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Introduction

Neuroimaging and electroencephalography (EEG) are
important for the diagnosis, prognosis and development
of interventional strategies in paediatric neurodevelop-
mental disorders. Due to the need of the child to remain
still during the imaging exam and sleep EEG, performing
these tests is often a challenge. Thus, the use of an ade-
guate sedative agent is paramount for the success of the
neurodiagnostic procedures.

The National Institute for Health and Care Excellence
(NICE) and the American College of Emergency Physi-
cians guidelines recommend chloral hydrate for mod-
erate sedation during painless procedures in children.'?
However, they do not claim its superiority compared to
other sedative agents. Some studies suggest that chloral
hydrate is ineffective in a significant proportion of chil-
dren.>* On the other hand, there are concerns about its
safety, and gastrointestinal, cardiovascular, respiratory
and carcinogenic effects have been reported.>”

Aim

In this Cochrane Corner, we present and discuss the
results of a systematic review from the Cochrane Data-
base of Systematic Reviews published in 2017, which
summarised and updated the existing evidence on the
efficacy and safety of chloral hydrate as a sedative agent
in paediatric neurodiagnostic procedures.®

Methods

Randomised or quasi-randomised controlled trials of
children (under 18 years old) who electively underwent
neuroimaging or sleep EEG requiring sedation were

included. The administration of oral or rectal chloral
hydrate was compared to other sedative/sleep-inducing
agents, alternative therapies or no intervention.

The primary outcomes included the proportion of chil-
dren who successfully completed a neurodiagnostic pro-
cedure without awakening, the proportion of children
who required a further dose of either the same sedative
agent or the addition of a different sedative agent, and
the time to adequate sedation in minutes.

The secondary outcomes were the proportion of chil-
dren with sedation failure or inadequate level of seda-
tion, the sedation duration, sleep onset latency, EEG
and neuroimaging artefact findings, and adverse effects
attributable to therapy.

The review followed Cochrane’s standardised meth-
odology, with a systematic search of studies published
up to July 2017 in MEDLINE, CENTRAL, EMBASE and
Cochrane Epilepsy Group Specialized Register data-
bases. Unpublished and ongoing studies, references,
guidelines, review articles and abstracts of relevant
scientific meetings were identified.

The risk of bias of the included studies was assessed using
the Cochrane Risk of Bias Tool (2011) and the quality of
evidence for the main outcomes was assessed using the
GRADE approach. Authors assessed clinical heterogeneity
due to clinical and methodological factors, and statistic
heterogeneity was quantified by the measurement of
inconsistency (I?).

Different effect measures were used depending on the
outcome, including risk ratio (RR) for dichotomous var-
iables and mean differences (MDs) for continuous vari-
ables. The results were presented with 95% confidence
intervals (95% Cl).

The meta-analysis was based on a fixed-effects model,
using a random-effects model in the presence of mod-
erate to high heterogeneity.
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Results

Thirteen studies conducted in Iran, Turkey, the United
States, Israel, Chile and Spain, with a total of 2,390
children, were included. Five studies used sedation for
neuroimaging (computed tomography and/or magnetic
resonance imaging). In the remainder, sedation was
used for EEG.

The quantitative analysis included only 10 studies and
1,262 children after the exclusion of three studies for
methodological reasons.

Of the 10 comparisons performed, seven compared oral
(six studies) or rectal (one study) chloral hydrate with
other sedative agents (oral dexmedetomidine, hydrox-
yzine, promethazine and melatonin; oral, intranasal and
rectal midazolam; intravenous pentobarbital), and one
study compared it with music therapy. Chloral hydrate
doses ranged from 25 to 100 mg/kg orally and 50 mg/kg
rectally. Two studies compared two doses of oral chloral
hydrate (100 mg/kg vs. 50-70 mg/kg).

The methodological aspects of randomisation, allo-
cation concealment and blinding of participants and
researchers were adequate in seven (53%), three (23%)
and three (23%) studies, respectively. Three studies
were at low risk of bias in all domains.

Nine studies evaluated the time to adequate sedation.

The remaining primary outcomes were not reported.
Regarding secondary outcomes, failure and duration
of sedation (eight and seven studies, respectively) and
adverse effects (eight studies) were reported. Selected
results are shown below and in Table 1.

