypercarbia(6.6%) and hypoxia (5.9%)[20] and minorcomplications occurred in 7.4% of pre-school

children in Roach et al study [4]. In the presentstudy, vomiting occurred in 20% of children whowere sedated by chloral hydrate, while 0.4 percentof children in Texas study[20] and 30% in Turkishstudy, had vomiting[16].In our study, electroencephalography recordingwas done successfully in 43.3% of children whowere sedated by 1 mg/kg oral promethazine.Padmanabhan et al in India, found thatcombination of promethazine plus tramadol wasmore effective than promethazine plus ketaminein sedation of uncooperative children for dentaltreatment (69% vs 42%, P<0.001)[22].In present study, agitation as the only side effectof promethazine occurred in 6.6% of children.Adenipekun et al compared complications ofparenteral and/or oral promethazine, diazepam,chlorpromazine and paraldehyde in childrensedation induction during radiotherapy, and foundthat complications occurred in 48% of childrenand the most common side effect was injectioncellulitis in 85.3%[23].In a randomized double-blind crossover studyin Michigan, children who received 0.2 mg/kgintranasal midazolam had less decrease in systolicand diastolic blood pressure and slept less andrecovered faster as compared to those who got62.5 mg/kg CH with 12.5 mg promethazine[24].However, promethazine may be increased in EEGpower spectra of the delta and theta bands at thefrontal cortex in rats[25], but, EEG characteristic ofchildren was not evaluated in present study.The limitations of this study were its smallsample size and short duration of follow up.Therefore, it is suggested that further studies beconducted with larger sample size, longer followup periods and different dosages of chloralhydrate.
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ConclusionThe results of present study showed that chloralhydrate was more effective and less timeconsuming in EEG unit. Therefore, chloral hydratecan be considered as a safe, cheap and effectivedrug in sedation induction for electroencephalo-graphy and may be used in other procedures(echocardiography, CT scan, MRI, bone marrowaspiration, lumbar puncture) in children.
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