Time to adequate sedation

Oral chloral hydrate showed shorter time to adequate
sedation compared with dexmedetomidine (MDs -3.86;
95% Cl -5.12 to -2.60), hydroxyzine (MDs -7.50; 95%
Cl -7.85 to -7.15), promethazine (MDs -12.11; 95% ClI
-18.48 to -5.74) and rectal midazolam (MDs -95.70; 95%
Cl -114.51 to -76.89). This time was significantly longer
compared with intravenous pentobarbital (MDs 19;
95% ClI 16.61 to 21.39) and intranasal midazolam (MDs
12.83; 95% ClI 7.11 to 18.44). There was no significant
difference between oral chloral hydrate and music ther-
apy. The 100 mg/kg dose was associated with a shorter
time onset to adequate sedation compared with 50
mg/kg (MDs -7.00; 95% Cl -7.62 to -6.38) and 70 mg/kg
(MDs -5.10; 95% CI -7.05 to -3.15).

Sedation duration

A longer duration of sedation was observed with rectal
chloral hydrate compared with rectal midazolam, but
not with chloral hydrate compared with oral midazolam

Table 1. Comparison of chloral hydrate with midazolam and between different doses of chloral hydrate

Comparison and Participants Mean differences Risk ratio Quality of evidence

secondary outcomes (studies) (95% CI) (95% Cl) (GRADE)
Oral chloral hydrate (75-100 mg/kg)
vs. oral midazolam (0.5 mg/kg)
Sedation duration (minutes) 33 (1) 19 (-3.40 to 41.40) Low
Sedation failure 33 (1) 0.17 (0.02 to 1.12) Low
Adverse effects — overall 198 (1) 0.20 (0.01 to 4.0) Low
Oral chloral hydrate (75-100 mg/kg)
vs. intranasal midazolam (0.2 mg/kg)
Sedation failure 60 (1) 0.39 (0.19 to 0.79) Moderate
Adverse effects — nausea and vomiting 93 (2) 5.29 (0.84 to 33.14) n.a.
Adverse effects — behavioural changes 60 (1) 0.33(0.01 to 7.87) Moderate
Oral chloral hydrate (50 mg/kg)
vs. rectal midazolam (1 mg/kg)
Sedation duration (minutes) 59 (1) 15.1 (3.35 to 26.85) n.a.
Dose comparison (100 mg/kg vs. 70 mg/kg)
Sedation duration (minutes) 97 (1) 8(5.81 to 10.19) n.a.
Sedation failure 97 (1) 0.46 (0.19 to 1.09) n.a.
Adverse effects — overall 97 (1) 1.06 (0.49 to 2.32) n.a.
Dose comparison (100 mg/kg vs. 50 mg/kg)
Sedation duration (minutes) 76 (1) 17.8 (8.50 to 27.10) n.a.
Sedation failure 76 (1) 0.23 (0.05 to 0.99) n.a.
Adverse effects — overall 76 (1) 2.25(0.77 to 6.55) n.a.
Adverse effects — nausea and vomiting 76 (1) 2.10 (0.59 to 7.52) n.a.
Adverse effects — oxygen desaturation 76 (1) 0.90 (0.06 to 13.87) n.a.

\_ Adverse effects — behavioural changes 76 (1) 4.51 (0.22 to 90.96) n.a. )

95% Cl — 95% confidence interval; n.a. — not assessed.
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(Table 1). Sedation was longer with oral chloral hydrate
compared with hydroxyzine (MDs 3.1; 95% Cl 2.23 to
3.97) and music therapy (MDs 160; 95% ClI 121.07 to
198.93). The duration was shorter with oral chloral
hydrate compared with dexmedetomidine (MDs 16.31;
95% Cl 9.15 to 23.46). Higher doses were associated
with a longer duration of sedation (Table 1).

Adverse effects

Oral chloral hydrate was associated with a higher risk of
nausea and vomiting compared with dexmedetomidine
(RR 12.04; 95% Cl 1.58 to 91.96). There was no significant
difference in overall and specific adverse effects (nausea,
vomiting, arterial hypotension, bradycardia, desaturation,
behavioural changes) between chloral hydrate and mida-
zolam (Table 1) or other sedative agents. Overall adverse
effects were not different between doses (Table 1).

Conclusion

In children undergoing neurodiagnostic procedures,
oral chloral hydrate was as effective as a sedative agent
as oral dexmedetomidine, hydroxyzine and midazolam,
with similar failure rates, and was more effective than
oral promethazine and intranasal midazolam. However,
the authors state that the quality of the evidence does
not permit presenting solid conclusions. There was a
higher risk of adverse effects with oral chloral hydrate
compared to oral dexmedetomidine. The authors rec-
ommend using chloral hydrate with caution until new
safety studies are available.

Comments

The results of this review are in line with other European
guidance documents, where chloral hydrate is deemed
to be the preferred sedative agent in painless proce-
dures, as it is effective and has a good safety profile.?°
Chloral hydrate has a moderate sedative effect, without
respiratory or haemodynamic complications in most
children.>” However, the incidence of adverse effects
can vary between 1.7% and 20%, which most often are
nausea and vomiting.>”'® Some observational studies
describe infrequent and transient episodes of bradycar-
dia, arterial hypotension, bradypnea and desaturation.>®
Thus, like other sedatives, it should be used by qualified
professionals with assessement of vital signs at regular
intervals and continuous pulse oximetry during and
after the procedure.’** On the other hand, studies in
animals have identified genotoxic action and a carcino-

genic potential of chloral hydrate, which has led to the
cessation of its use in some countries.>! Nevertheless,
the few epidemiological studies which have been con-
ducted in humans do not support this finding.1”*8

NICE guidelines recommend the use of oral chloral
hydrate or intravenous midazolam in children up to 15
kg for painless procedures, such as neuroimaging due to
their good safety profile.2*%% In contrast, the US guide-
lines favor intravenous sedatives for neuroimaging, and
oral/intranasal midazolam or intranasal dexmedeto-
midine for other painless procedures such as EEG.
Chloral hydrate is no longer recommended due to the
above-mentioned safety concerns, as potentially more
effective and safe alternatives are available.!*?°

In Portugal, the 2012 Portuguese Directorate-General
of Health guidelines of pain control in paediatric inva-
sive procedures recommend the use of drugs such as
chloral hydrate and midazolam in painless diagnostic
procedures that require the cooperation of the child.??
The least invasive routes of administration (oral and
intranasal) are preferred. Note that dexmedetomidine
and pentobarbital are not authorised or available for
human use for this indication in Portugal. As to the
applicability in an emergency setting, observational
studies have found that sedation with chloral hydrate
in imaging procedures after mild head trauma was safe
and effective, with uncommon and usually mild adverse
events (vomiting).?>?3

In spite of the conclusions pointed out in this review,
it is important to stress that evidence is scarce and its
quality is low. There is limited data relating to adverse
effects, and more studies with adequate methods and
relevant outcomes are needed to evaluate its efficacy
and safety. There is a need to study Portuguese practices
in this field and to promote rational use according to
current evidence.

Keywords: Child; Chloral Hydrate/administration & dos-
age; Chloral Hydrate/adverse effects; Conscious Seda-
tion; Electroencephalography; Hypnotics and Sedatives;
Magnetic Resonance Imaging; Neuroimaging; Tomogra-
phy, X-Ray Computed

Conflicts of Interest

The authors declare that there were no conflicts of interest in
conducting this work.

Funding Sources

There were no external funding sources for this paper.

Portuguese Journal of Pediatrics ‘@'



Chloral Hydrate in Neurodiagnostic Procedures

References

1. Mace SE, Brown LA, Francis L, Godwin SA, Hahn SA, Howard
PK, et al. Clinical policy: Critical issues in the sedation of pedi-
atric patients in the emergency department. Ann Emerg Med
2008;51:378-99. doi: 10.1016/j.annemergmed.2007.11.001.
2. National Institute for Health and Care Excellence. Sedation
in under 19s: Using sedation for diagnostic and therapeutic
procedures [accessed 31 July 2018]. Available at: https://www.
nice.org.uk/guidance/cg112

3. Beebe DS, Tran P, Bragg M, Stillman A, Truwitt C, Belani
KG. Trained nurses can provide safe and effective sedation for
MRI in pediatric patients. Can J Anaesth 2000;47:205-10. doi:
10.1007/BF03018913.

4. Malviya S, Voepel-Lewis T, Tait AR. Adverse events and risk
factors associated with the sedation of children by nonanes-
thesiologists. Anesth Analg 1997;85:1207-13.

5. Allegaert K, Anker J. Sedation in the neonatal intensive care
unit: International practice. In: Mason KP, editor. Pediatric
sedation outside of the operating room: A multispecialty
international collaboration. 2" ed. New York: Springer-Verlag;
2015.p.243-74. doi: 10.1007/978-1-4939-1390-9.

6. Finnemore A, Toulmin H, Merchant N, Arichi T, Tusor N,
Coxet D, et al. Chloral hydrate sedation for magnetic resonance
imaging in newborn infants. Paediatr Anaesth 2014;24:190-5.
doi: 10.1111/pan.12264.

7. Chen ML, Chen Q, Xu F, Zhang JX, Su XY, Tu XZ. Safety and
efficacy of chloral hydrate for conscious sedation of infants
in the pediatric cardiovascular intensive care unit. Medicine
2017;96:e5842. doi: 10.1097/MD.0000000000005842.

8. Fong CY, Tay CG, Ong LC, Lai NM. Chloral hydrate as
a sedating agent for neurodiagnostic procedures in chil-
dren. Cochrane Database Syst Rev 2017;11:CD011786. doi:
10.1002/14651858.CD011786.pub?2.

9. Meyer S, Grundmann U, Gottschling S, Kleinschmidt S, Gort-
ner L. Sedation and analgesia for brief diagnostic and thera-
peutic procedures in children. Eur J Pediatr 2007;166:291-302.
doi: 10.1007/s00431-006-0356-0.

10. Starkey E, Sammons HM. Sedation for radiological imaging.
Arch Dis Child Educ Pract Ed 2011;96:101-6. doi: 10.1136/
adc.2008.153072.

11. Sury M. Conscious Sedation in Children. Contin Educ
Anaesth Crit Care Pain 2012;12:152-6. doi: 10.1093/bjace-
accp/mks00.

12. Diregdo Geral de Saude. Orientagdes técnicas sobre o con-
trolo da dor em procedimentos invasivos nas criangas (1 més
a 18 anos) [accessed 31 July 2018]. Available at: https://www.
dgs.pt/directrizes-da-dgs/orientacoes-e-circulares-informati-

o@. Portuguese Journal of Pediatrics

vas/orientacao-n-0222012-de-18122012-png.aspx

13. Coté CJ, Wilson S. Guidelines for monitoring and man-
agement of pediatric patients during and after sedation for
diagnostic and therapeutic procedures: An update. Pediatrics
2006;118:2587-602. doi: 10.1542/peds.2006-2780.

14. Cravero JP. Sedation policies, recommendations, and
guidelines across the specialties and continents. In: Mason
KP, editor. Pediatric sedation outside of the operating room:
A multispecialty international collaboration. 2™ ed. New
York: Springer-Verlag; 2015.p.17-31. doi: 10.1007/978-1-4939-
1390-9.

15. Salmon AG, Kizer KW, Zeise L, Jackson RJ, Smith MT. Poten-
tial carcinogenicity of chloral hydrate: A review. J Toxicol Clin
Toxicol 1995;33:115-21.

16. California Environmental Protection Agency. Evidence on
the carcinogenicity of chloral hydrate: 2003 update [accessed
31 July 2018]. Available at: https://pdfs.semanticscholar.org/
a279/c91ce579e9f90f0010942b82bc3bfde2882c.pdf

17. Haselkorn T, Whittemore AS, Udaltsova N, Friedman
GD. Short-term chloral hydrate administration and cancer in
humans. Drug Saf 2006;29:67-77.

18. Guha N, Loomis D, Grosse Y, Lauby-Secretan B, El Ghissassi
F, Bouvard V, et al. Carcinogenicity of trichloroethylene, tet-
rachloroethylene, some other chlorinated solvents, and their
metabolites. Lancet Oncol 2012;13:1192-3. doi: 10.1016/
S$1470-2045(12)70485-0.

19. Hsu D, Cravero C. Selection of medication for procedural
sedation outsider of the operating room [accessed 31 July
2018]. Available at: https://www.uptodate.com

20. Hsu D, Cravero C. Pharmacologic agents for pediatric pro-
cedural sedation outsider of the operating room [accessed 31
July 2018]. Available at: https://www.uptodate.com

21. American Society of Anesthesiologists Task Force on Seda-
tion and Analgesia by Non-Anesthesiologists. Practice guide-
lines for sedation and analgesia by non-anesthesiologists.
Anesthesiology 2002;96:1004-17. doi: 10.1097/00000542-
200204000-00031.

22. Hoyle JD, Callahan JM, Badawy M, Powell E, Jacobs
E, Gerardi M, et al. Pharmacological sedation for cranial
computed tomography in children after minor blunt head
trauma. Pediatr Emerg Care 2014;30:1-7. doi: 10.1097/
PEC.0000000000000059.

23. Goldwasser T, Bressan S, Oakley E, Arpone M, Babl FE. Use
of sedation in children receiving computed tomography after
head injuries. Eur J Emerg Med 2015;22:413-18. doi: 10.1097/
MEJ.0000000000000201.





